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(57) ABSTRACT

The present invention is directed to a luminescent immunoas-
say method for detecting an analyte in a liquid sample with
high sensitivity. The invention provides a unique combination
of (i) using a probe having a small sensing surface area for
binding analyte molecules, (ii) using a high molecular weight
branched polymer conjugated with multiple binding mol-
ecules and multiple luminescent labels, and (iii) cycling the
probe having immunocomplex formed back to the reagent
vessel and amplification vessel 1-10 times and repeating the
reaction with the reagent and the amplification polymer, to
improve the sensitivity of detection level. For each cycling,
the luminescent signal is increased significantly over the
noise.
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LUMINESCENT POLYMER CYCLIC
AMPLIFICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/676,970, filed Nov. 14, 2012; which 1s a
continuation of PCT/US2012/033808, filed Apr. 16, 2012;
which claims the priority of U.S. Provisional Application No.
61/477,171, filed Apr. 20, 2011. The contents of the above-
identified applications are incorporated herein by reference in
their entireties.

FIELD OF THE INVENTION

[0002] The invention relates to a method for detecting an
analyte in a liquid sample using a probe having a small surface
and a branched polymer having multiple binding molecules
and multiple fluorescent or chemiluminescent labels. The
sensitivity of the method is improved by cycling the binding
reaction and amplification reaction several times.

BACKGROUND OF THE INVENTION

[0003] In many immunoassays applications it is desirable
to develop high sensitivity detection methods. Luminescent
dyes, emitting either fluorescent or chemiluminescent sig-
nals, offer several practical advantages, 1.e. stability, low cost,
amenable to labeling procedures and spectral properties with
minimal interference from biological samples or solid phase
substrates. Fluorescent dyes have a disadvantage compared to
other detection methods, particularly ELISA, where enzyme
activity amplifies the amount of detectable signal associated
with immune complex formation.

[0004] Arylsulfonate cyanine fluorescent dyes are
described in Mujumdar et al. (1993) Bioconjugate Chemistry,
4:105-111; Southwick et al. (1990) Cytometry, 11:418-430;
and U.S. Pat. No. 5,268,486. Cy5 is described in each of the
references and is commercially available from Biological
Detection Systems, Inc., Pittsburgh, Pa., under the tradename
FLUOROLINK™ Cy5™., The arylsulfonate cyanine fluores-
cent dyes have high extinction coefficients (typically from
130,000 L/mole to 250,000 L/mole), good quantum yields,
fluorescent emission spectra in a range (500 nm to 750 nm)
outside of the autofluorescence wavelengths of most biologi-
cal materials and plastics, good solubilities, and low non-
specific binding characteristics.

[0005] Despite these excellent properties, arylsulfonate
cyanine fluorescent dyes suffer from certain limitations. In
particular, these dyes have a relatively narrow Stokes shift
which results in significant overlap between the excitation
and emission spectra of the dye. The overlap of excitation and
emission spectra, in turn, can cause self-quenching of the
fluorescence when the dye molecules are located close to
each other when excited. Such self-quenching limits the num-
ber of arylsulfonate dye molecules which can be conjugated
to asingle antibody molecule for use in immunoassays. In the
case of Cy5, an exemplary arylsulfonate cyanine fluorescent
dye, the Stokes shiftis 17 nm (which is the difference between
an excitation wavelength of 650 nm and an emission wave-
length of 667 nm). Optimal fluorescent yield is obtained when
from two to four Cy5 molecules are conjugated to a single
antibody molecule. The fluorescent signal output drops rap-
idly when more than four dye molecules are conjugated to a
single antibody molecule. The inability to conjugate more
than four dye molecules to individual antibody molecules
significantly limits the sensitivity of immunoassays using
Cy5-labelled antibodies and other binding substances.
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[0006] U.S. Publication 2011/0312105 discloses a detec-
tion system and fluorescent immunoassays; the publication is
incorporated herein by reference in its entirety. This publica-
tion does not disclose amplification by cycling the probe back
and forth in the reagent vessel and the amplification vessel.

[0007] There is a need for an improved method for detect-
ing analytes with high sensitivity by fluorescent or chemilu-
minescent immunoassay. The method should be easy to
handle by the users and should provide high specific signal
and minimal background noise.

SUMMARY OF INVENTION

[0008] The present invention is directed to a luminescent
immunoassay method for detecting an analyte in a liquid
sample with high sensitivity. The method comprises the steps
of: (a) obtaining a probe having a first antibody immobilized
on the tip of the probe; (b) dipping the probe tip into a sample
vessel containing a sample solution having an analyte to bind
the analyte to the first antibody on the probe tip; (c¢) dipping
the probe tip into a reagent vessel containing a reagent solu-
tion comprising a reagent of a second antibody conjugated
with a first member of a binding pair to bind the reagent to the
analyte; (d) dipping the probe tip into a washing vessel con-
taining a wash solution to wash the probe tip; (e) dipping the
probe tip into an amplification vessel containing an amplifi-
cation solution comprising a polymer conjugated with at least
5 molecules of second member of the binding pair and at least
25 luminescent labels, to form an immunocomplex of the
analyte, the first antibody, the second antibody, and the first
and the second members of the binding pair on the probe tip,
wherein the polymer is branched and has a molecular weight
of at least 1 million daltons, and the luminescent labels has a
molecular weight of less than 2,000 Daltons; (f) dipping the
probe tip into a washing vessel containing a wash solution to
wash the probe tip; (g) repeating steps (¢) to (f) 1-10 times,
and (g) detecting the immunocomplex formed by measuring
the luminescent signal on the probe tip.

[0009] The present invention is also directed to a composi-
tion comprising (a) a branched polymer having a molecular
weight of at least 1 million Daltons, (b) at least 5 binding
molecules, and (c) at least 25 chemiluminescent molecules
selected from the group consisting of ruthenium(11)tris-bipy-
ridine, luminol, acridinium ester, and hemin; wherein the
binding molecules and the chemiluminescent molecules are
attached to the polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 illustrates an optical detecting system for
detecting fluorescent signal from the sensing surface of the
probe.

[0011] FIG. 2 illustrates an -electrochemiluminescent
detecting system for detecting chemiluminescent signal on
the probe tip.

[0012] FIG. 3illustrates an immunoassay format for detect-
ing an antigen analyte. Ab: antibody, Ag: antigen, Sa: strepta-
vidin, B: biotin, F: fluorescent label.

[0013] FIG. 4 illustrates probe transfer in cyclic amplifica-
tion.
[0014] FIG. 5 shows a flow chart of the preparation

crosslinked FICOLL® (copolymers of sucrose and epichlo-
rohydrin) 400-SPDP.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0015] Terms used in the claims and specification are to be
construed in accordance with their usual meaning as under-
stood by one skilled in the art except and as defined as set forth
below.

[0016] “About,”as used herein, refers to within £10% of the
recited value.
[0017] An “analyte-binding molecule”, as used herein,

refers to any molecule capable of participating in a specific
binding reaction with an analyte molecule.

[0018] An “aspect ratio” of a shape refers to the ratio of its
longer dimension to its shorter dimension.

[0019] A “binding molecule,” refers to a molecule that is
capable to bind another molecule of interest.

[0020] A “binding pair,” as used herein, refers to two mol-
ecules that are attracted to each other and specifically bind to
each other. Examples of binding pairs include, but not limited
to, an antigen and an antibody against the antigen, a ligand
and its receptor, complementary strands of nucleic acids,
biotin and avidin, biotin and streptavidin, biotin and neutra-
vidin (a deglycosylated version of avidin), lectin and carbo-
hydrates. Preferred binding pairs are biotin and streptavidin,
biotin and avidin, biotin and neutravidin, fluorescein and
anti-fluorescein, digioxigenin/anti-digioxigenin, DNP (dini-
trophenol y/anti-DNP.

[0021] A “branched polymer,” as used herein, refers to a
non-linear polymer having a 2- or 3-dimensional structure,
which can be either a naturally occurring branched polymer,
or a synthetically crosslinked polymer.

[0022] “Chemiluminescence,” as used herein, refers to the
emission of energy with limited emission of luminescence, as
the result of a chemical reaction. For example, when luminol
reacts with hydrogen peroxide in the presence of a suitable
catalyst, it produces 3-aminophthalate in an excited state,
which emits light when it decays to a lower energy level.
[0023] A “dendrimer,” as used herein, refers to repetitively
organic, branched molecules. A dendrimer is typically sym-
metric around the core, and often adopts a spherical three-
dimensional morphology.

[0024] “Electrochemiluminescence,” (ECL), as used
herein, refers to luminescence produced during electrochemi-
cal reactions in solutions. In ECL, electrochemically genet-
ated intermediates undergo a highly exergonic reaction to
produce an electronically excited state and then emits light.
ECL excitation is caused by energetic electron transfer (re-
dox) reactions of electrogenerated species. ECL is usually
observed during application of potential (several volts) to
electrodes of electrochemical cell that contains solution of
luminescent species

[0025] “Immobilized,” as used herein, refers to reagents
being fixed to a solid surface. When a reagent is immobilized
to a solid surface, it is either be non-covalently bound or
covalently bound to the surface.

[0026] A “monolithic substrate,” as used herein, refers to a
single piece of a solid material.

[0027] A “probe,” as used herein, refers to a substrate
coated with a thin-film layer of analyte-binding molecules at
the sensing side. A probe has a distal end and a proximal end.
The proximal end (also refers to probe tip in the application)
has a sensing surface coated with a thin layer of analyte-
binding molecules.
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High Sensitivity Luminescent Immunoassay

[0028] The present invention is directed to a high sensitiv-
ity immunoassay method. The inventors have discovered that
the unique combination of (i) using a probe having a small
sensing surface area for binding analyte molecules, (i1) using
a high molecular weight branched polymer conjugated with
multiple binding molecules and multiple luminescent labels,
and (iii) cycling the probe having immunocomplex formed
back to the reagent vessel and amplification vessel 1-10 times
and repeating the reaction with the reagent and the amplifi-
cation polymer, improves the sensitivity of detection level.
For each cycling, the luminescent signal is increased signifi-
cantly over the noise.

[0029] The present method offers high sensitivity and pre-
cision without increasing the overall complexity of the assay
reagents, consumable and instrumentation. The method
entails the transfer of a probe back and forth between two
reagents one of which is an amplification polymer labeled
with multiple binding molecules and multiple luminescent
labels. The polymer has a molecular weight of =400K,, pref-
erably =1 million Dalton. Crosslinking of the polymer is
desirable to control the molecular size distribution and non-
specific binding. The polymer should carrier at the minimum
5 binding molecules per polymer, preferably more than 10.
Luminescent labels should be small with a molecular weight
of <5K Dalton. The inventors have discovered that simply
cycling the reactions without using the polymer as described
above in the amplification does not improve the sensitivity.

[0030] The present method detects an analyte in a liquid
sample. The method comprises the steps of: (a) obtaining a
probe having a first antibody immobilized on the tip of the
probe, wherein the diameter of the tip surface is <5 mm; (b)
dipping the probe tip into a sample vessel containing a sample
solution having an analyte to bind the analyte to the first
antibody on the probe tip; (c) dipping the probe tip into a
reagent vessel containing a reagent solution comprising a
reagent of a second antibody conjugated with a first member
of abinding pair to bind the reagent to the analyte; (d) dipping
the probe tip into a first wash vessel containing a wash solu-
tion to wash the probe tip; (e) dipping the probe tip into an
amplification vessel containing an amplification solution
comprising a polymer conjugated with at least S molecules of
second member of the binding pair and at least 25 lumines-
cent labels, to form an immunocomplex of the analyte, the
first antibody, the second antibody, and the first and the sec-
ond members of the binding pair on the probe tip, wherein the
polymer is branched, and has a molecular weight of at least 1
million daltons, and the luminescent labels has a molecular
weight of less than 2,000 Daltons; (f) dipping the probe tip
into a second wash vessel containing a wash solution to wash
the probe tip; (g) repeating steps (c) to (f) 1-10 times, and (h)
detecting the immunocomplex formed by measuring the
luminescent signal on the probe tip; wherein the first antibody
and the second antibody are antibodies against the analyte.

[0031] Instep (a), the probe can be any shape such as rod,
cylindrical, round, square, triangle, etc., with an aspect ratio
of length to width of at least 5 to 1, preferably 10 to 1. A
rod-shape is preferred. Because the probe is dipped in a
sample solution and one or more assay solutions during an
immunoassay, it is desirable to have a long probe with an
aspect ratio of at least 5 to 1 to enable the probe tip’s immer-
sion into the solutions. For fluorescent assay, the probe can be
a monolithic substrate.
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[0032] The probe has a small tip for binding analytes. The
tip has a smaller surface area with a diameter <5 mm, prefer-
ably =2 mm or =1 mm, e.g., 0.5-2 mm. The small surface of
the probe tip provides several advantages. First, a small sur-
face has less non-specific binding and thus produces a lower
background signal. Second, the reagent or sample carry over
on the probe tip is extremely small due to the small surface
area of the tip. This feature makes the probe tip easy to wash,
and causes negligible contamination in the wash solution
since the wash solution has a larger volume. Further, small
surface area of the probe tip has a small binding capacity.
Consequently, when the probe tip is immersed in a reagent
solution, the binding of the reagent does not consume a sig-
nificant amount of the reagent. The reagent concentration is
effectively unchanged. Negligible contamination of the wash
solution and small consumption of the reagents enable the
reagent solution, the amplification solution, and the wash
solution to be re-used many times, for example, 1-10 times.
[0033] The sensing surface of the probe is coated with first
antibody which binds to the analyte in a sample. Methods to
immobilize reagents to the solid phase (the sensing surface of
the probe tip) are common in immunochemistry and involve
formation of covalent, hydrophobic or electrostatic bonds
between the solid phase and reagent. The first antibody can be
directly immobilized on the sensing surface. Alternatively,
the first antibody can be indirectly immobilized on the sens-
ing surface through a binding pair. For example, anti-fluores-
cein can be first immobilized either by adsorption to the solid
surface or by covalently binding to aminopropylsilane coated
on the solid surface. Then the first antibody that is labeled
with fluorescein can be bound to the solid surface through the
binding of fluorescein and anti-fluorescein (binding pair).
[0034] In step (b), the probe tip is dipped into a sample
vessel for 20 seconds to 60 minutes, preferably 20 seconds to
10 minutes, to bind the analyte to the first antibody on the
probe tip.

[0035] After step (b), the probe is optionally washed 1-5
times, preferably 1-3 times in a wash vessel containing a wash
solution. This extra washing step may not be required because
the amount of the carried-over solution is minimal due to a
small binding surface area. The wash solution typically con-
tains buffer and a surfactant such as Tween 20.

[0036] In step (c), the probe tip is dipped into a reagent
vessel for 20 seconds to 10 minutes, preferably 20 seconds to
2 minutes to bind the reagent to the analyte on the probe tip.
The reagent solution comprises a reagent of a second anti-
body conjugated with a first member of a binding pair.
[0037] The binding pair is typically a hapten and its anti-
body, a ligand and its receptor, complementary strands of
nucleic acids, or lectin and carbohydrates. For example, the
binding pair is biotin and streptavidin, biotin and avidin,
biotin and neutravidin, fluorescein and anti-fluorescein,
digioxigenin and anti-digioxigenin, and DNP (dinitrophenol)
and anti-DNP. Preferably, the first member of the binding pair
is biotin and the second member of the binding pair is strepta-
vidin.

[0038] 1In Step (d). the probe is washed 1-5 times, prefer-
ably 1-3 times in a wash vessel containing a wash solution.
The wash solution typically contains buffer and a surfactant
such as Tween 20.

[0039] Instep (e), the probe is dipped into an amplification
vessel containing an amplification solution for 20 seconds to
5 minutes, preferably 20 seconds to 2 minutes, to form an
immunocomplex of the analyte, the first antibody, the second
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antibody, and the first and the second members of the binding
pair on the probe tip. The amplification solution comprises a
polymer conjugated with at least 5 molecules of second mem-
ber of the binding pair and at least 25 luminescent labels. The
polymer is branched, and has a molecular weight of at least
500,000, preferably 1 million Daltons. The polymer can be a
polysaccharide (e.g. FICOLL® or dextran), a polynucleotide,
a dendrimer, a polyols, or polyethylene glycol. The polymer
is preferably branched to have a 2- or 3-dimensional structure.
The polymer preferably comprises 5-50 or 5-100 binding
molecules and 25-100 or 25-500 luminescent molecules.

[0040] The luminescent label useful for this invention has a
molecular weight of <5,000, preferably <2,000, such as 500-
2000 or 100-2000 Daltons. In one embodiment, the lumines-
cent label is a fluorescent dye selected from the group con-
sisting of: cyanine, coumarin, xanthene and a derivative
thereof. For example, the fluorescent dye is Cy5 (molecule
weight MW 792), Alexa Fluor 647, DyLight 350 (MW 874),
DyLight 405 (MW 793), DyLight 488 (MW 71011), DyLight
550 (MW 982), DyLight 594 (MW 1078), DyLight 633 (MW
1066), DyLight 650 (MW 1008), DyLight 630 (MW 950),
DyLight 755 (MW 1092), DyLight 800 (MW 1050), an Oys-
ter fluorescent dye, IRDye, or organic compounds compris-
ing multiple rings chelated with a rare earth metal such as a
lanthanide (Eu, Th, Sm, or Dy).

[0041] In another embodiment, the luminescent label is a
chemiluminescent marker selected from the group consisting
of: Ruthenium(ID)tris-bipyridine (MW 1057), luminol (MW
177), acridinium ester (9[[4-[3-[(2,5-dioxo-1-pyrrolidinyl)
oxy]-3-oxopropyl|phenoxy]carbonyl]-10-methyl-acri-
dinium trifluvoromethane sulfonate, MW 632), hemin (MW
652).

[0042] When the binding molecule is a polypeptide or pro-
tein, the luminescent label can covalently bind to it through a
variety of moieties, including disulfide, hydroxyphenyl,
amino, carboxyl, indole, or other functional groups, using
conventional conjugation chemistry as described in the sci-
entific and patent literature.

[0043] Covalent binding of a binding molecule to a poly-
nucleotide can be effected through a variety of moieties,
including aldehyde, ketone, isothiocyanate, imidate, inosine,
acyl, and alkyl, using conventional conjugation chemistry,
while derivatization with biotin is taught in many references.
(Leary et al. (1983) Proc. Natl. Acad. Sci. USA 80:4045-
4049; W0O86/02929; EP063 879; Langer et al. (1981) Proc.
Natl. Acad. Sci. USA 78:6633-6637; and EP2009 996).

[0044] TIn each step (b), (c), and (e), the reaction can be
accelerated by agitating or mixing the solution in the vessel.
Forexample, a lateral flow (orbital flow) of the solution across
the probe tip can be induced, which accelerates the capture of
target molecules by its binding partner immobilized to solid
phase. For example, the reaction vessel can be mounted on an
orbital shaker and the orbital shaker is rotated at a speed at
least 50 rpm, preferably at least 200 rpm, more preferably at
least 500 rpm, such as 500-1,000 rpm. Optionally, the probe
tip can be moved up and down and perpendicular to the plane
of the orbital flow, at a speed of 0.01 to 10 mm/second, in
order to induce additional mixing of the solution above and
below the probe tip.

[0045] InStep (), the probe is washed 1-5 times, preferably
1-3 times in a wash vessel containing a wash solution. The
wash solution typically contains buffer and a surfactant such
as Tween 20.
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[0046] Step (g) is cycling amplification by repeating steps
(¢)-(f) 1-10 times, preferably 1-5 times or 2-3 times. Each
cycle consists of placing the probe back to the same reagent
vessel, the same first wash vessel, the same amplification
vessel, and the same second wash vessel.

[0047] InStep (h), the immunocomplex is detected by read-
ing the luminescent signal on the probe tip. For a fluorescent
label, the probe is placed in a clear-bottom well and read by a
detector, such as those described in US 2011/0312105 (FIG.
1).

[0048] For achemiluminescent label, the probe is placed in
a clear-bottom well containing a measurement solution hav-
ing a co-reactant. For example, if the chemiluminescent label
is Ruthenium(ID)tris-bipyridine, the co-reactant is tripropy-
lamine. If the chemiluminescent label is luminol, the co-
reactants are hydrogen peroxide and a hydroxide saltin water.
The light emitted is measured by a photomultiplier tube
(PMT).

[0049] For electrochemiluminescence (ECL), the mecha-
nism and the principal components of the ECL analyzer is
descrbied by Blackburn et al (Clin. Chem. 37: 1534-1539
(1991)), which is incorporated herein by reference. After the
probe is placed in a clear-bottom well containing a measure-
ment solution having a co-reactant, a voltage is applied to the
working electrode and counter electrode, and the emitted
light is measured by PMT.

[0050] In a preferred embodiment, the antibody-coated
probe serves as the working electrode of ECL analyzer (FIG.
2). This offers the advantage of efficient luminescence gen-
eration since the Ru(Ill)/tripropylamine red-ox reaction
needs to occur at the electrode surface or very close proxim-
ity.

[0051] FIG. 3 illustrates one embodiment of an immunoas-
say format for detecting an antigen analyte. FIG. 4 illustrates
the probe transfer in cyclic amplification.

[0052] There are several key features in the luminescent
polymer that enable the cyclic amplification. The polymer
itself should have low non-specific binding, should be greater
than 400 or 500 kD in molecular weight to serve as an effec-
tive carrier of multiple binding molecules such as streptavi-
dins. The ability to carry multiple binding molecules is impor-
tant to enhance biotin binding capacity and to form
alternating layers such as biotinylated antibody and strepta-
vidin polymer. The polymer should be branched or
crosslinked and have a two or three dimensional structure to
further facilitate multiple layer formation. The size of the
label is also a critical parameter. A high molecular weight
label when conjugated to streptavidin is likely to alter its
biotin binding capacity and present steric hindrance during
multiple layer formation in cyclic amplification. The labels
should be small, having molecule weights <5000 Daltons;
preferably <2000 Daltons.

[0053] When the polymer conjugate binds to the first layer
of biotin-antibody in the immune complex, it has sufficient
residual biotin binding capacity to form another layer of
biotin-antibody. The size of the polymer and its branched
structure create an extended three dimensional complex on
the probe surface that minimizes steric hindrance in the bind-
ing between the biotin-antibody and the polymer conjugate to
form additional layers. The molecular weight of the polymer
is large enough so that the labeled-streptavidin molecules are
spaced apart. In a fluorescence assay, the space reduces
energy transfer mediated fluorescent quenching. In an elec-
trochemiluminescence assay, there is a similar advantage due
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to the spacing and structure of the polymer. The Ru(bpy) label
bound in an immune complex on a solid phase reacts with
tripropylamine (TPA) which is fluid phase. The Ru(bpy )/ TPA
decays emitting a photon regenerating the Ru(bpy) to react
with another molecule of TPA. Eventually the TPA becomes
depleted. If the Ru(bpy) label is densely packed on the sur-
face, the TPA will become more quickly locally depleted. The
crosslinked polymer yields more efficient chemilumines-
cence due to its spacing between the chemiluminescent label.

[0054] Negligible cyclic amplification with monomeric
streptavidin labeled with Cy5 was observed. One would
expect monomeric streptavidin with 4 binding sites and anti-
body labeled with 4-5 biotins could form alternating layers on
the probe surface. However, probe surface where one member
of the binding pair is already bound could limit its degree of
rotation and sterically hinder a consequently layer formation.
A second possibility for the Cy5-strpetavidin’s negative
result is that there is layer formation but the Cy5 fluorescence
is quenched. Cy5, as common with many fluorescent dyes,
can have its fluorescence quenched, typically by a excitation
energy transfer mechanism. The efficiency of energy transfer
quenching is dependent on the distance between the donor
and acceptor dyes. The formation of alternating layers can
create densely packed Cy5-strepavidin where the Cy5 mol-
ecules are in close proximity and thus enabling quenching of
fluorescence.

[0055] Another remarkable aspect of cyclic amplification is
that the probe is transferred back and forth between the same
reagent vessel, wash vessel, and amplification vessel, without
having to use new vessels containing new solutions. The
small surface area of the probe minimizes depletion of the
reagent and the amplification polymer during the binding
steps. This feature greatly simplifies the reagents required for
the assay and overall consumable system designs. Each bind-
ing step in the cyclic amplification is only a short period of 30
seconds to 2 minutes, for example, one minute. Conse-
quently, cyclic amplification does not caused pronged assay
times. High sensitivity assays with times from 10-15 minutes
are feasible.

High Molecular Weight Branched Polymer Containing
Multiple Binding Molecules and Chemiluminescent Labels.

[0056] The present invention is also directed to a composi-
tion comprising (a) a branched polymer, having a molecular
weight of at least 500,000 or 1 million Daltons, (b) at least 5
binding molecules, and (¢) at least 25 chemiluminescent mol-
ecules, wherein the binding molecules and the chemilumi-
nescent molecules are attached to the cross-linked
FICOLL®. The composition preferably comprises 5-50 or
5-100 binding molecules and 25-100 or 25-500 chemilumi-
nescent molecules.

[0057] The polymer can be a polysaccharide (e.g.
FICOLL® or dextran), a polynucleotide, a dendrimer, a poly-
ols, or polyethylene glycol. Polysaccharides in general
exhibit negligible non specific binding to many of the solid
phase materials commonly employed in immunoassays.
FICOLL® is commercially available in 70K and 400K Dal-
ton molecular weights. Crosslinked FICOLL® is a preferred
polymer

[0058] The chemiluminescent label useful for this inven-
tion has a molecular weight of <5,000, preferably <2,000,
such as 500-2000 or 100-2000 Daltons. Preferred chemilu-
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minescent molecules include, but are not limited to, ruthe-
nium(IDtris-bipyridine, luminol, acridinium ester, and
hemin.

[0059] In one embodiment, the chemiluminescent mol-
ecules are attached directly to the polymer. In another
embodiment, the chemiluminescent molecules are attached
indirectly to polymer through a binding pair.

Electrochemiluminescent Detection Device

[0060] Thepresentinventionis directed to an electrochemi-
luminescent detection system for measuring a chemilumines-
cent signal on a probe tip.

[0061] An electrochemiluminescent system comprising:
(a) a probe having an aspect ratio of length to width at least 5
to 1, the probe having a first end and a second end, the second
end having a sensing surface coated with an antibody and
bound with an immunocomplex having a chemiluminescent
label, wherein the probe is made of a conductive material and
serves as a working electrode to produce an electrochemical
reaction; (b) a counter electrode; (c) a collecting lens pointed
toward the sensing surface; and (d) an optical detector for
detecting the light emitted from the chemiluminescent label;
wherein the collecting lens collects and directs the emitted
light to the optical detector.

[0062] The probe can be constructed from any conductive
material such as metals, metal oxides and carbon, e.g., silver,
gold, platinum, copper, TiO,, graphite, and any combination
thereof. The probe can be any shape such as rod, cylindrical,
round, square, triangle, etc., with an aspect ratio of length to
width of at least 5 to 1, preferably 10 to 1. Because the probe
is dipped in a sample solution and one or more assay solutions
during an immunoassay, it is desirable to have a long probe
with an aspect ratio of at least 5 to 1 to enable the probe tip’s
immersion into the solutions. The sensing surface of the
probe is coated with analyte-binding molecules such as anti-
bodies and bound with chemiluminescent labels.

[0063] Inapreferred embodiment, the probe has a small tip
for binding molecules. The tip has a smaller surface area with
a diameter <5 mm, preferably <2 mm or <1 mm, e.g., 0.5-2
mm. The small surface of the probe tip provides several
advantages The present invention uses a probe that has asmall
tip for binding analytes. The tip has a smaller surface area
with a diameter <5 mm, preferably <2 mm or <1 mm, e.g,,
0.5-2 mm. The small surface of the probe tip provides several
advantages such as low non-specific binding, small carry-
over of the reagents, easy to wash, and small consumption of
the reagents.

[0064] The photon of the emitted light is detected by pho-
tomultiplier tubes (PMT), silicon photodiode, or gold coated
fiber-optic sensors.

[0065] FIG. 2 shows one embodiment of the invention. The
lower end of the rod is used as a sensing surface. Chemilu-
minescent labels are bond to the sensing surface. To detect the
luminescence, the rod’s sensing end is immersed into a vessel
with a clear bottom that contains a measurement solution
containing a co-reactant. The clear bottom’s material may be
selected from plastic, glass or quartz. A ramp voltage is
applied to the working electrode and the counter electrode,
the emitted light is corrected by collecting lens and directed to
PMT for measurement.

[0066] The unique aspect of the invention is that the probe
serves as the working electrode, which offers the advantage of
efficient luminescence generation since the Ru(Il)/tripropy-
lamine red-ox reaction needs to occur at the electrode surface
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or very close proximity. The optical device as configured is
capable of applying a multitude of voltage waveforms at the
working surface electrode with luminescence generally
occurring around 1 volt.

[0067] The invention is illustrated further by the following
examples that are not to be construed as limiting the invention
in scope to the specific procedures described in them.

EXAMPLES
Example 1

Preparation of Probe Having Immobilized First
Antibody

[0068] Quartz probes, 1 mm diameter and 2 cm in length,
were coated with aminopropylsilane using a chemical vapor
deposition process (Yield Engineering Systems, 1224P) fol-
lowing manufacturer’s protocol. The probe tip was then
immersed in a solution of murine monoclonal anti-fluores-
cein (Biospacific), 10 pg/ml in PBS (phosphate-buffered
saline) at pH 7.4. After allowing the antibody to adsorb to the
probe for 20 minutes, the probe tip was washed in PBS.
[0069] Capture antibodies for troponin I (Tnl) and brain
naturetic peptide (BNP), obtained from HyTest, were labeled
with fluorescein by standard methods. Typically, there were
about 4 fluorescein substitutions per antibody. Anti-fluores-
cein coated probes were immersed in fluorescein labeled
capture antibody solution, 5 pg/ml, for 5 minutes followed by
washing in PBS.

Example 2

Preparation of Crosslinked FICOLL® 400-SPDP

[0070] Crosslinked FICOLL® 400-SPDP (succinimydyl
6-[3-[2-pyridyldithio]-proprionamidohexanoate,  Invitro-
gen) was prepared according to Example 1 of US 2001/
0312103. FIG. 5 shows a flow chart of its preparation.

Example 3

Preparation of Cy5-Streptavidin

[0071] 32 uL of Cy5-NHS (GE Healthcare) at 5 mg/ml in
DMEF reacted with 1 ml of streptavidin (Scripps Labs) at 2.4
mg/ml in 0.1 M sodium carbonate buffer pH 9.5 for 40 min-
utes at 30° C. Applying the mixture to a PD 10 column
(Pharmacia) removed unconjugated Cy 5. Spectral analysis
indicated 2.8 Cy 5 linked per streptavidin molecule.

Example 4

Preparation of Cy5-Streptavidin-Crosslinked
FICOLL®

[0072] 5.8 pl of SMCC (succinimidyl 4[N-malemidom-
ethyl]cyclohexan-1-carboxylate) Pierce Chemical) at 10
mg/ml in DMF reacted with 2 mg CyS-streptavidin (Example
2) in 1 ml PBS pH 7.4 for 1 hour at room temperature.
Applying the mixture to a PD 10 column removed unbound
SMCC.

[0073] The thiols on crosslinked FICOLL® 400-SPDP
were deprotected by adding 30 uL, DTT at 38 mg/ml to 1 mg
crosslinked FICOLL® 400-SPDP in 1 ml PBS and reacting
for 1 hour at room temperature followed by a PD 10 column
to purify the crosslinked FICOLL®.
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[0074] The Cy5-streptavidin-SMCC was mixed with
crosslinked FICOLL® 400-SH and reacted overnight at room
temperature. 10 ul, NEM (Aldrich) at 12.5 mg/ml was then
added and reacted for %2 hour at room temperature. The
conjugate was then purified on a Sepharose 4B CL column. Tt
was estimated that the conjugate carried about 20 to 30
streptavidins per FICOLL® (2 million Daltons), and 2-3
CyS5s per streptavidin.

Example 5

Cy5-Streptavidin Vs. Cy5-Streptavidin-Crosslinked
FICOLL® at 1* Read (No Cycling)

[0075] A BNP assay was used to compare fluorescence
signals of Cy5-Streptavidin and Cy5-Streptavidin-Cx
FICOLL®. The assay used a sandwich pair of BNP mono-
clonal antibodies, (Hytest). One was labeled with fluorescein
and the second with biotin. Both labeling were done by stan-
dard methods with 4-5 haptens substituted per antibody. The
fluorescein-antibody was bound to the probe as described in
Example 1. For the assay, BNP calibrators (Hytest) were
spiked into normal, pooled human plasma and then diluted 3
fold in PBS with 5 mg/ml BSA and 0.05% Tween 20 (assay
buffer). The probe tip was immersed in the BNP samples and
incubated for 5 minutes at room temperature with the sample
wells subjected to orbital movement (1 mm diameter stroke)
at 750 rpm. The probe was held stationary. The probe was
washed 3 times for 10 seconds in PBS, 0.05% Tween 20. After
the wash sequence, the probe was immersed in a solution
containing biotinylated anti-BNP at 10 pug/ml in assay buffer,
followed with a 2 min incubation at 500 rpm, then a 3x wash
sequence. Probes were then transferred to solutions contain-
ing either Cy5-Strepavidin (Example 2) or Cy5-streptavidin-
Cx FICOLL® (Example 3). The streptavidin in both cases
was labeled with about 2-3 Cy5s and at a comparable con-
centration of 10 pg/ml. After one minute incubation at 500
rpm, the probes were taken through a wash sequence. Fluo-
rescence at the distal tip of the probe was then measured in a
optical configuration illustrated in FIG. 1. The assay configu-
ration with the CyS-streptavidin-Cx FICOLL® is diagramed
in FIG. 4. The results are shown in Table 1. Measurements
after the first binding are termed the first read (no cycling).

TABLE 1

First Read: Cy5-Streptavidin vs. Cy5-Streptavidin-
Crosslinked FICOLL ®

Cy5-SA Cy5-SA-Cx FICOLL ®
BNP, ng/ml Voltage Voltage
18 0.32 6.27
9 0.25 5.35
3 0.15 3.03
1 0.15 1.71
. 0.11 0.8
0.1 0.11 0.32
0 0.12 0.16

Data are mean of duplicate determinations

[0076] The results in Table 1 show that Cy5-streptavidin
can only detect BNP above background about 9 to 18 ng/ml,
while the FICOLL® conjugate can readily detect as low as
0.1 ng/ml. The results demonstrate that the high molecular
weight FICOLL® polymer can serve to increase sensitivity.
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Example 6

Cyclic Amplification

[0077] At the end of the 1% read, the probes of Example 5
were carried out further amplification cycles. A cycle consists
of placing probes back in the same biotin-antibody solution
for 1 min at 500 rpm, followed a wash sequence, then back in
the streptavidin solution for one minute at 500 rpm followed
by a wash sequence. The cycles are intended to build up
alternating layers of biotin-antibody and streptavidin. FIG. 5
depicts the transfer of the probe from well to well during the
cyclic amplification process. At the end of each amplification
cycle, fluorescence at the probe tip is measured.

[0078] Table 2 shows a continuation of the BNP assay from
Table 1, where the probes underwent two amplification
cycles, Cycle 1 and Cycle 2.

TABLE 2

Cycling Amplifications: Cy3-Streptavidin vs.
Cy5-Steptavidin-Crosslinked FICOLL ®

Cy5-SA-Cx
BNP Cy5-SA FICOLL ®
ng/ml  1stRead Cyclel Cycle2 IstRead Cyclel Cycle2

18 0.32 0.38 0.41 6.27 8.36 10.92
9 0.25 0.27 0.28 5.35 7.78 10.49
3 0.15 0.21 0.22 3.03 4.77 7.01
1 0.5 0.15 0.16 1.71 2.77 441
. 0.11 0.11 0.11 0.8 1.37 2.19
0.1 0.11 0.11 0.12 0.32 0.53 0.82
0 0.12 0.12 0.13 0.16 0.25 0.36

Data are mean of duplicate determinations

[0079] The results of Table 2 indicate that the Cy5-strepta-
vidin does not have significant increase in signal through 2
cyclic amplification cycles. On the contrary, the Cy5-strepta-
vidin-crosslinked FICOLL® conjugate shows about a dou-
bling of fluorescence signal after two cycles beyond the initial
binding (1st Read). These results indicate that achieving
cyclicamplification with alternating layers of biotin-antibody
and Cy5-streptavidin is not a matter solely depending trans-
ferring the probe back and forth between the two reagents.
Cyclic amplification can only be achieved with the Cy5-
streptavidin-crosslinked FICOLL® conjugate.

Example 7

BNP Assay with Cyclic Amplification

[0080] Table 3 contains results of a BNP assay, performed
with the same protocol as in Example 5, with more cycling
amplification steps.

TABLE 3

BNP Assay with Multiple Cycling Amplification Steps

BNP, pg/ml IstRead Cyclel Cycle2 Cycle3 Cycle 4
380 1.13 311 6.37 11.49 PMT sat.

58 0.18 042 0.82 1.51 2.57

14 013 0.29 0.38 1.06 1.81

0 0.15 023 042 0.75 1.27

Data are mean of duplicate determinations
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[0081] The results of Table 3 indicate that the cycling
amplification boosts sensitivity in immunoassays. In this
example, the signal of 14 pg/ml BNP sample is comparable to
that of the negative sample at the first read. After the 2nd cycle
amplification, the 14 pg/ml is readily resolved. The assay
performed 4 amplification cycles and the fluorescence signals
steadily increased after each cycle.

[0082] As many as 9 amplification cycles have been per-
formed in other experiments and the fluorescence signals still
steadily increased after each cycle.

Example 8

Tnl Assay with Cyclic Amplification

[0083] Table 4 presents data from a troponin I (Tnl) assay
using the cyclic amplification method. A sandwich pair of
monoclonal antibodies (Hytest) was used, one of which was
labeled with fluorescein and the second with biotin. The hap-
ten labeling were by standard methods. Probe coating with
the fluorescein-anti-Tnl was as described in Example 1. The
anti-Tnl coated probe was immersed in Tnl samples diluted 3
fold in assay buffer and incubated at room temperature for 20
minutes with samples wells subjected to orbital flow of 750
rpm. After a wash sequence, the probes were immersed in a
solution of B-anti-Tnil at 10 pg/ml for 2 minutes at 500 rpm,
followed by incubation in the Cy5-SA-FICOLL® reagent for
1 minute with 500 rpm flow. Two subsequent amplification
cycles were performed by cycling the probe back into the
B-anti-Tnl solution (1 min incubation) thru wash sequence to
Cy5-SA-FICOLL® (1 minute incubation) followed by a
wash sequence. All steps were performed at room tempera-
ture with 500 rpm flow. At the completion of each amplifica-
tion cycle, fluorescence of the probe tip was measured and the
results are shown in Table 4.

TABLE 4

Troponin I Assay with Cycling Amplification Steps

Tul, pg/ml 1st Read Cycle 1 Cycle 2
1000 2.34 7.06 1341
100 0.54 143 3.17
10 0.31 0.66 143
0 0.31 0.53 1.04

Note:
Data mean of duplicate determinations

[0084] Data depicted in Table 4 shows that cyclic amplifi-
cation method boosts sensitivity. The 10 pg/ml Tnl sample,
which at the first read is undetected, has its fluorescence
greater than the negative sample after 2 cycles of amplifica-
tion.

Example 9

Assay Precision with Cyclic Amplification

[0085] One would expect that with the formation of mul-
tiple layers of high molecular weight complexes that impre-
cision would increase with more amplification steps. How-
ever, Table 5 illustrates another unexpected aspect of the
cyclic amplification method.

[0086] A precision study was performed using clinically
relevant BNP levels following the protocol described in
Example 5. The % CV (coefficient of variation) for BNP
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concentration units (pg/ml) are shown in Table 5. The results
show that the cycling amplification method has high precision
with a C.V. of <10%.

TABLE 5
BNP Assav Precision
BNP 100 pg/ml 500 pg/ml 1500 pg/ml
1st Read 17.3%CV 2.2%CV 44% CV
Cycle 1 8.1% CV 2.5% CV 4.6% CV
Cycle 2 74%CV 2.8% CV 55%CV
n=_8 n=2_8 n=38
Example 10

Reduction in Minimum Detection Limit

[0087] Table 6 shows results of BNP assays performed with
three cycling amplification steps using protocols described in
Examples 4 & 5. Results of a BNP calibration curve and the
mean, standard deviation, and two standard deviations of 16
replicates of a negative sample are in Table 6. The high end of
the BNP appears to start saturating the probe at around 3 to 6
ng/ml and the assay has sensitivity down to the low pg/ml
range. 2 standard deviations is a common means of determin-
ing the minimum detection limit of an immunoassay. Data in
Table 6 show that the minimum detection limit progressively
decreases from 6.4 pg/ml at first read to 1 pg/ml after 3
cycling amplification. At first read, the S.D. of the negative
sample is 0.0078 V, where the major source of variation is the
particular instrument employed in the assay. Instrument
Variation is about =0.007V. With cyclic amplification, the
sensitivity is improved by increasing the immuno-specific
signal while the instrument measurement noise remains con-
stant.

TABLE 6

Minimum Detection Limit Improvement with
Cyclic Amplification.

PMT Voltage
BNP (pg/ml):

6000 3000 1000 333 11 37 12 0

1st Read 9.48 7.87 4.3 232 083 029 007 0.04

Cycle 1 11.62 10.14 6.7 4.53 1.8 0.66 016 0.06
Cycle 2 Sat. 1237 873 6.94 32 1.22 029  0.09
Cycle 3 Sat.  Sat. 10.6 9.14 491 201 045 0.13
S.D.* Detection Limit
Neg. (n=16) 2xS.D. (pg/ml)
1st Read 0.04 0.0079 0.016 64
Cycle 1 0.06 0.012 0.024 37
Cycle 2 0.09 0.015 0.03 24
Cycle 3 0.13 0.016 0.032 1.1
Example 11

Preparation of Streptavidin-Crosslinked FICOLL®
with Chemiluminescent Labels

[0088] 0.176 pg of Ruthenium(II)tris-bipyridine-NHS
(MesoScale Discovery, R91BN-2) in 35 pl dimthylformaide
is mixed with 1 mg streptavidin in PBS pH 7.4 and allowed to
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react for one hour at room temperature. Typically about 2 to 4
Ru labels are linked per streptavidin molecule. The resulting
Ru-streptavidin conjugate is purified on a PD-10 column
(Pharmacia). 2.9 pL of SMCC (Pierce Chemical) at 10 mg/ml
in DMF reacted with 1 mg of Ru-streptavidin in 1 m1 PBS pH
7.4 for 1 hour at room temperature. The mixture is applied to
a PD 10 column to remove unbound SMCC.

[0089] The thiols on crosslinked FICOLL® 400-SPDP are
deprotected by adding 30 pul DTT at 38 mg/ml to 1 mg
crosslinked FICOLL® 400-SPDP in 1 ml PBS and reacting
for 1 hour at room temperature followed by a PD 10 column
to purify the crosslinked FICOLL®.

[0090] The Ru-streptavidin-SMCC is mixed with
crosslinked FICOLL® 400-SH and reacted overnight at room
temperature. 10 pl, NEM (Aldrich) at 12.5 mg/ml is then
added and reacted for %2 hour at room temperature. The
conjugate is then purified on a Sepharose 4B CL. column. The
resulting conjugate has about 20 streptavidins per crosslinked
FICOLL® and 2-4 Ru per streptavidin.

Example 12

Cyclic Amplification with Chemiluminescent Labels

[0091] 1 mm diameter anti-BNP coated probe, prepared as
described in Example 1, is immersed in the BNP samples and
incubated for 5 minutes at room temperature with the sample
wells subjected to orbital movement (1 mm diameter stroke)
at 750 rpm. The probe was held stationary. The probe is
washed 3 times for 10 seconds in PBS, 0.05% Tween 20. After
the wash sequence, the probe is immersed in a solution con-
taining biotinylated anti-BNP at 10 pg/ml in assay buffer,
followed with a 2 minute incubation at 500 rpm, then a 3x
wash sequence. The probe is then transferred to solutions
containing Ru-streptavidin-Cx FICOLL® at a concentration
of 10 ug/ml. After 1 minute incubation at 500 rpm, the probes
are taken through a wash sequence, then undergo 2 amplifi-
cation cycles. A cycle consists of placing probes back in the
same biotin-antibody solution for 1 min at 500 rpm, followed
a wash sequence, then back in the streptavidin solution for
one minute at 500 rpm, and followed by a wash sequence. At
the completion of the last wash step, the probe is immersed in
a clear bottom microwell containing the measurement solu-
tion with the co-reactant, tripropylamine (MesoScale Discov-
ery, Read Buffer S, R92SC-3), and read by the optical device
of FIG. 2.

[0092] The invention, and the manner and process of mak-
ing and using it, are now described in such full, clear, concise
and exact terms as to enable any person skilled in the art to
which it pertains, to make and use the same. It is to be
understood that the foregoing describes preferred embodi-
ments of the present invention and that modifications may be
made therein without departing from the scope of the present
invention as set forth in the claims. To particularly point out
and distinctly claim the subject matter regarded as invention,
the following claims conclude this specification.

What is claimed is:

1. A method of detecting an analyte in a liquid sample,

comprising the steps of:

(a) obtaining a probe having a first antibody immobilized
on the tip of the probe, wherein the diameter of the tip
surface is =5 mm:;

(b) dipping the probe tip into a sample vessel containing a
sample solution to bind an analyte in the sample solution
to the first antibody on the probe tip;

Oct. 1, 2015

(c) dipping the probe tip into a reagent vessel containing a
reagent solution comprising a reagent of a second anti-
body conjugated with a first member of a binding pair to
bind the reagent to the analyte;

(d) dipping the probe tip into a first wash vessel containing
a first wash solution to wash the probe tip;

(e) dipping the probe tip into an amplification vessel con-
taining an amplification solution comprising a polymer
conjugated with at least 5 molecules of second member
of the binding pair and at least 25 luminescent labels, to
form an immunocomplex comprising the analyte, the
first antibody, the second antibody, the first and the sec-
ond members of the binding pair, the polymer, and the
luminescent labels on the probe tip, wherein the polymer
is branched, and has a molecular weight of at least 1
million daltons, and each ofthe luminescent labels has a
molecular weight of less than 2,000 Daltons;

(B) dipping the probe tip into a second wash vessel contain-
ing a second wash solution to wash the probe tip;

) repeating steps (c) to (f) 1-10 times, and

(h) detecting the immunocomplex formed by measuring
the luminescent signal on the probe tip; wherein the first
antibody and the second antibody are antibodies against
the analyte; wherein the binding pair is a hapten and its
antibody, a ligand and its receptor, complementary
strands of nucleic acids, or lectin and carbohydrates.

2. The method according to claim 1, wherein the tip surface

is sabout 2 mm.

3. The method according to claim 1, wherein the binding
pair is fluorescein and anti-fluorescein, digioxigenin/anti-di-
gioxigenin, or DNP-anti-DNP.

4. The method according to claim 1, wherein the polymer
is a polysaccharide, a polynucleotide, a dendrimer, a polyol,
or polyethylene glycol.

5. The method according to claim 1, wherein the polymer
1s crosslinked copolymers of sucrose and epichlorohydrin.

6. The method according to claim 1, wherein the lumines-
cent label 1s a fluorescent dye selected from the group con-
sisting of: cyanine, coumarin, xanthene and a derivative
thereof.

7. The method according to claim 5, wherein the lumines-
cent label is a fluorescent dye selected from the group con-
sisting of® cyanine, coumarin, xanthene and a derivative
thereof.

8. The method according to claim 1, wherein the lumines-
cent label is a chemiluminescent molecule selected from the
group consisting of: ruthenium(IDtris-bipyridine, luminol,
acridinium ester, and hemin.

9. The method according to claim 1, wherein the polymer
is conjugated with 5-50 second member of the binding pair
and 25-100 luminescent labels.

10. The method according to claim 1, wherein the polymer
is crosslinked copolymers of sucrose and epichlorohydrin
and is conjugated with 20-30 molecules of the second mem-
ber of the binding pair and 40-90 Cy 5.

11. The method according to claim 1, wherein steps (c) to
() are repeated 1-5 times.

12. The method according to claim 1, wherein steps (¢) to
(D) are repeated 2-3 times.

13. The method according to claim 1, wherein each binding
step of steps (c) and (e) takes 30 seconds to 2 minutes.
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