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(57) ABSTRACT 

The present invention provides labeling reagents and meth 
ods for labeling primary antibodies and for detecting a target 
in a Sample using an immuno-labeled complex that com 
prises a target-binding antibody and one or more labeling 
reagents. The labeling reagents comprise monovalent anti 
body fragments or non-antibody monomeric proteins 
whereby the labeling proteins have affinity for a specific 
region of the target-binding antibody and are covalently 
attached to a label. Typically, the labeling reagent is an 
anti-Fc Fab or Fab' fragment that was generated by immu 
nizing a goat or rabbit with the Fc fragment of an antibody. 
The present invention provides for discrete subsets of label 
ing reagent and immuno-labeled complexes that facilitate 
the Simultaneous detection of multiple targets in a Sample 
wherein the immuno-labeled complexes are distinguished 
by i) a ratio of label to labeling reagent, or ii) a physical 
property of Said label, or iii) a ratio of labeling reagent to 
said target-binding antibody, or iv) by said target-binding 
antibody. This is particularly useful for fluorophore labels 
that can be attached to labeling reagents and Subsequently 
immuno-labeled complexes in ratios for the detection of 
multiple targets. 
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ANTIBODY COMPLEXES AND METHODS FOR 
IMMUNOLABELING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001) This application claims priority to U.S. Ser. No. 
60/329,068, filed Oct. 12, 2001; U.S. Ser. No. 60/369,418 
filed Apr. 1, 2002, U.S. Ser. No. 10/118,204 filed Apr. 5, 
2002, and PCT/US02/31416 filed Oct. 2, 2002, which dis 
closures are herein incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to immuno-labeled 
complexes and methods for use in the detection and mea 
Surement of one or more targets in a biological sample. The 
invention has applications in the fields of molecular biology, 
cell biology, immunohistochemistry, diagnostics, and thera 
peutics. 

BACKGROUND OF THE INVENTION 

0003) Immunolabeling is a method for qualitative or 
quantitative determination of the presence of a target in a 
sample, wherein antibodies are utilized for their specific 
binding capacity. The antibodies form a complex with the 
target (antigen), wherein a detectable label is present on the 
antibody or on a secondary antibody. The detectable label is 
a key feature of immunolabeling, which can be detected 
directly or indirectly. The label provides a measurable signal 
by which the binding reaction is monitored providing a 
qualitative and/or quantitative measure of the degree of 
binding. The relative quantity and location of signal gener 
ated by the labeled antibodies can serve to indicate the 
location and/or concentration of the target. The label can 
also be used to select and isolate labeled targets, such as by 
flow Sorting or using magnetic separation media. Examples 
of labels include but are not limited to radioactive nucle 
otides ("I, H, 'C, P), chemiluminescent, fluorescent, or 
phosphorescent compounds (e.g., dioxetanes, Xanthene, or 
carbocyanine dyes, lanthanide chelates), particles (e.g., gold 
clusters, colloidal gold, microspheres, quantum dots), and 
enzymes (e.g., peroxidases, glycosidases, phosphatases, 
kinases). Ideally, the label is attached to the antibody in a 
manner that does not perturb the antibody's binding char 
acteristics but enables the label to be measured by an 
appropriate detection technology. The choice of labels is 
influenced by factorS Such as ease and sensitivity of detec 
tion, equipment availability, background in the sample 
(including other labels) and the degree to which such labels 
are readily attached to the particular antibody. Both direct 
and indirect labeling of antibodies is utilized for immuno 
labeling. Direct labeling utilizes only a primary antibody, i.e. 
the antibody specific for the target, bound to the label. In 
contrast, indirect labeling utilizes a secondary antibody 
bound to the label, which is specific for the primary anti 
body, e.g. a goat anti-rabbit antibody. The principal differ 
ences in immunolabeling methods and materials reside in 
the way that the label is attached to the antibody-antigen 
complex, the type of label that is used, and the means by 
which the antibody-antigen complex is detected. 
0004) Limitations for direct labeling primary antibodies 
include the need for buffers free of primary amines, or 
carrier proteins such as bovine serum albumin (BSA), and 
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other compounds Such as tris-(hydroxymethyl)ami 
nomethane (TRIS), glycine, and ammonium ions. These 
materials are, however, common components in antibody 
buffers and purification methods, and it may not be possible 
or feasible to remove them prior to the coupling reaction. In 
particular, many monoclonal antibodies are available only as 
ascites fluid or in hybridoma culture Supernatants, or diluted 
With carrier proteins, Such as albumins. Thus, direct labeling 
of antibodies in ascites fluid or other medias containing 
interfering compounds is not attainable. 
0005) The indirect immunolabeling method typically 
involves a multi-step process in which an unlabeled first 
antibody (typically a primary antibody) is directly added to 
the Sample to form a complex with the antigen in the sample. 
Subsequently, a labeled Secondary antibody, specific for the 
primary antibody, is added to the sample, where it attaches 
noncovalently to the primary antibody-antigen complex. 
Alternatively, a detectable label is covalently attached to an 
immunoglobulin-binding protein Such as protein A and 
protein G to detect the antibody-antigen complex that has 
previously been formed with the target in the sample. Using 
ligands, Such as Streptavidin, that are meant to amplify the 
detectable signal also expands this cascade binding. 
0006 Indirect immunolabeling often results in false posi 
tives and high background. This is due to the fact that 
Secondary antibodies, even when purified by adsorption 
against related species, nevertheless can exhibit significant 
residual cross-reactivity when used in the same sample. For 
example, when mouse tissue is probed with a mouse mono 
clonal antibody, the Secondary antibody must necessarily be 
a labeled anti-mouse antibody. This anti-mouse antibody 
will detect the antibody of interest but will inevitably and 
additionally detect irrelevant, endogenous mouse immuno 
globulins inherent in mouse tissue. This causes a significant 
background problem, especially in diseased tissues, which 
reduces the usefulness and Sensitivity of the assay. Thus, the 
Simultaneous detection of more than one primary antibody 
in a Sample without this significant background interference 
depends on the availability of secondary antibodies that 1) 
do not cross-react with proteins intrinsic to the sample being 
examined, 2) recognize only one of the primary antibodies, 
and 3) do not recognize each other (Brelje, et al., METH 
ODS IN CELL BIOLOGY 38,97-181, especially 111-118 
(1993)). 
0007 To address the background problem in indirect 
labeling, a number of strategies have been developed to 
block access of the anti-mouse secondary antibodies to the 
endogenous mouse immunoglobulins. One such strategy for 
blocking involves complexing the primary antibody with a 
Selected biotinylated Secondary antibody to produce a com 
plex of the primary and Secondary antibodies, which is then 
mixed with diluted normal murine serum (Trojanowski et 
al., U.S. Pat No. 5,281.521 (1994)). This method is limited 
by the necessity to utilize an appropriate ratio of primary 
Secondary complex. Too low a ratio of primary-secondary 
complex will cause a decrease in specific staining and 
increased background levels due to the uncomplexed sec 
ondary anti-mouse antibody binding to endogenous mouse 
antibodies. However, the ability of a whole IgG antibody (as 
was used in the referenced method) to simultaneously bind 
and cross-link two antigens results in too high a ratio, 
causing the complex to precipitate or form complexes that 
are too large to penetrate into the cell or tissue. 
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0008 Another strategy for blocking access to endog 
enous immunoglobulins in the Sample involves pre-incubat 
ing the Sample with a monovalent antibody, Such as Fab' 
fragments, from an irrelevant Species that recognize endog 
enous immunoglobulins. This approach requires large quan 
tities of expensive Fab' fragments and gives mixed results 
and adds at least two steps (block and wash) to the overall 
Staining procedure. The addition of a croSS-linking reagent 
has resulted in improved reduction of background levels 
(Tsao, et al., U.S. Pat. No. 5,869,274 (1997)) but this is 
problematic when used with fluorophore-labeled antibodies. 
The cross-linking causes an increase in the levels of autof 
luorescence and thus the background (J. Neurosci. Meth. 83, 
97 (1998); Mosiman et al., Methods 77, 191 (1997); Com 
mun. Clin. Cytometry 30,151 (1997); Beisker et al., Cytom 
etry 8, 235 (1987)). In addition, pre-incubation with a 
croSS-linking reagent often masks or prevents the antibody 
from binding to its antigen (J. Histochem. Cytochem. 45, 
327 (1997); J. Histochem. Cytochem. 39, 741 (1991); J. 
Histochem. Cytochem. 43,193 (1995); Appl. Immunohis 
tochem. Molecul. Morphol. 9,176 (2001)). 
0009. In a variation of this blocking strategy, a multi-step 
Sequential-labeling procedure is used to overcome the prob 
lems of croSS-reactivity. The Sample is incubated with a first 
antibody to form a complex with the first antigen, followed 
by incubation of the Sample with a fluorophore-labeled goat 
Fab anti-mouse IgG to label the first antibody and block it 
from Subsequently complexing when the Second antibody is 
added. In the third step, a second mouse antibody forms a 
complex with the Second antigen. Because the Second anti 
body is blocked from cross-reacting with the first antibody, 
the Second mouse antibody is detected with a Standard 
indirect-labeling method using a goat anti-mouse antibody 
conjugated to a different fluorescent dye (J. Histochem. 
Cytochem. 34, 703 (1986)). This process requires multiple 
incubation Steps and washing StepS and it still cannot be used 
with mouse antibodies to probe mouse tissue. 
0.010 Another blocking method is disclosed in the animal 
research kit (ARK) developed by DAKO. In this kit, a 
primary antibody is complexed with biotin-labeled goat Fab 
anti-mouse IgG and excess free Fab is blocked with normal 
mouse Serum. However, Since the Fab used in this proceSS 
is generated from the intact IgG (rather than a selected 
region) there is a potential for the formation of anti-paratope 
or anti-idiotype antibodies that will block the antigen 
binding Site and prevent immunolabeling. The biotinylated 
antibody also requires Subsequent addition of a labeled 
avidin or Streptavidin conjugate for its Subsequent visual 
ization. 

0.011 The present invention is advantageous over previ 
ously described methods and compositions in that it pro 
vides the benefits of indirect labeling with the easy and 
flexibility of direct labeling for determination of a desired 
target in a biological Sample. The present invention provides 
labeled monovalent proteins Specific for a target-binding 
antibody, which are complexed prior to addition with a 
biological Sample. Because these monovalent proteins are 
not bivalent antibodies, precipitation and croSS-linking are 
not a problem. Therefore the compositions of the present 
invention can be used with immunologically similar mono 
clonal or polyclonal antibodies of either an identical isotype 
or different isotypes. The monovalent labeling reagents are 
Specific for the Fc region of target-binding antibodies, these 
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reagents will not interfere with the binding region of the 
primary antibody. In addition, the monovalent labeling pro 
teins are not negatively affected by the presence of primary 
amines like BSA, gelatin, hybridoma culture Supernatants or 
ascites fluid, thus primary antibodies present in these media 
can be effectively labeled with the labeling reagents of the 
present invention. Thus, the present invention provides 
numerous advantages over the conventional methods of 
immunolabeling. 

SUMMARY OF THE INVENTION 

0012. The present invention provides labeling reagents 
and methods for labeling primary antibodies and for detect 
ing a target in a Sample using an immuno-labeled complex 
that comprises a target-binding antibody and one or more 
labeling reagents. The labeling reagents comprise monova 
lent antibody fragments or non-antibody monomeric pro 
teins whereby the labeling proteins have affinity for a 
Specific region of the target-binding antibody and are 
covalently attached to a label. Typically, the labeling reagent 
is an anti-Fc Fab or Fab' fragment that was generated by 
immunizing a goat or rabbit with the Fc fragment of an 
antibody. 

0013 The methods for labeling a target-binding antibody 
with a labeling reagent comprise a) contacting a Solution of 
target-binding antibodies with a labeling reagent, b) incu 
bating Said target-binding antibodies and Said labeling 
reagent wherein a region of Said target binding antibody is 
Selectively bound by labeling reagent, and c) optionally 
removing unbound labeling reagent by adding a capture 
reagent comprising immunoglobulin proteins or fragments 
thereof that are optionally immobilized on a matrix. The 
labeling of the target-binding antibody can be performed 
irrespective of the Solution that the antibody is present in and 
includes proteins that are normally present in Serum or 
ascites. This feature of the labeling process of the target 
binding antibody eliminates the need to purify and concen 
trate the target-binding antibody. The time required for the 
labeling reagent to Selectively bind to the target-binding 
antibody is typically very short, often less than 10 minutes. 
Often the labeling reagent binds the target-binding antibody 
in the amount of time it takes to add and mix the labeling 
reagent with the target-binding antibody. This formation of 
an immuno-labeled complex-a target-binding antibody and 
a labeling reagent-results in the formation of an target 
detection Solution that is used to detect a target in a Sample. 
0014. The labeling steps of the target-binding antibody 
are optionally repeated to form a panel of Subsets, these 
immuno-labeled complex Subsets may be used individually 
or pooled wherein each Subset is distinguished from another 
Subset by i) the target-binding antibody, or ii) a ratio of label 
to labeling reagent, or iii) a ratio of labeling reagent to the 
target-binding antibody or iv) by a physical property of the 
label. Thus, it is appreciated that a wide range of Subsets can 
be formed wherein the Subsets can be used individually to 
detect a target in a Sample or pooled to Simultaneously detect 
multiple targets in a Sample. The Simultaneous detection of 
multiple targets in a Sample is especially useful in methods 
that utilize flow cytometry or methods that immobilize a 
population of cells or tissue on a Surface. 
0015 The methods for determining a target in a sample 
using immuno-labeled Subsets comprises forming a Subset 
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of immuno-labeled complexes, as described above, contact 
ing a Sample with Said immuno-labeled complexes, incu 
bating the Sample for a time Sufficient to allow the immuno 
labeled complex to Selectively bind to a desired target, and 
illuminating the immuno-labeled complex whereby the tar 
get is detected. The Sample is any material that may contain 
a target and typically comprises a population of cells, 
cellular extract, Subcellular component, proteins, peptides, 
tissue culture, tissue, a bodily fluid, or a portion or combi 
nation thereof. When multiple targets are detected a pooled 
Subset of immuno-labeled complexes are formed and incu 
bated with the Sample or individual Subsets are add Sequen 
tially to a Sample. For methods using flow cytometry the 
population of cells is illuminated when they pass through an 
optical examination Zone and the data collected about the 
label determines the identity and quantity of the targets. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1: Shows a schematic representation of the 
formation of the immuno-labeled complex (target-binding 
antibody and labeling reagent). 
0017 FIG. 2: Shows species specificity of goat Fab 
anti-(mouse Fc), as observed using a microplate coated with 
IgG of various species. The various species were blocked 
with BSA, reacted with biotinylated goat Fab anti-(mouse 
Fc), washed, and then treated with Streptavidin-horseradish 
peroxidase (HRP), followed by hydrogen peroxide (HO) 
and the Amplex Red peroxidase detection reagent. 
0018 FIG.3: Shows a preferred molar ratio of a goat Fab 
anti-(mouse Fc) labeling reagent. Varying amounts of an 
Alexa Fluor 488 dye-labeled Fab fragment of goat anti 
(mouse Fc) were added to a constant amount of anti-biotin 
monoclonal antibody (mAb). This mixture was equilibrated 
for 20 minutes, and then added to biotinylated-BSA in a 
microplate well. After allowing time to bind, the plates were 
washed and the remaining fluorescence was quantitated. The 
analysis was performed in triplicate (circles). Control 
experiments were performed, as described above, but with 
out adding the primary anti-biotin antibody (Solid Squares). 
0.019 FIG. 4: Shows a comparison of the fluorescence 
intensity (Example 6) for labeling reagent prepared in homo 
geneous Solution (Example 4) and labeling reagent prepared 
on a column (Example 5). 
0020 FIG. 5: Shows detection of multiple targets on T 
cells using a labeling reagent attached to a R-phycoerythrin 
(R-PE) (FIG. 5A) to detect CD3-positive T cells, a labeling 
reagent attached to Alexa Fluor 647 dye (FIG. 5B) to detect 
CD4-positive T cells and a labeling reagent attached to 
Alexa Fluor 488 dye (FIG. 5B) to detect CD8-positive T 
cells (Example 18). The CD-3 detected T cells are shown in 
the upper left (UL) and upper right (UR) quadrants. The 
relative percentages of total lymphocytes that are CD3 
positive cells are 83.3% (UL+UR). The relative percentage 
of CD8-positive Alexa Fluor 488 dye-stained lymphocytes 
and CD3-positive R-PE dye-stained lymphocytes is 35.1% 
(UR quadrant). The lower left quadrant (LL, 20.4%) shows 
CD3-negative lymphocytes (i.e. non-T cells) comprised of 
NK cells, B cells and some monocytes. In the lower right 
(LR, 2.7%) region are non-T cells, which are nonspecifically 
stained. FIG. 5B further shows CD3-positive T-cells sub 
divided into Alexa Fluor 647 dye CD4-positive and Alexa 
Fluor 488 dye CD8-positive. CD4-positive cells represent 
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50.9% of total lymphocytes (UL quadrant) and CD8-positive 
cells represent 24.5% of the total lymphocytes (LR quad 
rant). The 23.1% of cells in the LL quadrant are non-T cells, 
while the 1.5% of cells in UR quadrant are likely nonspe 
cifically stained lymphocytes. 
0021 FIG. 6: Shows high-performance size-exclusion 
chromatographic analysis of Alexa Fluor 488 dye-labeled 
goat Fab anti-(mouse Fc) labeling reagent binding to a 
mouse IgG, target-binding antibody. The labeling reagent, 
alone, appears as a peak at 38 minutes, the target-binding 
antibody, alone, appears as a peak at 33 minutes. When 
labeling reagent and target-binding antibody are mixed 
together at a molar ratio of -5:1 (labeling reagent:target 
binding antibody), the resulting immunolabeling complex 
appears as a peak at 29 minutes (Example 10). 
0022 FIG. 7: Shows the production of labeling reagent 
wherein the label is attached to the labeling reagent when 
immobilized on a column. 

0023 DETAILED DESCRIPTION OF THE INVEN 
TION 

0024 
0025 Before describing the present invention in detail, it 
is to be understood that this invention is not limited to 
Specific compositions or proceSS Steps, as Such may vary. It 
should be noted that, as used in this specification and the 
appended claims, the singular form “a”, “an” and “the” 
include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to “a protein label 
ing complex includes a plurality of complexes and refer 
ence to “a target-binding protein' includes a plurality of 
proteins and the like. Unless defined otherwise, all technical 
and Scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which this invention is related. The following terms are 
defined for purposes of the invention as described herein. 
The term “affinity” as used herein refers to the strength of the 
binding interaction of two molecules, Such as an antibody 
and an antigen or a positively charged moiety and a nega 
tively charged moiety. For bivalent molecules Such as anti 
bodies, affinity is typically defined as the binding Strength of 
one binding domain for the antigen, e.g. one Fab fragment 
for the antigen. The binding Strength of both binding 
domains together for the antigen is referred to as "avidity”. 
As used herein “High affinity” refers to a ligand that binds 
to an antibody having an affinity constant (K) greater than 
10' M', typically 10-10' M'; as determined by inhibi 
tion ELISA or an equivalent affinity determined by compa 
rable techniqueS Such as, for example, Scatchard plots or 
using Kd/dissociation constant, which is the reciprocal of 
the K, etc. 
0026. The term “antibody” as used herein refers to a 
protein of the immunoglobulin (Ig) Superfamily that binds 
noncovalently to certain Substances (e.g. antigens and 
immunogens) to form an antibody-antigen complex. Anti 
bodies can be endogenous, or polyclonal wherein an animal 
is immunized to elicit a polyclonal antibody response or by 
recombinant methods resulting in monoclonal antibodies 
produced from hybridoma cells or other cell lines. It is 
understood that the term “antibody” as used herein includes 
within its Scope any of the various classes or Sub-classes of 
immunoglobulin derived from any of the animals conven 
tionally used. 

I. Definitions 
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0027. The term “antibody fragments” as used herein 
refers to fragments of antibodies that retain the principal 
Selective binding characteristics of the whole antibody. 
Particular fragments are well-known in the art, for example, 
Fab, Fab', and F(ab'), which are obtained by digestion with 
various proteases, pepsin or papain, and which lack the Fc 
fragment of an intact antibody or the So-called "half-mol 
ecule' fragments obtained by reductive cleavage of the 
disulfide bonds connecting the heavy chain components in 
the intact antibody. Such fragments also include isolated 
fragments consisting of the light-chain-Variable region, “Fv' 
fragments consisting of the variable regions of the heavy and 
light chains, and recombinant Single chain polypeptide mol 
ecules in which light and heavy variable regions are con 
nected by a peptide linker. Other examples of binding 
fragments include (i) the Fd fragment, consisting of the VH 
and CH1 domains; (ii) the dAb fragment (Ward, et al., 
Nature 341, 544 (1989)), which consists of a VH domain; 
(iii) isolated CDR regions; and (iv) single-chain Fv mol 
ecules (ScFv) described above. In addition, arbitrary frag 
ments can be made using recombinant technology that 
retains antigen-recognition characteristics. 

0028. The term “antigen” as used herein refers to a 
molecule that induces, or is capable of inducing, the forma 
tion of an antibody or to which an antibody binds selectively, 
including but not limited to a biological material. Antigen 
also refers to “immunogen'. The target-binding antibodies 
Selectively bind an antigen, as Such the term can be used 
herein interchangeably with the term "target'. 
0029. The term “anti-region antibody” as used herein 
refers to an antibody that was produced by immunizing an 
animal with a Select region that is a fragment of a foreign 
antibody wherein only the fragment is used as the immu 
nogen. Anti-region antibodies include monoclonal and poly 
clonal antibodies. The term “anti-region fragment” as used 
herein refers to a monovalent fragment that was generated 
from an anti-region antibody of the present invention by 
enzymatic cleavage. 

0030) The term “biotin” as used herein refers to any 
biotin derivative, including without limitation, Substituted 
and unsubstituted biotin, and analogs and derivatives 
thereof, as well as Substituted and unsubstituted derivatives 
of caproylamidobiotin, biocytin, desthiobiotin, desthiobio 
cytin, iminobiotin, and biotin Sulfone. 
0031. The term “biotin-binding protein” as used herein 
refers to any protein that binds Selectively and with high 
affinity to biotin, including without limitation, substituted or 
unsubstituted avidin, and analogs and derivatives thereof, as 
well as substituted and unsubstituted derivatives of strepta 
Vidin, ferritin avidin, nitroavidin, nitroStreptavidin, and Neu 
travidinTM avidin (a de-glycosylated modified avidin having 
an isoelectric point near neutral). 
0.032 The term “buffer” as used herein refers to a system 
that acts to minimize the change in acidity or basicity of the 
Solution against addition or depletion of chemical Sub 
StanceS. 

0033. The term “capture reagent” refers to a non-specific 
immunoglobulin that is used to remove exceSS labeling 
reagent after the formation of the immuno-labeled complex. 
The capture reagent is optionally attached a matrix to 
facilitate removal of the exceSS labeling regent. A matrix 
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typically includes a microSphere, an agarose bead or any 
Solid Surface that the exceSS labeling reagent can be passed 
by. 
0034. The term “chromophore” as used herein refers to a 
label that emits light in the visible spectra that can be 
observed without the aid of instrumentation. 

0035) The term “complex” as used herein refers to the 
asSociation of two or more molecules, usually by non 
covalent bonding, e.g., the association between an antibody 
and an antigen or the labeling reagent and the target-binding 
antibody. 
0036) The term “detectable response” as used herein 
refers to an occurrence of, or a change in, a signal that is 
directly or indirectly detectable either by observation or by 
instrumentation. Typically, the detectable response is an 
occurrence of a signal wherein the fluorophore is inherently 
fluorescent and does not produce a change in Signal upon 
binding to a metal ion or biological compound. Alterna 
tively, the detectable response is an optical response result 
ing in a change in the wavelength distribution patterns or 
intensity of absorbance or fluorescence or a change in light 
Scatter, fluorescence lifetime, fluorescence polarization, or a 
combination of the above parameters. Other detectable 
responses include, for example, chemiluminescence, phos 
phorescence, radiation from radioisotopes, magnetic attrac 
tion, and electron density. 
0037. The term “detectably distinct” as used herein refers 
to a signal that is distinguishable or separable by a physical 
property either by observation or by instrumentation. For 
example, a fluorophore is readily distinguishable either by 
Spectral characteristics or by fluorescence intensity, lifetime, 
polarization or photo-bleaching rate from another fluoro 
phore in the Sample, as well as from additional materials that 
are optionally present. 
0038. The term “directly detectable” as used herein refers 
to the presence of a material or the Signal generated from the 
material is immediately detectable by observation, instru 
mentation, or film without requiring chemical modifications 
or additional Substances. 

0039 The term “examination Zone” as used herein refers 
to an optical Zone of a flow cytometer, or a similar instru 
ment, wherein cells are passed through essentially one at a 
time in a thin stream whereby the bound immuno-labeled 
complex is illuminated and the intensity and emission Spec 
tra of the fluorophore is detected and recorded. This includes 
instruments wherein the examination Zone moves and the 
Sample is held in place. 
0040. The term “fluorophore” as used herein refers to a 
composition that is inherently fluorescent or demonstrates a 
change in fluorescence upon binding to a biological com 
pound or metal ion, i.e., fluorogenic. Fluorophores may 
contain Substitutents that alter the Solubility, Spectral prop 
erties or physical properties of the fluorophore. Numerous 
fluorophores are known to those skilled in the art and 
include, but are not limited to coumarin, cyanine, benzofu 
ran, a quinoline, a quinazolinone, an indole, a benzazole, a 
borapolyazaindacene and Xanthenes including fluoroscein, 
rhodamine and rhodol as well as other fluorophores 
described in RICHARD P. HAUGLAND, MOLECULAR 
PROBES HANDBOOK OF FLUORESCENT PROBES 
AND RESEARCH CHEMICALS (9th edition, CD-ROM, 
September 2002). 
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0041. The term “immuno-labeled complex” refers to the 
complex of target-binding antibody that is non-covalently 
attached to a labeling reagent. 
0042. The term “immuno-labeled complex subset' as 
used herein refers to a discrete Set of immuno-labeled 
complexes that are homogenous and can be distinguished 
from another subset of immuno-labeled complex by the 
physical properties of the label, or the ratio of the label to 
labeling reagent, or the ratio of labeling reagent to target 
binding antibody, or the target-binding antibody. Typically 
an immuno-labeled complex Subset is present in a buffer to 
provide a “target detection Solution'. 
0043. The term “kit' as used herein refers to a packaged 
Set of related components, typically one or more compounds 
or compositions. 
0044) The term “label” as used herein refers to a chemical 
moiety or protein that retains its native properties (e.g. 
spectral properties, conformation and activity) when 
attached to a labeling reagent and used in the present 
methods. The label can be directly detectable (fluorophore) 
or indirectly detectable (hapten or enzyme). Such labels 
include, but are not limited to, radiolabels that can be 
measured with radiation-counting devices, pigments, dyes 
or other chromogens that can be visually observed or 
measured with a spectrophotometer; Spin labels that can be 
measured with a spin label analyzer, and fluorescent labels 
(fluorophores), where the output signal is generated by the 
excitation of a Suitable molecular adduct and that can be 
visualized by excitation with light that is absorbed by the 
dye or can be measured with Standard fluorometers or 
imaging Systems, for example. The label can be a chemilu 
minescent Substance, where the output signal is generated by 
chemical modification of the Signal compound; a metal 
containing Substance, or an enzyme, where there occurs an 
enzyme-dependent Secondary generation of Signal, Such as 
the formation of a colored product from a colorleSS Sub 
Strate. The term label can also refer to a “tag” or hapten that 
can bind Selectively to a conjugated molecule Such that the 
conjugated molecule, when added Subsequently along with 
a Substrate, is used to generate a detectable Signal. For 
example, one can use biotin as a tag and then use an avidin 
or streptavidin conjugate of horseradish peroxidate (HRP) to 
bind to the tag, and then use a colorimetric Substrate (e.g., 
tetramethylbenzidine (TMB)) or a fluorogenic substrate 
such as Amplex Red reagent (Molecular Probes, Inc.) to 
detect the presence of HRP Numerous labels are know by 
those of skill in the art and include, but are not limited to, 
particles, fluorophores, haptens, enzymes and their calori 
metric, fluorogenic and chemiluminescent Substrates and 
other labels that are described in RICHARD P. 
HAUGLAND, MOLECULAR PROBES HANDBOOK OF 
FLUORESCENT PROBES AND RESEARCH PROD 
UCTS (9" edition, CD-ROM, September 2002), supra. 
004.5 The term “labeling reagent” as used herein refers to 
a monovalent antibody fragment or a non-antibody mono 
meric protein provided that the labeling reagent has affinity 
for a Selected region of the target-binding antibody and is 
covalently attached to a label. 
0046) The term “labeling reagent subset' as used herein 
refers to a discrete Set of labeling reagents that are homog 
enous and can be distinguished from another Subset of 
labeling reagent either by the physical properties of the label 
or the ratio of the label to labeling reagent. 
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0047 The term “labeling solution” as used herein refers 
to a Solution that is used to form an immuno-labeled 
complex wherein the Solution comprises labeling reagents 
and a buffer. 

0048. The term “matrix” as used herein refers to a solid 
or Semi-Solid Surface that a biological molecule can be 
attached to, Such as a Sample of the present invention or a 
capture reagent. Examples include, but are not limited to, 
agarose, polyacrylamide gel, polymers, microSpheres, glass 
Surface, plastic Surface, membrane, margnetic Surface, and 
an array. 

0049. The term “monovalent antibody fragment” as used 
herein refers to an antibody fragment that has only one 
antigen-binding site. Examples of monovalent antibody 
fragments include, but are not limited to, Fab fragments (no 
hinge region), Fab' fragments (monovalent fragments that 
contain a heavy chain hinge region), and Single-chain frag 
ment variable (ScFv) proteins. 
0050. The term “non-antibody monomeric protein’ as 
used herein refers to a protein that binds Selectively and 
non-covalently to a member of the Ig Superfamily of pro 
teins, including but not limited to proteins A, G, and L, 
hybrids thereof (A/G), recombinant versions and cloned 
versions thereof, fusions of these proteins with detectable 
protein labels, and lectins but the protein itself is not an 
antibody or an antibody fragment. 

0051) The terms “protein” and “polypeptide' are used 
herein in a generic Sense to include polymers of amino acid 
residues of any length. The term "peptide' is used herein to 
refer to polypeptides having less than 100 amino acid 
residues, typically less than 10 amino acid residues. The 
terms apply to amino acid polymers in which one or more 
amino acid residues are an artificial chemical analogue of a 
corresponding naturally occurring amino acid, as well as to 
naturally occurring amino acid polymers. 

0.052 The term “purified” as used herein refers to a 
preparation of a target-binding antibody that is essentially 
free from contaminating proteins that normally would be 
present in association with the antibody, e.g., in a cellular 
mixture or milieu in which the protein or complex is found 
endogenously Such as Serum proteins or hybridoma Super 
natant. 

0053. The term “sample” as used herein refers to any 
material that may contain a target, as defined below. Typi 
cally, the Sample comprises a population of cells, cellular 
extract, Subcellular components, tissue culture, a bodily 
fluid, and tissue. The Sample may be in an aqueous Solution, 
a viable cell culture or immobilized on a Solid or semi Solid 
Surface Such as a gel, a membrane, a glass Surface, a 
microparticle or on a microarray. 

0054 The term “target” as used herein refers to any entity 
that a target-binding antibody has affinity for Such as an 
epitope or antigen. This target includes not only the discrete 
epitope that the target-binding antibody has affinity for but 
also includes any Subsequently bound molecules or Struc 
tures. In this way an epitope Serves as a marker for the 
intended target. For example, a cell is a target wherein the 
target-binding antibody binds a cell Surface protein Such as 
CD3 on a T cell wherein the target marker is CD3 and the 
target is the T cell. 
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0.055 The term “target-binding antibody” as used herein 
refers to an antibody that has affinity for a discrete epitope 
or antigen that can be used with the methods of the present 
invention. Typically the discrete epitope is the target but the 
epitope can be a marker for the target Such as CD3 on T cells. 
The term can be used interchangeably with the term “pri 
mary antibody' when describing methods that use an anti 
body that binds directly to the antigen as opposed to a 
"Secondary antibody' that binds to a region of the primary 
antibody. 

0056) 
0057. In accordance with the present invention, labeling 
reagents, methods for labeling target-binging antibodies and 
methods for using the labeled antibodies to detect a target in 
a Sample are provided. The labeling reagents comprise 
monovalent antibody fragments or non-antibody monomeric 
proteins that are covalently attached to a label of the present 
invention. The label covalently attached to a labeling reagent 
is directly detectable Such as a fluorophore or functions as an 
indirect label that requires an additional component Such as 
a calorimetric enzyme Substrate or an enzyme conjugate. 
The labeling reagents have affinity for a specific region of 
the target-binding antibody. The target-binding antibodies 
are defined as any antibody known to one skilled in the art 
that has an affinity for a target in a Sample. The target 
binding antibodies are labeled with the labeling reagent in a 
labeling method to form immuno-labeled complexes and 
then added to a sample to detect a target. 

II. Compositions and Methods of Use 

0.058. The labeling reagent and the methods of the present 
invention provide for detection of one or multiple targets in 
a Sample. Multiple targets are detected when either pooled 
Subsets of immuno-labeled complexes or a panel of Subsets 
that are Sequentially added to a Sample. The Subset of 
immuno-labeled complexes begins with labeling reagent 
Subsets wherein a labeling reagent Subset is distinguished by 
the ratio of label to labeling reagent or by the physical 
characteristics of the label. The discrete labeling reagents 
Subsets are added to the target-binding antibodies wherein 
the affinity of the antibody and ratio of labeling reagent to 
target-binding antibody determines the Subsets of immuno 
labeled complexes. This results in an infinite number of 
immuno-labeled complex Subsets that are distinguished by i) 
the target-binding antibody, or ii) a ratio of label to labeling 
reagent, or iii) a ratio of labeling reagent to the target 
binding antibody or iv) by a physical property of the label. 
These subsets can be used individually in a method of the 
present invention to detect a single or multiple targets in a 
Sample or pooled and used to Simultaneously detect multiple 
targets in a Sample. These pooled Subsets allow for not only 
detection but also identification and quantitation of the 
targets. 

0059 A. Labelinq Reagents 
0060) 1. Monovalent Antibody Fragments and Mono 
meric Non-Antibody Proteins 
0061 The labeling reagents of the present invention are 
monovalent antibody fragments or non-antibody monomeric 
proteins that have affinity for a region of a target-binding 
antibody. The regions of the target-binding antibody that can 
be bound by a labeling reagent include the Fc region, the 
kappa or lambda light chain region or a heavy chain region. 
When the labeling reagent is derived from an antibody the 
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monovalent fragment can be, anti-Fc, an anti-Fc isotype, 
anti-kappa light chain, anti-lambda light chain, or a single 
chain fragment variable protein. Labeling reagents that are 
a non-antibody peptide or protein, are for example but not 
limited to, Soluble Fc receptor, protein G, protein A, protein 
L, lectins, or a fragment thereof. The labeling reagents 
typically have affinity for the Fc region of the target-binding 
antibody but any region, except the binding domain, may be 
used as a binding site for the labeling reagent. The Fc region 
is preferable because it is the farthest from the binding 
domain of the target-binding antibody and is unlikely to 
cause Steric hinderance, when bound by a labeling reagent, 
of the binding domain for the target. 
0062 Antibody is a term of the art denoting the soluble 
Substance or molecule Secreted or produced by an animal in 
response to an antigen, and which has the particular property 
of combining Specifically with the antigen that induced its 
formation. Antibodies themselves also Serve are antigens or 
immunogens because they are glycoproteins and therefore 
are used to generate anti-species antibodies. Antibodies, also 
known as immunoglobulins, are classified into five distinct 
classes-IgG, IgA, IgM, Ig), and IgE. The basic IgG 
immunoglobulin Structure consists of two identical light 
polypeptide chains and two identical heavy polypeptide 
chains (linked together by disulfide bonds). When IgG is 
treated with the enzyme papain, a monovalent antigen 
binding fragment can be isolated, referred herein to as a Fab 
fragment. When IgG is treated with pepsin (another pro 
teolytic enzyme), a larger fragment is produced, F(ab')2. 
This fragment can be split in half by treating with a mild 
reducing buffer that results in the monovalent Fab' fragment. 
The Fab' fragment is slightly larger than the Fab and 
contains one or more free Sulfhydryls from the hinge region 
(which are not found in the smaller Fab fragment). The term 
“antibody fragment” is used herein to define both the Fab' 
and Fab portions of the antibody. It is well known in the art 
to treat antibody molecules with pepsin and papain in order 
to produce antibody fragments (Gorevic et al., Methods of 
Enzyol., 116:3 (1985)). 
0063. The monovalent Fab fragments of the present 
invention are produced from either murine monoclonal 
antibodies or polyclonal antibodies generated in a variety of 
animals that have been immunized with a foreign antibody 
or fragment thereof, U.S. Pat. No. 4,196,265 discloses a 
method of producing monoclonal antibodies. Typically, 
labeling reagents are derived from a polyclonal antibody that 
has been produced in a rabbit or goat but any animal known 
to one skilled in the art to produce polyclonal antibodies can 
be used to generate anti-Species antibodies. However, mono 
clonal antibodies are equal, and in Some cases, preferred 
over polyclonal antibodies provided that the target-binding 
antibody is compatible with the monoclonal antibodies that 
are typically produced from murine hybridoma cell lines 
using methods well known to one skilled in the art. Example 
1 describes production of polyclonal antibodies raised in 
animals immunized with the Fc region of a foreign antibody. 
It is a preferred embodiment of the present invention that the 
labeling reagents be generated against only the Fc region of 
a foreign antibody. ESSentially, the animal is immunized 
with only the Fc region fragment of a foreign antibody, Such 
as murine. The polyclonal antibodies are collected from 
Subsequent bleeds, digested with an enzyme, pepsin or 
papain, to produce monovalent fragments. The fragments 
are then affinity purified on a column comprising whole 
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immunoglobulin protein that the animal was immunized 
against or just the Fc fragments. AS described in detail 
below, the labeling reagents are also covalently labeled with 
fluorophore labels when bound to the affinity column to 
eliminate incorporating label into the binding domain of the 
monovalent fragment. One of skill in the art will appreciate 
that this method can be used to generate monovalent frag 
ments against any region of a target-binding protein and that 
Selected peptide fragments of the target-binding antibody 
could also be used to generate fragments. 
0064. Alternatively, a non-antibody protein or peptide 
Such as protein G, or other Suitable proteins, can be used 
alone or coupled with albumin wherein albumin is attached 
with a label of the present invention. Preferred albumins of 
the invention include human and bovine Serum albumins or 
ovalbumin. Protein A, G and L are defined to include those 
proteins know to one skilled in the art or derivatives thereof 
that comprise at least one binding domain for IgG, i.e. 
proteins that have affinity for IgG. These proteins can be 
modified but do not need to be and are labeled in the same 
manner as the monovalent Fab fragments of the invention. 

0065 2. Labels 
0.066 The labels of the present invention include any 
directly or indirectly detectable label known by one skilled 
in the art that can be covalently attached to the labeling 
reagent of the present invention. Labels include, without 
limitation, a chromophore, a fluorophore, a fluorescent pro 
tein, a phosphorescent dye, a tandem dye, a particle, a 
hapten, an enzyme and a radioisotope. Preferred labels 
include fluorophores, fluorescent proteins, haptens, and 
enzymes. 

0067. A fluorophore of the present invention is any 
chemical moiety that exhibits an absorption maximum 
beyond 280 nm, and when covalently attached to a labeling 
reagent retains its spectral properties. Fluorophores of the 
present invention include, without limitation; a pyrene 
(including any of the corresponding derivative compounds 
disclosed in U.S. Pat. No. 5,132,432), an anthracene, a 
naphthalene, an acridine, a Stilbene, an indole or benzindole, 
an oxazole or benzoxazole, a thiazole or benzothiazole, a 
4-amino-7-nitrobenz-2-oxa-1,3-diazole (NBD), a cyanine 
(including any corresponding compounds in U.S. Ser. Nos. 
09/968,401 and 09/969,853), a carbocyanine (including any 
corresponding compounds in U.S. Ser. Nos. 09/557,275; 
09/969,853 and 09/968,401; U.S. Pat. Nos. 4,981,977; 
5,268,486; 5,569,587; 5,569,766; 5,486,616; 5,627,027; 
5,808,044; 5,877,310; 6,002,003; 6,004,536; 6,008,373; 
6,043,025; 6,127,134; 6,130,094; 6,133,445; and publica 
tions WO 02/26891, WO 97/40104, WO 99/51702, WO 
01/21624; EP 1065 250 A1), a carbostyryl, a porphyrin, a 
Salicylate, an anthranilate, an aZulene, a perylene, a pyridine, 
a quinoline, a borapolyazaindacene (including any corre 
sponding compounds disclosed in U.S. Pat. Nos. 4,774,339; 
5,187,288; 5.248,782; 5,274,113; and 5,433,896), a xan 
thene (including any corresponding compounds disclosed in 
U.S. Pat. No. 6,162.931; 6,130,101; 6,229,055; 6,339,392; 
5,451,343 and U.S. Ser. No. 09/922,333), an oxazine 
(including any corresponding compounds disclosed in U.S. 
Pat. No. 4,714,763) or a benzoxazine, a carbazine (including 
any corresponding compounds disclosed in U.S. Pat. No. 
4,810,636), a phenale none, a coumarin (including an corre 
sponding compounds disclosed in U.S. Pat. Nos. 5,696, 157; 
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5,459.276; 5,501,980 and 5,830,912), a benzofuran (includ 
ing an corresponding compounds disclosed in U.S. Pat. Nos. 
4,603.209 and 4,849,362) and benzphenalenone (including 
any corresponding compounds disclosed in U.S. Pat. No. 
4,812.409) and derivatives thereof. As used herein, oxazines 
include resorufins (including any corresponding compounds 
disclosed in Pat. No. 5,242,805), aminooxazinones, diami 
nooxazines, and their benzo-Substituted analogs. 
0068. When the fluorophore is a xanthene, the fluoro 
phore is optionally a fluorescein, a rhodol (including any 
corresponding compounds disclosed in U.S. Pat. Nos. 5,227, 
487 and 5,442,045), or a rhodamine (including any corre 
sponding compounds in U.S. Pat. Nos. 5,798,276; 5,846, 
737; U.S. Ser. No. 09/129,015). As used herein, fluorescein 
includes benzo- or dibenzofluoresceins, Seminaphthofluo 
resceins, or naphthofluoresceins. Similarly, as used herein 
rhodol includes Seminaphthorhodafluors (including any cor 
responding compounds disclosed in U.S. Pat. No. 4,945, 
171). Alternatively, the fluorophore is a xanthene that is 
bound via a linkage that is a single covalent bond at the 
9-position of the xanthene. Preferred Xanthenes include 
derivatives of 3H-xanthen-6-ol-3-one attached at the 9-po 
sition, derivatives of 6-amino-3H-Xanthen-3-one attached at 
the 9-position, or derivatives of 6-amino-3H-xanthen-3- 
imine attached at the 9-position. Preferred fluorophores of 
the invention include Xanthene (rhodol, rhodamine, fluores 
cein and derivatives thereof) coumarin, cyanine, pyrene, 
oxazine and borapolyazaindacene. Most preferred are Sul 
fonated Xanthenes, fluorinated Xanthenes, Sulfonated cou 
marins, fluorinated coumarins and Sulfonated cyanines. The 
choice of the fluorophore attached to the labeling reagent 
will determine the absorption and fluorescence emission 
properties of the labeling reagent and immuno-labeled com 
plex. Physical properties of a fluorophore label include 
spectral characteristics (absorption, emission and Stokes 
shift), fluorescence intensity, lifetime, polarization and 
photo-bleaching rate all of which can be used to distinguish 
one fluorophore from another. 
0069. Typically the fluorophore contains one or more 
aromatic or heteroaromatic rings, that are optionally Substi 
tuted one or more times by a variety of Substituents, includ 
ing without limitation, halogen, nitro, cyano, alkyl, perfluo 
roalkyl, alkoxy, alkenyl, alkynyl, cycloalkyl, arylalkyl, acyl, 
aryl or heteroaryl ring System, benzo, or other Substituents 
typically present on fluorophores known in the art. 
0070. In one aspect of the invention, the fluorophore has 
an absorption maximum beyond 480 nm. In a particularly 
useful embodiment, the fluorophore absorbs at or near 488 
nm to 514 nm (particularly suitable for excitation by the 
output of the argon-ion laser excitation Source) or near 546 
nm (particularly Suitable for excitation by a mercury arc 
lamp). 
0071. Many of fluorophores can also function as chro 
mophores and thus the described fluorophores are also 
preferred chromophores of the present invention. 
0072. In addition to fluorophores, enzymes also find use 
as labels for the labeling reagents. Enzymes are desirable 
labels because amplification of the detectable signal can be 
obtained resulting in increased assay Sensitivity. The enzyme 
itself does not produce a detectable response but functions to 
break down a Substrate when it is contacted by an appro 
priate Substrate Such that the converted Substrate produces a 
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fluorescent, colorimetric or luminescent Signal. Enzymes 
amplify the detectable Signal because one enzyme on a 
labeling reagent can result in multiple Substrates being 
converted to a detectable signal. This is advantageous where 
there is a low quantity of target present in the Sample or a 
fluorophore does not exist that will give comparable or 
Stronger Signal than the enzyme. However, fluorophores are 
most preferred because they do not require additional assay 
StepS and thus reduce the overall time required to complete 
an assay. The enzyme Substrate is Selected to yield the 
preferred measurable product, e.g. calorimetric, fluorescent 
or chemiluminescence. Such Substrates are extensively used 
in the art, many of which are described in the MOLECU 
LAR PROBES HANDBOOK, supra. 
0.073 A preferred calorimetric or fluorogenic substrate 
and enzyme combination uses oxidoreductases Such as 
horseradish peroxidase and a Substrate Such as 3,3'-diami 
nobenzidine (DAB) and 3-amino-9-ethylcarbazole (AEC), 
which yield a distinguishing color (brown and red, respec 
tively). Other calorimetric oxidoreductase substrates that 
yield detectable products include, but are not limited to: 
2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) 
(ABTS), o-phenylenediamine (OPD), 3,3',5,5-tetramethyl 
benzidine (TMB), o-dianisidine, 5-aminosalicylic acid, 
4-chloro-1-naphthol. Fluorogenic Substrates include, but are 
not limited to, homovanillic acid or 4-hydroxy-3-methox 
yphenylacetic acid, reduced phenoxazines and reduced ben 
Zothiazines, including Amplexe Red reagent and its variants 
(U.S. Pat. No. 4,384,042) and reduced dihydroxanthenes, 
including dihydrofluoresceins (U.S. Pat. No. 6,162.931) and 
dihydrorhodamines including dihydrorhodamine 123. Per 
oxidase substrates that are tyramides (U.S. Pat. Nos. 5,196, 
306; 5,583,001 and 5,731,158) represent a unique class of 
peroxidase Substrates in that they can be intrinsically detect 
able before action of the enzyme but are “fixed in place” by 
the action of a peroxidase in the proceSS described as 
tyramide signal amplification (TSA). These Substrates are 
extensively utilized to label targets in Samples that are cells, 
tissueS or arrays for their Subsequent detection by microS 
copy, flow cytometry, optical Scanning and fluorometry. 

0074 Another preferred calorimetric (and in some cases 
fluorogenic) Substrate and enzyme combination uses a phos 
phatase enzyme Such as an acid phosphatase, an alkaline 
phosphatase or a recombinant version of Such a phosphatase 
in combination with a calorimetric Substrate Such as 
5-bromo-6-chloro-3-indolyl phosphate (BCIP), 6-chloro-3- 
indolyl phosphate, 5-bromo-6-chloro-3-indolyl phosphate, 
p-nitrophenyl phosphate, or o-nitrophenyl phosphate or with 
a fluorogenic Substrate Such as 4-methylumbelliferyl phos 
phate, 6,8-difluoro-7-hydroxy4-methylcoumarinyl phos 
phate (DiFMUP, U.S. Pat. No. 5,830,912) fluorescein 
diphosphate, 3-O-methylfluorescein phosphate, resorufin 
phosphate, 9H-(1,3-dichloro-9,9-dimethylacridin-2-one-7- 
yl) phosphate (DDAO phosphate), or ELF 97, ELF 39 or 
related phosphates (U.S. Pat. Nos. 5,316,906 and 5,443, 
986). 
0075) Glycosidases, in particular beta-galactosidase, 
beta-glucuronidase and beta-glucosidase, are additional Suit 
able enzymes. Appropriate colorimetric Substrates include, 
but are not limited to, 5-bromo4-chloro-3-indolyl beta-D- 
galactopyranoside (X-gal) and Similar indolyl galactosides, 
glucosides, and glucuronides, o-nitrophenyl beta-D-galac 
topyranoside (ONPG) and p-nitrophenyl beta-D-galactopy 
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ranoside. Preferred fluorogenic Substrates include resorufin 
beta-D-galactopyranoside, fluorescein digalactoside (FDG), 
fluorescein diglucuronide and their structural variants (U.S. 
Pat. Nos. 5,208,148; 5,242,805; 5,362,628; 5,576,424 and 
5,773,236), 4-methylumbelliferyl beta-D-galactopyrano 
Side, carboxylumbelliferyl beta-D-galactopyranoside and 
fluorinated coumarin beta-D-galactopyranosides (U.S. Pat. 
No. 5,830,912). 
0076. Additional enzymes include, but are not limited to, 
hydrolaseS Such as cholinesterases and peptidases, oxidases 
Such as glucose oxidase and cytochrome oxidases, and 
reductases for which Suitable Substrates are known. 

0077 Enzymes and their appropriate substrates that pro 
duce chemiluminescence are preferred for Some assayS. 
These include, but are not limited to, natural and recombi 
nant forms of luciferases and aequorins. Chemilumines 
cence-producing Substrates for phosphatases, glycosidases 
and oxidases Such as those containing Stable dioxetanes, 
luminol, isoluminol and acridinium esters are additionally 
useful. 

0078. In addition to enzymes, haptens such as biotin are 
also preferred labels. Biotin is useful because it can function 
in an enzyme System to further amplify the detectable signal, 
and it can function as a tag to be used in affinity chroma 
tography for isolation purposes. For detection purposes, an 
enzyme conjugate that has affinity for biotin is used, Such as 
avidin-HRP. Subsequently a peroxidase substrate is added to 
produce a detectable Signal. 
0079 Haptens also include hormones, naturally occur 
ring and Synthetic drugs, pollutants, allergens, affector mol 
ecules, growth factors, chemokines, cytokines, lymphok 
ines, amino acids, peptides, chemical intermediates, 
nucleotides and the like. 

0080 Fluorescent proteins also find use as labels for the 
labeling reagents of the present invention. Examples of 
fluorescent proteins include green fluorescent protein (GFP) 
and the phycobiliproteins and the derivatives thereof. The 
fluorescent proteins, especially phycobiliprotein, are par 
ticularly useful for creating tandem dye labeled labeling 
reagents. These tandem dyes comprise a fluorescent protein 
and a fluorophore for the purposes of obtaining a larger 
Stokes shift wherein the emission spectra is farther shifted 
from the wavelength of the fluorescent protein's absorption 
Spectra. This is particularly advantageous for detecting a low 
quantity of a target in a Sample wherein the emitted fluo 
rescent light is maximally optimized, in other words little to 
none of the emitted light is reabsorbed by the fluorescent 
protein. For this to work, the fluorescent protein and fluo 
rophore function as an energy transfer pair wherein the 
fluorescent protein emits at the wavelength that the fluoro 
phore absorbs at and the fluorphore then emits at a wave 
length farther from the fluorescent proteins than could have 
been obtained with only the fluorescent protein. A particu 
larly useful combination is the phycobiliproteins disclosed 
in U.S. Pat. Nos. 4,520,110; 4.859,582; 5,055,556 and the 
sulforhodamine fluorophores disclosed in Pat. No. 5,798, 
276, or the sulfonated cyanine fluorophores disclosed in 
U.S. Ser. Nos. 09/968/401 and 09/969/853; or the Sulfonated 
Xanthene derivatives disclosed in Pat. No. 6,130,101 and 
those combinations disclosed in U.S. Pat. 4,542,104. Alter 
natively, the fluorophore functions as the energy donor and 
the fluorescent protein is the energy acceptor. 
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0.081 3. Covalent Attachment of Labels to the Labeling 
Reagents 

0082 The labeling reagents can be independently 
attached to one or more labels of the present invention by a 
number of methods known to one skilled in the art and 
modification of such methods. Methods include, labeling in 
a Solution or on an affinity column. For labeling in Solution 
the labeling reagent is optionally modified to contain a 
reactive group and the label is modified to contain a reactive 
group or is Synthesized to contain a reactive group, as is 
typically the case with fluorophore labels wherein the reac 
tive group facilitates covalent attachment. The modification 
of the labeling reagent to contain a reactive group includes 
(1) chemical addition of Such a reactive group or (2) 
alternatively takes advantage of the disulfide bonds of the 
F(ab'), fragment wherein the fragment is reduced to break 
the bond and expose the thiol group that readily reacts with 
a reactive group on a label, as disclosed in U.S. Pat. No. 
5,360,895. Typically, covalent attachment of the label to the 
fragment is the result of a chemical reaction between an 
electrophilic group and a nucleophilic group. However, 
when a label is used that is photoactivated the covalent 
attachment results when the labeling Solution is illuminated. 
0.083. A method for covalently attaching a label, particu 
larly an enzyme, a fluorescent protein or a particle, com 
prises the following Steps: 

0084) a) cleaving an intact anti-region antibody with 
an enzyme resulting in a F(ab')2 fragment; 

0085 b) contacting said F(ab') fragment with a 
reducing agent to produce Fab' fragments containing 
a thiol group; 

0.086 c) contacting said Fab' fragments with a solu 
tion comprising a label that contains a reactive 
group; and, 

0087 d) isolating Fab' fragments of step d) that are 
covalently attached to a label by size exclusion or 
affinity chromatography. 

0088. The whole anti-region antibody is cleaved with 
pepsin to generate a bivalent F(ab)' fragment. This fragment 
is typically affinity purified on a column comprising immu 
noglobulin proteins Such as IgG that is immobilized on 
agarose. The fragment is then reduced to break the disulfide 
bond of the hinge region that connects the two Fab frag 
ments resulting in a Fab' fragment with an exposed thiol 
group. This is typically accomplished by adding a mild 
reducing buffer to the affinity purified F(ab') fragments such 
as a buffer comprising 0.01 M EDTA and 0.01 M cysteine 
in phosphate buffer saline (PBS). The resulting thiol group 
readily reacts with a reactive group on a label to covalently 
attach the label to the fragment. Thus, a Solution containing 
a label that has been chemically modified to contain a 
reactive group, using methods well known to one skilled in 
the art, is added to the solution of reduced Fab' fragments. 
This method is particularly useful for covalently attaching 
enzyme and other protein labels due to their Size and the lack 
of exposed amine groups on the Fab fragments. One of Skill 
in the art will appreciate that this method requires the use of 
Fab' fragments as apposed to Fab fragments due to the 
disulfide bonds of the Fab' fragment and that the use of the 
enzyme papain or the like results in Such a fragment. 
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0089 An alternative labeling of monovalent antibody 
fragments and the monomeric non-antibody proteins is also 
accomplished in a Solution. The method comprises the Steps: 

0090) a) contacting a Fab fragment or non-antibody 
monomeric protein with a Solution comprising a 
label that contains a reactive group; and, 

0091 b) isolating labeled anti-region Fab fragment 
or non-antibody monomeric protein by size exclu 
Sion or affinity chromatography. 

0092. When a Fab fragment is to be labeled the whole 
antibody is cleaved with an enzyme, Such as papain, to 
generate Fab monovalent fragments and the fragments are 
typically purified on an affinity column prior to addition of 
the label. The Fab fragment or non-antibody monomeric 
proteins are optionally chemically modified to contain a 
reactive group. However, for covalently attaching reactive 
fluorophore labels it has been found that this modification of 
the fragment of non-antibody protein is not necessary. The 
reactive label, typically a fluorophore or hapten, are added to 
a Solution of Fab fragments or non-antibody proteins and the 
labeling reagent is Separated from exceSS label by size 
exclusion or affinity chromatorgraphy. The labeling reagents 
are then Stored in an appropriate buffer. 

0093 Labeling in solution can have some drawbacks, 
especially when labeling of Fab fragments or non-antibody 
proteins with fluorophores. Thus, Fab fragments and non 
antibody proteins of the present invention are preferably 
covalently attached to a fluorophore label when immobilized 
on an affinity column. The fragments and non-antibody 
proteins are immobilized on an affinity column that com 
prises a protein that the fragment has affinity for, typically 
IgG, and after immobilization a reactive fluorophore is 
added to the column wherein the fragments are labeled and 
unreacted fluorophores pass through the column. 

0094. The use of this affinity chromatography method 
avoids the incorporation of label into the binding domain of 
the Fab fragment or non-antibody protein. When Fab frag 
ments are labeled with fluorophores using this method 
unexpected advantages were obtained wherein the fluores 
cent Signal form fragments labeled on a column are brighter 
than fragments labeled in Solution when the fluorophore and 
ratio of fluorophore to labeling reagent are held constant. 
Without wishing to be bound by a theory it is possible that 
the decreased brightness observed from the fragments 
labeled in Solution is due to quenching of fluorphores that 
are bound in or near the binding domain by the high 
concentration of amine groups in the binding domain. Thus, 
a preferred embodiment of the invention for covalently 
attaching fluorphore labels to Fab fragments comprises the 
following Steps: 

0.095 a) cleaving an intact anti region antibody with 
an enzyme that generates Fab fragments, 

0096 b) isolating the anti-region Fab fragments of 
Step a); 

0097 c) contacting a matrix comprising intact 
immunoglobulin proteins or fragments thereof that 
Specifically bind anti-region Fab fragments with a 
Solution comprising Said anti-region fragments of 
Step b) wherein said Fab fragments are immobilized; 
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0098 d) contacting said matrix of step c) with a 
Solution comprising a fluorophore label that contains 
a reactive group; 

0099 e) washing said matrix to remove unbound 
label, and; 

0100 f) eluting said labeling reagent from said 
matrix whereby said labeling reagent is manufac 
tured comprising a label and being isolated from 
other proteins and fragments thereof. 

0101 The matrix is typically an agarose column that 
comprises either the Selected region, Such as the Fc region, 
or the entire antibody provided that the antibody or fragment 
thereof is the same Species and isotype that was used to 
produce the antibodies that the labeling reagent was gener 
ated from. However any matrix known to one skilled in the 
art can be used that allows for immobilization of labeling 
reagent and removal following attachment of the fluoro 
phore label. Fab and Fab' fragments can both be labeled in 
this manner. However a free thiol group is not necessary and 
therefore Fab fragments are typically labeled using this 
method. 

0102 Due to the unique properties of the labeling reagent 
and the attached labels it is a preferred embodiment of the 
present invention that enzyme or other protein labels are 
covalently attached to Fab' fragments in Solution utilizing 
the free thiol group of the Fab' fragment. It is another 
preferred embodiment that fluorophore labels be covalently 
attached to the labeling reagent when the reagent is immo 
bilized on a affinity column wherein the labeling reagent is 
typically an Fab fragment or a non-antibody monomeric 
protein. 

0103) The attachment of the label to the fragments or the 
non-antibody proteins results in multiple Subsets that are 
distinguished by the ratio of the label to the labeling reagent 
and the physical properties of the label. A labeling reagent 
Subset as used herein refers to a discrete Set of labeling 
reagents that are homogenous and can be distinguished from 
another Subset of labeling reagent either by the physical 
properties of the label or the ratio of the label to labeling 
reagent. The physical properties include differences within a 
group of labels, Such as emission spectra of fluorphores, or 
acroSS groups of labels, Such as the difference between an 
enzyme and a fluorophore. For fluorphore labels, the physi 
cal properties typically relates to the emission spectra, this 
includes modification of the same label, e.g. a cyanine with 
different substitutions that shifts the emission wavelength, or 
different fluorophores, e.g. a cyanine and a coumarin on the 
Same labeling reagent. The difference in physical properties 
also includes the use of tandem dyes, which is specifically 
defined to include an energy transfer pair wherein one is a 
protein and the other is a fluorophore or both are fluoro 
phores, or the pairing of other labels that are not necessarily 
energy transfer pairs. A few examples of labeling reagent 
Subsets includes, but are not limited to, a first Subset com 
prising a Single fluorophore at a known ration attached to a 
anti-Fc Fab fragment; a Second Subset comprises the same 
fluorophore on the Fab fragment at a different known ration 
from the first Subset, a third Subset comprises the same 
fluorophore but that has a shifted wavelength due to a 
substitution on the fluorophore. Thus, the attachment of 
labels to the labeling reagents results in an extensive Selec 
tion of Subsets that when complexed with a target-binding 
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antibody results in a unique method to detect one or multiple 
targets in a Sample whereby the target is identified and 
quantitated. 
0104 B. Immuno-Labeled Complex 
0105 The subsets of labeling reagent are complexed with 
target-binding antibodies to produce Subsets of immuno 
labeled complex that for the target detection solution. The 
methods for forming the immuno-labeled complex com 
prises the following Steps: 

0106 a) contacting a Solution of target-binding anti 
bodies with a labeling reagent Subset, wherein Said 
labeling reagent Subsets are distinguished by i) ratio 
of label to labeling reagent or ii) a physical proper 
ties of said label; 

0107 b) incubating said target-binding antibodies 
and Said labeling reagent for a time period Sufficient 
for one or more labeling reagents to form an 
immuno-labeled complex with a target-binding anti 
body wherein a region of Said target binding anti 
body is Selectively bound by labeling reagent; 

0108 c) optionally removing unbound labeling 
reagent by adding a capture reagent comprising 
immunoglobulin proteins or fragments thereof, and, 

0109 d) optionally repeating said stepsa), b), and c) 
to form individual or pooled Subsets of immuno 
labeling complexes wherein each Subset is distin 
guished from another subset by i) a ratio of label to 
labeling reagent, or ii) a physical property of Said 
label, or iii) a ratio of labeling reagent to Said 
target-binding antibody, or iv) by said target-binding 
antibody. 

0110. A particular advantage for the use of labeling 
reagent of the present invention to label target-binding 
antibodies is that the process is relatively insensitive to the 
Solution the antibodies are in. Due to the physical nature of 
the labeling reagents, Small monovalent fragments, the 
reagents do not croSS-link and fall out of Solution in the 
presence of high concentration of proteins. For this reason, 
target-binding antibodies can be complexed when present in 
ascites fluid, tissue culture Supernatant, Serum or other 
Solutions where there is a high concentration of proteins. 
This eliminates the need to purify target-binding proteins 
prior to labeling. 
0111 When preparing the immuno-labeled complex 
using purified target-binding antibody, Stock Solutions of 
both the labeling reagent and the target-binding antibody are 
typically near 1 mg/mL in an appropriate buffer, although 
more or less concentrated Solutions are also Suitable. Gen 
erally, the labeling reagent is mixed in a molar ratio of at 
least one to 50 moles of labeling reagent to one mole of the 
target-binding antibody to be complexed. More commonly a 
ratio of at least one to as many as 10 moles of labeling 
reagent per mole of target-binding antibody is combined. 
With an anti-Fc region Fab to a target-binding antibody, a 
molar ratio of approximately 2 to 10 is typical, more 
typically 3 to 5 (particularly for complexes in which the 
labeling reagent has been labeled while immobilized on an 
affinity matrix). The ease of formation of the complex 
permits rapid optimization of the complex and assessment of 
the effect of variation in experimental parameters. A par 
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ticularly unique advantage of the invention is that the 
Stoichiometry of the complex is easily adjusted to provide 
complexes with different ratioS of labeling reagent to target 
binding antibody, and thus there is control over the ultimate 
detectability of the target in the Sample. Complexes that 
have been labeled with the same dye but at different molar 
ratioS can be separately detected by the differences in their 
intensities. 

0112 Complex formation appears to occur almost within 
the mixing time of the Solutions (<1 minute) but the reaction 
typically is allowed to proceed for at least 5 minutes and can 
be longer before combining the immuno-labeled complex 
with the Sample. Although complex formation can be 
reversed by addition of an unlabeled antibody that contains 
the same binding region, reversibility is very slow; further 
more, following binding of the immuno-labeled complex to 
a target in a Sample, the Sample can be “fixed” using 
aldehyde-based fixatives by methods that are commonly 
practiced by those skilled in the art of immunolabeling. 
0113. The labeling process optionally further comprises 
the addition of a capture component to remove exceSS 
labeling reagent. For applications in which immunolabeling 
complexes of multiple primary antibodies from the same 
Species (e.g. mouse monoclonal antibodies) or cross-react 
ing species (e.g. mouse and human antibodies) are to be used 
Simultaneously or Sequentially, it is necessary to quench or 
otherwise remove any exceSS labeling reagent by use of a 
capture component or by other means to avoid inappropriate 
labeling of the sample. The most effective capturing com 
ponents to capture exceSS labeling reagent are those that 
contain the binding Site of the labeling reagent but are 
themselves not labeled, preferably an antibody or antibody 
fragment. Capture components may be free in Solution or 
immobilized on a matrix, Such as agarose, cellulose, or a 
natural or Synthetic polymer, to facilitate Separation of the 
exceSS capture component from the immuno-labeled com 
plex. The capture component is optionally attached to a 
microSphere or magnetic particle. However, Separation of 
exceSS labeling reagent is not essential for Successful utili 
Zation of the invention, particularly when using a single 
target-binding antibody. 
0114. The steps of the labeling process for the target 
binding antibodies can be repeated to form discrete immuno 
labeled complex subsets that can be used individually or 
pooled in an assay to detect individual or multiple targets. AS 
used herein the term immuno-labeled complex Subsets refers 
to Subsets that are distinguished from each other i) a ratio of 
label to labeling reagent, or ii) a physical property of the 
label, or iii) a ratio of labeling reagent to the target-binding 
antibody, or iv) by the target-binding antibody, or a combi 
nation thereof. For example a panel of Subsets may comprise 
a target-binding antibody that is bound by a labeling reagent 
comprising a Subset of different ratioS of the same label on 
the labeling reagent resulting in a discrete Subset of 
immuno-labeled complexes. This subset of immuno-labeled 
complexes can be used individually wherein a target is 
identified by the intensity of the detectable label or used in 
combination with another Subset of immunocomplexes that 
differ in the target-binding antibody to identify multiple 
targets. 

0115 C. Methods of Use 
0116. The labeling reagents, target-binding antibodies 
and resulting immuno-labeled complex that forms the target 

Mar. 31, 2005 

detection Solution can be used in a wide range of immu 
noassays, essentially in any assay a traditional Secondary 
antibody is used including Some assays that Secondary 
antibodies are not used because of their size and ability to 
croSS-link. Examples of Such assays used to detect a target 
in a Sample include immunoblots, direct detection in a gel, 
flow cytometry, immunohistochemistry, confocal microS 
copy, fluorometry, ELISA and other modified immunoas 
SayS. 

0117. A method of the present invention for detecting a 
Single target in a Sample comprises the following Steps: 

0118 a) contacting a Solution of target-binding anti 
bodies with a labeling reagent Subset, wherein Said 
labeling reagent Subsets are distinguished by i) ratio 
of label to labeling reagent or ii) a physical proper 
ties of said label; 

0119 b) incubating said target-binding antibodies 
and Said labeling reagent Subset for a time period 
Sufficient for one or more labeling reagents to form 
an immuno-labeled complex with a target-binding 
antibody wherein a region of Said target binding 
antibody is Selectively bound by labeling reagent; 

0120 c) contacting said sample with said immuno 
labeled complex of step b); 

0121 d) incubating said sample of step c) for a time 
Sufficient to allow Said immuno-labeled complex to 
Selectively bind to Said target, and, 

0122 e) illuminating said immuno-labeled complex 
whereby Said target is detected. 

0123. A sample is incubated with a preformed immuno 
labeled complex that comprises a labeling reagent and a 
target-binding antibody. While this method describes the 
identification of a Single target, Subsets of labeling reagents 
bound to the same target-binding antibody can be used to 
identify and provide additional information about Such tar 
gets. For example, Subsets of labeling reagent can be pre 
pared wherein two discrete Subsets are generate each with a 
distinct fluorophore label that is distinguished by their 
emission spectra, e.g. one that emits in the green spectra and 
one that emits in the red spectra. The labeling reagent 
Subsets are then added to a Solution of target-binding anti 
body in a controlled ratio, e.g. two parts one labeling reagent 
(green emission) and one part the other labeling reagent (red 
emission) per target binding antibody. In this way the 
immuno-labeled complexes can be used to detect a target. If 
another immuno-labeled complex were added to the Sample 
the original target could be distinguished from the Subse 
quently detected target. 
0.124. The methods of the present invention also provide 
for the detection of multiple targets in a Sample. Multiple 
targets include the discrete epitope that the target-binding 
antibody has affinity for as well as molecules or Structures 
that the epitiope is bound to. Thus, multiple target identifi 
cation includes phenotyping of cells based on the concen 
tration of the same cell Surface marker on different cells. In 
this way multiple target identification is not limited to the 
discrete epitope that the target binding antibody binds, 
although this is clearly a way that multiple targets can be 
identified, i.e. based on the affinity of the target-binding 
antibody. 
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0.125 Therefore, a method for detecting multiple targets 
in a Sample comprises the following Steps: 

0.126 a) contacting a Solution of target-binding anti 
bodies with a labeling reagent Subset, wherein Said 
labeling reagent Subsets are distinguished by i) ratio 
of label to labeling reagent or ii) a physical proper 
ties of said label; 

0127 b) incubating said target-binding antibodies 
and Said labeling reagent Subset for a time period 
Sufficient for one or more labeling reagents to form 
an immuno-labeled complex with a target-binding 
antibody wherein a region of Said target-binding 
antibody is Selectively bound by labeling reagent, 
wherein steps a) and b) are repeated to form discrete 
immuno-labeling complex Subsets, 

0128 c) contacting said sample with a solution 
comprising A) a pooled Subset of immuno-labeled 
complexes, wherein each Subset is distinguished 
from another subset by i) a ratio of label to labeling 
reagent, or ii) a physical property of Said label, or iii) 
a ratio of labeling reagent to Said target-binding 
antibody, or iv) by said target-binding antibody or B) 
an individual Subset wherein Step c) with a Solution 
comprising an individual Subset is repeated; 

0129 d) incubating said sample of step c) for a time 
Sufficient to allow said immuno-labeled complex to 
Selectively bind to said target; and, 

0130 e) illuminating said immuno-labeled complex 
whereby Said target is detected. 

0131) A selected target-binding antibody and a subset of 
labeling reagent are incubated to form an immuno-labeled 
complex Subset. This procedure is repeated to form a panel 
of immuno-labeled complex Subsets that may be pooled and 
added to a Sample. Altematively each immuno-labeled com 
pleX Subset is added Stepwise to a Sample. The immuno 
labeled complex Subsets are distinguished by four charac 
teristics resulting in an infinite number of immuno-labeled 
complex Subsets. First (i) the Subsets can be distinguished by 
the target-binding antibody that is determined by the end 
user for the information that is desired from a sample. This 
means that each Subset is distinguished based on the affinity 
of the target-binding antibody. The target-binding antibody 
typically distinguishes immuno-labeled complexes when 
multiple targets are identified, however this is normally 
combined with another characteristic to gain information 
form a Sample or increase the number of targets that can be 
detected at one time. The Second (ii) distinguishing feature 
used is the ratio of label to labeling reagent, as discussed in 
detail above. A Subset based on this feature would have for 
example a ratio of two fluorophore per each labeling reagent. 
The third (iii) distinguishing feature is the ratio of labeling 
reagent to target-binding antibody. This is accomplished 
using a controlled concentration of target-binding antibody 
mixed with a controlled concentration of a labeling reagent 
Subset and the Subset would comprise a target-binding 
antibody that is bound by a discrete number of labeling 
proteins. The fourth (iv) feature is the physical feature of the 
label. Typically this refers to the physical properties of the 
fluorophore labels wherein a Subset of this group is distin 
guished by the label itself Such as a green emitting fluoro 
phore compared to a red emitting fluorophore. One of skill 
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in the art will appreciate that while immuno-labeling com 
pleX Subsets can be distinguished based on one feature the 
Subsets are typically, and most useful, when discretely 
identified based on a combination of the distinguishing 
characteristics. 

0132) Another example of detection of multiple targets 
utilizes the following immuno-labeled subsets, all of which 
comprise a different target-binding antibody but differ in the 
label and ratio of label. The first subset comprises a fluo 
rophore label that emits red-fluorescent light, a Second 
Subset comprises a fluorophore label that emits green fluo 
rescent light, a third Subset comprises a ratio of 1:1 red to 
green fluorophore label; a fourth Subset comprises a ratio of 
2:1 red to green fluorophore label and a fifth Subset com 
prises a ratio of 1:2 red to green fluorophore label. These 
Subsets allow for the Simultaneous detection of five targets 
in a Sample. This aspect of the present invention is particu 
larly important due to the limited range of fluorophores 
available wherein the labeling reagents can be utilized to 
increase the number of targets that can be detected at one 
time. One of skill in the art can appreciate that these Subsets 
could be expanded by altering the ratio of label to labeling 
reagent instead of just the ratio of labeling reagent to 
target-binding antibody. This Same methodology can also be 
applied to a single fluorophore label wherein the ratios are 
altered and a target is detected based on the intensity of the 
Signal instead of the color and the ratio of the color to 
another color. 

0.133 Following the formation of the immuno-labeled 
complex Subsets the Subsets can be pooled and added to a 
Sample or added Stepwise to a Sample, either of which is 
determined by the end user and the particular assay format. 
This method of the present invention provides for maximum 
flexibility and ease of determining multiple targets in a 
Sample. 
0134) Another method of the present invention provides 
for the determination of multiple targets in a Sample spe 
cifically using the flow cytometry assay format. Tradition 
ally targets identified using flow cytometry used either 
directly labeled primary antibody or labeled microspheres 
that were covalently attached to a primary antibody wherein 
the microSphere is the label. Examples include the fluores 
cent encapsulated microSphere beads Sold by LumineX. The 
labeling reagents and the present invention overcome both 
the need for directly labeled primary antibody and the need 
for expensive microSpheres. 

0.135 Thus, a method of the present invention for deter 
mining identity and quantity of targets in a Sample by 
detecting multiple targets comprises the following Steps: 

0.136 a) contacting a Solution of target-binding anti 
bodies with a labeling reagent Subset, wherein Said 
labeling reagent Subsets are distinguished by i) ratio 
of label to labeling reagent or ii) a physical proper 
ties of said label; 

0137 b) incubating said target-binding antibodies 
and Said labeling reagent for a time period Sufficient 
for one or more labeling reagents to form an 
immuno-labeled complex with a target-binding anti 
body wherein a region of Said target binding anti 
body is Selectively bound by labeling reagent, 
wherein steps a) and b) are repeated to form a pooled 
Subset of immuno-labeling complexes, 
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0.138 c) contacting a population of cells in a sample 
with a Solution comprising a pooled Subset of 
immuno-labeled complexes, wherein each Subset is 
distinguished from another Subset by i) a ratio of 
label to labeling reagent, or ii) a physical property of 
said label, or iii) a ratio of labeling reagent to said 
target-binding antibody, or iv) by said target-binding 
antibody; 

0139 d) incubating said cells for a time period 
Sufficient to allow said immuno-labeled complex to 
bind Said targets; 

0140 e) passing said incubated population of cells 
through an examination Zone; and, 

0141 f) collecting data from said cells that were 
passed through Said examination Zone wherein Said 
multiple targets are detected whereby the identity 
and quantity of Said targets is determined. 

0142. In one aspect, a target-binding antibody is pre 
complexed to the target-binding antibody to form a Subset 
and that Subset or a panel of Subsets are added to a Sample, 
that are typically distinguished by the target binding anti 
body. This method then avoids the need for a directly labeled 
primary. Secondly, when the panel of Subsets is distin 
guished, for example, by the ratio of label to labeling reagent 
or the ratio of labeling reagent to target-binding antibody the 
immuno-labeled complex can function similar to the micro 
sphere beads of LumineX. For example, this is accomplished 
wherein three immuno-labeled complex Subsets are distin 
guished by the target binding antibody and the fluorophore 
attached to the labeling reagent and within one of the Subsets 
is another Set of Subsets that are distinguished based on the 
ratio of label to labeling reagent. In this way three different 
epitopes are detected and one of the epitopes is further 
distinguished and a phenotype distinction made based on the 
intensity of the Signal generated from the labeled-immuno 
complex Subsets based on the ratio of fluorophore to labeling 
reagent. This determination of targets is facilitated when a 
population of cells or cellular organelles is passed through 
the examination Zone of a flow cytometer wherein the 
fluorescent Signal and intensity is recorded for each cell 
resulting in a histogram of the cell population or cellular 
organelles based on the detected epitopes. 
0143. In another aspect of the invention, additional detec 
tion reagents are combined with the Sample concurrently 
with or following the addition of immuno-labeled complex 
Subsets. Such additional detection reagents include, but are 
not limited to reagents that Selectively detect cells or Sub 
cellular components, ions, or indicate the cell viability, life 
cycle, or proliferation State. For example, the additional 
detection reagent is a labeled target-binding antibody that is 
directly or indirectly detectable and another additional 
detection reagent is a Stain for nucleic acids, for F-actin, or 
for a cellular organelle. 
0144) 1. Sample Preparation 
0145 The sample is defined to include any material that 
may contain a target to which an antibody has affinity for. 
Typically the Sample is biological in origin and comprises 
tissue, cell or a population of cells, cell extracts, cell 
homogenates, purified or reconstituted proteins, recombi 
nant proteins, bodily and other biological fluids, Viruses or 
Viral particles, prions, Subcellular components, or Synthe 
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sized proteins. Possible Sources of cellular material used to 
prepare the Sample of the invention include without limita 
tion plants, animals, fungi, bacteria, archae, or cell lines 
derived from Such organisms. The Sample can be a biologi 
cal fluid Such as whole blood, plasma, Serum, nasal Secre 
tions, Sputum, Saliva, urine, Sweat, transdermal exudates, 
cerebroSpinal fluid, or the like. Alternatively, the Sample 
may be whole organs, tissue or cells from an animal. 
Examples of Sources of Such Samples include muscle, eye, 
skin, gonads, lymph nodes, heart, brain, lung, liver, kidney, 
Spleen, Solid tumors, macrophages, mesothelium, and the 
like. 

0146 Prior to combination with the immuno-labeled 
complexes, the Sample is prepared in a way that makes the 
target, which is determined by the end user, in the Sample 
accessible to the immuno-labeled complexes. Typically, the 
Samples used in the invention are comprised of tissue, cells, 
cell extracts, cell homogenates, purified or reconstituted 
proteins, recombinant proteins, biological fluids, or Synthe 
sized proteins. Large macromolecules Such as immuno 
labeled complexes tend to be impermeant to membranes of 
live biological cells. Treatments that permeabilize the 
plasma membrane, Such as electroporation, Shock treat 
ments, or high extracellular ATP, can be used to introduce 
the immuno-labeled complexes into cells. Alternatively, the 
immuno-labeled complexes can be physically inserted into 
cells, e.g. by pressure microinjection, Scrape loading, patch 
clamp methods, or phagocytosis. However, the desired tar 
get may require purification or Separation prior to addition of 
the immuno-labeled complexes, which will depend on the 
way the antigenic determinants are contained in the Sample. 
For example, when the Sample is to be separated on a 
SDS-polyacrylamide gel the Sample is first equilibrated in an 
appropriate buffer, Such as a SDS-Sample buffer containing 
Tris, glycerol, DTT, SDS, and bromophenol blue. 
0147 When the sample contains purified target materials, 
the purified target materials may still be mixtures of different 
materials. For example, purified protein or nucleic acid 
mixtures may contain Several different proteins or nucleic 
acids. Alternatively, the purified target materials may be 
electrophoresed on gels Such as agarose or polyacrylamide 
gels to provide individual species of target materials that 
may be Subsequently blotted onto a polymeric membrane or 
detected within the gel matrix. Preparation of a Sample 
containing purified nucleic acids or proteins generally 
includes denaturation and neutralization. DNA may be dena 
tured by incubation with base (such as sodium hydroxide) or 
heat. RNA is also denatured by heating (for dot blots) or by 
electrophoresing in the presence of denaturants Such as urea, 
glyoxal, or formaldehyde, rather than through exposure to 
base (for Northern blots). Proteins are denatured by heating 
in combination with incubation or electrophoresis in the 
presence of detergents Such as Sodium dodecyl Sulfate. The 
nucleic acids are then neutralized by the addition of an acid 
(e.g., hydrochloric acid), chilling, or addition of buffer (e.g., 
Tris, phosphate or citrate buffer), as appropriate. 
0.148 Preferably, the preparation of a sample containing 
purified target materials further comprises immobilization of 
the target materials on a Solid or Semi-Solid Support. Purified 
nucleic acids are generally spotted onto filter membranes 
Such as nitrocellulose filters or nylon membranes in the 
presence of appropriate Salts (Such as Sodium chloride or 
ammonium acetate) for DNA spot blots. Alternatively, the 



US 2005/0069962 A1 

purified nucleic acids are transferred to nitrocellulose filters 
by capillary blotting or electroblotting under appropriate 
buffer conditions (for Northern or Southern blots). To per 
manently bind nucleic acids to the filter membranes, Stan 
dard cross-linking techniques are used (for example, nitro 
cellulose filters are baked at 80° C. in vacuum; nylon 
membranes are subjected to illumination with 360 nm light). 
The filter membranes are then incubated with Solutions 
designed to prevent nonspecific binding of the nucleic acid 
probe (Such as BSA, casein hydrolysate, single-stranded 
nucleic acids from a species not related to the probe, etc.) 
and hybridized to probes in a similar solution. Purified 
proteins are generally spotted onto nitrocellulose or nylon 
filter membranes after heat and/or detergent denaturation. 
Alternatively, the purified proteins are transferred to filter 
membranes by capillary blotting or electroblotting under 
appropriate buffer conditions (for Western blots). Nonspe 
cifically bound probe is washed from the filters with a 
Solution Such as Saline-citrate or phosphate buffer. Filters are 
again blocked, to prevent nonspecific adherence of immuno 
labeled complexes. Finally, Samples are mixed with 
immuno-labeled complexes. Nonspecifically bound 
immuno-labeled complexes are typically removed by wash 
Ing. 

0149 When the sample contains cellular nucleic acids 
(Such as chromosomal or plasmid-borne genes within cells, 
RNA or DNA viruses or mycoplasma infecting cells, or 
intracellular RNA) or proteins, preparation of the sample 
involves lysing or permeabilizing the cell, in addition to the 
denaturation and neutralization already described. Cells are 
lysed by exposure to agents such as detergent (for example 
Sodium dodecyl Sulfate, Tween, Sarkosyl, or Triton), 
lysozyme, base (for example Sodium, lithium, or potassium 
hydroxide), chloroform, or heat. Cells are permeabilized by 
conventional methods, such as by formaldehyde in buffer. 
0150. As with samples containing purified target materi 
als, preparation of the Sample containing cellular target 
materials typically further comprises immobilization of the 
target materials on a Surface Such as a Solid or Semi-Solid 
matrix. The targets may be arrayed on the Support in a 
regular pattern or randomly. These Supports include Such 
materials as Slides, polymeric beads including latex, optical 
fibers, and membranes. The beads are preferably fluorescent 
or nonfluorescent polystyrene, the Slides and optical fibers 
are preferably glass or plastic, and the membrane is prefer 
ably poly(vinylidene difluoride) or nitrocellulose. Thus, for 
example, when the Sample contains lysed cells, cells in 
Suspension are spotted onto or filtered through nitrocellulose 
or nylon membranes, or colonies of cells are grown directly 
on membranes that are in contact with appropriate growth 
media, and the cellular components, Such as proteins and 
nucleic acids, are permanently bound to filters as described 
above. Permeabilized cells are typically fixed on microscope 
Slides with known techniques used for in Situ hybridization 
and hybridization to chromosome "Squashes' and "spreads, 
(e.g., with a reagent Such as formaldehyde in a buffered 
Solution). Alternatively, the samples used may be in a gel or 
Solution. 

0151. In a particular aspect of the invention, the sample 
comprises of cells in a fluid, Such as ascites, hybridoma 
Supernatant, or Serum, wherein the presence or absence of 
the target in Such cells is detected by using an automated 
instrument that Sorts cells according to the detectable fluo 
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rescence response of the detectable moieties in the immu 
nolabeling complexes bound to Such cells, Such as by 
fluorescence activated cell sorting (FACS). For methods 
using flow cytometry a cell population typically comprises 
individually isolated cells that have been isolated from other 
proteins and connective tissue by means well known in the 
art. For example, lymphocyte cells are isolated from blood 
using centrifugation and a density gradient. The cells are 
washed and pelleted and the labeling Solution added to the 
pelleted cells. 

0152 2. Illumination 
0153. At any time after addition of the immuno-labeled 
complex to the Sample, the Sample is illuminated with a 
wavelength of light Selected to give a detectable optical 
response, and observed with a means for detecting the 
optical response. Equipment that is useful for illuminating 
the fluorescent compounds of the present invention includes, 
but is not limited to, hand-held ultraViolet lamps, mercury 
arc lamps, Xenon lamps, lasers and laser diodes. These 
illumination Sources are optically integrated into laser Scan 
ners, fluorescent microplate readers or Standard or microf 
luorometers. The degree and/or location of Signal, compared 
with a Standard or expected response, indicates whether and 
to what degree the Sample possesses a given characteristic, 
i.e. desired target. 
0154) The optical response is optionally detected by 
Visual inspection, or by use of any of the following devices: 
CCD camera, Video camera, photographic film, laser-Scan 
ning devices, fluorometers, photodiodes, quantum counters, 
epifluorescence microScopes, Scanning microScopes, flow 
cytometers, fluorescence microplate readers, or by means for 
amplifying the Signal Such as photomultiplier tubes. Where 
the sample is examined using a flow cytometer, examination 
of the Sample optionally includes Sorting portions of the 
Sample according to their fluorescence response. 

0155. When an indirectly detectable label is used then the 
Step of illuminating typically includes the addition of a 
reagent that facilitates a detectable signal Such as colorimet 
ric enzyme Substrate. Radioisotopes are also considered 
indirectly detectable wherein an additional reagent is not 
required but instead the radioisotope must be exposed to 
X-ray film or Some other mechanism for recording and 
measuring the radioisotope Signal. This can also be true for 
Some chemiluminescent Signals that are best observed after 
expose to film. 

0156 III. Kits of the Invention 
O157 Suitable kits for preparing an immuno-labeled 
complex and for detection of a target in a Sample also form 
part of the invention. Such kits can be prepared from readily 
available materials and reagents and can come in a variety 
of embodiments. The contents of the kit will depend on the 
design of the assay protocol or reagent for detection or 
measurement. Generally, the kits will contain instructions, 
appropriate reagents and labels, and Solid Supports, as 
needed. Typically, instructions include a tangible expression 
describing the reagent concentration or at least one assay 
method parameter Such as the relative amounts of reagent 
and Sample to be admixed, maintenance time periods for 
reagent/sample admixtures, temperature, buffer conditions 
and the like to allow the user to carry out any one of the 
methods or preparations described above. 
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0158. A preferred kit of the present invention comprises: 
a) a labeling Solution comprising a labeling reagent that is 
independently attached to one or more labels and b) a 
Solution comprising a capture reagent. A preferred emodi 
ment of this kit provides a labeling reagent that is anti-Fc 
Fab fragment, protein G or protein G complexed with 
albumin. In a more particular embodiment of this kit, the 
capture component is purified mouse IgG or non-immune 
mouse Serum and the albumin is human albumin, bovine 
Serum albumin, or ovalbumin. In a more preferred embodi 
ment the albumin is ovalbumin. The labeling solution is 
either a homogenous mixture of labeling reagents or com 
prises a pooled Subset of labeling reagents. Alternatively the 
kit comprises a panel of labeling reagent Subsets that can be 
used to make a Subset of immuno-labeled complexes. 
0159. Additionally the kits may comprise one or more 
additional components that include (a) stains for character 
ization of cellular organelles, cell viability, or cell prolifera 
tion State, (b) enzyme Substrates or (c) enzyme conjugates 
Such as avidin-HRP 

0160 A wide variety of kits and components can be 
prepared according to the present invention, depending upon 
the intended user of the kit and the particular needs of the 
user. It is understood by one skilled in the art, that any of the 
labeling reagents contemplated by the present invention can 
be used to in a labeling solution to be included in a kit. The 
labeling reagents are not intended to be limited to only the 
described preferred embodiments. 
0.161 IV. Applications 
0162 The instant invention has useful applications in 
basic research, high-throughput Screening, immunohis 
tochemistry, fluorescence in situ hybridization (FISH), 
microarray technology, flow cytometry, diagnostics, and 
medical therapeutics. The invention can be used in a variety 
of assay formats for diagnostic applications in the disci 
plines of microbiology, immunology, hematology and blood 
transfusion, tissue pathology, forensic pathology, and vet 
erinary pathology. The invention is particularly useful in the 
characterization and Selection of optimized antibodies from 
hybridoma Supernatants. Additionally, the invention can be 
used to deliver therapeutics to a specific target. In general, 
the current invention provides a versatile and convenient 
method to enhance any assay that uses an antibody as part 
of its detection methodology. 

0163 The instant invention can be used to study biologi 
cal phenomena, Such as, for example, cell proliferation, 
Signal transduction in cells, or apoptosis. For illustration 
purposes only and not limitation, one could study thymidine 
analog 5-bromo-2'-deoxyuridine (BrdU) incorporation. 
BrdU is a marker for both cell proliferation and apoptosis, 
as it is readily incorporated into newly synthesized DNA that 
has progressed through the S-phase of the cell cycle and also 
into DNA break sites by deoxynucleotidyltransferase (TdT). 
Anti-BrdU antibodies are used to detect cells marked by 
BrdU incorporation. By being able to directly label the 
anti-BrdU antibodies, the current invention provides a con 
venient method to allow for detection of the incorporated 
BrdU by conventional immunohistochemistry or fluores 
cence, depending on detection method required. 
0164. Additionally, the current invention has the advan 
tage of allowing Staining for multiple targets in one cocktail, 
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thereby reducing the need for more Samples or processing 
Steps per experiment. This is particularly important when 
analyzing precious Samples (e.g., pediatric Samples, leuko 
cytes isolated from biopsies, rare antigen-Specific lympho 
cytes and mouse tissues that yield a Small number of cells). 
Although it is currently possible to Simultaneously measure 
up to 11 distinct fluorescent colors through a convoluted 
Series of novel developments in flow cytometry hardware, 
Software, and dye chemistry, the use of these advances has 
been severely limited by the lack of commercial availability 
of Spectrally distinct directly labeled primary and Secondary 
antibodies. Although labeled Secondary antibodies directed 
at individual isotype-specific targeting antibodies (e.g., anti 
lgG, isotype antibodies) exist, it is not possible to use this 
type of labeled antibody to detect more than one of the same 
isotype of an antibody (e.g., an IgG isotype antibody) in a 
Single Sample due to croSS-reactivity. The current invention 
overcomes these limitations by providing for a convenient 
and extremely versatile method of rapidly labeling either 
Small or large quantities of any primary antibody including 
primary antibodies of the same isotype to be used in, for 
example, multicolor flow cytometry and on Western blots. 
This advance in multicolor Systems has a number of advan 
tages over current two- and three-color flow cytometric 
measurements. For example, no combination of one-color 
Stains can accurately enumerate or be used to isolate CD3 
CD4" CD8 T cells (excluding, for example CD3" CD4" 
CD8" T cells and small CD4" monocytes). The use of cell 
membrane markers to study leukocyte composition in blood 
and tissue Serves as an example of an analytical monoclonal 
antibody application, particularly in combination with flow 
cytometry. It is also the example most relevant to Studies of 
the immune System, because the cellular composition of 
blood and lymphoid tissue provides a window, allowing 
the analysis and monitoring of the immune System. 

0.165. The methods of the invention can also be used in 
immunofluorescence histochemistry. This technique 
involves the use of antibodies labeled with fluorophores to 
detect Substances within a specimen. The pathologist derives 
a great deal of information of diagnostic value by examining 
thin Sections of tissue in the microScope. Tissue pathology is 
particularly relevant to, for example, the early diagnosis of 
cancer or premalignant States, and to the assessment of 
immunologically mediated disorders, including inflamma 
tion and transplant rejection. The problems associated with 
immunofluorescence histochemistry, however, Stem from 
the limitations of the methods currently available for use in 
Such application. For example, directly labeling an antibody 
can result in antibody inactivation and requires a relatively 
large of amount of antibody and time to do the conjugation. 
It is also expensive and impractical to prepare directly 
labeled antibodies having variable degrees of label substi 
tution. Similarly, indirect labeling of an antibody has prob 
lems, Such as lack of Secondary antibody Specificity, and 
reliance upon primary antibody differences, including anti 
body isotypes and available fluorophores, to do multicolor 
labeling. Secondary antibody labeling is not practical where 
the primary antibody is from the same Species or of the same 
isotypes. Combinations of fluorophores or other detectable 
labels on the same target-binding antibody, which can be 
readily prepared in multiple mixtures by the methods on this 
invention, greatly increase the number of distinguishable 
Signals in multicolor protocols. Lack of Secondary antibody 
Specificity arises when the Specimen containing the targeted 
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moiety and target-binding antibody are from homologous 
species. For example, BrdU-labeled DNA in rodent tissue is 
detected by immunohistochemical Staining. The target-bind 
ing antibody is conventionally mouse anti-BrdU, and the 
detecting antibody System uses an anti-mouse immunoglo 
bulin antibody, labeled with fluorescein. Because there is 
homology between mouse immunoglobulin and immuno 
globulins from a number of rodent species (for example, 
rats, mice, hamsters, etc.), the detecting antibody not only 
binds to the target-binding antibody, but also nonspecifically 
binds to immunoglobulin in the tissue. The current invention 
eliminates this problem by pre-forming the immunolabeling 
complex and allows for a simple, rapid and convenient 
method to proceed with labeling with two, three or more 
fluorescent antibodies in one experiment. Very significantly, 
it can always be used with primary antibodies of either the 
Same or different isotype, and always on tissue of the same 
or Similar species as the primary antibody. 
0166 The instant invention also has application in the 
field of microarrayS. Microarray technology is a powerful 
platform for biological exploration (Schena (Ed.), Microar 
ray Biochip Technology, (2000)). Many current applications 
of arrays, also known as “biochips, can be used in func 
tional genomics as Scientists Seek characteristic patterns of 
gene expression in different physiopathological States or 
tissues. A common method used in gene and protein 
microarray technology involves the use of biotin, digoxige 
nin (DIG), or dinitrophenyl (DNP) as an epitope or a “tag” 
Such as an oligohistidine, glutathione transferase, hemag 
glutinin (HA), or c-myc. In this case a detectably labeled 
anti-biotin, anti-DIG, anti-DNP, anti-oligohistidine, anti 
glutathione transferase, anti-HA, or anti-c-myc is used as the 
detection reagent. The instant invention allows for the use of 
multiple fluorophore- or enzyme-labeled antibodies, thereby 
greatly expanding the detection modalities and also provid 
ing for enhanced multiplexing and two-dimensional analysis 
capabilities. 

0167 Similarly, the invention can be used with protein 
microarrays and on Western blots. Protein microarrays can 
provide a practical means to characterize patterns of varia 
tion in hundreds of thousands of different proteins in clinical 
or research applications. Antibody arrays have been Suc 
cessfully employed that used a set of 115 antibody/antigen 
pairs for detection and quantitation of multiple proteins in 
complex mixtures (Haab et al., Genome Biology, 2, 4.1 
(2001)). However, protein microarrays use very low sample 
Volumes, which historically have significantly limited the 
use of antibody technology for this application. The inven 
tion of the application readily overcomes this limitation and 
provides a means to label antibodies with the fluorescent 
dyes using a very low Sample Volume and to automate 
formation of the Staining complex and the Staining process. 
0168 The present invention also provides a means for the 
Specific detection, monitoring, and/or treatment of disease 
and contemplates the use of immunolabeling complexes to 
detect the presence of particular targets in Vitro. In Such 
immunoassays, the Sample may be utilized in liquid phase, 
in a gel, or bound to a Solid-phase carrier, Such as an array 
of fluorophore-labeled microspheres (e.g., U.S. Pat. No. 
5,981,180 and 5,736,330). For example, a sample can be 
attached to a polymer, Such as aminodextran, in order to link 
the Sample to an insoluble Support Such as a polymer-coated 
bead, plate, or tube. For instance, but not as a limitation, 
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using the methods of the present invention in an in Vitro 
assay, antibodies that Specifically recognize an antigen of a 
particular disease are used to determine the presence and 
amounts of this antigen. 
0169. Likewise, the immunolabeling complexes of the 
present invention can be used to detect the presence of a 
particular target in tissue Sections prepared from a histologi 
cal specimen. Preferably, the tissue to be assayed will be 
obtained by Surgical procedures, e.g., biopsy. The excised 
tissue will be assayed by procedures generally known in the 
art, e.g. immunohistochemistry, for the presence of a desired 
target that is recognized by an immunolabeling complex, as 
described above. The tissue may be fixed or frozen to permit 
histological Sectioning. The immunolabeling complex may 
be labeled, for example with a dye or fluorescent label, 
chemical, heavy metal or radioactive marker to permit the 
detection and localization of the target-binding antibody in 
the assayed tissue. In Situ detection can be accomplished by 
applying a detectable immunolabeling complex to the tissue 
Sections. In Situ detection can be used to determine the 
presence of a particular target and to determine the distri 
bution of the target in the examined tissue. General tech 
niques of in Situ detection are well known to those of 
ordinary skill. See, for example, Ponder, “Cell Marking 
Techniques and Their Application,” in MAMMALIAN 
DEVELOPMENT: A PRACTICAL APPROACH, Monk 
(ed.), 115 (1987). 
0170 For diagnosing and classifying disease types, tis 
Sues are probed with an immuno-labeled complex, as 
defined above, that comprises a target-binding antibody to a 
target antigen associated with the disease, e.g., by immuno 
histochemical methods. Where the disease antigen is present 
in body fluids, Such immuno-labeled complexes comprising 
a target-binding antibody to the disease antigen are prefer 
ably used in immunoassays to detect a Secreted disease 
antigen target. 

0171 Detection can be by a variety of methods including, 
for example, but not limited to, flow cytometry and diag 
nostic imaging. When using flow cytometry for the detection 
method, the use of microSpheres, beads, or other particles as 
Solid Supports for antigen-antibody reactions in order to 
detect antigens or antibodies in Serum and other body fluids 
is particularly attractive. Flow cytometers have the capacity 
to detect particle size and light Scattering differences and are 
highly Sensitive fluorescence detectors. Microfluidic devices 
provide a means to perform flow-based analyses on very 
Small Samples. 

0172 Alternatively, one can use diagnostic imaging. The 
method of diagnostic imaging with radiolabeled antibodies 
is well known. See, for example, Srivastava (ed.), RADIO 
LABELED MONOCLONAL ANTIBODIES FOR IMAG 

ING AND THERAPY, Plenum Press (1988); Chase, “Medi 
cal Applications of Radioisotopes,” in REMINGTON'S 
PHARMACEUTICAL SCIENCES, 18 Edition, Gennaro 
et al. (eds.) Mack Publishing Co., 624 (1990); and Brown, 
“Clinical Use of Monoclonal Antibodies,” in BIOTECH 
NOLOGY AND PHARMACY, Pezzuto et al. (eds.), Chap 
man & Hall, 227 (1993). This technique, also known as 
immunoscintigraphy, uses a gamma camera to detect the 
location of gamma-emitting radioisotopes conjugated to 
antibodies. Diagnostic imaging is used, in particular, to 
diagnose cardiovascular disease and infectious disease. 
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0173 Thus, the present invention contemplates the use of 
immuno-labeled complexes to diagnose cardiovascular dis 
ease. For example, immuno-labeled complexes comprising 
anti-myosin antibodies can be used for imaging myocardial 
necrosis associated with acute myocardial infarction. 
Immuno-labeled complexes comprising antibodies that bind 
platelets and fibrin can be used for imaging deep-vein 
thrombosis. Moreover, immuno-labeled complexes com 
prising antibodies that bind to activated platelets can be used 
for imaging atherosclerotic plaque. 
0.174 Immuno-labeled complexes of the present inven 
tion also can be used in the diagnosis of infectious diseases. 
For example, immuno-labeled complexes comprising anti 
bodies that bind Specific bacterial antigens can be used to 
localize abscesses. In addition, immuno-labeled complexes 
comprising antibodies that bind granulocytes and inflamma 
tory leukocytes can be used to localize Sites of bacterial 
infection. Similarly, the immuno-labeled complexes of the 
present invention can be used to detect signal transduction in 
cells, the products of Signal transduction, and defects, inhibi 
tors, and activators of Signal transduction. 
0175 Numerous studies have evaluated the use of anti 
bodies for Scintigraphic detection of cancer. Investigations 
have covered the major types of Solid tumors Such as 
melanoma, colorectal carcinoma, ovarian carcinoma, breast 
carcinoma, Sarcoma, and lung carcinoma. Thus, the present 
invention contemplates the detection of cancer using 
immuno-labeled complexes comprising antibodies that bind 
tumor markers (targets) to detect cancer. Examples of Such 
tumor markers include carcinoembryonic antigen, a-fetopro 
tein, oncogene products, tumor-associated cell Surface anti 
gens, and necrosis-associated intracellular antigens. In addi 
tion to diagnosis, antibody imaging can be used to monitor 
therapeutic responses, detect recurrences of a disease, and 
guide Subsequent clinical decisions and Surgical procedures. 
In Vivo diagnostic imaging using fluorescent complexes that 
absorb and emit light in the near infrared (such as those of 
the Alexa Fluor 700 and Alexa Fluor 750 dyes) is also 
known. 

EXAMPLES 

0176) The following examples describe specific aspects 
of the invention to illustrate the invention and to provide a 
description of the methods for those of skill in the art. The 
examples should not be construed as limiting the invention, 
as the examples merely provide Specific methodology useful 
in understanding and practicing the invention. 

Example 1 

Preparation of Fc Antigen 

0177) Purified mouse and rabbit IgG was fragmented 
with the proteolytic enzyme papain (CURRENT PROTO 
COLS IN CELL BIOLOGY, 16.4.1-16.4.10 (2000)). A 12 
mL Solution of mouse IgG was prepared at ~2 mg/mL in 
phosphate-buffered saline (PBS). A solution containing 0.1 
mg of papain in digestion buffer (PBS, 0.02 M EDTA, 0.02 
M cysteine) was added to the antibody and allowed to react 
at 37 C. for 16 hours. The digestion was terminated by the 
addition 20 u, of 0.3 M iodoacetamide in PBS. The frag 
ments were dialyzed against 2 L of PBS for 16 hours at 4 
C. The Fc fragment was purified on a protein G-Sepharose 
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CL-4B column. The bound fraction containing the Fc frag 
ment was eluted from the column using 50-100 mM glycine/ 
HCl buffer, pH 2.5-2.8. The eluate was collected in 1 mL 
fractions. The pH of the protein fractions was immediately 
raised to neutral by addition of 100 till of either 500 mM 
phosphate or Tris buffer, pH 7.6, to each 1 mL fraction. The 
solution was then loaded onto a Sephacryl S-200 Superfine 
size-exclusion column and fractions corresponding to a 
molecular weight of -50 kDa were collected and analyzed by 
SDS-PAGE and HPLC. 

Example 2 

Production of Anti-Fc Antibodies 

0.178 Polyclonal antibodies specific for the Fc region of 
an antibody were raised in goats against the purified FC 
region of an antibody from a different species (Example 1). 
Methods of immunizing animals are well known in the art, 
and Suitable immunization protocols and immunogen con 
centrations can be readily determined by those skilled in the 
art (Current Protocols in Immunology 2.4.1-9 (1995); ILAR 
Journal 37, 93 (1995)). Briefly, individual goats were immu 
nized with purified mouse Fc or purified rabbit Fc fragments. 
The initial immunization in 50% Freund's complete adju 
vant (1000 ug conjugate (half Subcutaneous, half intramus 
cularly)) was followed by 500 pg conjugate per goat in 
Freund's incomplete adjuvant two and four weeks later and 
at monthly intervals thereafter. Antibodies were purified 
from Serum using protein A-Sepharose chromatography. 
Antibodies against mouse Fc isotypes can be prepared by 
Starting with isotype-Selected mouse Fc antigens. Rabbits 
have a single Fc isotype. Characterization of the Selectivity 
and croSS-reactivity of isotype-specific antibodies is by 
Standard techniques, including HPLC. 

Example 3 

Preparation of Fab Fragments 

0179 Fragmentation of the goat anti-(mouse Fc) anti 
body to the monovalent Fab fragment was carried out using 
the proteolytic enzyme, papain, as described in Example 1. 
Following dialysis against PBS, the Fab fragment was 
purified on a protein A-Sepharose CL-4B column. The 
unbound fraction containing the Fab fragment and the 
papain was collected. This Solution was then loaded onto a 
Sephacryl S-200 Superfine size-exclusion column and frac 
tions corresponding to a molecular weight of ~50kDa were 
collected and analyzed by SDS-PAGE. The Fab fragments 
of goat anti-(rabbit Fc) can be prepared similarly. 

Example 4 

Preparation of the Labeled Antibody 
Immunoglobulin-Binding Protein or the 

Non-Antibody Immunoglobulin-Binding Peptide 
and Protein Conjugates in Homogeneous Solution 

0180 Conjugates of antibody immunoglobulin-binding 
protein or the non-antibody immunoglobulin-binding pep 
tides or proteins with low molecular weight dyes and 
haptens Such as biotin or digoxigenin are typically prepared 
from Succinimidyl esters of the dye or hapten, although 
reactive dyes and haptens having other protein-reactive 
functional groups are also Suitable. The typical method for 
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protein conjugation with Succinimidyl esterS is as follows. 
Variations in molar ratioS of dye-to-protein, protein concen 
tration, time, temperature, buffer composition and other 
variables that are well known in the art are possible that still 
yield useful conjugates. 
0181 A protein solution of the Fab fragment of goat 
anti-(rabbit Fc), goat anti-(mouse Fc), protein A, protein G, 
or protein L or an immunoglobulin-binding peptide (e.g., a 
peptide identified by Screening a library of peptides) is 
prepared at ~10 mg/mL in 0.1 M sodium bicarbonate (pH 
~8.3). The labeling reagents are dissolved in a Suitable 
solvent such as DMF at ~10 mg/mL. Predetermined amounts 
of the labeling reagents are added to the protein Solution 
with stirring. A molar ratio of 10 moles of dye to 1 mole of 
protein is typical, though the optimal amount can be varied 
with the particular labeling reagent, the protein being 
labeled and the protein's concentration. The optimal ratio 
was determined empirically. When optimizing the fluores 
cence yield and determining the effect of degree of Substi 
tution (DOS) on the conjugate's brightness, it is typical to 
vary the ratio of reactive dye to protein over a Several-fold 
range. The reaction mixture is incubated at room tempera 
ture for a period that is typically one hour or on ice for 
Several hours. The dye-protein conjugate is typically Sepa 
rated from unreacted reagents by size-exclusion chromatog 
raphy, such as on BIO-RAD P-30 resin equilibrated with 
PBS. The initial, protein-containing band is collected and 
the DOS is determined from the absorbance at the absor 
bance maximum of each fluorophore, using the extinction 
coefficient of the free fluorophore. The DOS of nonchro 
mophoric labels, Such as biotin, is determined as described 
in Haugland (Haugland et al., Meth. Mol. Biol. 45, 205 
(1995); Haugland, Meth. Mol. Biol. 45, 223 (1995); 
Haugland, Meth. Mol. Biol. 45, 235 (1995); Haugland, 
Current Protocols in Cell Biol. 16.5.1-16.5.22 (2000)). 
Using the above procedures, conjugates of goat anti-(mouse 
Fc) and goat anti-(rabbit Fc) were prepared with several 
different Alexa Fluor dyes, with Oregon Green dyes, with 
biotin-X succinimidyl ester, with desthiobiotin-X succinim 
idyl ester, with Succinimidyl 3-(2-pyridyldithio)propionate 
(SPDP) and with Succinimidyl trans-4-(maleimidylmethyl 
)cyclohexane-1-carboxylate (SMCC). 
0182 Some dye conjugates of protein A and protein G, 
including those of Some Alexa Fluor dyes, are commercially 
available, such as from Molecular Probes. Inc. (Eugene, 
Oreg.). The interspecies specificity and approximate affinity 
of Some other non-antibody immunoglobulin-binding pro 
teins bind to Segments of a target antibody, Such as that of 
protein A and protein G are known (Langone, Adv. Immu 
nol. 32,157 (1982); Surolia et al., Trends Biochem. Sci. 7, 74 
(1982); Notani et al., J. Histochem. Cytochem. 27, 1438 
(1979); Goding, J. Immunol. Meth. 20, 241 (1978); J. 
Immunol. Meth. 127, 215 (1990); Borck et al., J. Immunol. 
133,969 (1984)). 
0183 In addition, labeling proteins (goat Fab anti-(mouse 
Fc), goat Fab anti-(mouse lambda light chain), goat Fab 
anti-(mouse kappa light chain), protein A, protein G, protein 
L, lectins, Single-chain fragment variable antibodies (ScFv) 
) conjugated to the detectable labels of R-phycoerythrin 
(R-PE), allophycocyanin (APC), tandem conjugates of phy 
cobiliproteins with chemical dyes including Several Alexa 
Fluor dyes, horseradish peroxidase (HRP), Coprinus 
cinereuS peroxidase, Arthromyces ramOSuS peroxidase, glu 
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cose oxidase and alkaline phosphatase (AP) were or can be 
prepared by Standard means (Haugland et al., Meth. Mol. 
Biol. 45, 205 (1995); Haugland, Meth. Mol. Biol. 45, 223 
(1995); Haugland, Meth. Mol. Biol. 45, 235 (1995); 
Haugland, Current Protocols in Cell Biol 16.5.1-16.5.22 
(2000)). Fusion proteins, such as of protein G or protein A 
with detectable labels Such as luciferin, aequorin, green 
fluorescent protein and alkaline phosphatase are also known 
that are Suitable for practice of the invention (Sun et al., J. 
Immunol. Meth. 152, 43 (1992); Eliasson et al., J. Biol. 
Chem. 263, 4323 (1988); Eliasson et al., J. Immunol. 142, 
575 (1989)). 
0.184 Immunoglobulin heavy and light chains, like most 
Secreted and membrane bound proteins, are Synthesized on 
membrane-bound ribosomes in the rough endoplasmic 
endoplasmic reticulum where N-linked glycosylation 
occurs. The Specificity of lectins for carbohydrates, includ 
ing N-linked glycoproteins, is also known (EY laboratories, 
Inc. Lectin Conjugates Catalog, 1998). 

Example 5 

Preparation of the Labeled Antibody 
Immunoglobulin-Binding Protein or the 

Non-Antibody Immunoglobulin-Binding Peptide 
and Protein Conjugates While Bound to an Affinity 

Matrix 

0185. Unlabeled Fab fragment for goat anti-(mouse Fc) 
(prepared as in Example 3) was bound to agarose-immobi 
lized mouse IgG for one hour. Following a wash Step with 
bicarbonate buffer, pH 8.3, the complex of immobilized IgG 
and unlabeled Fab was labeled for one hour at room tem 
perature with the Succinimidyl ester of the amine-reactive 
label. Unconjugated dye was eluted with bicarbonate buffer, 
and then the covalently labeled Fab fragment was eluted 
with 50-100 mM glycine/HCl buffer, pH 2.5-2.8. The eluate 
was collected in 1 mL fractions. The pH of the protein 
fractions was immediately raised to neutral by addition of 
100 uL of either 500 mM phosphate or Tris buffer, pH 7.6, 
to each 1 mL fraction. Variations of the reagent concentra 
tions, labeling times, buffer composition, elution methods 
and other variables are possible that can yield equivalent 
results. Conjugates of the Fab fragment of goat anti-(rabbit 
Fc) and of protein G and protein A are prepared similarly. 

Example 6 

Comparison of the Alexa Fluor 488. Dye-Labeled 
Fab Fragments of Goat Anti-(Mouse Fc) Prepared 

as in Example 4 and as in Example 5 

0186 Conjugates of the Fab fragment of goat anti 
(mouse Fc) with the Alexa Fluor 488 succinimidyl ester 
were Separately prepared, as described in Examples 4 and 5. 
The conjugates had estimated degrees of Substitution of ~1.9 
(labeled as in Example 4) and -3.0 (labeled as in Example 
5), respectively, and virtually identical absorption and emis 
Sion spectral maxima. When excited at 488 nm, conjugates 
prepared using the fragment prepared as described in 
Example 5 were about 3.2-times more fluorescent than using 
the fragments that were prepared in Example 4 (FIG. 8) as 
detected by flow cytometry when bound to CD3 on Jurkat T 
cells. Similar results were observed with other dyes. 
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Example 7 

Preparation of a Labeling Protein from Protein G 
and Albumins 

0187 Native protein G has a high affinity binding (nano 
molar) site for albumins, in particular ovalbumin. Equal 
weights of protein G and Texas Red ovalbumin (Molecular 
Probes. Inc.) were dissolved in PBS, pH 7.5. After one hour, 
the resulting complex was separated on a Sephacryl S-200 
Superfine size-exclusion column and analyzed by SDS 
PAGE and HPLC. Alternatively, the protein G is combined 
with a labeled albumin while the protein G is immobilized 
on any of the Several immunoglobulins to which it binds, 
and the exceSS labeled albumin is washed away preceding 
elution of the albumin-labeled protein G complex from the 
matrix. 

Example 8 

Preparation of an Immunolabeling Complex on a 
Very Small Scale 

0188 Submicrogram quantities of a target-binding anti 
body were complexed with Submicrograms of a labeling 
protein in varying molar ratioS of between about 1:1 and 
1:20 to prepare an immunolabeling complex that was Suit 
able for Staining a Sample. For instance, 0.1 ug of mouse 
monoclonal anti-tubulin in 1 till PBS with 0.1% BSA was 
complexed with 0.5 lug of the Alexa Fluor 488 dye-labeled 
Fab fragment of goat anti-(mouse Fc) (prepared as in 
Example 4) or with 0.1 ug of the Alexa Fluor 488 dye 
labeled Fab fragment of goat anti-(mouse Fc) (prepared as in 
Example 5) in 5 uL of PBS for 10 minutes at room 
temperature. The immunolabeling complex can be used 
immediately for Staining tubulin in fixed-cell preparations 
(Example 16) or any excess unbound Alexa Fluor 488 
dye-labeled Fab fragment of goat anti-(mouse Fc) in the 
immunolabeling complex can be captured with non-immune 
mouse IgG (Example 9) for combination with other antibody 
conjugates, including those of targeting antibodies that have 
been directly conjugated to other labels. Rabbit antibodies 
were labeled Similarly using labeled goat anti-(rabbit Fc). 
Labeling of targeting antibodies with a labeled protein A, 
protein L, protein G, protein G complexed with a labeled 
albumin, or other immunoglobulin-binding peptides or pro 
teins proceeds similarly. In the case of a mouse (or rat) 
monoclonal antibody, it is preferred to use a labeled protein 
that is Selective for the Specific isotype of the primary 
antibody (e.g. anti-(mouse IgG.) for a mouse IgG isotype 
primary antibody). Although Some cross-reactivity for other 
mouse (or rat) isotypes was observed using a goat antibody 
that was Selective for mouse IgG, isotype monoclonal anti 
bodies, routine and optimal use for labeling unmatched 
mouse isotypes required greater amounts of immunolabeling 
complexes and was Somewhat leSS reliable. 

Example 9 

Capturing ExceSS Immunoglobulin-Binding Protein 
by a Capturing Component 

0189 Immunolabeling complexes were prepared as 
described in Example 8. To the immunolabeling complex 
was added to each tube 25 till of a 14.1 mg/mL Stock 
Solution of unlabeled mouse IgG to capture exceSS immu 
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nolabeling complexes. As shown in FIG. 1, not all of the 
immunoglobulin-binding protein was necessarily com 
plexed with the target-binding antibody to form an immu 
nolabeling complex. Consequently, particularly for applica 
tions in which labeling complexes of multiple primary 
antibodies from the same species (e.g. mouse monoclonal 
antibodies) or crossreacting species (e.g. mouse and human 
antibodies, FIG. 2, Table 1) were to be used simultaneously 
or Sequentially, it is necessary to quench or otherwise 
remove any exceSS immunoglobulin-binding protein by use 
of a capturing component or by other means to avoid 
inappropriate labeling of the Sample. The most effective 
capturing component to capture exceSS immunoglobulin 
binding protein is one that contains the binding site of the 
targeting agent. For instance, whole mouse IgG or mouse 
Serum was shown to be an effective and inexpensive reagent 
when the immunoglobulin-binding protein was bound to a 
Segment of a mouse monoclonal antibody. The mouse IgG 
was added in excess to the amount of immunoglobulin 
binding protein and incubated for a period of approximately 
1-5 minutes, or longer. 
0190. It is preferred to prepare the immunolabeling com 
pleX and then add the capturing component shortly before 
the experiment. The rapid quenching effect permits this to be 
done within minutes of performing labeling of the Sample by 
the immunolabeling complex. If desired, the exceSS captur 
ing component can be removed following labeling of the 
Sample by a simple wash Step. Alternatively, fixation of the 
Stained Sample by aldehyde-based fixatives or other reagents 
or methods Subsequent to incubation with the immunolabel 
ing complex can provide permanent immobilization of the 
immunolabeling complex on its target in the Sample. AS an 
alternative to adding a Soluble capturing component to the 
immunolabeling complex, the capturing component can be 
immobilized on an insoluble matrix Such as agarose and the 
immunolabeling complex contacted with that matrix. A 
preferred matrix when labeling mouse antibodies to mouse 
antigens is mouse IgG immobilized on agarose. ExceSS 
labeled anti-rabbit antibodies can be captured using rabbit 
IgG that is free in solution or immobilized. Alternatively, the 
immunolabeling complex can be separated from any cap 
turing component by chromatographic or electrophoretic 
CS. 

Example 10 
HPLC Analysis of a Labeling Complex 

0191 In order to analyze the success and extent of 
complex formation of the labeling protein with the target 
binding antibody, size exclusion HPLC of the samples was 
performed. For instance, a complex of Alexa Fluor 488 
dye-labeled goat Fab anti-(mouse Fc) with a monoclonal 
mouse anti-tubulin in molar ratioS of approximately 1:1, 3:1, 
5:1 and 10:1. These were separated by analytical HPLC 
using a BioSep S-3000 column and eluting with 0.1M NaP, 
0.1 M NaCl, pH 6.8, at a flow rate of 0.25 mLS/min. An 
example of the separation using the 5:1 molar ratio (FIG. 6) 
demonstrates that, using this molar ratio, formation of the 
labeled complex is essentially quantitative. 

Example 11 
Cross-Reactivity of Goat Fab Anti-(Mouse Fc) to 

Other Species of IgG 
0.192 Microplates were equilibrated overnight with IgG 
from a mouse or non-mouse Species, and then further 
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blocked with BSA. Variable amounts of the biotinylated Fab 
fragment of goat anti-(mouse Fc) were added to each well 
and allowed to bind. After washing, streptavidin-HRP and 
the Amplex Red peroxidase substrate were added. HRP 
activity was detected by the addition of H2O using the 
Amplex Red Peroxidase Assay Kit (Molecular Probes, Inc., 
Eugene, Oreg.). Reactions containing 200 um Amplex Red 
reagent, 1 U/mL HRP and 1 mM H.O. (3% solution) in 50 
mM sodium phosphate buffer, pH 7.4, were incubated for 30 
minutes at room temperature. Fluorescence was measured 
with a fluorescence microplate reader using excitation at 
560+10 nm and fluorescence detection at 590+10 nm. Back 
ground fluorescence, determined for a no-HO control 
reaction, was subtracted from each value (Table 1 and FIG. 
2). Table 1 shows that the goat anti-(mouse Fc) antibody 
because of the highly conserved Structure of the Fc region of 
an antibody it can be used to complex other non-mouse 
antibodies, including rat, and human antibodies. The goat 
anti-mouse IgG antibody reaction with mouse antibody was 
Set at 100% and the croSSreacting antibodies were expressed 
as a percentage compared the mouse on mouse data. The 
data in Table 1 show that the Fab fragment of the goat 
anti-(mouse Fc) antibody of the current invention does not 
Strongly bind to the goat or sheep Fc domain; however, one 
skilled in the art could generate antibodies that will react 
with the goat and sheep Fc domain or the Fc domain of any 
other species. Biotinylated Fab goat anti-(mouse Fc) was 
used in this example because it provided a convenient 
method to quantitate the amount of croSSreactivity in a 
conventional method but it could have been accomplished 
using a fluorophore Fab labeled goat anti-(mouse Fc). It was 
demonstrated by HPLC (as in Example 10) that Alexa Fluor 
488 dye-labeled goat anti-(rabbit Fc) bound to rabbit pri 
mary antibodies. 

TABLE 1. 

Cross-reactivity of goat anti-mouse IgG antibody with other 
non-mouse antibodies. 

Species Crossreactivity % Fluorescence 

Mouse -------- 1OO 
Rat ------ 80.7 
Human ---- 66.7 
Rabbit -- 16.9 
Goat 6.5 
Sheep 5.7 

Example 12 

Determination of the Optimal Molar Ratio of 
Immunoglobulin-Binding Protein to Target 

Antibody Using a Microplate ASSay 

0193 To 1.6 tug of mouse monoclonal anti-biotin (MW 
~145,000) in 8.0 uL PBS was added varying amounts of the 
Alexa Fluor 488 dye-labeled Fab fragment of goat anti 
(mouse Fc) (MW ~50,000) (prepared as in Example 4) to 
form an immunolabeling complex. After equilibration for 20 
min, a 100 ul aliquot was added to a 96-well microplate 
coated with biotinylated BSA. After 30 minutes, the plates 
were washed and the residual fluorescence was quantitated 
using a fluorescence microplate reader using excitation at 
485-10 nm and detecting emission at 530+12.5 nm. As 
shown in FIG. 3, a molar ratio of the Alexa Fluor 488 
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dye-labeled Fab fragment of goat anti-(mouse Fc) to the 
anti-biotin between 5 to 20 was sufficient to form apprecia 
bly detectable complexes (FIG. 3; fluorescence quantitated, 
performed in triplicate (circles); control experiments per 
formed but without adding the primary anti-biotin antibody 
(solid squares)). A molar ratio of about 5 to about 10 was 
preferred for this pair of immunoglobulin-binding protein 
and target antibody. This ratio can be varied Somewhat to 
increase or decrease the Signal or to affect the consumption 
of valuable reagents. The weight ratio of immunoglobulin 
binding protein to target-binding antibody is particularly 
affected by the actual molecular weight of the immunoglo 
bulin-binding protein. 
0194 For instance, equal weights of the dye-labeled goat 
Fab anti-(mouse Fc) (prepared as in Example 5) and an 
intact mouse primary antibody, which corresponds to an 
approximately 3 to 1 molar ratio, usually yields Suitable 
labeling complexes. Fluorescence intensity (or enzymatic 
activity) of the immunolabeling complex is readily adjusted 
by a corresponding adjustment of the amount of labeled Fab 
fragment used. 
0.195 Similar analyses of the ratio for other labeling 
proteins (including those of labeled protein A, protein G, 
protein L, IgG-binding peptides and antibodies to other 
Segments of the primary antibody), and for conjugates of 
labels other than Alexa Fluor 488 dye (including enzymes in 
combination with the appropriate enzyme Substrates) are 
done essentially as described in this example. 

Example 13 
Dissociation Rate of the Immunolabeling Complex 

0196. A pre-equilibrated immunolabeling complex was 
prepared from 50 tug of an Alexa Fluor 488 dye-labeled Fab 
fragment of goat anti-(mouse Fc) and 15 lug of an anti-biotin 
monoclonal antibody (mAb). The immunolabeling complex 
was rapidly diluted with capturing component Sufficient to 
give a 6.2 molar exceSS Over the anti-biotin mAb. At various 
times, an aliquot was taken and added to a microplate well 
containing an excess of biotinylated BSA. After 30 minutes, 
the plates were washed and the remaining fluorescence was 
quantitated. Displacement of the labeling protein from the 
target-binding antibody through exchange was measured by 
any time-dependent decrease in fluorescence in the micro 
plate well. For example the fragments prepared as described 
in Example 4 had 68 percent fragments bound to the 
target-binding antibody after 30 minutes compared to 87 
percent of bound fragments that were prepared according to 
Example 5. One hour showed a similar decrease, 56 percent 
and 68 percent respectively. The labeling protein was shown 
to undergo a stable interaction with the target-binding anti 
body, with a lifetime for half eXchange under these condi 
tions of 3.5 hours. Dissociation rates were measured for 
labeling protein prepared according to Example 4 and for 
labeling protein prepared according to Example 5, demon 
Strating the greater Stability of immunolabeling complexes 
made using the labeling proteins prepared according to 
Example 5. 

Example 14 
Protocol for Staining Cultured Cells with a Single 

Immunolabeling Complex 
0.197 Culturable cells, such as bovine pulmonary artery 
endothelial cells (BPAEC), were grown on a 22 X 22 mm 



US 2005/0069962 A1 

glass coverslip. The cells were fixed for 10 minutes using 
3.7% formaldehyde in DMEM with fetal calf serum (FCS) 
at 37° C. The fixed cells were washed 3 times with PBS. The 
cells were permeabilized for 10 min with 0.02% Triton 
X-100 in PBS, washed 3X with PBS and blocked for 30 min 
with 1% BSA in PBS. Variations of the cell type and cell 
preparation, fixation, and permeabilization methods, includ 
ing methods for antigen retrieval, are well known to Scien 
tists familiar with the art. An immunolabeling complex was 
prepared as described in Example 8. The immunolabeling 
complex was added directly to the fixed and permeabilized 
cells in an amount Sufficient to give a detectable Signal if 
there is a binding Site for the primary antibody present in the 
sample. After an incubation period that was typically 1060 
minutes (usually about 15-30 minutes), the cells were 
washed with fresh medium and the labeling was evaluated 
by methods suitable for detection of the label. Staining by 
the immunolabeling complex can be additionally preceded, 
followed by or combined with staining by additional 
reagents, such as DAPI, which yields blue-fluorescent 
nuclei. 

Example 15 
Protocol for Staining Cultured Cells with Multiple 

Immunolabeling Complexes 
0198 Cells were fixed and permeabilized as described in 
Example 14. Multiple immunolabeling complexes were 
individually prepared from a variety of labeling proteins, 
according to the procedure described in Example 8. The 
multiple immunolabeling complexes were either used indi 
vidually or Sequentially to Stain the cells, according to the 
procedure described in Example 14, or two or more immu 
nolabeling complexes were formed then co-mixed in a 
Single Staining Solution and used to Simultaneously stain the 
Sample. The optimal method for cell fixation and permeabi 
lization and the best ratio for combination of the immuno 
labeling complexes are typically determined by preliminary 
experimentation using Single immunolabeling complexes or 
multiple immunolabeling complexes used in combination. A 
first immunolabeling complex was prepared from an Alexa 
Fluor 488 dye-labeled Fab fragment of goat anti-(mouse Fc) 
and mouse monoclonal anti-C-tubulin, a Second immunola 
beling complex was prepared from an Alexa Fluor 568 
dye-labeled Fab fragment of goat anti-(mouse Fc) and 
mouse monoclonal anti-Vimentin (anti-Vimentin was an 
ascites fluid preparation) and a third immunolabeling com 
plex was prepared from an Alexa Fluor 647 dye-labeled Fab 
fragment of goat anti-(mouse Fc) and mouse monoclonal 
anti-cdc0 peptide antibody (Molecular Probes). Aliquots of 
the three different immunolabeling complexes were com 
bined and used to stain BPAE cells for 30 minutes, washed 
with fresh medium and observed by fluorescence micros 
copy using optical filters appropriate for the three dyes. In 
this example, Some cells showed cytoplasmic Staining by the 
anti-Vimentin antibody, nuclear Staining by the anti-cdco 
peptide antibody and Staining of mitotic Spindles by the 
anti-C-tubulin antibody, indicative of a cell in mitosis. 
Staining by the immunolabeling complexes was additionally 
preceded, followed by or combined with staining by addi 
tional reagents, such as Alexa Fluor 350 phalloidin, which 
yielded blue-fluorescent actin filaments in the above 
example. 
0199 The immunolabeling complexes that are used in 
combination do not have to be targeted toward antibodies 
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from the same Species. For instance, complexes of Alexa 
Fluor 488 dye-labeled goat anti-(mouse IgG, Fc) with a 
mouse IgG, monoclonal target-binding antibody and an 
Alexa Fluor 594 dye-labeled goat anti-(rabbit Fc) with a 
rabbit primary target-binding antibody can be prepared and 
used in combined Staining protocols. 

Example 16 

Protocol for Staining Tissue with a Single 
Immunolabeling Complex 

0200. A mouse intestine cryosection (University of 
Oregon histology core facility), a cross-section of about 16 
tim thickness, was mounted on a Slide. The intestine was 
perfused and fixed with 4% formaldehyde prior to dissec 
tion, embedding, and Sectioning. The tissue Section was 
rehydrated for 20 minutes in PBS. An immunolabeling 
complex was prepared as described in Example 8. Briefly, 
0.1 ug of mouse monoclonal anti-cdco peptide (a nuclear 
antigen) in 1 uL PBS with 0.1% BSA was complexed with 
0.5 lug of the Alexa Fluor 350 dye-labeled Fab fragment of 
goat anti-(mouse IgGFc) (prepared as in Example 4) in 5 
till of PBS for 10 minutes at room temperature. Excess Fab 
fragment of goat anti-(mouse IgG, Fc) was captured with 25 
till of a 14.1 mg/mL Stock of unlabeled mouse IgG. The 
tissue was permeabilized with 0.1% Triton X-100 for 10 
min. The tissue was washed two times with PBS and was 
blocked in 1 % BSA for 30 min. The immunolabeling 
complex was added directly to the tissue for 30 minutes and 
washed three times in PBS. The sample was mounted in 
Molecular Probes Prolong antifade mounting medium and 
observed by fluorescence microScopy using optical filters 
appropriate for the Alexa Fluor 350 dye. Results showed that 
the mouse monoclonal anti-cdco peptide immunolabeling 
complex showed specific nuclear labeling in the mouse 
intestine tissue Section. Variations of the tissue type and 
tissue preparation, fixation and permeabilization methods, 
mounting methods, including methods for antigen retrieval, 
are well known to Scientists familiar with the art. 

Example 17 

Staining of a Tissue Target in Combination with 
Tyramide Signal Amplification (TSA) 

0201 Mouse brain cryosections were labeled with a 
pre-formed complex of horseradish peroxidase (HRP)-la 
beled goat anti-(mouse IgG, Fc) antibody and a mouse IgG 
monoclonal anti-(glial fibrillary acidic protein (GFAP)) pre 
pared essentially as in Example 8 using a molar ratio of 
labeling protein to monoclonal antibody of 3. Staining of the 
mouse tissues was essentially as in Example 16. The Staining 
localization and intensity was compared to that of (a) goat 
anti-mouse IgG HRP conjugate and mouse anti-GFAP, (b) 
the Alexa Fluor 488 dye-labeled Fab fragment of goat 
anti-(mouse IgG, Fc) antibody complex of mouse anti 
GFAP, (c) Alexa Fluor 488 goat anti-mouse IgG secondary 
antibody and mouse anti-GFAP, and (d) a direct conjugate of 
the Alexa Fluor 488 dye with mouse anti-GFAP. The HRP 
conjugated probes were incubated with Alexa Fluor 488 
tyramide using TSA Kit #2 (Molecular Probes, Inc.) accord 
ing to Standard procedures. The tissue Staining patterns in 
each case were similar and consistent with the expected 
Staining pattern of mouse anti-GFAP and Staining was 
essentially free of nonspecific background. The relative 
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fluorescence intensities of Staining measured by digital 
imaging were Sequentially: 541 relative intensity units for 
the HRP-goat anti-(mouse IgG, Fc) complex of mouse 
anti-GFAP and (using the combinations indicated by the 
letters above): (a) 539, (b) 234, (c) 294, and (d) 255 relative 
intensity units. 

Example 18 

Staining of Live Cells by Multiple Immunolabeling 
Complexes 

0202) A first immunolabeling complex was prepared 
from an Alexa Fluor 488 dye-labeled Fab fragment of goat 
anti-(mouse IgG, Fc) and mouse monoclonal anti-(human 
CD8), a second immunolabeling complex was prepared 
from an R-phycoerythrin-conjugated Fab fragment of goat 
anti-(mouse IgG Fc) and mouse anti-(human CD3), and a 
third immunolabeling complex was prepared from an Alexa 
Fluor 647 dye-labeled Fab fragment of goat anti-(mouse 
IgG, Fc) and mouse anti-(human CD4). The complexes were 
prepared as described in Example 8 and were each blocked 
with 20 ug (1.3 ul of 14.1 tug/mL) of mouse IgG for 10 
minutes at room temperature. The first immunolabeling 
complex was added to 100 u of whole blood and incubated 
for 15 min. The cells were washed with PBS and 280.5uL 
of the Second immunolabeling complex was added and 
incubated for 15 min. The cells were again washed, and 46.2 
till of the third labeling complex was added and incubated 
for 15 min. After the final incubation, the red blood cells 
were lysed with cell-lysis buffer. The cells were resuspended 
in 1% formaldehyde/PBS and analyzed on a FACS Vantage 
flow cytometer using a 488 nm argon-ion laser for excitation 
of the first and Second immunolabeling complexes and a 633 
nm red He-Ne laser for excitation of the third immunola 
beling complex (FIGS. 5a, 5b). The emission band pass 
filters used for selective detection of the dyes are 525-10 nm 
for the Alexa Fluor 488 (CD8), 585+21 nm for R-PE (CD3) 
and 675+10 nm for the Alexa Fluor 647 dye (CD4). FIGS. 
5a and 5b show that the instant invention can be used in a 
3-color immunophenotyping experiment using peripheral 
blood lymphocytes. CD3-positive T cells were stained with 
the R-phycoerythrin-conjugated Fab fragment of goat anti 
(mouse Fc) and mouse anti-(human CD3), upper left (UL) 
quadrant, FIG. 5a. CD4-positive cells, a T cell Subset, are 
identified using Alexa Fluor 647 dye-labeled Fab fragment 
of goat anti-(mouse IgGFc) and mouse anti-(human CD4), 
UL quadrant, FIG. 5b and CD8-positive T cells, a T cell 
Subset, were identified using Alexa Fluor 488 dye-labeled 
Fab fragment of goat anti-(mouse IgG Fc) and mouse 
monoclonal anti-(human CD8), lower right (LR) quadrant, 
FIG. 5). 

0203 Exposed antigens of live cells, including cultured 
cells and cells from biological fluids such as blood and 
cerebroSpinal fluid can be Simultaneously or Sequentially 
Stained by combinations of immunolabeling complexes, 
including antibodies to the same target labeled with two or 
more Separately detectable immunoglobulin-binding pro 
teins. 
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Example 19 

The Dye-Labeled Fab Fragment of Goat 
Anti-(Mouse Fc) can be Utilized for the 

Combinatorial Labeling of Primary Antibodies, to 
Generate a Multitude of Colored Targets 

0204. A first immuno-labeled complex was made by 
combining 2.5 lug Alexa Fluor 488 dye-labeled Fab fragment 
of goat anti-(mouse IgG, Fc) with 0.5 lug mouse anti-human 
CD3 (Caltag at 200 ug/mL), according to the procedure 
described in Example 4. A Second immunolabeling complex 
was made by combining 5.0 lug Alexa Fluor 647 dye-labeled 
Fab fragment of goat anti-(mouse IgG, Fc) with 0.5 ug 
mouse anti-human CD3, according to the procedure in 
Example 4. Each complex was separately incubated at room 
temperature for 5 minutes, and each complex was then 
Separately combined with an excess of mouse IgG (14.1 
mg/mL) for 5 min at room temperature to capture excess 
unbound dye-labeled Fab fragments. The two immunolabel 
ing complexes were then added in different percentage 
combinations (see Table 2) to 100 uL of washed heparinized 
blood. The cells were incubated with the respective combi 
nations of complexes for 20 min on ice. The red blood cells 
were then lysed with a cell-lysis buffer. The cells were 
resuspended in 1 % formaldehyde/PBS and analyzed on a 
FacVantage flow cytometer using a 488 nm argon 633 HeNe 
laser for excitation and a 530 +/-10 nm band pass emission 
filter (FL1), and a 640 long pass filter (FL4). Five samples 
of different combined percentages (Table 2) were compared 
by flow cytometry, with Signals being collected in FL1 and 
FL4. To determine the percentage of cells detected with each 
type of emission, the FL1 and FL4 intensities for each 
percentage combination were normalized by dividing the 
FL1 and FL4 channel intensities for such combinations by 
the intensities of the 100% Alexa Fluor 488 dye-and 100% 
Alexa Fluor 647 dye-labeled cells, respectively. 

TABLE 2 

Theoretical versus recovered dye-labeled Fab fragment of goat anti 
mouse IgG1 Fe) combinatorial experiment. 

Recovered 
percentage of 
measured cells 

Experimentally Experimentally 
mixed Recovered mixed 

percentage percentage of percentage labeled with 
of cells measured cells of cells Alexa Fluor 

labeled with labeled with labeled with 647 dye 
Alexa Fluor Alexa Fluor Alexa Fluor 647 labeled Fab 

488 dye-labeled 488 dye-labeled dye-labeled Fab fragment of 
Fab fragment of Fab fragment fragment of goat goat anti 
goat anti-(mouse of goat anti- anti-(mouse (mouse 

IgGFc) (mouse IgGFc) IgGFc) IgGFc) 

100% 100% O% O% 
75% 81% 25% 14% 
50% 63% 50% 38% 
25% 35% 75% 73% 
O% O% 100% 100% 

Example 20 

The Immunolabeling Complex can be Used to 
Detect Antigens on a Western Blot 

0205 Bovine heart mitochondria were isolated (Hanson 
et al., Electrophoresis 22,950 (2001)). 
0206. The isolated mitochondria were resuspended to 
-10 mg/mL in 100 mM Tris-HCl, pH 7.8.1 mM phenylm 
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ethylsulfonyl fluoride (a protease inhibitor), 2% SDS and 
insoluble material was removed by centrifugation for 10 
minutes at 10,000xg in a tabletop centrifuge. The protein 
concentration of the lysate was checked by the BCA assay 
(Pierce, Rockford, Ill.). Samples for gel electrophoresis were 
prepared by mixing lysate, water, and loading buffer to the 
appropriate concentrations (final concentration of loading 
buffer in samples: 58 mM Tris/HCl, 10% glycerol, 2% SDS, 
0.02 mg/mL bromphenol blue, 50 mM DTT, pH 8.6). The 
samples were then heated to 90° C. for 5 minutes before 
loading on the gel and separated on a 13% SDS-PAGE gel. 
Two-fold Serial dilution of the extracts ranging from 8 tug of 
extract down to 20 0.03 ug were loaded on the SDS-PAGE 
gel. The proteins were transferred to PVDF membrane for 
1.5 hours using a Semi-dry transfer System according to 
manufacturer's directions (The W.E.P. Company, Concord, 
Calif.). The PVDF membrane was blocked for 1 hour in 5% 
milk. 

0207 Immunolabeling complexes were made with 
mouse monoclonal antibodies that recognize two different 
mitochondrial proteins. Alexa Fluor 647 dye-labeled Fab 
fragment of goat anti-(mouse IgG Fc) (5 till of a 1 mg/mL 
Stock, prepared as in Example 4) was incubated with 21 pl. 
(0.88 mg/mL) mouse anti-(CV-alpha) and Alexa Fluor 488 
dye-labeled Fab fragment of goat anti-(mouse IgG, Fc) (5 till 
of a 1 mg/mL stock, prepared as in Example 4) was 
incubated with 19 ul (0.88 mg/mL) mouse anti-(CIII-core2) 
(Molecular Probes, Eugene, Oreg.). Following a 30 minute 
incubation, 25 till of a 14.1 mg/mL stock of unlabeled mouse 
IgG was added to each tube. The immunolabeling com 
plexes were then mixed together and brought up to 5 mL in 
5% milk. The blot was incubated with the mixture of 
immunolabeling complexes for 1 hour at room temperature. 
The blot was washed twice for 5 seconds each with PBST 
(PBS with 0.1% Tween) and once with PBST for 15 minutes. 
The blot was air dried and imaged on an EG&G Wallac 
Imager with the appropriate filters. The Western blot 
revealed two distinct bands of the appropriate molecular 
weight. The Western blot also showed that no cross-labeling 
of the antibodies occurred and the detection limit was 125 
ng. 

Example 21 

High-Throughput Screening of Hybridomas for 
Identifying High Affinity and High IgG Producers 

0208 Microplate wells containing both a fluorescent 
labeled antigen of one fluorescent color label and fluores 
cently labeled Fab fragments of goat anti-(mouse Fc) of a 
different fluorescent color made by the method described in 
Example 4 and 5. Hybridoma Supernatant is harvested and 
added to the wells. If the hybridoma are producing the 
desired antibody, i.e. antibodies that bind to the labeled 
antigen, polarization of the florescence corresponding to the 
labeled antigen will allow visualization of those wells con 
taining antigen Specific antibody. In addition, the amount of 
IgG that the hybridomas produce, can be simultaneously 
identified by polarization of the fluorescence corresponding 
to the labeled Fab fragments. This method thus allows for 
both quantitation of the amount of antibody present in a 
Specific amount of hybridoma Supernatant and the affinity of 
the monoclonal antibodies for the antigen. 
0209 The reagents employed in the preceding examples 
are commercially available or can be prepared using com 
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mercially available instrumentation, methods, or reagents 
known in the art or whose preparation is described in the 
examples. It is evident from the above description and 
results that the Subject invention is greatly Superior to the 
presently available methods for determining the presence of 
a target in a biological Sample. The Subject invention over 
comes the Shortcomings of the currently used methods by 
allowing Small quantities of antibodies to be labeled and in 
unlimited media while maintaining Specificity and Sensitiv 
ity. The examples are not intended to provide an exhaustive 
description of the many different embodiments of the inven 
tion. Thus, although the forgoing invention has been 
described in Some detail by way of illustration and example 
for purposes of clarity of understanding, those of ordinary 
skill in the art will realize readily that many changes and 
modifications can be made thereto without departing from 
the Spirit or Scope of the appended claims. 
0210 All publications, patents and patent applications 
mentioned in this specification are herein incorporated by 
reference to the same extent as if each individual publica 
tion, patent or patent application was specifically and indi 
vidually indicated to be incorporated by reference. 

What is claimed is: 
1. A method of forming an immuno-labeled complex, 

wherein Said method comprises the Steps of 
b) contacting a Solution of target-binding antibodies with 

a discreet labeling reagent Subset, wherein Said labeling 
reagent Subsets are distinguished by i) ratio of label to 
labeling reagent or ii) a physical properties of Said 
label; 

b) incubating said target-binding antibodies and said 
labeling reagent Subset for a time period Sufficient for 
one or more labeling reagents to form an immuno 
labeled complex with a target-binding antibody 
wherein a region of Said target binding antibody is 
Selectively bound by labeling reagent whereby a dis 
creet immuno-labeled complex Subset is formed; 

c) optionally removing unbound labeling reagent by add 
ing a capture reagent comprising immunoglobulin pro 
teins or fragments thereof, and, 

c) optionally repeating said steps a), b), and c) to form a 
panel of immuno-labeled complex Subsets wherein 
each Subset is distinguished from another Subset by i) 
a ratio of label to labeling reagent, or ii) a physical 
property of Said label, or iii) a ratio of labeling reagent 
to said target-binding antibody, or iv) by said target 
binding antibody. 

2. The method according to claim 1, wherein Said target 
binding antibody is a murine monoclonal antibody, a rabbit 
polyclonal antibody or a goat polyclonal antibody. 

3. The method according to claim 2, wherein Said target 
binding antibodies are in a Solution comprising Serum pro 
teins or asciteS proteins. 

4. The method according to claim 1, wherein Said labeling 
reagent is a Fab or Fab'fragment and is Selected from the 
group consisting of anti-Fc antibody fragment, anti-kappa 
light chain antibody fragment, anti-lambda light chain anti 
body fragment, and a single chain variable protein fragment; 
or is a non-antibody protein Selected from the group con 
Sisting of protein G, protein A, protein L, lectin, and deriva 
tives thereof. 
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5. The method according to claim 4, wherein said label is 
Selected from the group consisting of a chromophore, a 
fluorophore, a fluorescent protein, a phosphorescent dye, a 
tandem dye, a particle, a hapten, an enzyme and a radioiso 
tope. 

6. The method according to claim 5, wherein said fluo 
rophore is Selected from the group consisting of a coumarin, 
a Xanthene, a cyanine, a pyrene, aborapolyazaindacene, an 
oxazine, and derivatives thereof. 

7. The method according to claim 5, wherein said fluo 
rescent protein is a phycobiliprotein. 

8. The method according to claim 5, wherein said tandem 
dye is Selected from the group consisting of a cyanine 
phycobiliprotein derivative and Xanthene-phycobiliprotein 
derivative. 

9. The method according to claim 5, wherein said enzyme 
is Selected from the group consisting of a peroxidase, a 
phosphatase, a glycosidase, and a luciferase. 

10. A method for detecting a target in a Sample, wherein 
Said method comprises the Steps of 

a) contacting said sample with an immuno-labeled com 
pleX comprising a target-binding antibody and a label 
ing reagent, 

b) incubating said Sample of Step a) for a time Sufficient 
to permit said immuno-labeled complex to Selectively 
bind to Said target; and, 

c) illuminating said immuno-labeled complex whereby 
Said target is detected. 

11. The method according to claim 11, wherein Said 
Sample comprises a population of cells, cellular extract, 
Subcellular component, proteins, peptides, tissue culture, 
tissue, a bodily fluid, or a portion or combination thereof. 

12. The method according to claim 11, wherein Said 
Sample is immobilized on a Solid or Semi-Solid matrix. 

13. The method according to claim 12, wherein said 
matrix is a gel, a membrane, an array, a glass Surface or a 
microparticle. 

14. The method according to claim 10, wherein said 
labeling reagent is a Fab or Fab'fragment and is Selected 
from the group consisting of anti-Fc antibody fragment, 
anti-kappa light chain antibody fragment, anti-lambda light 
chain antibody fragment, and a single chain variable protein 
fragment; or is a non-antibody protein Selected from the 
group consisting of protein G, protein A, protein L, lectin, 
and derivatives thereof. 

15. The method according to claim 14, wherein said label 
is Selected from the group consisting of a chromophore, a 
fluorophore, a fluorescent protein, a phosphorescent dye, a 
tandem dye, a particle, a hapten, an enzyme and a radioiso 
tope. 

16. The method according to claim 15, wherein said 
fluorophore is Selected from the group consisting of a 
coumarin, a Xanthene, a cyanine, a pyrene, a borapolyaza 
indacene, an oxazine, and derivatives thereof. 

17. The method according to claim 15, wherein said 
fluorescent protein is a phycobiliprotein. 

18. The method according to claim 15, wherein said 
tandem dye is Selected from the group consisting of a 
cyanine-phycobiliprotein derivative and Xanthene-phycobil 
iprotein derivative. 

19. The method according to claim 15, wherein said 
enzyme Selected from the group consisting of a peroxidase, 
a phosphatase, a glycosidase, and a luciferase. 
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20. The method according to claim 19, wherein said 
method further comprises adding a colorimetric, fluorescent 
or chemiluminescent enzyme Substrate. 

21. The method according to claim 10, wherein said 
immuno-labeled complex comprises a labeling reagent that 
is a Fab or Fab' anti-Fc fragment wherein said fragment is 
independently covalently bonded to one or more labels that 
are Selected from the group consisting of a coumarin, a 
Xanthene, a cyanine, a pyrene, a phycobiliprotein, a 
borapolyazaindacene, a peroxidase, a phosphatase, a tandem 
dye and derivatives thereof. 

22. A method for detecting multiple targets in a Sample, 
Said method comprising: 

a) contacting said sample with a Solution comprising A) a 
pooled Subset of immuno-labeled complexes wherein 
each Said complex comprises a target-binding antibody 
and a labeling reagent, wherein each said Subset is 
distinguished from another subset by i) a ratio of label 
to labeling reagent, or ii) a physical property of Said 
label, or iii) a ratio of labeling reagent to said target 
binding antibody, or iv) by Said target-binding antibody 
or B) an individual immuno-labeled complex subset 
wherein multiple individual Subsets are added to Said 
Sample, 

b) incubating said Sample for a time Sufficient to allow 
Said immuno-labeled complex to Selectively bind to 
Said target, and, 

c) illuminating said immuno-labeled complex whereby 
Said multiple targets are detected. 

23. The method according to claim 22, wherein said 
Sample comprises a population of cells, cellular extract, 
Subcellular component, tissue culture, tissue, a bodily fluid, 
or a portion or combination thereof. 

24. The method according to claim 23, wherein said 
Sample is immobilized on a Solid or Semi-Solid matrix. 

25. The method according to claim 24, wherein said 
matrix is a gel, a membrane, an array, a glass Surface or a 
microparticle. 

26. The method according to claim 23, wherein said 
labeling reagent is a Fab or Fab'fragment and is Selected 
from the group consisting of anti-Fc antibody fragment, 
anti-kappa light chain antibody fragment, anti-lambda light 
chain antibody fragment, and a single chain variable protein 
fragment; or is a non-antibody protein Selected from the 
group consisting of protein G, protein A, protein L, lectin, 
and derivatives thereof. 

27. The method according to claim 26, wherein said label 
is Selected from the group consisting of a chromophore, a 
fluorophore, a fluorescent protein, a phosphorescent dye, a 
tandem dye, a particle, an electron transfer agent, a hapten, 
an enzyme and a radioisotope. 

28. The method according to claim 27, wherein said 
fluorophore is Selected from the group consisting of a 
coumarin, a Xanthene, a cyanine, a pyrene, a borapolyaza 
indacene, an oxazine and derivatives thereof. 

29. The method according to claim 27, wherein said 
fluorescent protein is a phycobiliprotein. 

30. The method according to claim 27, wherein said 
tandem dye is Selected from the group consisting of a 
cyanine-phycobiliprotein derivative and Xanthene-phycobil 
iprotein derivative. 
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31. The method according to claim 27, wherein said 
enzyme is Selected from the group consisting of a peroxi 
dase, a phosphatase, a glycosidase, and a luciferase. 

32. The method according to claim 31, wherein said 
method further comprises adding a calorimetric, fluorescent 
or chemiluminescent enzyme Substrate. 

33. A method for identifying and quantitating multiple 
targets in a Sample, wherein Said method comprises the Steps 
of: 

a) contacting a population of cells or fragments thereof in 
a sample with A) a Solution comprising a pooled Subset 
of immuno-labeled complexes wherein Said complex 
comprises a target-binding antibody and a labeling 
reagent, wherein each Subset is. distinguished from 
another Subset i) a ratio of label to labeling reagent, or 
ii) a physical property of Said label, or iii) a ratio of 
labeling reagent to said target-binding antibody, or iv) 
by Said target-binding antibody or B) an individual 
Subset of immuno-labeled complexes wherein multiple 
individual Subsets are added to Said Sample; 

b) incubating said cells or fragments thereof for a time 
period Sufficient to allow Said immuno-labeled com 
plex to bind Said targets; 

c) passing said incubated population of cells or fragments 
thereof through an examination Zone; and, 

d) collecting data from said cells or fragments thereof 
passed through said examination Zone whereby said 
identification and quantitation of multiple targets is 
determined. 

34. The method according to claim 33, wherein said 
labeling reagent is a Fab or Fab'fragment and is Selected 
from the group consisting of anti-Fc antibody fragment, 
anti-kappa light chain antibody fragment, anti-lambda light 
chain antibody fragment, and a single chain variable protein 
fragment; or is a non-antibody protein Selected from the 
group consisting of protein G, protein A, protein L, lectin, 
and derivatives thereof. 

35. The method according to claim 34, wherein said label 
is Selected from the group consisting of a chromophore, a 
fluorophore, a fluorescent protein, a phosphorescent dye, a 
tandem dye, a particle, a radioisotope, and a hapten. 

36. The method according to claim 35, wherein said 
fluorophore is Selected from the group consisting of a 
coumarin, a Xanthene, a cyanine, a pyrene, a borapolyaza 
indacene, an oxazine and derivatives thereof. 

37. The method according to claim 35, wherein said 
fluorescent protein is a phycobiliprotein. 

38. The method according to claim 35, wherein said 
tandem dye is Selected from the group consisting of cyanine 
phycobiliprotein and Xanthene-phycobiliprotein. 

39. A method of manufacturing an isolated labeling 
reagent, wherein Said method comprises the Steps of: 

a) cleaving an intact anti-region antibody with an enzyme 
to generate Fab fragments, 

b) isolating said anti-region Fab fragments of Step a); 
c) contacting a matrix comprising intact immunoglobulin 

proteins or fragments that Selectively bind anti-region 
Fab fragments with a Solution comprising Said anti 
region fragments of Step b) wherein said anti-region 
Fab fragments are immobilized on Said matrix; 
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d) contacting said matrix of step c) with a Solution 
comprising a fluorophore label that contains a reactive 
grOup, 

e) washing said matrix of step d) to remove unbound 
label, and; 

f) eluting said labeling reagent from said matrix whereby 
Said isolated labeling reagent is manufactured. 

40. The method according to claim 39, wherein said 
anti-region Fab fragment are Selected from the group con 
Sisting of anti-Fc antibody fragment, anti-kappa light chain 
antibody fragment, anti-lambda light chain antibody frag 
ment, and a single chain variable protein fragment. 

41. The method according to claim 40, wherein said 
fluorophore is Selected from the group consisting of a 
coumarin, a Xanthene, a cyanine, a pyrene, a borapolyaza 
indacene, an oxazine and derivatives thereof. 

42. A method of manufacturing an isolated labeling 
reagent, wherein Said method comprises the Steps of: 

a) contacting a matrix comprising intact immunoglobulin 
proteins or fragments thereof that Selectively bind 
non-antibody proteins with a Solution comprising Said 
non-antibody proteins wherein Said non-antibody pro 
teins are immobilized on Said matrix; 

b) contacting said matrix of step a) with a Solution 
comprising a fluorophore label that contains a reactive 
grOup, 

c) washing said matrix to remove unbound label, and; 
d) eluting said labeling reagent from Said matrix whereby 

Said isolated labeling reagent is manufactured that 
comprises a fluorophore label. 

43. The method according to claim 42, wherein said 
non-antibody protein is Selected from the group consisting 
of protein G, protein A, protein L, lectin, and derivatives 
thereof. 

44. The method according to claim 43, wherein said 
fluorophore is Selected from the group consisting of a 
coumarin, a Xanthene, a cyanine, a pyrene, a borapolyaza 
indacene, an oxazine and derivatives thereof. 

45. A method of manufacturing an isolated labeling 
reagent, wherein Said method comprises the Steps of: 

a) cleaving an intact anti-region antibody with an enzyme 
resulting in Fab or Fab'fragments; 

a) contacting said anti-region Fab or Fab' fragments of 
Step a) with a Solution comprising a label that contains 
a reactive group; and, 

c) isolating labeled anti-region Fab or Fab' fragments by 
Size exclusion or affinity chromatography whereby an 
isolated labeling reagent is manufactured. 

46. The method according to claim 45, wherein said 
anti-region Fab or Fab' fragment is Selected from the group 
consisting of anti-Fc antibody fragment, anti-kappa light 
chain antibody fragment, anti-lambda light chain antibody 
fragment, and a single chain variable protein fragment. 

47. The method according to claim 46, wherein said label 
is a fluorescent protein or a tandem dye. 

48. The method according to claim 47, wherein said 
fluorescent protein is a phycobiliprotein. 

49. The method according to claim 47, wherein said 
tandem dye is Selected from the group consisting of cyanine 
phycobiliprotein and Xanthene-phycobiliprotein. 
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50. An isolated labeling reagent made by a proceSS 
comprising: 

a) cleaving an intact anti-region antibody with an enzyme 
resulting in Fab or Fab'fragments; 

b) contacting said Fab or Fab' fragments of Step a) with a 
Solution comprising a label that contains a reactive 
group, and, 

c) isolating labeled anti-region Fab or Fab' fragments by 
Size exclusion or affinity chromatography. 

51. The labeling reagent according to claim 50, wherein 
Said anti-region Fab or Fab'fragment is Selected from the 
group consisting of anti-Fc antibody fragment, anti-kappa 
light chain antibody fragment, anti-lambda light chain anti 
body fragment, and a single chain variable protein fragment. 

52. The labeling reagent according to claim 51, wherein 
Said label is Selected from the group consisting of a chro 
mophore, a fluorophore, a fluorescent protein, a phospho 
rescent dye, a tandem dye, a particle, a radioisotope, and a 
hapten. 

53. The labeling reagent according to claim 52, wherein 
Said fluorophore is Selected from the group consisting of a 
coumarin, a Xanthene, a cyanine, a pyrene, a borapolyaza 
indacene, an oxazine and derivatives thereof. 

54. An isolated labeling reagent made by a proceSS 
comprising: 

a) cleaving an intact anti-region antibody with an enzyme 
to generate F(ab')2 fragments; 

b) contacting Said anti-region F(ab') with a reducing 
agent to produce anti-region Fab' fragments containing 
a thiol group; 

c) contacting said Fab' fragments with a Solution com 
prising a label that contains a reactive group; and, 

d) isolating Said Fab' fragments of step d) that are 
covalently attached to a label by Size exclusion or 
affinity chromatography. 

55. The labeling reagent according to claim 54, wherein 
Said anti-region Fab' fragment is Selected from the group 
consisting of anti-Fc antibody fragment, anti-kappa light 
chain antibody fragment, anti-lambda light chain antibody 
fragment, and a single chain variable protein fragment. 

56. The method according to claim 55, wherein said label 
is Selected from the group consisting of a chromophore, a 
fluorophore, a fluorescent protein, a phosphorescent dye, a 
tandem dye, a particle, a radioisotope, and a hapten. 

57. An isolated labeling reagent made by a proceSS 
comprising: 

a) cleaving an intact anti-region antibody with an enzyme 
to generate Fab fragments, 

b) isolating said anti-region Fab fragments of Step a); 
c) contacting a matrix comprising intact immunoglobulin 

proteins or fragments thereof that specifically bind 
anti-region Fab fragments with a Solution comprising 
Said anti-region Fab fragments of step b) wherein said 
anti-region Fab fragments are immobilized; 

d) contacting said matrix of step c) with a Solution 
comprising a fluorophore label that contains a reactive 
grOup, 

e) washing said matrix to remove unbound label, and; 
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f) eluting said labeling reagent from said matrix whereby 
Said labeling reagent is manufactured comprising a 
label and being isolated from other proteins and frag 
ments thereof. 

58. The labeling reagent according to claim 57, wherein 
Said anti-region Fab fragment is Selected from the group 
consisting of anti-Fc antibody fragment, anti-kappa light 
chain antibody fragment, anti-lambda light chain antibody 
fragment, and a single chain variable protein fragment. 

59. The labeling reagent according to claim 58, wherein 
Said fluorophore is Selected from the group consisting of a 
coumarin, a Xanthene, a cyanine, a pyrene, a borapolyaza 
indacene, an oxazine and derivatives thereof. 

60. An isolated labeling reagent made by a process 
comprising: 

a) contacting a matrix comprising intact immunoglobulin 
proteins or fragments that Selectively bind non-anti 
body proteins with a Solution comprising Said non 
antibody proteins wherein Said non-antibody proteins 
are immobilized; 

b) contacting said matrix of step c) with a Solution 
comprising a fluorophore label that contains a reactive 
grOup, 

c) washing said matrix to remove unbound label, and; 
d) eluting said labeling reagent from Said matrix whereby 

Said labeling reagent is manufactured comprising a 
label. 

61. The labeling reagent according to claim 60, wherein 
Said non-antibody protein is Selected from the group con 
Sisting of protein G, protein A, protein L, lectin, and deriva 
tives thereof. 

62. The labeling reagent according to claim 61, wherein 
Said fluorophore is Selected from the group consisting of a 
coumarin, a Xanthene, a cyanine, a pyrene, a borapolyaza 
indacene, an oxazine and derivatives thereof. 

63. An immuno-labeled complex generated by a process 
comprising: 

a) contacting a Solution of target-binding antibodies with 
a labeling reagent Subset, wherein Said labeling reagent 
Subset is distinguished from another labeling reagent 
Subset by i) ratio of label to labeling reagent or ii) a 
physical properties of Said label; 

b) incubating said target-binding antibodies and said 
labeling reagent Subset for a time period Sufficient for 
one or more labeling reagents to form an immuno 
labeled complex with a target-binding antibody 
wherein a region of Said target binding antibody is 
Selectively bound by labeling reagent; and, 

c) optionally removing unbound labeling reagent by add 
ing a capture reagent comprising immunoglobulin pro 
teins or fragments thereof whereby an immuno-labeled 
complex is produced. 

64. The immuno-labeled complex according to claim 63, 
wherein Said process further comprises repeating Said steps 
a), b), and c) to form Subsets of immuno-labeled complexes 
wherein each Subset is distinguished from another Subset by 
i) ratio of label to labeling reagent orii) a physical properties 
of Said label, or iii) a ratio of labeling reagent to said 
target-binding antibody or iv) by Said target-binding anti 
body. 
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65. The immuno-labeled complex according to claim 63, 
wherein Said target-binding antibody is a murine mono 
clonal antibody, a rabbit polyclonal antibody or a goat 
polyclonal antibody. 

66. The immuno-labeled complex according to claim 65, 
wherein Said labeling reagent is a Fab or Fab' fragment and 
is Selected from the group consisting of anti-Fc antibody 
fragment, anti-kappa light chain antibody fragment, anti 
lambda light chain antibody fragment, and a single chain 
variable protein fragment; or is a non-antibody protein 
Selected from the group consisting of protein G, protein A, 
protein L, lectin, and derivatives thereof. 

67. The immuno-labeled complex according to claim 66, 
wherein Said label is Selected from the group consisting of 
a chromophore, a fluorophore, a fluorescent protein, a phos 
phorescent dye, a tandem dye, a particle, a hapten, an 
enzyme and a radioisotope. 

68. The immuno-labeled complex according to claim 67, 
wherein Said fluorophore is Selected from the group con 
Sisting of a coumarin, a Xanthene, a cyanine, a pyrene, a 
borapolyazaindacene, an oxazine, and derivatives thereof. 

69. A labeling solution comprising a buffer and either an 
individual labeling reagent Subset or a pooled Subset of 
labeling reagents, wherein each Subset is distinguished from 
another Subset by i) a ratio of label to labeling reagent, or ii) 
by a physical property of Said label. 

70. The solution according to claim 69, wherein said 
labeling reagent is a Fab or Fab'fragment and is Selected 
from the group consisting of anti-Fc antibody fragment, 
anti-kappa light chain antibody fragment, anti-lambda light 
chain antibody fragment, and a single chain variable protein 
fragment; or is non-antibody protein is Selected from the 
group consisting of protein G, protein A, protein L, lectin, 
and derivatives thereof. 

71. The solution according to claim 70, wherein said label 
is Selected from the group consisting of a chromophore, a 
fluorophore, a fluorescent protein, a phosphorescent dye, a 
tandem dye, a particle, an enzyme, a hapten and a radioiso 
tope. 

72. The solution according to claim 71, wherein said 
fluorophore is Selected from the group consisting of a 
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coumarin, a Xanthene, a cyanine, a pyrene, a borapolyaza 
indacene, an oxazine, and derivatives thereof. 

73. Akit for preparing an immuno-labeling complex, Said 
kit comprising: 

a) a labeling Solution comprising a labeling reagent that is 
independently covalently bonded to one or more labels, 
O 

b) a panel of labeling Solutions wherein each labeling 
Solution comprises a Subset of a labeling reagent and 
each Subset is distinguished from another Subset by i) 
a ratio of label to labeling reagent, or ii) by a physical 
property of Said label; and, 

c) a Solution comprising a capture reagent. 
74. The kit according to claim 73, wherein said labeling 

reagent is a Fab or Fab'fragment and is Selected from the 
group consisting of anti-Fc antibody fragment, anti-kappa 
light chain antibody fragment, anti-lambda light chain anti 
body fragment, and a single chain variable protein fragment; 
or is a non-antibody protein Selected from the group con 
Sisting of protein G, protein A, protein L, lectin, and deriva 
tives thereof. 

75. The kit according to claim 74, wherein said label is 
Selected from the group consisting of a chromophore, a 
fluorophore, a fluorescent protein, a phosphorescent dye, a 
tandem dye, a particle, an enzyme, a hapten and a radioiso 
tope. 

76. The kit according to claim 75, wherein said fluoro 
phore is Selected from the group consisting of a coumarin, 
a Xanthene, a cyanine, a pyrene, aborapolyazaindacene, an 
oxazine and derivatives thereof. 

77. The kit according to claim 76, wherein the kit further 
comprises an addition component Selected from the group 
consisting of (a) stains for characterization of cellular 
organelles, cell viability, or cell proliferation State, (b) 
enzyme Substrates and (c) enzyme conjugates. 


