Office de la Propriete Canadian CA 2827536 A1 2012/09/13

Intellectuelle Intellectual Property
du Canada Office (21) 2 827 536
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2012/03/05 (51) CLInt./Int.Cl. GOTN 33/543(2006.01)

(87) Date publication PCT/PCT Publication Date: 2012/09/13 | (71) Demandeur/Applicant:

(85) Entree phase nationale/National Entry: 2013/08/15 BIO-RAD LABORATORIES, INC., US
86) N° d de PCT/PCT Application No.: US 2012/027764| (/2 Inventeurs/Inventors:

(86) emande pplication No TAN. WOEI US:

(87) N° publication PCT/PCT Publication No.: 2012/122121 MONJI, NOBUO, US:

(30) Priorité/Priority: 2011/03/04 (US61/449 463) GUPTA, VINITA, US;
REYES, CANDICE, US

(74) Agent: FETHERSTONHAUGH & CO.

(54) Titre : AMPLIFICATION DE SIGNAL POUR IMMUNO-ESSAIS PAR UTILISATION DE LIAISONS AVIDINE-BIOTINE
(54) Title: SIGNAL AMPLIFICATION FOR IMMUNOASSAYS BY USE OF AVIDIN-BIOTIN LINKAGES

(57) Abréegée/Abstract:

In sandwich-type iImmunoassays that capture a protein analyte between a capture antibody, typically bound to a solid phase, and a
detection antibody that is coupled to a reporter group, the number of reporter groups associated with each molecule of analyte Is
Increased by a variety of methods that utilize avidin-biotin-type binding in conjunction with such features as immunological binding
to the reporter group on the detection antibody or multiple biotin-avidin-type binding sites.

e A
oo NN S [ ] [
AN s %as Sy R l'"._.,’.'.
R RN
ST -g;;\-;?:l:
4
3

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




CA 02827536 2013-08-15

(19) World Intellectual Property
Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

[nternational Bureau — . o
?:_f/)) (10) International Publication Number
(43) International Publication Date ...na/ WO 2012 /1 22121 A2
13 September 2012 (13.09.2012) WIPO | PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GOIN 33/53 (2006.01) kind of national protection available). AE, AG, AL, AM,
1) Tnt tional Aoplication Number- AQO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
g O e T USH012/097 64 CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
5 March 2012 (05.03.2012) Kz, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
- . MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . S
61/449 463 4 March 2011 (04.03.2011) US (84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
(71) Applicant (for all designated States except US). BIO- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
RAD LABORATORIES, INC. [US/US]; 1000 Alfred UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
Nobel Drive, Hercules, California 94547 (US). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU
(72) Inventors; and P T T L s T T e T T e o
(75) Inventors/Applicants (for US only): TAN, Woei oy, MC, MR, M1, N, NO, BL, P, RO, RS, SE, 5L, S8,
, : . SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
[CA/US]; 103 Montego Drive, Hercules, California 94547 GW ML MR NE. SN.TD. TG
(US). MONJI, Nobuo [US/US]: 3545 NE 98th Street, » ML, MR, NE, 5N, TD, TG).
Seattle, Washington 98115 (US). GUPTA, Vinita Published:
[US/US]; 1138 Trowbridge Way, Danville, California . . . .
94506 (US). REYES, Candice [US/US]; 811 Ashbury Ay~ ithout international search report and to be republished
enue, El Cerrito, California 94530 (US). '
(74) Agents: HEINES, M. Henry et al.; Kilpatrick Townsend

wo 20127122121 A2 [T BRL R R0 R AR A R

phase, and a detection antibody that 1s coupled to a reporter g

& Stockton LLP, Two Embarcadero Center, Eighth Floor,
San Francisco, California 94111-3834 (US).

(54) Title: SIGNAL AMPLIFICATION FOR IMMUNOASSAYS BY USE OF AVIDIN-BIOTIN LINKAGES

(87) Abstract: In sandwich-type immunoassays that capture a protein analyte between a capture antibody, typically bound to a solid
roup, the number of reporter groups assocliated with each molecule of
analyte 1s increased by a variety of methods that utilize avidin-biotin-type binding in conjunction with such features as immunologic-
al binding to the reporter group on the detection antibody or multiple biotin-avidin-type binding sites.




10

15

20

CA 02827536 2013-08-15
WO 2012/122121 PCT/US2012/027764

SIGNAL AMPLIFICATION FOR IMMUNOASSAYS
BY USE OF AVIDIN-BIOTIN LINKAGES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of United States Provisional Patent Application No.
61/449,463, filed March 4, 2011. The contents of the aforementioned provisional application is

incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Most immunoassays for the detection of proteins follow the well-known “sandwich”
format in which the analyte protein is first bound to a capture antibody attached to a solid phase,
then bound to a detection antibody which is labeled with a reporter group such as a fluorophore,
an enzyme, or another protein to ultimately obtain a detectable signal. Examples of a non-
enzymatic binding member that can be used as the reporter group are biotin, avidin, or
streptavidin, in which cases the binding of the reporter group-bearing detection antibody is
followed by binding of the reporter group to its binding partner in biotin-avidin binding, with the
binding partner bearing an enzyme or fluorophore. In general, the magnitude of the signal is
determined by the reporter group or, when two or more reporter groups are attached to the

detection antibody, by the number of reporter groups, and not amplified further.

SUMMARY OF THE DISCLOSURE

[0003] It has now been discovered that the number of reporter groups can be increased beyond
those that are attached to the detection antibody, by a variety of methods, including those that
take further advantage of biotin-avidin-type binding as well as those that involve immunological
binding to the reporter group on the detection antibody, and those that involve species with

multiple biotin-avidin-type binding sites, such as polybiotin.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a diagrammatic representation of a protocol which 1s an example of one

method in accordance with the present invention.

[0005] FIG. 2 1s a diagrammatic representation of a protocol which 1s an example of a second

method in accordance with the present invention.

[0006] FIG. 3 1s a diagrammatic representation of another protocol which is an example of the

same method as the example of FIG. 2.

[0007] FIG. 4 1s a diagrammatic representation of still another protocol which 1s an example of

the same method as the example of FIG. 2.

[0008] FIG. 5 1s a diagrammatic representation of a protocol which 1s an example of a third

method in accordance with the present invention.

[0009] FIG. 6 a diagrammatic representation of another protocol which is an example of the

same method as the example of FIG. 5.

[0010] FIG. 7 1s a diagrammatic representation ot a protocol which is an example of a fourth

method 1n accordance with the present invention.

DETAILED DESCRIPTION OF SELECTED EMBODIMENTS

[0011] In each of these methods, the sample to be assayed for the presence of the analyte of
interest 1s first incubated with an immunological binding member that is bonded to a solid
support, the binding member being one that has selective binding affinity for the analyte. This
immobilizes the analyte on the support, where successive binding reactions are performed to

bind reporter groups to the analyte through one or a succession of further binding reactions.

[0012] In one of the methods, the solid support, to which the analyte if present in the sample is
now bound, is incubated with a second immunological binding member that has selective
binding affinity for the analyte, to form a complex with the analyte and the first immunological
binding member in the “sandwich” manner. The second immunological binding member is one
that 1s labeled with two or more copies of a reporter group, and hence the complex formed in this

step contains two or more reporter groups for each molecule of analyte. Once this “sandwich”
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complex 1s formed, the solid phase is incubated with a third immunological binding member that
has selective binding affinity for the reporter group, and thereby extends the complex on the
solid phase turther by adding at least one copy of the third immunological binding member for
each copy of the reporter group already included in the complex. In some procedures, multiple
(two or more) copies of the third immunological binding member will be attached for each copy
of the reporter group. The third immunological binding member also has the distinction of being
coupled to an aftinity-type binding member within the avidin-biotin family. The members of
this family include avidin, streptavidin, biotin, polybiotin, and any other species that engage in
an avidin-biotin interaction with another member of the family. The label can thus, for example,
be biotin, which will form a complex in the succeeding binding reaction with either avidin or
streptavidin. In certain embodiments of this method, the third immunological binding member
will be coupled either with two or more copies of the affinity-type binding member, or with an
atfinity-type binding member that itself will bind to two or more counterparts within the avidin-
biotin family. Polybiotin for example will bind to multiple copies of avidin or streptavidin, and
avidin and streptavidin will each bind with multiple copies of biotin. Preferably, however, the
atfinity-type binding member coupled to the third immunological binding member is biotin, and
two or more copies of biotin will be coupled to each copy of the third immunological binding

member.

[0013] The final binding reaction in this first method is performed by incubating the solid
phase with an affinity-type binding member of the avidin-biotin family that engages in an avidin-
biotin interaction with the binding member added to the complex in the preceding step. Each
copy of this second affinity-type binding member will be labeled with a reporter group,
preferably the same reporter group included in the first incubation, prior to this final binding
reaction. The resulting complex on the solid support will thus contain multiple copies of the

reporter group, including those from the first incubation plus those from the second incubation,

for each molecule of analyte.

[0014]  FIG. 1 illustrates this first method. Complex 11 is the initial sandwich complex formed
by first incubating the analyte 12 with a capture antibody 13 (the first immunological binding
member) that 1s coupled to a solid support 14, and then incubating the solid support (together
with its bound analyte) with a conjugate 15 of a second antibody 16 (the second immunological
binding member), biotin 17, streptavidin 18, and a reporter group 19 which in this example is

phycoerythrin. Once the sandwich complex 11 is formed, it is incubated with biotin-conjugated
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anti-phycoerythrin antibody 21 (the third immunological binding member) which adds multiple
biotin sites 22 to the complex. The final incubation is with phycoerythrin-labeled streptavidin
23, to produce a final complex 24 that contains a multitude of phycoerythrin groups joined to the
single analyte 12 molecule through the various affinity-type and immunological linkages. In this
case, the second antibody 16 is coupled to two biotin moieties, each of which bears a separate
phycoerythrin group through the avidin-biotin linkage, and each biotin-conjugated anti-
phycoerythrin antibody 21 bears two phycoerythrin labels. The result in the final complex is a
minimum of six phycoerythrin labels per analyte molecule, the representation in the Figure

showing eight.

[0015] In a second general method in accordance with this invention, the solid support to
which the analyte has become bound through the first immunological binding member in the
initial analyte immobilization step is incubated with a second immunological binding member
that has selective binding affinity for the analyte, to form, as in the first method, a complex with
the analyte and the first immunological binding member in the “sandwich” manner. The second
immunological binding member is one that is labeled with two or more copies of a first affinity-
type binding member of the avidin-biotin family, so that the resulting complex contains two or
more copies of the affinity-type binding member for each molecule of analyte. A counterpart
atfinity-type binding member and a reporter group are added to the complex in one of two ways:
(1) the first atfinity-type binding member is already (prior to the incubation) bound to a
counterpart affinity-type binding member that is labeled with a reporter group, or (2) the labeled
counterpart atfinity-type binding member 1s bound after the incubation by a succeeding
incubation. In either case, the resulting complex on the solid phase contains two or more
reporter groups, each bound to the single analyte molecule through an avidin-biotin complex.
The solid phase 1s then incubated with a member of the avidin-biotin family that is a counterpart
to the atfinity binding member utilized in the preceding incubation, this latest member either
being labeled with a reporter group or being coupled to a immunological binding member. In the
latter case, the immunological binding member will be coupled to two or more affinity binding
members to serve as a bridge for further attachment of a reporter group. The affinity binding
members in the final complex will thus form a linkage that includes two or more biotin moieties
bound to a single avidin (or streptavidin) moiety, and a relatively large number of reporter

groups bound to each molecule of analyte.
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[0016] FIGS. 2 through 4 are 1llustrations of protocols according to the second method. In the
protocol of FIG. 2, complex 31 is the initial sandwich complex formed by first incubating the
analyte 12 with a capture antibody 13 (the first immunological binding member) that is coupled
to a sohid support 14, and then incubating the solid support (together with its bound analyte) with
the same conjugate 15 used in the example of FIG. 1. The subsequent binding reaction in this
example 1s between the sandwich complex 31 and a conjugate 32 of biotin 33 and phycoerythrin
34. The biotin 33 portion of the conjugate forms a bond with an unoccupied binding site on the
streptavidin moiety 18, thereby adding more copies of the phycoerythrin label to the streptavidin
moiety. The result is a final complex with a total number of phycoerythrin moieties that equals
the sum of the phycoerythrin moieties used in the last two incubations. In this case, the second
antibody 16 1s coupled to two biotin moieties, each of which bears its own separate
phycoerythrin label through the avidin-biotin linkage, and the final complex contains a total of

four phycoerythrin labels.

[0017] In the protocol of FIG. 3, complex 41 1s the initial sandwich complex formed by first
incubating the analyte 12 with a capture antibody 13 (the first immunological binding member)
that is coupled to a solid support 14, and then incubating the solid support (together with its
bound analyte) with biotin-conjugated antibody 42 (the third immunological binding member)
that has specific binding affinity for the analyte. This is followed by incubation with a conjugate
23 of phycoerythrin and streptavidin to form a complex 44 that includes a separate phycoerythrin
label 45 for each biotin moiety included in the biotin-conjugated antibody 42. The final binding
reaction in this example is between the extended complex 44 and a conjugate 32 of biotin 33 and
phycoerythrin 34. The biotin 33 portion of the conjugate forms a bond with an unoccupied
binding site on the avidin moiety of the phycoerythrin-avidin complex 23, thereby adding more
coples of the phycoerythrin label to the streptavidin moiety. The result here again is a final
complex 46 with a total number of phycoerythrin moieties that equals the sum of the
phycoerythrin moieties introduced in the last two incubations. In this case, the second antibody
42 1s coupled to two biotin moieties, each of which bears its own separate phycoerythrin label in
the extended complex 44 through an avidin-biotin linkage, and a sufficient number of
phycoerythrin-biotin conjugates 32 are employed in the final incubation to result in two
additional biotin moieties being added to each avidin moiety. The final complex contains a total

of six phycoerythrin labels.
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[0018] In the protocol of FIG. 4, the initial sandwich complex 41 is the same as that of the
protocol of FIG. 3, but the sandwich complex once formed 1s then incubated with excess
quantities of both phycoerythrin-labeled streptavidin 23 and biotinylated antibody 52 1n which
each antibody is labeled with at least two biotin moieties. In this incubation, a portion of the
phycoerythrin-labeled streptavidin 23 will bind to the biotin moieties on the biotin-conjugated
antibody 42 that forms the outer part of the initial sandwich complex 41, while the biotinylated
antibody 52 serves as a bridge between the phycoerythrin-labeled streptavidin 23 that is part of
the initial sandwich complex and additional phycoerythrin-labeled streptavidin 23 included in the
second incubation. The antibody-binding function itself of the antibody 1s thus not utilized. The

result is a final complex 53 that contains multiple labels for each analyte molecule.

[0019] In a third general method in accordance with this invention, the solid support to which
the analyte has become bound through the first immunological binding member 1n the initial
analyte immobilization step is incubated with a biotin multimer in one of the succeeding
incubation steps, and several or most of the biotin sites on the multimer will ultimately be bound
to avidin or streptavidin, labeled with the reporter group. The final complex thus contains
multiple copies of the reporter group bound to each solid-phase-bound analyte molecule through
avidin-biotin-type linkages on the biotin multimer. Examples of the biotin multimer are biotin
dendrimers and other polybiotins. One implementation of this method is to use a biotin multimer
that is coupled directly to the second immunological binding member that completes the
“sandwich” complex. The biotin multimer in this case will thus be part of the first incubation
after the analyte is initially captured by the solid phase. Another implementation is use an
immunological binding member conjugated to avidin or streptavidin as the immunological
binding member that completes the “sandwich” complex, and to incubate the avidin or
streptavidin-labeled sandwich complex with a complex that consists of a biotin multimer bound

to two or more avidin or streptavidin moieties, each of which is labeled with a reporter group.

[0020] FIGS. 5 and 6 are illustrations of protocols according to the third method. In the

protocol of FIG. 5, the initial complex 61 is formed by first incubating the analyte 12 with a
capture antibody 13 (the first immunological binding member) that is coupled to a solid support
14, and then incubating the solid support (together with its bound analyte) with a conjugate 62 of
an antibody 63 with specific binding affinity for the analyte and at least one biotin multimer 64.
In the example shown, two biotin pentamers are coupled to a single antibody molecule. In the

succeeding step, the complex is incubated with phycoerythrin-labeled streptavidin 23 1n a
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quantity sufficient to cause avidin-biotin-type binding to occur at two or more biotin sites on
each multimer. The number of labels on the final complex 66 is equal to the number of biotin
sites on the multimer(s) that have become bound in the last incubation; in this case, the total

shown 1s six phycoerythrin moieties for each molecule of analyte.

[0021] In the protocol of FIG. 6, the initial sandwich complex 71 is formed by first incubating
the analyte 12 with a capture antibody 13 (the first immunological binding member) that is
coupled to a solid support 14, as in all of the protocols described above, but then incubating the
sohid support and bound analyte with a conjugate 72 of an antibody 73 with specific binding
attinity for the analyte and streptavidin 74. The biotin multimer is utilized in the succeeding
incubation, in which the initial sandwich complex 71 is incubated with a complex 75 of the
biotin multimer 76 and phycoerythrin-labeled streptavidin 77. This incubation results in a final
complex 78 that contains a multitude of phycoerythrin labels joined to each analyte molecule

through the biotin multimer, which in the example shown is a dendrimer.

[0022] In a fourth general method in accordance with the invention, the solid support to which
the analyte has become bound through the first immunological binding member in the initial
analyte immobilization step is incubated with a second immunological binding member that has
selective binding affinity for the analyte, to form a complex with the analyte and the first
immunological binding member in the “sandwich” manner. The second immunological binding
member s one that is labeled with a single copy of a reporter group. Once this “sandwich”
complex 1s formed, the solid phase is incubated with multiple copies of a third immunological
binding member that has selective binding affinity for the reporter group, and thereby extends
the complex on the solid phase further by adding at least multiple copies of the third
immunological binding member for each copy of the reporter group already included in the
complex, the third immunological binding member itself being coupled to biotin. The solid
phase is then incubated with avidin or streptavidin labeled with a reporter group to produce a

final complex that contains multiple copies of the reporter group for each molecule of analyte.

[0023] This method is illustrated in FIG. 7, where the initial sandwich complex 81 is formed
by first incubating the analyte 12 with a capture antibody 13 (the first immunological binding
member) that 1s coupled to a solid support 14, as in the protocols described above, but then
Incubating the solid support and bound analyte with a conjugate 82 of a antibody 83 that has
specific binding affinity for the analyte and is labeled with phycoerythrin 84. The resulting
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complex 1s then incubated with an excess amount of biotin-coupled antibody 85 that has specific
affinity for phycoerythrin 84, resulting in a complex 86 that contains multiple copies of the

biotin-coupled antibody 85 becoming bound to each particle of the solid phase. This complex 86
1s then incubated with phycoerythrin-labeled streptavidin 87 to form the final complex 88 which

contains but a single molecule of the analyte 12 and multiple copies of phycoerythrin.

[0024] While phycoerythrin 1s the reporter group in the above examples, any reporter group
known for use in immunoassays can be used. Other ﬂuoroph;)res include acridine, acridine
1sothiocyanate, 5-(2’-aminoethyl)aminonaphthalene-1-sulfonic acid (EDANS), 4-amino-N-[3-
vinylsulfonyl)phenyljnaphthalimide-3,5 disulfonate, N-(4-anilino-1-naphthyl)maleimide,
anthranilamide, BODIPY, coumarins, cyanine dyes, cyanosine, 4’,6-diaminidino-2-phenylindole
(DAPI), 5°,5”-dibromopyrogallol-sulfonaphthalein, 5-[dimethylamino]naphthalene-1-sulfonyl
chloride (DNS), 4-(4’-dimethylaminophenylazo)benzoic acid (DABCYL), 4-
dimethylaminophenylazophenyl-4’-isothiocyanate (DABITC), eosin, 5-carboxyfluorescein
(FAM), 5-(4,6-dichlorotriazin-2-yl)aminofluorescein (DTAF), 2°,7’-dimethoxy-4’5’-dichloro-6-
carboxyfluorescein (JOE), 6-carboxy-X-rhodamine (ROX), rhodamine B, and N,N,N’,N’-
tetramethyl-6-carboxyrhodamine (TAMRA). Other reporter groups are radioactive labels and
enzymes. Examples of enzymes are horseradish peroxidase, chloramphenicol acetyl transferase,
B-galactosidase, alkaline phosphatase, and luciferase. The solid support can be any material that
IS inert to the reactions in the assay and that can be separated from the liquids in the assay.
Beads, microbeads, are common examples, although flat solid surfaces or the walls of
receptacles can also be used. Finally, while antibodies are used in the examples as the
immunological binding members, antibody fragments can also be used. Other substitutions and
variations in the various features and components set forth above will be apparent to those

skilled in the art.

o6 72

[0025] In the claims appended hereto, the term “a” or “an” is intended to mean “one or more.”
The term “comprise” and variations thereof such as “comprises” and “comprising,” when
preceding the recitation of a step or an element, are intended to mean that the addition of further
steps or elements is optional and not excluded. All patents, patent applications, and other
published reference materials cited in this specification are hereby incorporated herein by
reference in their entirety. Any discrepancy between any reference material cited herein or any
prior art in general and an explicit teaching of this specification is intended to be resolved in

favor of the teaching in this specification. This includes any discrepancy between an art-
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understood detfinition of a word or phrase and a definition explicitly provided in this

specification of the same word or phrase.
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WHAT IS CLAIMED IS:
1. A method for detecting an analyte in a sample, said method comprising:

(a) incubating said sample with a first immunological binding member that 1s
bonded to a solid support and has selective binding affinity for said analyte, to cause said
analyte to bind to said solid support through said first immunological binding member;

(b) with said analyte so bound, incubating said solid support with a second
immunological binding member that has affinity for said analyte, each copy of said
second immunological binding member being labeled with a plurality of copies of a
reporter group, to form a first complex bound to said solid support whereby each said
first complex includes a plurality of copies of said reporter group;

(¢c) incubating said solid support, with said first complex bound thereto, with a
third immunological binding member that has affinity for said reporter group, said third
immunological binding member having bound thereto a first atfinity-type binding
member selected from the group consisting of avidin, streptavidin, biotin, and a
polybiotin, to cause a plurality of copies of said third immunological binding member to
bind to said reporter groups and to thereby convert said first complex to a second
complex that includes a plurality of copies of said first affinity-type binding member per
copy of said reporter group;

(d) incubating said solid support, with said second complex bound thereto, with a
second affinity-type binding member selected from the group consisting of avidin,
streptavidin, biotin, and a polybiotin and having binding affinity for said first affinity-
type binding member, said second affinity-type binding member being labeled with said
reporter group, to convert said second complex to a third complex that includes reporter
groups whose number equals a total of reporter groups of said tirst complex and reporter
groups added to said first complex by step (¢); and

(¢) detecting signals from said total of reporter groups as an indication of the

presence of said analyte in said sample.

2. ‘The method of claim 1 wherein each of said plurality of copies of said
reporter group 1n step (b) 1s joined to said second immunological binding member

through an avidin-biotin-type linkage.

10
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] 3. The method of claim 2 wherein said avidin-biotin-type linkage is a linkage

2  between a biotin group bonded to said immunological binding member and streptavidin bonded

3 to said reporter group.

] 4. The method of claim 1 wherein said first affinity-binding member i1s
2 biotin, and a plurality of said first affinity-type binding members are bound to each copy of said

3 third immunological binding member.

] 5. The method of claim 4 wherein said second affinity-type binding member

2 1s streptavidin.

1 6. The method of claim 1 wherein said reporter group is phycoerythrin.
| 7. The method of claim 1 wherein each of said plurality of copies of said
2 reporter group in step (b) 1s attached to said second immunological binding member through an
3 avidin-biotin-type linkage between a biotin group bonded to said immunological binding
4 member and streptavidin bonded to said reporter group, said first affinity-type binding member is
5  biotin, a plurality of said first affinity-type binding members are bound to each copy of said third
6 immunological binding member, and said second affinity-type binding member is streptavidin.
I 8. A method for detecting an analyte in a sample, said method comprising:
2 (a) incubating said sample with a first immunological binding member that is
3 bonded to a solid support and has selective binding affinity for said analyte, to cause said
4 analyte to bind to said solid support through said first immunological binding member;
S (b) with said analyte so bound, incubating said solid support with a second
6 immunological binding member that has affinity for said analyte, each copy of said
7 second immunological binding member being coupled with a plurality of copies of a first
8 atfinity-type binding member selected from the group consisting of avidin, streptavidin,
9 and biotin, to form a first complex bound to said solid support whereby each said first
10 complex includes a plurality of copies of said first affinity-type binding member;
11 (c) with said first complex so bound, incubating said solid support with a second
12 affinity-type binding member selected from the group consisting of avidin, streptavidin,
13 and biotin and having binding affinity for said first affinity-type binding member, said

14 second atfinity-type binding member being labeled with said reporter group, to convert
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said first complex to a second complex that includes an avidin-biotin-type linkage in
which a plurality of biotin groups are joined to a single avidin or streptavidin group such
that said second complex includes reporter groups whose number exceeds said plurality
of copies of said first affinity-type binding member; and

(d) detecting signals from said reporter groups as an indication of the presence of

said analyte in said sample.

9. The method of claim 8 wherein said first affinity-type binding member is a
member selected from the group consisting of avidin and streptavidin and is coupled to said
second immunological binding member through an avidin-biotin-type linkage with a biotin
group that 1s bonded directly to said second immunological binding member, and said first
atfinity-type binding member is labeled with said reporter group, and said second complex
Includes reporter groups whose number equals a total of reporter groups on said first affinity-

type binding member and on said second affinity-type binding member.

10. The method of claim 9 wherein said first affinity-type binding member is
streptavidin and is coupled to said second immunological binding member through an avidin-
biotin-type linkage with a biotin group that is bonded directly to said second immunological
binding member, and said second affinity-type binding member is biotin, such that said second
complex includes a streptavidin group joined both to said second immunological binding
member through a first avidin-biotin-type linkage and to said second affinity-type binding

member through a second avidin-biotin-type linkage.

11. The method of claim 10 wherein said first affinity-type binding member is
labeled with said reporter group, and said second complex includes reporter groups whose
number equals a total of reporter groups on said first affinity-type binding member and on said

second affinity-type binding member.
12. The method of claim 8 wherein said reporter group is phycoerythrin.

13. The method of claim 8 wherein step (b) comprises (1) incubating said solid
support with said second immunological binding member that has affinity for said analyte and
that 1s coupled with a plurality of copies of biotin to form a preliminary complex bound to said

solid support, and (ii) with said preliminary complex so bound, incubating said solid support

12
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with a member selected from the group consisting of avidin and streptavidin and labeled with a
reporter group, to form said first complex, and said second complex includes reporter groups
whose number equals a total of reporter groups on said first afﬁnity-type binding member and on

said second aftinity-type binding member.

14.  The method of claim 13 wherein step (11) comprises incubating said solid

support with streptavidin labeled with said reporter group.
15. The method of claim 13 wherein said reporter group is phycoerythrin.

16.  The method of claim 8 wherein said first affinity-type binding member is
biotin, said second affinity-type binding member is a member selected from the group consisting
of avidin and streptavidin, and step (c) further comprises incubating said solid support with a
bridging member, each copy of said bridging member being coupled to a plurality of biotin
groups, whereby both said second immunological binding member and said bridging member are
in excess relative to said biotin groups on said first immunological binding member, such that
said second complex includes a plurality of copies of said second affinity-type binding member
each of which is joined to a plurality of said biotin groups and said second complex includes
reporter groups whose number exceeds said plurality of copies of said biotin groups coupled to

each copy of said second immunological binding member.

17.  The method of claim 16 wherein said bridging member is a further copy of
said second immunological binding member coupled with a plurality of copies of said first

affinity-type binding member.

18. The method of claim 16 wherein said second affinity-type binding

member 1s streptavidin,
19.  The method of claim 16 wherein said reporter group is phycoerythrin.

20. A method for detecting an analyte in a sample, said method comprising:
(a) incubating said sample with a first immmunological binding member that is
bonded to a solid support and has selective binding affinity for said analyte, to cause said

analyte to bind to said solid support through said first immunological binding member;
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(b) with said analyte so bound, incubating said solid support with a second
immunological binding member that has affinity for said analyte, said second
immunological binding member being coupled to a first affinity-type binding member

selected from the group consisting of avidin, streptavidin, and a biotin multimer, to form

a first complex bound to said solid support;

(¢) with said first complex so bound, incubating said solid support with a second
affinity-type binding member selected from the group consisting of avidin, streptavidin,
and a biotin multimer, said second affinity-type binding member having binding affinity
for said first affinity-type binding member and labeled with a reporter group to form a
second complex that includes a plurality of avidin-biotin-type linkages and a plurality of
reporter groups per molecule of analyte; and

(d) detecting signals from said reporter groups as an indication of the presence of

said analyte in said sample.

21.  The method of claim 20 wherein said first affinity-type binding member is
a biotin multimer, said second affinity-type binding member 1s a member selected from the

group consisting of avidin and streptavidin.

22.  The method of claim 21 wherein said first affinity-type binding member 1s

a biotin dendrimer.

23.  The method of claim 21 wherein said second affinity-type binding

member 1s streptavidin.
24.  The method of claim 21 wherein said reporter group is phycoerythrin.

25.  The method of claim 20 wherein said first affinity-type binding member is
a member selected from the group consisting of avidin and streptavidin, said second affinity-type
binding member 1s a biotin multimer having a biotin moiety accessible for binding to said first
affinity-type binding member and a plurality of additional biotin moieties bound through avidin-

biotin-type binding to copies of said first affinity-type binding member.

26.  The method of claim 25 wherein said first affinity-type binding member is

streptavidin.

14



2

O 0 1 O i B WD

10
i1
12
13
14
15
16
17
18
19
20
21
22
23
24

CA 02827536 2013-08-15

WO 2012/122121 PCT/US2012/027764

27.  The method of claim 25 wherein said second affinity-type binding

member 1S polybiotin.

28.  The method of claim 25 wherein said first affinity-type binding member is

streptavidin and said second affinity-type binding member is polybiotin.

29.  The method of claim 25 wherein said reporter group is phycoerythrin.

30. A method for detecting an analyte in a sample, said method comprising:

(a) Incubating said sample with a first immunological binding member that is
bonded to a solid support and has selective binding affinity for said analyte, to cause said
analyte to bind to said solid support through said first immunological binding member;

(b) with said analyte so bound, incubating said sblid support with a second
immunological binding member that has affinity for said analyte, each copy of said
second immunological binding member being labeled with a reporter group, to form a
first complex bound to said solid support whereby each said first complex includes said
reporter group;

(c) 1ncubating said solid support, with said first complex bound thereto, with a
third immunological binding member that has affinity for said reporter group, said third
immunological binding member having bound thereto a first affinity-type binding
member selected from the group consisting of avidin, streptavidin, biotin, and a
polybiotin, to cause a plurality of copies of said third immunological binding member to
bind to said reporter group and to thereby convert said first complex to a second complex
that includes a plurality of copies of said first affinity-type binding member per copy of
sald reporter group;

(d) incubating said solid support, with said second complex bound thereto, with a
second affinity-type binding member selected from the group consisting of avidin,
streptavidin, biotin, and a polybiotin and having binding affinity for said first affinity-
type binding member, said second affinity-type binding member being labeled with said
reporter group, to convert said second complex to a third complex that includes reporter
groups whose number equals said reporter group of said first complex and reporter

groups added to said first complex by step (¢); and
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(e) detecting signals from said total of reporter groups as an indication of the

presence of said analyte in said sample
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