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Description

[0001] The invention relates to methods for simultane-
ously detecting both members of a binding pair in a bio-
logical sample.

[0002] Blood products used for transfusion and trans-
fer of blood components must be routinely screened for
the presence of infectious agents such as human immu-
nodeficiency virus (HIV), hepatitis viruses, human T-lym-
phocytotropic virus, and cytomegalovirus. Such agents
typically are detected by either identification of viral an-
tigens or by detection of an immune response to the virus
(i.e., host-derived anti-viral antibodies) using enzyme im-
munoassay analysis (EIA) or radioimmunoassays (RIA).
Immunoassay techniques are limited in their ability to de-
tect the presence of viral contaminants in early stages of
infection, with the window period between infection with
a virus and detection by immunoassay techniques vary-
ing from two to four weeks for HIV and up to about 10
weeks for hepatitis C virus (HCV). Techniques such as
reverse-transcriptase polymerase chain reaction (RT-
PCR) or branched chain DNA analysis can shorten the
time period between infection and detection, but are cost
prohibitive for use on an individual donor basis and do
not eliminate the window period.

[0003] EP-A-0595 211 discloses a method for simul-
taneous determination of an antigen of a causative agent
and an antibody directed against this causative agent but
not said antigen. The method comprises the binding of
the antigen and antibody to receptors R1 and R2, resp.,
both bound to a solid phase and detecting the antigen
and antibody by binding receptors R3 and R4, resp.,
thereto both being labeled with a same label. US-Patent
No. 5,627,026 discloses a method for simultaneous de-
tection of an antigen and an antibody in a biological sam-
ple. The method includes contacting a solid substrate
that contains an antibody-coated first location and an an-
tigen-coated second location with a biological sample
and a mixture of labeled antigen and labeled antibody
and determining if a label is present at the appropriate
location on the solid substrate.

[0004] The invention is based on a rapid and sensitive
method for simultaneously detecting both members of a
binding pair, such as a ligand and receptor or an antigen
and host antibody, from a biological sample. Methods of
the invention can, for example, enhance the ability to
detectinfections atan early stage, leading to earlier treat-
ment of the infection.

[0005] The invention features a method for simultane-
ously measuring both members A and B of a binding pair
in a biological sample. The biological sample is selected
from the group consisting of blood, plasma, serum, urine,
cerebrospinal fluid, sputum, tears, amniotic fluid, vitreous
humor, saliva, and tissue culture supernatants. The
method includes providing a solid phase reagent, which
includes a particle coated with capture antibodies having
specific binding affinities for member A of the binding
pair, and contacting a biological sample with the solid
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phase reagent under conditions in which member A, if
present, becomes bound to the particle, to form a first
reacted particle. The capture antibodies can be mono-
clonal. The first reacted particle is contacted with first
antibodies having specific binding affinities for member
A, wherein the firstantibodies are labeled with a first label,
and with second antibodies having specific binding affin-
ities for member B of the binding pair, wherein the second
antibodies are labeled with a second label which in dif-
ferent from said first label, to form a second reacted par-
ticle. The first and second antibodies can be monoclonal.
First and second labels (e.g., fluorophores) are meas-
ured on the second reacted particle using flow cytometry.
[0006] In certain embodiments, substantially all cap-
ture antibodies are oriented on the particle such that the
antigen binding regions of the capture antibodies are
available for binding member A of the binding pair.
[0007] Member A of the binding pair can be, for exam-
ple, an antigen and member B can be a host antibody.
The antigen can be a viral antigen such as a hepatitis C
antigen, a hepatitis B antigen, or a human immunodefi-
ciency virus antigen, or an autoantigen such as glutamic
acid decarboxylase. Member A of the binding pair also
can be a ligand, such as a cytokine, and member B can
be a receptor, such as a cytokine receptor. In addition,
member A can be an enzyme and member B can be a
substrate. For example, the enzyme can be caspase-3
or caspase-1 and the substrate can be poly(ADP-ribose)
polymerase or prolnterleukin-1, respectively.

[0008] The invention also features a kit for simultane-
ously measuring both members A and B of a binding pair
in a biological sample. The kit includes a solid phase
reagent, which includes a particle coated with capture
antibodies having specific binding affinities for member
A of the binding pair, first antibodies having specific bind-
ing affinities for member A of the binding pair, wherein
the first antibodies are labeled with a first label; and sec-
ond antibodies having specific binding affinities for mem-
ber B of the binding pair, wherein the second antibodies
are labeled with a second label which is different from
said first label. Substantially all the capture antibodies
are oriented on the particle such that the antigen binding
regions of the capture antibodies are available for binding
member A of the binding pair. The kit further can include
a label or package insert, which indicates that the solid
phase reagent, the labeled first antibodies, and the la-
beled second antibodies can be used for simultaneously
measuring both members A and B of a binding pair in a
biological sample by flow cytometry.

[0009] Unless otherwise defined, all technical and sci-
entificterms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this invention belongs. Although methods and ma-
terials similar or equivalent to those described herein can
be used to practice the invention, suitable methods and
materials are described below.

[0010] In case of conflict with publications, patent ap-
plications, patents, and other references mentioned
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herein, the present specification, including definitions,
will control. In addition, the materials, methods, and ex-
amples areillustrative only and notintended to be limiting.
[0011] Other features and advantages of the invention
will be apparent from the following detailed description,
and from the claims.

Figure 1 is a schematic representation of an assay
for detecting member A and host anti-member A an-
tibody (member B).

Figures 2A-2H are scattergrams that indicate simul-
taneous detection of hepatitis B virus (HBV) surface
antigen, anti-HBV host antibody, HCV core antigen,
and anti-HCV host antibody by flow cytometry. Fig-
ure 2Ais HBV antigen and antibody in a normal sam-
ple. Figure 2B is HCV antigen and antibody in a nor-
mal sample. Figure 2C is HBV antigen and antibody
inan HBV positive sample. Figure 2D is HCV antigen
and antibody in an HBV positive sample. Figure 2E
is HBV antigen and antibody in an HCV positive sam-
ple. Figure 2F is HCV antigen and antibody in an
HCV positive sample. Figure 2G is HBV antigen and
antibody in an HBV positive/HCV positive sample.
Figure 2H is HCV antigen and antibody in an HBV
positive/HCV positive sample.

Immunoassay Format

[0012] In general, the invention uses a sandwich im-
munoassay method for simultaneously detecting both
members of a binding pair in a biological sample. Binding
pairs include any combination of molecules which forms
a complex, including pairs composed of nucleic acids,
proteins, or a small molecule and a protein. Nucleic acid
pairs can be DNA:RNA pairs or DNA:DNA pairs. For ex-
ample, a DNA/RNA binding pair such as asingle stranded
(ss) DNA and an mRNA can be used as a PCR product
detection system. A DNA/DNA binding pair such as a
ssDNA and a viral DNA can be used in a competition
assay for quantitation of virus per amplified DNA.

[0013] Non-limiting examples of protein, or small mol-
ecule and protein, binding pairs include a hormone, a
cytokine, a peptide, a drug, a viral protein, or other anti-
gen and a cognate receptor or host antibody. Viral pro-
tein/receptor binding pairs can be, for example, HIV gp
120 and soluble CD4. Drug and drug receptor binding
pairs can be, for example, cocaine and a dopamine re-
ceptor. Peptide and peptide receptor binding pairs can
be, for example, acetylcholine and a muscarinic receptor
or dopamine and a dopamine receptor. Hormone and
hormone receptor binding pairs can be, for example, in-
sulin and insulin receptor. Cytokine and cytokine receptor
binding pairs can be, for example, tumor necrosis factor
(TNF) and a TNF Type | or Type 2 receptor or interleukin
2 (IL-2) and IL-2 receptor. Antigen and antibody pairs
can be, for example, a viral protein and host anti-viral
protein antibody or an autoantigen and a host anti-au-
toantigen antibody. HIV p24/human anti-HIV antibody,
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HIV gp120/human anti-HIV gp120 antibody, HBV surface
antigen/human anti-HBV surface antigen, and HCV core
protein/human anti-HCV core antibody are examples of
viral protein and host antibody binding pairs. An autoan-
tigen and host anti-autoantigen antibody binding pair can
be, for example, glutamic acid decarboxylase (GAD) and
host anti-GAD antibody.

[0014] Other protein binding pairs that can be detected
are enzyme and enzyme substrate binding pairs. For ex-
ample, the enzyme/substrate pair can be caspase-3/poly
(ADP-ribose) polymerase or caspase-1/prolnterleukin-1.
[0015] Member A, which can be either member of the
binding pair, is captured with a solid phase reagent that
is a particle coated with capture antibodies having spe-
cific binding affinities for member A. For example, if the
binding pair to be simultaneously detected is HIV
gp120/host anti-HTV gp120 antibody, the particle can be
coated with antibodies having specific binding affinities
for HIV gp120 or anti-host immunoglobulin (1g).

[0016] MemberAis captured by contacting a biological
sample with the particle coated with capture antibodies.
As used herein, suitable biological samples contain cells
or cellular material, and include, for example, blood, plas-
ma, serum, urine, saliva, sputum, tears, amniotic fluid,
vitreous humor, and cerebrospinal fluid. Other samples
can include in vitro tissue culture medium/supernatants.
Biological samples can be treated with a non-ionic de-
tergentsuch as 0.5% Triton-X 100 or Nonidet P40 (Sigma
Chemical Company, St. Louis, MO) to expose core an-
tigens from pathogens.

[0017] The solid phase reagent and biological sample
are contacted under conditions that facilitate binding of
member A, if present, to the particle, to form afirst reacted
particle. Such conditions can include use of buffer con-
taining 1% fetal bovine serum (FBS) and 0.1% sodium
azide in phosphate-buffered saline (PBS) at room tem-
perature, or use of any biological fluid, under physiologic
pH conditions. The first reacted particle then is contacted
with two sets of labeled antibodies (i.e., reporter antibod-
ies) to form a second reacted particle. The first antibodies
have specific binding affinities for member A and are la-
beled with a first label. First antibodies are capable of
binding to member A while member A is bound to capture
antibodies. Thus, the capture antibodies and first anti-
bodies must work as a pair. Second antibodies have spe-
cific binding affinities for member B of the binding pair
and are labeled with a second label. Fluorescently la-
beled antibodies are particularly useful in this method.
[0018] Figure 1 provides a schematic of an assay for
detecting member A and host anti-member A antibody.
In this embodiment, biotinylated capture antibodies have
specific binding affinities for member A and are coupled
to antigen capture beads via avidin. First antibodies have
specific binding affinities for member A and are labeled
with phycoerythrin (first label). Second antibodies are la-
beled with cyanine-phycoerythrin (second label) and
have specific binding affinities for host Ig (member B).
The first reacted particle includes member A, host anti-
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member A antibodies, capture antibodies, and the solid
phase reagent (e.g, antigen capture beads), wherein the
second reacted particle includes the first reacted particle
and the two labeled antibodies.

[0019] Flow cytometry can be used to measure the
amount of label on the second reacted particle. As used
herein, the term "measure" refers to qualitative and quan-
titative measurements. In other words, the term "meas-
ure" includes reporting the presence or absence of label
on the second reacted particle, as well as determining
the amount of label present. Flow cytometers are able to
measure at least three discrete fluorescence emission
wavelength ranges by using optical filters to split the flu-
orescent emission and separate photomultiplier tubes to
amplify the individual emission signals. The intensity of
fluorescent emission associated with the particles is di-
rectly proportional to the concentration of analyte present
in the biological sample. Thus, the use of different dyes
with different emission spectra, wherein each dye is cou-
pled to a different antibody, allows analysis of multiple
analytes per population of particles. The flow cytometer
also can distinguish particles of different sizes such that
a particle, for example approximately 7 um in diameter,
can be differentiated from a particle approximately 10
pm in diameter. Therefore, additional components can
be detected by using a combination of multiple fluores-
cent dyes and two or three populations of particles of
different average diameters.

Production of Antibodies

[0020] Antibodies having specific binding affinities for
member A or member B can be produced through stand-
ard methods. Alternatively, antibodies may be commer-
cially available, for example, from BiosPacific (Emery-
ville, CA), Coulter (Hialeah, FL), Maine Biotechnology
Service (Portland, ME), or Biodesign International (Ken-
nebunk, ME). As used herein, the terms "antibody" or
"antibodies" include intact molecules as well as frag-
ments thereof which are capable of binding to an epitopic
determinant in member A or member B. The term
"epitope" refers to an antigenic determinant on an antigen
to which the paratope of an antibody binds. Epitopic de-
terminants usually consist of chemically active surface
groupings of molecules such as amino acids or sugar
side chains, and typically have specific three dimensional
structural characteristics, as well as specific charge char-
acteristics. Epitopes generally have at least five contig-
uous amino acids. Thus, the terms "antibody" and "anti-
bodies" include polyclonal antibodies, monoclonal anti-
bodies, humanized or chimeric antibodies, single chain
Fv antibody fragments, Fab fragments, and F(ab), frag-
ments. Monoclonal antibodies are particularly useful.

[0021] In general, a protein of interest is produced re-
combinantly, by chemical synthesis, or by purification of
the native protein, and then used to immunize animals.
Various host animals including, for example, rabbits,
chickens, mice, guinea pigs, and rats, can be immunized
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by injection of the protein of interest. Adjuvants can be
used to increase the immunological response depending
on the host species and include Freund’s adjuvant (com-
plete and incomplete), mineral gels such as aluminum
hydroxide, surface active substances such as lysoleci-
thin, pluronic polyols, polyanions, peptides, oil emul-
sions, keyhole limpet hemocyanin (KLH), and dinitroph-
enol. Polyclonal antibodies are heterogenous popula-
tions of antibody molecules that are specific for a partic-
ular antigen, which are contained in the sera of the im-
munized animals. Monoclonal antibodies, which are ho-
mogeneous populations of antibodies to a particular
epitope contained within an antigen, can be prepared
using standard hybridomatechnology. In particular, mon-
oclonal antibodies can be obtained by any technique that
provides for the production of antibody molecules by con-
tinuous cell lines in culture such as described by Kohler,
G. etal., Nature, 1975, 256:495, the human B-cell hybri-
doma technique (Kosbor et al., Immunology Today,
1983, 4:72; Cole et al., Proc. Natl. Acad. Sci. USA, 1983,
80:2026), and the EBV-hybridoma technique (Cole et al.,
"Monoclonal Antibodies and Cancer Therapy", Alan R.
Liss, Inc., 1983, pp. 77-96). Such antibodies can be of
any immunoglobulin class including IgG, IgM, IgE, IgA,
IgD, and any subclass thereof. The hybridoma producing
the monoclonal antibodies of the invention can be culti-
vated in vitro or in vivo.

[0022] A chimeric antibody is a molecule in which dif-
ferent portions are derived from different animal species,
such as those having a variable region derived from a
murine monoclonal antibody and a human immunoglob-
ulin constant region. Chimeric antibodies can be pro-
duced through standard techniques.

[0023] Antibody fragments that have specific binding
affinity for member A or B can be generated by known
techniques. For example, such fragments include, but
are not limited to, F(ab’), fragments that can be produced
by pepsin digestion of the antibody molecule, and Fab
fragments that can be generated by reducing the disulfide
bridges of F(ab’), fragments. Alternatively, Fab expres-
sion libraries can be constructed. See, for example, Huse
etal., 1989, Science, 246:1275. Single chain Fv antibody
fragments are formed by linking the heavy and light chain
fragments of the Fv region via an amino acid bridge (e.g.,
15to 18 amino acids), resulting in a single chain polypep-
tide. Single chain Fv antibody fragments can be produced
through standard techniques. See, forexample, U.S. Pat-
ent No. 4,946,778.

[0024] Once produced, antibodies or fragments there-
of are tested for recognition of member A or member B
by standard immunoassay methods including, for exam-
ple, ELISA techniques or RIA. See, Short Protocols in
Molecular Biology, Chapter 11, Green Publishing Asso-
ciates and John Wiley & Sons, Edited by Ausubel, F.M
et al., 1992. Suitable antibodies preferably have equal
binding affinities for recombinant and native proteins.
[0025] Alternatively, antibodies can be assessed for
their ability to form binding pairs in a fluorescent sandwich
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assay in the following manner. Beads can be coated with
biotinylated antibodies, for example anti-viral protein an-
tibodies, then incubated for approximately 30 minutes
with 2 ng/ml of the appropriate protein, e.g., recombinant
viral protein, in a 100 wl volume. After washing the beads
twice with 2 ml of buffer containing 1% FBS and 0.1%
sodium azide in PBS, the beads are incubated with ap-
proximately 0.5 wg of phycoerythrin-labeled antibody.
Pairs of antibodies producing a strong fluorescent signal
are suitable for use in assays of the invention.

Solid Phase Reagents

[0026] Suitable particles (e.g, beads) have an average
diameter of about 2 umto 15 um and can be polystyrene,
ferromagnetic, or paramagnetic. For example, the parti-
cles can have an average diameter of about 4 um to
about 11 um. Typical average particle diameters are
about4-5 pum, 7-8 pm, and 10-11 um. Particles are avail-
able commercially, for example, from Spherotech Inc.,
Libertyville, IL. Particles can be coated with capture an-
tibodies by known techniques. For example, avidin- or
streptavidin-coated paramagnetic beads can be coated
with biotinylated capture antibodies. In general, avidin-
or streptavidin-coated beads are resuspended in a saline
solution, such as PBS, mixed with biotinylated antibodies
at saturating conditions (approximately 40 p.g of protein
per 3.9 x 107 7 wm beads), and incubated at room tem-
perature. After binding is complete, the beads are
washed and blocked with, for example, buffer containing
1% FBS and 0.1% sodium azide in PBS.

[0027] Avidin- or streptavidin-coated beads can be
coupled to biotinylated nucleic acids when nucleic acid
binding pairs are being measured. Nucleic acids can be
labeled with biotin by incorporation of biotin-11-dUTP in
a standard nick translation reactions.

[0028] In particular embodiments, substantially all of
the capture antibodies are oriented on the particle such
that the antigen binding regions are available for binding
member A, increasing overall sensitivity of the assay.
The term "substantially all" indicates that at least 80%,
and preferably at least 90%, (e.g., 95% or 99%) of the
antibodies are oriented in this fashion. Percent orienta-
tion can be estimated qualitatively by measuring fluores-
cence associated with binding of phycoerythrin-labeled
goat anti-mouse antibody, and comparing with standard-
ized fluorescent particles. Antigen binding regions of an-
tibodies are available for binding member A when the
antibody is biotinylated at amino acid residues primarily
outside of the antigen binding region. Thus, during bioti-
nylation of antibodies, a molar ratio of biotin:antibody of
about 5:1 1 to about 10:1 1 and other standard reaction
conditions are used. For example, biotin N-hydroxysuc-
cinimidyl ester or biotin succinimidyl ester can be used
at a pH of about 8.1. Alternatively, biotin hydrazide can
be used at a pH of 4.5-5.0.

[0029] Assay sensitivity also is increased because
capture of member A from a biological sample is not lim-
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ited to reaction volumes of 200 .l or less, as in traditional
assays. Particles are easy to collect from large volumes
of biological sample by either magnetic separation or
centrifugation. Furthermore, each particle contains, on
average, approximately 180,000 to 240,000 antibody
binding sites, and approximately 300,000 to 350,000 bi-
otinylated antigen binding sites per particle. Thus, each
particle has alarge binding capacity and a large effective
range of analysis for antigen concentration.

Detectable Labels

[0030] Each labeled antibody can be distinctly visual-
ized by labeling with a fluorophore that emits light of a
color that contrasts with other fluorophores. For example,
a combination of the following fluorophores may be used:
7-amino-4-methylcoumarin-3-acetic acid (AMCA), Tex-
as Red™ (Molecular Probes, Inc., Eugene, OR), 5-(and-
6)-carboxy-X-rhodamine, lissamine rhodamine B,
5-(and-6)-carboxyfluorescein, fluorescein-5-isothiocy-
anate (FITC), 7-diethylaminocoumarin-3-carboxylic ac-
id, tetramethylrhodamine-5-(and-6)-isothiocyanate,
5-(and-6)-carboxytetramethylrhodamine, 7-hydroxycou-
marin-3-carboxylic acid, 6-[fluorescein 5-(and-6)-car-
boxamido]hexanoic acid, N-(4,4-difluoro-5,7-dimethyl-4-
bora-3a,4a diaza-3-indacenepropionic acid, eosin-5-iso-
thiocyanate, erythrosin-5-isothiocyanate, phycoerythrin
(B-, R-, or cyanine-), allophycocyanin, Oregon Green™,
and Cascade™ blue acetylazide (Molecular Probes, Inc.,
Eugene, OR).

[0031] Antibodies also can be labeled with semicon-
ductor nanocrystals. Water soluble nanocrystals are
composed of different sizes of cadmium-selenium/cad-
mium-sulfur core-shell nanocrystals enclosed in a silica
shell or cadmium-selenium/zinc-sulfur nanocrystals sol-
ubilized in mercaptoacetic acid. Such water soluble na-
nocrystals have a narrow, tunable, symmetric emission
spectrum and are photometrically stable. See, Bruchez
Jr. et al., Science, 1998, 281:2013-2016; and Chan et
al., Science, 1998, 281:2016-2018.

Detection of Multiple Antigens and Host Antibody

[0032] A combination of labels, such as Oregon
Green™ (Molecular Probes, Inc., Eugene, OR), phyco-
erythrin, and cyanine-phycoerythrin, can be used to de-
tect, inter alia, two antigens and a host antibody. For
example, HCV, HBV surface antigen, host anti-HCV an-
tibody, and host anti-HBV surface antigen antibody can
be simultaneously detected using phycoerythrin-labeled
antibodies having specific binding affinities for HCV, Or-
egon Green™-labeled antibodies having specific binding
affinities for HBV surface antigen, and cyanine-phyco-
erythrin-labeled anti-host Ig antibodies. Using three dif-
ferent labels and two populations of particles having dif-
ferentsizes (e.g., average diameters of 7-8 pmand 10-11
wm) allows up to 6 different viral antigens and host anti-
bodies to be detected simultaneously. Use of a third pop-
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ulation of particles of a different average diameter allows
up to 9 different viral antigens and host antibodies to be
detected.

[0033] Viralantigens can be difficultto detectin plasma
samples once an individual has seroconverted (i.e, has
developed host antibodies) because the binding sites for
the capture or reporter antibodies on the viral particle
have been blocked by the host antibody. The present
invention overcomes this difficulty due to the improved
sensitivity of the assay over traditional immunoassay for-
mats. Thus, viral antigen can be detected using the
present methods in situations in which traditional immu-
noassay formats cannot do so. As described herein, viral
antigens can be captured using particles coated with
monoclonal antibodies having specific binding affinities
for the viral protein, and their presence detected with re-
porter monoclonal antibodies directed against the viral
proteinin seropositive individuals. Host antibody directed
against the viral protein can be simultaneously detected
through labeled goat ariti-human Ig. Detection of viral
protein without host antibody indicates the host was re-
cently infected and has not seroconverted, while detec-
tion of viral protein and host antibody indicates the pres-
ence of infection as well as seroconversion. In certain
samples, host antibody may be detected but viral protein
is not when, for example, binding sites for the first anti-
body are not available. Although viral proteins are not
directly measured in this instance, viral proteins are still
present in the sample, as the antibody-coated capture
bead directed against the viral protein captures the im-
mune complex of viral antigen and host antibody.
[0034] The invention will be further described in the
following examples, which do not limit the scope of the
invention described in the claims.

[0035] Example 1 - Biotinylation of Proteins: Anti-
bodies were conjugated at a concentration of 5 mg/mi;
viral antigens were conjugated at a concentration of 1
mg/ml. To biotin label anti-viral protein antibodies and
viral antigens, the proteins were exchanged into 100 mM
KH,CO4 buffer (pH 8.3) using an appropriate size Cen-
tricon (Amicon) filter.

[0036] Biotin N-hydroxysuccinimidyl ester (Molecular
Probes, Eugene, OR) in DMSO (10 mg/ml, Sigma Chem-
ical Co., St. Louis, MO, Cat. #D8779) was prepared im-
mediately prior to use, and added to the protein to be
biotinylated in a 5:1 or 10:1 molar ratio. Reactions were
performed by vortexing the protein solution lightly, and
adding the biotin/DMSO to the protein solution and mix-
ing thoroughly. Protein and biotin ester were reacted for
one hour at room temperature in the dark. Conjugated
protein was separated from free biotin by separation on
a 10 ml Sephadex-25 gel column or spin column using
1X PBS to elute. Individual 1 ml fractions were collected
and absorbance at A280 nm was measured. Fractions
representing the initial peak of A280 were collected and
pooled, while remaining fractions, including those repre-
senting the second A280 peak, were discarded.

[0037] When spin columns were used, the reaction
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mixture was distributed equally between four spin col-
umns, and spun using a Serofuge centrifuge on high
speed for 2 mins. Material passing through the column
was collected and the columns were washed by filling
the column with 1X PBS and spinning at high speed in a
Serofuge for 2 min and repeating five times. Collected
material was redistributed equally among four columns,
then spun using the Serofuge centrifuge on high speed
for 2 min. Material passing through the column was col-
lected, pooled, and re-analyzed for A280 and the con-
centration was determined. Conjugated protein was
stored at 4°C.

[0038] Example 2 - Production of Analyte Capture
Beads: Analyte capture beads were prepared by com-
pletely resuspending avidin-coated paramagnetic beads
(7 wm, Spherotech, VM-60-100) by mixing well. Beads
(typically 3.8 x 106 beads) were placed in a 50 ml centri-
fuge tube and mixed with 30 ml of 1X PBS. After retaining
beads on the side of the tube with magnets, all PBS was
removed. The beads were washed two more times with
PBS.

[0039] After the final PBS wash, the required volume
of biotinylated antibody (typically 40 p.g) and 2 ml of 1X
PBS were added to the beads. The beads were resus-
pended by vortexing continuously for a minimum of 3
hours, or by vortexing for one hour and then storing over-
night at 4°C. Beads stored overnight were vortexed for
an additional 2 hours the next morning. Approximately
30 ml of buffer containing 1% FBS and 0.1% NaNj in
PBS were used to wash the conjugated beads three
times. Beads were resuspended in 19.25 ml of the same
buffer and stored at 4°C until use.

[0040] To label antibodies with the fluorescein deriva-
tive Oregon Green™ (Molecular Probes, Eugene, OR),
antibodies were exchanged into 100 mM KH,CO; buffer
(pH 9.0) at a concentration of 5 mg/ml. Oregon Green™
(10 mg/mlin dimethylformamide, DMF) was added to the
antibody at a 25:1 molar ratio and incubated for 1 hour
at room temperature, in the dark. Free Oregon Green™
was separated from the antibody on a G-25 Sephadex
column. R-phycoerythrin (PE, Intergen BioDiagnostics,
Purchase, NY) and cyanine-phycoerythrin (Cy5PE) con-
jugates were produced using 2-iminothiolane (Pierce
Chemical Co., Rockford, IL) in a 1625:1 molar ratio to
modify the fluorochrome and sulfo-SMCC (Pierce) in a
20:1 molar ratio to modify the antibody. Modified fluoro-
chrome and antibody were incubated together for 1 hour
at room temperature in the dark. Free fluorochrome and
antibody were separated from fluorochrome-conjugated
antibody on Sephacryl S-300-HR columns (Sigma
Chemical Co., St. Louis, MO). Goat F(ab’), anti-human
Ig antiserum (heavy and light chain specific) affinity-pu-
rified and absorbed against mouse, equine, bovine, rat,
and rabbit antibodies was labeled with PE or Cy5-PE.
Alterations in the ratio of fluorochrome to protein can be
made to optimize the fluorescent signal for a particular
antibody or viral antigen.

[0041] Example 3 - Detection of Viral Antigens and
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Host Antibody: Plasma samples from normal individu-
als and from individuals positive for HCV, HIV, or HBV
were obtained from New York Biologicals (Southampton,
NY), Scantibodies Laboratory (Santee, CA), or Intergen
BioDiagnostics (Purchase, NY). Plasma samples were
treated with Triton-X 100 detergent to a final concentra-
tion of 0.5% to lyse viral membranes and expose core
particles prior to testing. E. coli derived recombinant viral
antigens, including surface and core antigens, were ob-
tained from BiosPacific (Emeryville, CA) or Intergen Bio-
Diagnostics. Antigens were added to normal non-patho-
logic serum samples for development of a reference
standard curve and for use in spike and recovery analy-
sis.

[0042] Flow cytometric analysis was performed on a
Coulter EPICS Profile 1l, a Coulter XL, or a Partec PAS
flow cytometer using linear forward vs. side light scatter
to gate the bead population. Fluorescence signal was
amplified logarithmically. Fluorescence emissions were
segregated into discrete colors by optical filters. A 525
nm bandpass filter was used to collect the green fluores-
cence (Oregon Green and FITC), a 565 nm bandpass
filter to collect the orange fluorescence (PE), and a 630
nm long pass filter to collect the red fluorescence
(Cy5PE).

[0043] Samples were incubated with PE- and Cy5PE-
labeled F(ab’), goat anti-human Ig (heavy and light chain
specific) antibody. In each case, host anti-viral antibodies
were detected on beads with captured antigen and not
on beads from normal samples or anincorrect virus. HBV
surface antigen and anti-HBV antibody, as well as HCV
core antigen and anti-HCV antibody, were detected using
a PE labeled antibody having specific binding affinity for
HCV core antigen, an Oregon Green labeled antibody
having specific binding affinity for HBV surface antigen,
and a Cy5PE labeled goat anti-human Ig antibody. As
indicated in Figures 2A-2H, individual and simultaneous
detection of HCV, HBV, and host antibody were possible.

Claims

1. A method for simultaneously measuring both mem-
bers A and B of a binding pair in a biological sample,
said method comprising:

a) providing a solid phase reagent, said solid
phase reagent comprising a particle coated with
capture antibodies having specific binding affin-
ities for said member A of said binding pair;

b) contacting said biological sample with said
solid phase reagent under conditions in which
said member A, if present, becomes bound to
said particle, to form a first reacted particle;

¢) contacting said first reacted particle with first
antibodies having specific binding affinities for
said member A, wherein said first antibodies are
labeled with a first label, and with second anti-
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12,

13.
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15.

bodies having specific binding affinities for said
member B of said binding pair, wherein said sec-
ond antibodies are labeled with a second label
which is different from said first label, to form a
second reacted particle, and

d) measuring said firstand second labels on said
second reacted particle.

The method of claim 1, wherein substantially all said
capture antibodies are oriented on said particle such
that the antigen binding regions of said capture an-
tibodies are available for binding said member A of
said binding pair.

The method of claim 1 or 2, wherein said member A
is an antigen and said member B is a host antibody.

The method of claim 3, wherein said antigen is a viral
antigen.

The method of claim 4, wherein said viral antigen is
a hepatitis C antigen, a hepatitis B antigen or a hu-
man immunodeficiency virus antigen.

The method of claim 3. wherein said antigen is an
autoantigen.

The method of claim 6, wherein said autoantigen is
glutamic acid decarboxylase.

The method of claim 1or 2, wherein said member A
is a ligand and said member B is a receptor.

The method of claim 8, wherein said ligand is a cy-
tokine and said receptor is a cytokine receptor.

The method of claim 1 or 2, wherein said member A
is an enzyme and said member B is a substrate.

The method of claim 10, wherein said enzyme is cas-
pase-3 and said substrate is poly(ADP-ribose)
polymerase or wherein said enzyme is caspase-1’
and said substrate is prolnterleukin-1.

The method of any one of claims 1 to 11, therein said
first and second labels are fluorophores.

The method of any one of claims 1 to 12, wherein
said biological sample is selected from the group
consisting of blood, plasma, serum, urine, cerebro-
spinal fluid, sputum, tears, amniotic fluid, vitreous
humor, saliva, and tissue culture supernatants.

The method of any one of claims 1 to 13, therein said
capture antibodies are monoclonal.

The method of any one of claims 1 to 14, wherein
said first antibodies are monoclonal.
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The method of any one of claims 1 to 15, wherein
said second antibodies are monoclonal.

A kit for simultaneously measuring both members A
and B of a binding pair in a biological sample, said
kit comprising:

a) a solid phase reagent, said solid phase rea-
gent comprising a particle coated with capture
antibodies having specific binding affinities for
said member A of said binding pair, wherein sub-
stantially all said capture antibodies are oriented
on said particle such that the antigen binding
regions of said capture antibodies are available
for binding said member A of said binding pair,
b) first antibodies having specific binding affini-
ties for said member A of said binding pair,
wherein said first antibodies are labeled with a
first label; and

c) second antibodies having specific binding af-
finities for said member B of said binding pair,
wherein said second antibodies are labeled with
a second label which is different from said first
label.

The kit of claim 17, said kit further comprising a label
or package insert, wherein said label or package in-
sertindicates that said solid phase reagent, said first
antibodies, and said second antibodies can be used
for simultaneously measuring both members A and
B of a binding pair in a biological sample by flow
cytometry.

The method of any one of claims 1 to 16 wherein
said measuring of said first and second labels on
said reacted particle is by flow cytometry.

Patentanspriiche

1.

Verfahren zum gleichzeitigen Messen beider Part-
ner A und B eines Bindepaares in einer biologischen
Probe, wobei das Verfahren umfasst:

(a) das Bereitstellen eines Festphasenreagen-
zes, wobei das Festphasenreagenz ein Teil-
chen umfasst, das mit Einfang-Antikérpern mit
spezifischen Bindeaffinitaten flr den Partner A
des Bindepaares beschichtet ist;

(b) das Inkontaktbringen der biologischen Probe
mit dem Festphasenreagenz unter Bedingun-
gen, unter denen der Partner A, wenn er vor-
handen ist, an das Teilchen gebunden wird, um
ein erstes reagiertes Teilchen auszubilden;

(c) das Inkontaktbringen des ersten reagierten
Teilchens mit ersten Antikdrpern mit spezifi-
schen Bindeaffinitaten fir den Partner A, wobei
die ersten Antikdrper mit einer ersten Markie-
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rung markiert sind, und mit zweiten Antikérpern
mit spezifischen Bindeaffinitaten fiir den Partner
B des Bindepaares, wobei die zweiten Antikor-
per mit einer zweiten Markierung markiert sind,
die unterschiedlich zu der ersten Markierungist,
um ein zweites reagiertes Teilchen auszubilden,
und

(d) das Messen der ersten und zweiten Markie-
rung auf dem zweiten reagierten Teilchen.

Verfahren gemal Anspruch 1, wobei im Wesentli-
chen alle Einfang-Antikérper so auf dem Teilchen
angeordnet sind, dass die Antigen-bindenden Re-
gionen der Einfang-Antikérper fir das Binden des
Partners A des Bindepaares zuganglich sind.

Verfahren gemaf Anspruch 1 oder 2, wobei der Part-
ner A ein Antigen und der Partner B ein Wirts-Anti-
korper ist.

Verfahren gemal Anspruch 3, wobei das Antigen
ein virales Antigen ist.

Verfahren gemaf Anspruch 4, wobei das virale An-
tigen ein Hepatitis C-Antigen, ein Hepatitis B-Anti-
gen oder ein menschliches Immunschwéche-Virus-
Antigen ist.

Verfahren gemafl Anspruch 3, wobei das Antigen
ein Autoantigen ist.

Verfahren gemaR Anspruch 6, wobei das Autoanti-
gen Glutaminsaure-Decarboxylase ist.

Verfahren gemaf Anspruch 1 oder 2, wobei der Part-
ner A ein Ligand und der Partner B ein Rezeptor ist.

Verfahren gemaf Anspruch 8, wobei der Ligand ein
Cytokin und der Rezeptor ein Cytokin-Rezeptor ist.

Verfahren gemaR Anspruch 1 oder 2, wobei der Part-
ner A ein Enzym und der Partner B ein Substrat ist.

Verfahren gemafl Anspruch 10, wobei das Enzym
Caspase-3 und das Substrat Poly(ADP-Ribose)-Po-
lymerase ist oder wobei das Enzym Caspase-1 und
das Substrat Pro-Interleukin-1 ist.

Verfahren gemal einem der Anspriiche 1 bis 11,
wobei die ersten und zweiten Markierungen Fluoro-
phore sind.

Verfahren gemaf} einem der Anspriiche 1 bis 12,
wobei die biologische Probe ausgewahlt ist aus der
Gruppe bestehend aus Blut, Plasma, Serum, Urin,
Cerebrospinalflissigkeit, Sputum, Tranen, amnioti-
scher Flussigkeit, Glaskérper-Humor, Speichel und
Gewebekultur-Uberstande.
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Verfahren gemafl einem der Anspriiche 1 bis 13,
wobei die Einfang-Antikérper monoclonal sind.

Verfahren gemal einem der Anspriiche 1 bis 14,
wobei die ersten Antikdrper monoclonal sind.

Verfahren gemafl einem der Anspriiche 1 bis 15,
wobei die zweiten Antikérper monoclonal sind.

Kit zum gleichzeitigen Messen von beiden Partnern
A und B eines Bindepaars in einer biologischen Pro-
be, wobei der Kit umfasst:

(a) ein Festphasenreagenz, wobei das Festpha-
senreagenz ein Teilchen umfasst, das mit Ein-
fang-Antikérpern mit spezifischen Bindeaffinita-
tenflirden Partner A des Bindepaares beschich-
tet ist, wobei im Wesentlichen alle Einfang-An-
tikbrper so auf dem Teilchen angeordnet sind,
dass die Antigen-bindenden Regionen der Ein-
fang-Antikorper fir das Binden des Partners A
des Bindepaares zuganglich sind;

(b) erste Antikdrper mit spezifischen Bindeaffi-
nitaten fiir den Partner A des Bindepaares, wo-
bei die ersten Antikérper mit einer ersten Mar-
kierung markiert sind; und

(c) zweite Antikdrper mit spezifischen Bindeaf-
finitaten fiir den Partner B des Bindepaares, wo-
bei die zweiten Antikbrper mit einer zweiten Mar-
kierung markiert sind, die unterschiedlich ist zu
der ersten Markierung.

Kit gemaR Anspruch 17, wobei der Kit ferner ein Eti-
kett oder einen Beipackzettel umfasst, wobei das Eti-
kett oder der Beipackzettel anzeigt, dass das Fest-
phasenreagenz, die ersten Antikérper und die zwei-
ten Antikorper fur das gleichzeitige Messen beider
Partner A und B eines Bindepaares in einer biologi-
schen Probe mittels Durchflusscytometrie verwen-
det werden kdnnen.

Verfahren gemall einem der Anspriiche 1 bis 16,
wobei das Messen der ersten und zweiten Markie-
rungen auf dem reagierten Teilchen mittels Durch-
flusscytometrie geschieht.

Revendications

Procédé pour mesurer simultanément les membres
A et B d’'une paire de liaison dans un échantillon
biologique, ledit procédé comprenant les étapes
consistant a :

a) fournir un réactif en phase solide, ledit réactif
en phase solide comprenant une particule re-
couverte avec des anticorps de capture ayant
des affinités de liaison spécifiques pour ledit
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membre A de ladite paire de liaison ;

b) mettre en contact ledit échantillon biologique
avec ledit réactif en phase solide dans des con-
ditions dans lesquelles ledit membre A, s’il est
présent, se lie a ladite particule, pour former une
premiére particule ayant réagi ;

c) mettre en contact ladite premiére particule
ayant réagi avec des premiers anticorps ayant
des affinités de liaison spécifiques pour ledit
membre A, lesquels dits premiers anticorps sont
marqués par un premier marqueur, et avec des
seconds anticorps ayant des affinités de liaison
spécifiques pour ledit membre B de ladite paire
de liaison, lesquels dits seconds anticorps sont
marqués par un second marqueur, qui est diffé-
rent dudit premier marqueur, pour former une
seconde particule ayant réagi ; et

d) mesurer lesdits premiers et seconds mar-
queurs sur ladite seconde particule ayant réagi.

Procédé de la revendication 1, dans lequel pratique-
ment tous lesdits anticorps de capture sont orientés
sur ladite particule de telle sorte que les régions de
liaison d’antigéne desdits anticorps de capture sont
disponibles pour la liaison dudit membre A de ladite
paire de liaison.

Procédé de la revendication 1 ou 2, dans lequel ledit
membre A est un antigéne et ledit membre B est un
anticorps de I'héte.

Procédé de la revendication 3, dans lequel ledit an-
tigéne est un antigéne viral.

Procédé de la revendication 4, dans lequel ledit an-
tigéne viral est un antigéne d’hépatite C, un antigeéne
d’hépatite B ou un antigéne de virus d'immunodéfi-
cience acquise.

Procédé de la revendication 3, dans lequel ledit an-
tigéne est un auto-antigéne.

Procédé de larevendication 6, dans lequel ledit auto-
antigéne est une acide glutamique décarboxylase.

Procédé de la revendication 1 ou 2, dans lequel ledit
membre A est un ligand et ledit membre B est un
récepteur.

Procédé de la revendication 8, dans lequel ledit li-
gand est une cytokine et ledit récepteur est un ré-
cepteur de cytokine.

Procédé de la revendication 1 ou 2, dans lequel ledit
membre A est une enzyme et ledit membre B est un

substrat.

Procédé de la revendication 10, dans lequel ladite
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enzyme est une caspase-3 et ledit substrat est une
poly(ADP-ribose) polymérase ou dans lequel ladite
enzyme est une capase-1’ et ledit substrat est la pro-
interleukine-1.

Procédé de 'une quelconque des revendications 1
a 11, dans lequel lesdits premiers et seconds mar-
queurs sont des fluorophores.

Procédé de 'une quelconque des revendications 1
a 12, dans lequel ledit échantillon biologique est
choisi dans I'ensemble constitué de sang, plasma,
sérum, urine, liquide céphalo-rachidien, crachat, lar-
mes, liquide amniotique, humeur vitrée, salive et sur-
nageants de culture de tissu.

Procédé de I'une quelconque des revendications 1
a 13, dans lequel lesdits anticorps de capture sont
monoclonaux.

Procédé de 'une quelconque des revendications 1
a 14, dans lequel lesdits premiers anticorps sont mo-
noclonaux.

Procédé de I'une quelconque des revendications 1
a 15, dans lequel lesdits seconds anticorps sont mo-
noclonaux.

Trousse pour mesurer simultanément les membres
A et B d’'une paire de liaison dans un échantillon
biologique, ladite trousse comprenant :

a) un réactif en phase solide, ledit réactif en pha-
se solide comprenant une particule recouverte
avec des anticorps de capture ayant des affini-
tés de liaison spécifiques pour ledit membre A
de ladite paire de liaison, dans lequel pratique-
ment tous lesdits anticorps de capture sont
orientés sur ladite particule de telle sorte que
les régions de liaison d’antigéne desdits anti-
corps de capture sont disponibles pour la liaison
dudit membre A de ladite paire de liaison ;

b) des premiers anticorps ayant des affinités de
liaison spécifiques pour ledit membre A de ladite
paire de liaison, lesquels dits premiers anticorps
sont marqués par un premier marqueur ; et

c) des seconds anticorps ayant des affinités de
liaison spécifiques pour ledit membre B de ladite
paire de liaison, lesquels dits seconds anticorps
sont marqués par un second marqueur qui est
différent dudit premier marqueur.

Trousse de la revendication 17, ladite trousse com-
prenant en outre une étiquette ou une notice, dans
laquelle ladite étiquette ou notice indique que ledit
réactif en phase solide, lesdits premiers anticorps,
et lesdits seconds anticorps peuvent étre utilisés
pour mesurer simultanément les deux membres A
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et B d’'une paire de liaison dans un échantillon bio-
logique par cytométrie de flux.

Procédé de I'une quelconque des revendications 1
a 16 dans lequel ladite mesure desdits premiers et
seconds marqueurs sur ladite particule ayant réagi
est réalisée par cytométrie de flux.
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FIG. 2E

FIG. 2F
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