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METHODS AND/OR USE OF 
OLGONUCLEOTDE CONUGATES FOR 
ASSAYS AND MICROSCOPYAMAGING 

DETECTIONS 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0001. This invention was made with Government support 
under Grant number 5R43A1091340-02 awarded by 
National Institutes of Health. The government has certain 
rights in the invention. 

CROSS-REFERENCE 

0002 Each of the following documents are incorporated 
herein by reference in its entirety: U.S. Pat. Nos. 7.462,689: 
6,800,728; 7,173,125; 6,686,461; 7,102,024; 6,911,535: 
6,217.845; 5,753.520; 5,420,285; 5,679,778; and 5,206,370. 
U.S. patent application Ser. No. 11/787,932, filed on Apr. 18, 
2007, now U.S. Patent Publication No. 2008/0221343, pub 
lished Sep. 11, 2008. U.S. Patent Application No. 61/282, 
434, filed on Feb. 12, 2010. International Application No. 
PCT/US2001/09252, filed on Mar. 22, 2001, now World Pub 
lication No. WO 2001/70685; International Application No. 
PCT/US2001/023775, filed on Jul 27, 2001, now World Pub 
lication No. WO 2002/010432: International Application No. 
PCT/US2002/001161, filed on Jan. 16, 2002, now World 
Publication No. WO 2002/057422. SoluLink manual, entitled 
Antibody-Oligonucleotide All-in-One Conjugation Kit User 
Manual', Catalog No. A-9201-001, January 2010. In addi 
tion, each of the following provisional applications is incor 
porated herein by reference in its entirety: U.S. Patent Appli 
cation Nos. 61/344,931, filed Nov. 22, 2010, and 61/483,186, 
filed May 6, 2011. 

FIELD 

0003. The present disclosure relates to and may be applied 
to the methods and/or uses of oligonucleotide conjugates for 
assays and flow cytometry detections and related systems 
and/or kits. 

BACKGROUND 

0004 Current diagnostic tools fail to satisfy certain 
desired requirements for diagnostic assays. For example, cur 
rent diagnostic tools do not readily diagnose diseases at ear 
lier stages, yield the information required to direct clinicians 
to treat patients safely with advanced therapeutics, quantify 
the effectiveness of the new multi-pathogen/component vac 
cines, correlate information from gene sequencing with the 
protein expression in cells, aid drug developers to better 
understand the activities and toxicities of drugs in develop 
ment from pre-clinical to Phase III, allow scientists to study 
and understand intra- and inter-cellular interactions, and a 
wide range of other research-based biological and clinical 
assayS. 
0005. One of the bottlenecks of current tools is their limit 
in the number of assays that can be performed simultaneously 
or Substantially simultaneously. For example, in most cases, 
current protein diagnostic assays only detect 1-10 protein 
biomarkers simultaneously, or Substantially simultaneously. 
In the clinic, for example, the prostate cancer PSA assay 
measures only a single protein, the prostate-specific antigen 
protein, and the breast cancer Hercept Test measures only a 
single receptor, the Her2 receptor. However, a multitude of 
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interactions and pathways occur continuously in the cell and 
many of these interactions and pathways are altered in dis 
eased cells. Therefore, in order to more fully understand the 
functioning of a cell, including the multi-variant processes 
conducted within and between normal healthy-cells, as well 
as the alterations of these cellular processes in various disease 
states, new technologies are needed to track and correlate a 
greater numbers of genetic, protein, and other cellular com 
ponent changes. Access to this greater amount of information 
will allow the development of higher content assays, thereby 
resulting in more informed clinical decisions and improved 
patient outcomes. 
0006 Bioconjugates have been employed in a wide vari 
ety of molecular biology applications. For example, biocon 
jugates are used in biochemical assays and diagnostic assays 
to improve assay sensitivity. Bioconjugates, such as oligo 
nucleotides conjugated to antibodies or enzymes, have been 
used as hybridization probes in immunoassays or as probes in 
the development of sensitive nucleic acid-based diagnostic 
assays. Such conjugates may be prepared by a variety of 
methods, Such as glutaraldehyde crosslinking, maleimide 
thiol coupling, isothiocyanate-amine coupling, hydrazone 
coupling, oxime coupling, and Schiffbase formation/reduc 
tion. 
0007. Despite the promise that bioconjugates hold in the 
area of biomedical research, Such as improving assay sensi 
tivity, simplifying nucleic acid detection schemes, clinical 
studies, development of both in vitro and in vivo diagnostic 
assays as well as in vivo therapies, and the like, bioconjugates 
have not yet achieved their desired potential in these molecu 
lar biology, biomedical and diagnostic applications. This 
deficiency is due, in part, to the inefficient and less than 
quantitative preparation of bioconjugates, which may involve 
multiple steps and may require, for example, the protein, the 
oligonucleotide, or both, to be modified with the appropriate 
linking moiety and then purified before being combined and 
reacted with each other. Often the modification reaction may 
have a lengthy reaction time and may result in forming an 
unstable protein or oligomer intermediate that must be puri 
fied and used immediately. For these and other reasons, the 
yields to prepare these bioconjugates are highly variable, and 
are greatly dependent on what techniques are used. In addi 
tion, another issue is that conventional conjugation chemis 
tries lack the flexiability to cost effectively supply the large 
number of various conjugates users need. 
0008 Another reason that has hindered the widespread 
use of bioconjugates is the methods used to purify and isolate 
bioconjugates. Because of the inefficiencies in the conjuga 
tion chemistries used to prepare bioconjugates, often the 
resulting bioconjugate product may require several purifica 
tion steps to obtain a purified bioconjugate, which can have a 
detrimental effect on the stability or activity of the final bio 
conjugate, its yield as well as be time consuming and expen 
sive to prepare and/or purify. 
0009. Up to this point, the purification of bioconjugates 
has been accomplished using, for example, size exclusion 
chromatography, or occasionally, ion exchange chromatog 
raphy. The requirement for chromatography for purification 
of bioconjugates has been a significant barrier for the routine 
use of bioconjugates, such as antibody-oligonucleotide bio 
conjugates in diagnostic assays. For these and other reasons, 
the costs of preparing and purifying bioconjugates have been 
expensive and have been difficult to make with reproducible 
results. 
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0010 Developments in conjugation chemistry have 
improved the efficiency of preparing bioconjugates. For 
example, Solul linkTM has developed conjugation chemistry 
that can be used to prepare a biomolecule-oligonucleotide 
conjugate, such as antibody-oligonucleotide bioconjugate, 
with at least 80% efficiency. Accordingly, the preparation of 
bioconjugates using efficient conjugation chemistries has 
allowed for the ability to explore efficient, mild, robust, 
simple, high yielding purification or combinations thereof 
methods to provide bioconjugates, for example, biomolecule 
oligonucleotide conjugates, such as antibody-oligonucle 
otide bioconjugates, in high yield having high purity to facili 
tate their use in molecular biology, biomedical, and 
diagnostic research and application. 
0011. There still remains a need for methods, systems and 
or kits that provide a more efficient, robust, mild, simple, 
high-yielding purification or combinations thereof of Such 
bioconjugates to provide high purity bioconjugates for use in 
biomedical research and diagnostic assays. There is also a 
need for methods, systems and/or kits that increase the num 
ber of assays that can be performed simultaneously or Sub 
stantially simultaneously. The present disclosure is directed 
to address one or more of these problems as well as other 
problems not addressed in this background. 

SUMMARY 

0012 Certain embodiments provide for methods of 
detecting one or more molecular targets in a sample using 
biomolecule-oligonucleotide conjugates, comprising: i) 
forming biomolecule-oligonucleotide conjugates at greater 
than 80% efficiency from at least one or more modified bio 
molecules and at least one or more modified oligonucleotides, 
wherein the formed biomolecule-oligonucleotide conjugates 
comprise one or more detectable components; ii) combining 
the formed biomolecule-oligonucleotide conjugates with the 
sample comprising the one or more molecular targets; iii) 
contacting the one or more molecular targets in the sample 
with the formed biomolecule-oligonucleotide conjugates; 
and iv) detecting the contacted one or more molecular targets. 
0013 Certain embodiments provide methods for isolating 
biomolecule-oligonucleotide conjugates, for example, anti 
body-oligonucleotide conjugates, protein-oligonucleotide 
conjugates, or peptide-oligonucleotide conjugates, compris 
ing: i) introducing a modified biomolecule into a buffered 
Solution; ii) conjugating the modified biomolecules with at 
least one modified oligonucleotide at greater than 80% effi 
ciency to form biomolecule-oligonucleotide conjugates and 
iii) isolating the biomolecule-oligonucleotide conjugates 
from the conjugation solution by binding the conjugates to an 
immobilized binder. As an alternative to using an immobi 
lized binder other isolation techniques may also be used, for 
example, chromatography, affinity chromatography, size 
exclusion chromatography, HPLC, reverse-phase chroma 
tography, electrophoresis, capillary electrophoresis, poly 
acrylamide gel electrophoresis, agarose gel electrophoresis, 
free flow electrophoresis, differential centrifugation, thin 
layer chromatography, immunoprecipitation, hybridization, 
Solvent extraction, dialysis, filtration, diafiltration, tangential 
flow filtration, ion exchange chromatography, hydrophobic 
interaction chromatography, or combinations thereof. 
0014. In certain embodiments, detecting a contacted one 
or more molecular targets, for example, a biomolecule-oligo 
nucleotide conjugate contacted one or more molecular tar 
gets, may comprise using one or more of the following, com 
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prising: flow cytometry; immunomagnetic cellular depletion; 
immunomagnetic cell capture; multiplex bead arrays; 
microarrays, including antibody arrays, bead arrays, and cel 
lular arrays; Solution phase capture; chemiluminescence 
detection; infrared detection; microscopy, imaging; high con 
tent screening (HCS); immunohistochemistry (IHC); immu 
nocytochemistry (ICC); in situ hybridization (ISH); enzyme 
immuno-assays (EIA); enzyme linked immuno-assays 
(ELISA); ELISpot; blotting methods, such as a Western blot, 
Southern blot, and/or Southwestern blot; labeling inside elec 
trophoresis systems, labeling on Surfaces, and/or labeling on 
arrays: PCR amplification: elongation followed by PCR 
amplification; immunoprecipitation, such as co-immunopre 
cipitation or chromatin immunoprecipitation; pretargeting 
imaging or therapeutic agents and/or combinations thereof. 
In certain embodiments, a kit and/or system for detecting one 
or more molecular targets in a sample, may comprise one or 
more prepared, purified and/or isolated molecular probes, 
Such as one or more biomolecule-oligonucleotide conjugates, 
for example, antibody-oligonucleotide conjugates, protein 
oligonucleotide conjugates, or peptide-oligonucleotide con 
jugates, one or more prepared, purified and/or isolated uni 
Versal adapters, and/or one or more prepared, purified and/or 
isolated detectable components, wherein each of the molecu 
lar probes, universal adapters, and/or detectable components 
may comprise one or more spacer groups. In certain embodi 
ments, the kit and/or system for detecting one or more 
molecular targets in a sample may be used in a method of 
detecting one or more molecular targets in a sample. 
0015. In certain aspects, the immobilized binder may 
comprise a metalion wherein the metalion is a divalent metal 
ion, a transition metal ion, a divalent transition metalion, or 
combinations thereof. In certain aspects, the transition metal 
ion is selected from the group comprising: nickel ion, Zinc 
ion, copper ion, iron ion and cobaltion. In certain aspects, the 
modified antibody may include a histidine-rich region. In 
certain aspects, the immobilized binder may further comprise 
an organic chelator selected from the group comprising: imi 
nodiacetic acid, nitrilotriacetic acid and bicinchoninic acid. 
In certain aspects, the immobilized binder may comprise an 
immobilized antibody. 
0016. In certain aspects, the modified biomolecule, for 
example, a modified antibody, modified protein, or modified 
peptide, may comprise a molecular tag incorporated using 
protein engineering techniques. In certain aspects, the 
molecular tag may be selected from the group comprising: 
poly-histidine tag; Flag Tag: Myc-Tag: S-tag; a peptide tag: 
and/or combinations or derivatives thereof. In certain aspects, 
the immobilized antibody may be complementary to the 
molecular tag that is bound to the modified biomolecule. In 
certain aspects, the immobilized antibody may be raised 
against the molecular tag that is bound to the modified bio 
molecule. The molecular tag may be a peptide tag. In certain 
aspects, the immobilized binder may be an antibody raised 
against the conjugative linker joining the modified biomol 
ecule to the at least one modified oligonucleotide. 
0017. In certain embodiments, the conjugating efficiency 
of forming a molecular probe, such as a biomolecule-oligo 
nucleotide conjugate, is greater than about 80%, 85%, 90%, 
92%, 95%, 96%, 97%, 98%, 98.5%, or 99%. In certain 
embodiments, the conjugating efficiency of forming a 
molecular probe. Such as a biomolecule-oligonucleotide con 
jugate, is at least about 85%, 90%, 92%, 95%, 96%, 97%, 
98%, 98.5%, or 99%. 
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0018. In certain embodiments, the conjugating efficiency 
of forming a detectable component, comprising one or more 
signal generating moieties conjugated directly to an oligo 
nucleotide sequence complementary to the oligonucleotide 
sequence of a molecular probe or an oligonucleotide 
sequence complementary to the oligonucleotide sequence of 
a universal adapter, is greater than about 80%, 85%, 90%, 
92%, 95%, 96%, 97%, 98%, 98.5%, 99%. In certain embodi 
ments, the conjugating efficiency of forming a detectable 
component, comprising one or more signal generating moi 
eties and an oligonucleotide sequence complementary to the 
oligonucleotide sequence of a molecular probe or an oligo 
nucleotide sequence complementary to the oligonucleotide 
sequence of a universal adapter, is at least about 85%, 90%, 
92%, 95%, 96%, 97%, 98%, 98.5%, or 99%. In certain 
embodiments, the conjugating efficiency of forming a detect 
able component, comprising one or more signal generating 
moieties conjugated indirectly, via a scaffold, to an oligo 
nucleotide sequence complementary to the oligonucleotide 
sequence of a molecular probe or an oligonucleotide 
sequence complementary to the oligonucleotide sequence of 
a universal adapter, is greater than about 80%, 85%, 90%, 
92%, 95%, 96%, 97%, 98%, 98.5%, or 99%. In certain 
embodiments, the conjugating efficiency of forming a detect 
able component, comprising a scaffold, comprising one or 
more signal generating moieties, conjugated directly to an 
oligonucleotide sequence complementary to the oligonucle 
otide sequence of a molecular probe or an oligonucleotide 
sequence complementary to the oligonucleotide sequence of 
a universal adapter, is greater than about 80%, 85%, 90%, 
92%, 95%, 96%, 97%, 98%, 98.5%, or 99%. 
0019. In certain embodiments, the biomolecule-oligo 
nucleotide conjugates, such as antibody-oligonucleotide con 
jugates or protein-oligonucleotide conjugates, comprises on 
average at least 0.5 modified oligonucleotides per biomol 
ecule. For example, the modified antibody (e.g. biomolecule 
oligonucleotide conjugate) is prepared from an IgG, IgA, IgE, 
or IgM type antibody. In certain aspects, the modified anti 
body comprises an antibody that has been prepared by attach 
ing at least one moiety comprising a reactive linker capable of 
conjugating to a modified oligonucleotide. This at least one 
moiety may be attached by a covalent bond. Furthermore, the 
at least one moiety may comprise a spacer group, for 
example, a polymerized ethylene oxide, such as PEG or PEO. 
0020. In certain aspects, the modified biomolecules, for 
example, the modified antibodies, modified proteins, or 
modified peptides may be prepared by attaching at least one 
moiety comprising a reactive linker capable of conjugating to 
a modified oligonucleotide. This at least one moiety may be 
attached by a covalent bond. The modified biomolecules may 
further comprise a molecular tag. Furthermore, the at least 
one moiety may comprise a spacer group, for example, a 
polymerized ethylene oxide, such as PEG or PEO. 
0021. In certain embodiments, the at least one moiety 
comprising a reactive linker may be HyNic (6-HydrazinoNi 
cotinamide). In certain aspects, the modified biomolecule, for 
example, modified antibody, modified protein, or modified 
peptide may comprise a HyNic-modified biomolecule (i.e., 
covalently modified to display a hydrazinonicotinate reactive 
moiety). The modified oligonucleotide may also comprise a 
4-FB-modified oligonucleotide (i.e., covalently modified to 
display a 4-formylbenzamide moiety). In certain aspects, the 
modified biomolecule may be a biomolecule that has been 
modified by attaching at least one moiety that is a reactive 
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linker capable of conjugating to a modified oligonucleotide. 
The modified biomolecule may further comprise a molecular 
tag. In certain aspects, the modified biomolecule may com 
prise an antibody that has been further modified by attaching 
a biotin that may bind to an avidin or a hapten or peptide that 
may bind to an antibody or a histidine fusion peptide capable 
of chelating a metalion. 
0022. In certain embodiments, the conjugate may be 
formed with a covalent linkage. The covalent linkage may be 
selected from the group comprising: an amide, an oxime, a 
hydraZone, a sulfide, an ether, an enol ether, a thiol ether, an 
ester, a triazole and/or a disulfide. The covalent linkage may 
comprise a hydrazone. The hydrazone may be a bis-arylhy 
drazone. Furthermore, the covalent linkage may be UV-trace 
able. 
0023. In certain embodiments, the methods of preparing 
conjugates and the methods of detecting molecular targets 
disclosed herein may be mild, robust, more efficient, cost 
effective, simple, and/or combinations thereofas compared to 
conventional methods. In addition, such methods may pro 
vide high purity bioconjugates for use in biomedical applica 
tions and/or diagnostic assays. 
0024. In certain embodiments, the biomolecule-oligo 
nucleotide conjugates, for example, antibody-oligonucle 
otide conjugates, protein-oligonucleotide conjugates, or pep 
tide-oligonucleotide conjugates may comprise at least one 
modified oligonucleotide. In certain embodiments, the bio 
molecule-oligonucleotide conjugates may comprise a com 
position of biomolecule-oligonucleotide conjugates having 
on average between 1.0 and 5, or between 1 and 2.5 modified 
oligonucleotides conjugated to the biomolecule. In certain 
embodiments, the methods disclosed yield at least between 
about 30-80%, 40-80%, 40-70%, 60-80% or 70-80% of an 
isolated biomolecule-oligonucleotide conjugates, with 
respect to starting modified biomolecule. 
0025. In certain embodiments, the biomolecule-oligo 
nucleotide conjugates, for example, antibody-oligonucle 
otide conjugates, protein-oligonucleotide conjugates, or pep 
tide-oligonucleotide conjugates may comprise at least one or 
more detectable fluorophores. For example, at least one or at 
least two detectable fluorophores. The biomolecule-oligo 
nucleotide conjugates may also comprise at least one or more 
detectable poly-fluorophores. 
0026. In certain embodiments, the least a portion of the 
biomolecule-oligonucleotide conjugates may comprise at 
least one or more different modified oligonucleotides, such as 
two different modified oligonucleotides. 
0027 Certain embodiments provide methods for isolating 
biomolecule-oligonucleotide conjugates comprising: i) con 
jugating a modified biomolecule with at least one modified 
oligonucleotide to form biomolecule-oligonucleotide conju 
gates, wherein greater than 80% of the modified biomolecules 
are conjugated; ii) adding the conjugation reaction mixture to 
a column having a stationary phase comprising a binder that 
has been immobilized to the stationary phase; iii) binding the 
biomolecule-oligonucleotide conjugates selectively to the 
immobilized binder; iv) eluting reaction components away 
from the bound biomolecule-oligonucleotide conjugates and 
V) isolating the biomolecule-oligonucleotide conjugates by 
releasing the bound, biomolecule-oligonucleotide conjugates 
with a displacing agent selective for the binder. As an alter 
native to using an immobilized binder other isolation tech 
niques may also be used, for example, chromatography, affin 
ity chromatography, size exclusion chromatography, HPLC, 
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reverse-phase chromatography, electrophoresis, capillary 
electrophoresis, polyacrylamide gel electrophoresis, agarose 
gel electrophoresis, free flow electrophoresis, differential 
centrifugation, thin layer chromatography, immunoprecipita 
tion, hybridization, solvent extraction, dialysis, filtration, dia 
filtration, tangential flow filtration, ion exchange chromatog 
raphy, hydrophobic interaction chromatography, or 
combinations thereof. 
0028. The preparation methods may be used as part of a kit 
and/or system of preparing, purifying and/or isolating bio 
molecule-oligonucleotide conjugates, for example, antibody 
oligonucleotide conjugates, protein-oligonucleotide conju 
gates, or peptide-oligonucleotide conjugates. In certain 
embodiments, the conjugating efficiency is greater than about 
80%, 85%, 90%, 92%, 95%, 96%,97%.98%, 98.5%, or 99%. 
In certain embodiments, the methods disclosed yield at least 
between about 30-80%, 40-80%, 40-70%, 60-80% or 
70-80% of an isolated biomolecule-oligonucleotide conju 
gates, with respect to starting modified biomolecule. 
0029. In certain embodiments, the isolation methods may 
be used as part of a kit and/or system of preparing, purifying 
and/or isolating biomolecule-oligonucleotide conjugates, for 
example, antibody-oligonucleotide conjugates, protein-oli 
gonucleotide conjugates, or peptide-oligonucleotide conju 
gates. In certain embodiments, the conjugating efficiency is 
greater than about 80%, 85%, 90%, 92%, 95%, 96%, 97%, 
98%, 98.5%, or 99%. In certain embodiments, the methods 
disclosed yields of at least between about 30-80%, 40-80%, 
40-70%. 60-80% or at least between about 70-80% of an 
isolated biomolecule-oligonucleotide conjugates, with 
respect to starting modified biomolecule. 
0030. In certain embodiments, the detection methods may 
be used as part of a kit and/or system of preparing, purifying 
and/or isolating biomolecule-oligonucleotide conjugates, for 
example, antibody-oligonucleotide conjugates, protein-oli 
gonucleotide conjugates, or peptide-oligonucleotide conju 
gates, followed by further utilizing the prepared, purified 
and/or isolated, biomolecule-oligonucleotide conjugates in 
an assay, for example, in a detection assay, Such as in a 
singleplex or multiplex assay, for example, a singleplex or 
multiplex immunodetection assay, for detecting one or more 
biological targets in a sample. In certain embodiments, the 
conjugating efficiency is greater than about 80%. 85%, 90%, 
92%, 95%, 96%, 97%, 98%, 98.5%, or 99%. In certain 
embodiments, the methods disclosed yield at least between 
about 30-80%, 40-80%, 40-70%, 60-80% or at least between 
about 70-80% of an isolated biomolecule-oligonucleotide 
conjugates, with respect to starting modified biomolecule. 
0031. In certain embodiments, the modified biomolecule, 
for example, a modified antibody, modified protein, or modi 
fied peptide, may include a histidine-rich region. 
0032. In certain embodiments, the stationary phase used 
may comprise a water insoluble Support. For example, the 
stationary phase may be agarose, otherinert natural, synthetic 
polymeric materials and/or magnetic. 
0033. In certain aspects, the immobilized binder may 
comprise an immobilized antibody. In certain aspects, the 
modified biomolecule may further comprise a molecular tag. 
Furthermore, the immobilized antibody may be selective for 
the molecular tag that is bound to the modified biomolecule. 
0034. In certain embodiments, modified biomolecules are 
provided. These compounds are prepared, for example, by 
reaction of a biomolecule of interest with one of the function 
alities of a bifunctional reagent. The modified biomolecules 
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are available for conjugation or immobilization using the 
remaining functional group. Biomolecules for use herein 
include, but are not limited to, proteins including antibodies, 
glycoproteins, peptides, oligonucleotides, RNA and/or DNA. 
0035. In certain embodiments, modified solid supports, or 
Substantially solid Supports, are also provided, including, but 
not limited to, synthetic polymers, beads, glass, slides, metals 
and/or particles that have been modified by reaction with a 
bifunctional reagent to afford modified synthetic polymers, 
beads, latex, glass, slides, metals, including colloidal metals 
and/or particles that possess a hydrazino or oxyamino group. 
Combinations of modified solid supports, or substantially 
Solid Supports, are also contemplated. For example, these 
modified Solid, or Substantially solid, Supports are useful in 
immobilization of biomolecules that possess or are modified 
to possess a carbonyl group. The immobilized biomolecules 
may also be used indiagnostic and/or therapeutic applica 
tions. 
0036. In certain embodiments, methods for purifying con 
jugates of biomolecules (for example, biomolecule-oligo 
nucleotide conjugates) may involve metal chelation chroma 
tography that utilizes the interaction of a metal ion, for 
example, Nition, Znion, Cution, Fe" ion, or Co" ion 
and the antibody. For example, an aqueous mixture of bio 
molecule-oligonucleotide conjugates and free, or Substan 
tially free, modified-oligonucleotide, may be contacted with a 
water insoluble stationary phase which has the metal ion 
chelated to the phase. In certain embodiments, the conjugate 
chelates with the metal ion whereas neither of the specified 
free modified-oligonucleotide chelate. In certain embodi 
ments, Subsequent washing of the phase with a mild buffer 
may remove, or Substantially remove, the unbound modified 
oligonucleotide. In certain embodiments, the biomolecule 
oligonucleotide conjugates may then be eluted from the phase 
and recovered in a form free, sufficiently free, or substantially 
free, of unconjugated modified-oligonucleotide. 
0037. In certain embodiments, the biomolecule-oligo 
nucleotide conjugates, for example, antibody-oligonucle 
otide conjugates, protein-oligonucleotide conjugates, or pep 
tide-oligonucleotide conjugates, may be used in diagnostic 
and/or therapeutic applications. 
0038. Other embodiments, aspects, features, and/or 
advantages of this technology will become apparent from the 
following detailed description when taken in conjunction 
with the accompanying drawings, which are a part of this 
disclosure and which illustrate, by way of example, certain 
principles of the disclosed technology. 

BRIEF DESCRIPTION OF THE FIGURES 

0039. In order to facilitate a more detailed understanding 
of the nature of certain embodiments disclosed herein, exem 
plary embodiments of processes, systems, kits, preparations, 
methods, purifications, or combinations thereof, will now be 
described in further detail, by way of example only, with 
reference to the accompanying figures in which: 
0040 FIG. 1 is a gel electrophoresis loading 400 ng of 
antibody with SYBR stain, containing the following lanes: 
Marker (lane 1); SFB-H1A (lane 2); HyNic-Bovine IgG (lane 
3); Bovine IgG/H1A crude (lane 4) and Bovine IgG/H1A 
purified (lane 5), in accordance with certain embodiments. 
0041 FIG. 2 is a gel electrophoresis loading 400 ng of 
antibody with Lumitein stain, containing the following lanes: 
Marker (lane 1); SFB-H1A (lane 2); HyNic-Bovine IgG (lane 
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3); Bovine IgG/H1A crude (lane 4) and Bovine IgG/H1A 
purified (lane 5), in accordance with certain embodiments. 
0042 FIG. 3 is a gel electrophoresis loading 500 ng of 
antibody with Commassie stain, containing the following 
lanes: Marker (lane 1); SFB-H1A (lane 2); HyNic-Bovine 
IgG (lane 3); Bovine IgG/H1A crude (lane 4) and Bovine 
IgG/H1A purified (lane 5), in accordance with certain 
embodiments. 
0043 FIG. 4 is a gel electrophoresis with Lumitein stain, 
containing the following lanes: Marker (lane 1); HyNic-MS 
anti-FITC 150 ng (lane 2); MS anti-FITC/H1A crude 300 ng 
(lane 3); MSanti-FITC/H1A purified 300 ng (lane 4) and MS 
anti-FITC/H1A purified 450 ng (lane 5), in accordance with 
certain embodiments. 
0044 FIG. 5 is a gel electrophoresis loading 300 ng of 
antibody with DNA Silver stain containing the following 
lanes: Marker (lane 1): 4FB-H1A (lane 2); Bovine IgG/H1A 
crude (lane 3); Bovine IgG/H1A purified with Diafiltration 
spin column 100K (lane 4) and Bovine IgG/H1A purified 
Zinc-His-tag-magnetic-bead (lane 5), in accordance with cer 
tain embodiments. 
0045 FIG. 6 is a gel electrophoresis loading Loading 300 
ng of antibody with Silver stain containing the following 
lanes: Marker (lane 1): 4FB-46 mer 4FB-oligonucleotide 
(lane 2): 1:5 MS anti-FITC/46 mer 4FB-oligonucleotide 
crude (lane 3): 1:5 MS anti-FITC/46 mer 4FB-oligonucle 
otide purified (lane 4): 1:3 MS anti-FITC/46 mer 4FB-oligo 
nucleotide crude (lane 5): 1:3 MS anti-FITC/46 mer 4FB 
oligonucleotide purified (lane 6): 1:5 MS anti-FITC/36 mer 
4FB-oligonucleotide crude (lane 7): 1:5 MS anti-FITC/36 
mer 4FB-oligonucleotide purified (lane 8): 1:3 MS anti 
FITC/36 mer 4FB-oligonucleotide crude (lane 9) and 1:3 MS 
anti-FITC/36 mer 4FB-oligonucleotide purified (lane 10), in 
accordance with certain embodiments. 
0046 FIG. 7 is a gel electrophoresis loading 300 ng of 
antibody with Silver stain, containing the following lanes: 
Marker (lane 1); SFB-H1A (lane 2); 20xBovine IgG/DG2A 
crude (lane 3); 20xBovine IgG/DG2A purified (lane 4): 
30xBovine IgG/DG2A crude (lane 5);30xBovine IgG/DG2A 
purified (lane 6): 40xBovine IgG/DG2A crude (lane 7); 
40xBovine IgG/DG2A purified (lane 8): 50xBovine IgG/ 
DG2A crude (lane 9) and 50xBovine IgG/DG2A purified 
(lane 10), in accordance with certain embodiments. 
0047 FIG. 8 is a gel electrophoresis of 1.0 ug of antibody 
with Commassie stain, containing the following lanes: 
Marker (lane 1): HyNic-MS anti-FITC (lane 2); Purified MS 
anti-FITC/V3B 19 bp (lane 3); Purified MS anti-FITC/H1A 
35bp (Ab 4 mg/ml) (lane 4); Purified MS anti-FITC/Amino 
40 40 bp (lane 5); Purified MS anti-FITC/Amino-4040 bp 
(lane 6); Purified MS anti-FITC/DG2A 46 bp (lane 7) and 
Purified MS anti-FITC/Amino-60 60 bp (lane 8), in accor 
dance with certain embodiments. 
0048 FIG. 9: Conjugation of HyNic-modified antibody 
with 4FB-oligonucleotide, in accordance with certain 
embodiments. 
0049 FIG.10: Magnetic affinity purification of antibody 
oligonucleotide conjugate, in accordance with certain 
embodiments. 
0050 FIG. 11: Stage 1: Modification of the oligonucle 
otide to form a modified oligonucleotide, in accordance with 
certain embodiments. 
0051 FIG. 12: Stage 2: Modification of the antibody to 
form a modified antibody, inaccordance with certain embodi 
mentS. 
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0.052 FIG. 13: Stage 3: Formation of the antibody-oligo 
nucleotide conjugate. Stage 4: Purification of the antibody 
oligonucleotide conjugate, in accordance with certain 
embodiments. 
0053 FIG. 14: is a scheme presenting the HyNic/4FB 
chemistry used to conjugate oligonucleotides (oligonucle 
otide barcode tags) to antibodies and results, in accordance 
with certain embodiments. 

0054 FIG. 15: is a scheme presenting steps used to pre 
pare purified bis-arlyhydrazone based antibody-oligonucle 
otide conjugates and results, in accordance with certain 
embodiments. 
0055 FIG. 16: is a scheme presenting preparation of 1:1 
antibody-oligonucleotide conjugate via a controlled reduc 
tion of disulfide bonds in the hinge region of an antibody, 
followed by reaction of a resultant thiol with a thiol-reactive 
aromatic hydrazine, MHPH, to form a hydrazine containing 
adduct, and then conjugated with a 4FB-oligonucleotide in 
the presence of aniline catalyst to form the 1:1 antibody 
oligonucleotide conjugate, in accordance with certain 
embodiments. 
0056 FIG. 17: is a scheme presenting the preparation of a 
conjugate between an oligonucleotide and a cysteine-con 
taining engineered protein, formed by reacting a cysteine 
containing engineered protein with a thiol-reactive aromatic 
hydrazine, MHPH, to form a hydrazine-containing adduct, 
and then conjugated with a 4FB-oligonucleotide in the pres 
ence of aniline catalyst to form the engineered protein-oligo 
nucleotide conjugate, in accordance with certain embodi 
mentS. 

0057 FIG. 18: is a general scheme presenting the prepa 
ration of oligonucleotide-signal generators using a HyNic 
4FB coupling, in accordance with certain embodiments. 
0.058 FIG. 19: is a scheme presenting the preparation of a 
complementary oligonucleotide-dextran-polyfluor conjugate 
with 1:1 oligonucleotide to dextran Stoichiometry, in accor 
dance with certain embodiments. 

0059 FIG. 20: (Left) is a schematic representation of the 
hybridization of an antibody-oligonucleotide conjugate (A), 
with a complementary oligonucleotide-fluorescently labeled 
scaffold (B), to form the hybridization product (C). (Right) 
Polyacrylamide gel results demonstrating the hybridization 
of two oligonucleotide conjugates (lanes 3 and 5) as com 
pared to their respective complementary oligonucleotide 
dextran scaffold conjugates (lanes 4 and 6), in accordance 
with certain embodiments. 
0060 FIG. 21: is a schematic representation of conjugate 
self assembly, wherein a series of antibody-oligonucleotides 
(A), and a series of complementary oligonucleotide-signal 
generators (B), self-assemble via hybridization to form 
hybridrization products (C), in accordance with certain 
embodiments. 

0061 FIG.22: is a schematic representation of a two-plex 
flow cytometry experiment mediated by self assembly by 
hybridization of antibody-oligonucleotide conjugates bound 
to their respective antigens (Probe) followed by hybridization 
to their complementary oligonucleotide-signal generator 
conjugates (Detect), in accordance with certain embodi 
mentS. 

0062 FIG. 23: is flow cytometry results demonstrating 
detection of CD4 on living cells using C-CD4 antibody 
HyLk1 conjugate--HyLk1'-R-phycoerythrin conjugate, in 
accordance with certain embodiments. 
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0063 FIG. 24: is flow cytometry results demonstrating 
detection of CD4 on living cells using C-CD4 antibody 
HyLk1 conjugate--HyLk1'-allophycocyanin conjugate, in 
accordance with certain embodiments. 
0064 FIG. 25: is flow cytometry results demonstrating 
detection of CD4 on living cells using C-CD4 antibody 
HyLk1 conjugate+HyLk1'-poly-Dy490 conjugate, in accor 
dance with certain embodiments. 
0065 FIG. 26: is comparing flow cytometry detection 
results of either an O.-CD4 antibody (A) or an O.-CD8 anti 
body (B) on living cells, wherein the C-CD4 or C-CD8 anti 
bodies are directly labeled with FITC or are labeled via anti 
body-HyLk1 conjugate and HyLk 1'-poly-Dy490 conjugates, 
in accordance with certain embodiments. 
0066 FIG. 27: in both (A) and (B) are results demonstrat 
ing absence of crosstalk between antibody-oligonucleotide 
conjugates and non-complementary oligonucleotide fluoro 
phore conjugates, in accordance with certain embodiments. 
0067 FIG. 28: is results demonstrating a time course 
experiment (A)-(E) of labeling by hybridization between an 
antibody-oligonucleotide conjugate and complementary oli 
gonucleotide-polyfluor conjugate, with graph (F) showing 
the results of (A)-(E) Superimposed, in accordance with cer 
tain embodiments. 
0068 FIG.29: is results of an experiment (A)-(D) titrating 
the amount of complementary oligonucleotide-R-phyco 
erythrin conjugate sufficient to produce a desired signal, in 
accordance with certain embodiments. 
0069 FIG. 30: (Top: A-B) is flow cytometry results dem 
onstrating detection of CD19 on living cells using C-CD19 
antibody-HyLk3 conjugate--HyLk3'-poly-DY591 and (Bot 
tom; C-D) results demonstrating detection of CD8 on living 
cells using C-CD8 antibody-HyLk2 conjugate+HyLk2'- 
poly-DY549, in accordance with certain embodiments. 
0070 FIG.31: is a 5-Plex flow cytometry experiment (A)- 
(D) using 5 commercially available antibody-fluorophore 
conjugates (Directly Labeled Antibody conjugates). In this 
experiment, the same panel of antibodies was used as in FIG. 
32 as a reference example to compare the performance of 
each panel, in accordance with certain embodiments. 
(0071 FIG.32: is a 5-Plex flow cytometry experiment (A)- 
(D) using 5 different oligonucleotide-antibody conjugates 
(Molecular Probes) followed by addition of the complemen 
tary oligonucleotide-poly-fluor conjugates (Detectable Com 
ponents), in accordance with certain embodiments. The pat 
tern of immune reactivity is to be compared with the panel in 
FIG. 31 for the same antibodies but using direct fluorescent 
conjugates. 
0072 FIG. 33: is a scheme presenting hybridization-me 
diated immunomagnetic separation of CD4 cells, with (A) a 
binding of C-CD4-oligonucleotide conjugate and (B) a 
hybridization to a complementary oligonucleotide-immobi 
lized paramagnetic bead and attraction by a magnet, in accor 
dance with certain embodiments. 
0073 FIG. 34: is a scheme presenting hybridization-me 
diated immunomagnetic separation of CD4 cells and their 
release by strand displacement of the hybridization by a dis 
placement oligonucleotide Such as a peptide nucleic acid 
(PNA) or a locked nucleic acid (LNA), in accordance with 
certain embodiments. 
0074 FIG.35: is a schematic representation of isolation of 
an epithelial cell. Such as a circulating cancer cell, in a microf 
luidic device using a-Epithelial Cell adhesion molecule anti 
body-oligonucleotide conjugates and their complementary 
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oligonucleotides immobilized in a microfluidic channel 
while allowing lymphocytes to escape, in accordance with 
certain embodiments. 

(0075 FIG. 36: (Left) is a schematic representation of 
detection of an antigen in a Western Blot experiment using an 
antibody-oligonucleotide conjugate/complementary oligo 
nucleotide-signal generator pair. (Right) Results comparing a 
classical Western Blot experiment detecting tubulin and a 
likely non-specific band using a primary C-tubulin antibody/ 
secondary antibody-HRP conjugate to a Western Blot pre 
pared using an O-tubulin antibody-oligonucleotide conjugate 
and complementary oligonucleotide-HRP conjugate, in 
accordance with certain embodiments. 

0076 FIG. 37: is a schematic representation of an Univer 
sal Adapter protocol, wherein each antibody is conjugated to 
oligonucleotides of the same Universal sequence, but each is 
then hybridized to a distinct Universal Adaptor prior to their 
use in a multiplexed experiment, to allow them to be differ 
entiated, and then performing a detection experiment, 
wherein the signal generator is linked to the 5'-end of the 
oligonucleotide-signal generator conjugate, in accordance 
with certain embodiments. 

(0077 FIG.38: is a schematic representation of a Universal 
Adapter protocol, wherein each antibodies is conjugated to 
oligonucleotides of the same Universal sequence, but each is 
then hybridized to a distinct Universal Adaptor prior to their 
use in a multiplexed experiment, to allow them to be differ 
entiated, and then performing a detection experiment, 
wherein the signal generator is linked to the 3'-end of the 
oligonucleotide-signal generator conjugate, in accordance 
with certain embodiments. 

0078 FIG. 39: is infrared fluorescent Western Blot detec 
tion results performed using an O-tubulin antibody then 
detected by an IR800-dye labeled secondary anti-immuno 
globulin antibody compared to using an O-tubulin antibody 
HyLkl oligonucleotide conjugate an HyLk2 oligonucle 
otide-dextran-poly-IR800 dye conjugate mediated by 
hybridization to an HyLk 1'-HyLk2 adaptor oligonucleotide 
as presented in FIG. 32, in accordance with certain embodi 
mentS. 

007.9 FIG. 40: is flow cytometry results demonstrating the 
use of an adapter method, showing (A) a positive control: 
Binding of a molecular probe and then hybridization with its 
complement detectable component, in the absence of an 
adapter; (B) use of an adapter: Binding of a molecular probe, 
hybridization with a complementary sequence on an adapter, 
and then hybridization of a second sequence on the adapter 
with complementary sequence on a detectable component; 
and (C) a negative control: Binding of a molecular probe and 
addition of an adapter having a non-complementary sequence 
to the detectable component, showing no signal when ana 
lyzed by flow cytometry; in accordance with certain embodi 
mentS. 

0080 FIG. 41: is a schematic representing steps in an 
antibody-oligonucleotide directed multiplex bead array pro 
tocol, wherein (A) the antigen is captured by an antibody 
oligonucleotide conjugate, (B) complementary oligonucle 
otide-beads are added and the antigen/antibody 
oligonucleotide complex is captured by hybridization, (C) a 
biotinylated detector antibody conjugate is added followed by 
(D) addition of Streptavidin-R-PE conjugate signal detector, 
to form the resulting capture adduct (E), in accordance with 
certain embodiments. 
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0081 FIG.42: is a schematic representation of a multiplex 
antibody-oligonucleotide? complementary oligonucleotide 
bead conjugate self-assembly, in accordance with certain 
embodiments, such as in FIG. 41. 
0082 FIG. 43: is a scheme representing steps in an anti 
body-oligonucleotide directed bead array protocol, wherein 
(A) the antigen is captured by two molecular probes, com 
prising an antibody-oligonucleotide conjugate for detection 
and an antibody-oligonucleotide conjugate for capture to 
form a “sandwich immune complex (B) a complementary 
oligonucleotide-bead is added and the Sandwich immune 
complex is captured by hybridization with the oligonucle 
otide barcode sequence from the antibody-oligonucleotide 
conjugate for capture, (C) addition of a detectable component 
comprising an oligonucleotide sequence complementary to 
the antibody-conjugate for detection, resulting in (D) the 
hybridized formation of a fully captured and detectable com 
plex, in accordance with certain embodiments. 
0083 FIG. 44: is a scheme representing steps in an anti 
body-oligonucleotide directed bead array protocol, to simul 
taneously, or Substantially simultaneously, detect and quan 
tify auto-antibodies from a sample and detect and quantify the 
isotype response in a serology assay, wherein (A) an antigen 
conjugate and an anti-isotype specific antibody conjugate are 
added to a sample wherein the anti-antigen antibody is cap 
tured by both oligonucleotide conjugates and (B) added to 
mixture are complementary detectable components (distinct 
bead conjugates) resulting in the capture of the complex by 
hybridization to the captured antigen, (C) the complex is 
detected by the addition of complementary detectable com 
ponents, in accordance with certain embodiments. 
0084 FIG. 45: is a scheme representing the steps in an 
antigen-oligonucleotide directed bead array protocol wherein 
(A) the anti-antigen antibody is captured by its cognate anti 
gen-oligonucleotide conjugate, (B) complementary oligo 
nucleotide-beads are added and the anti-antigen antibody/ 
antigen-oligonucleotide complex (“immune complex') is 
captured by hybridization, (C) a biotinylated detector anti 
body conjugate is added followed by (D) addition of Strepta 
vidin-R-PE conjugate signal detector, resulting in (E) the 
formation of a captured and detectable complex, in accor 
dance with certain embodiments. 
0085 FIG. 46: is a schematic representation of a multiplex 
antigen-oligonucleotide/complementary oligonucleotide 
bead conjugate self-assembly, in accordance with certain 
embodiments, such as in FIGS. 43, 44 and 45. 
I0086 FIG. 47: is a schematic representing the steps in an 
antigen-oligonucleotide directed bead array protocol wherein 
(A) the anti-antigen antibody or antibodies, i.e., IgG, IgM, 
IgA, or IgE, is captured by its cognate antigen-oligonucle 
otide conjugate, (B) complementary oligonucleotide-beads 
are added and the anti-antigen antibody/antigen-oligonucle 
otide complex (“immune complex') is captured by hybrid 
ization, (C) antibody-oligonucleotide conjugates specific for 
the anti-antigen antibodies (“anti-antigen antibody detec 
tors') are added followed by (D) the addition of complemen 
tary oligonucleotide-signal detector conjugates that recog 
nize their respective oligonucleotide sequences on the anti 
antigen antibody detectors allowing identification of the 
antibody isotype response, in accordance with certain 
embodiments. 
0087 FIG. 48: is a schematic representation of the use of 
antibody-oligonucleotide conjugate/complementary oligo 
bead conjugates in an Immunoturbidity assay, wherein (A) a 
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pair of antibody-oligonucleotide conjugates ("capture anti 
body-conjugates') directed to independent epitopes of an 
antigen are added to a sample, (B) allowed to bind to forman 
“immune complex. (C) the mixture is added to beads conju 
gated to oligonucleotides complementary to the oligonucle 
otides on the capture antibody-conjugates, and (4) allowed to 
hybridize leading to crosslinking by hybridization, in accor 
dance with certain embodiments. 
I0088 FIG. 49: is a schematic representing steps in an 
antibody-oligonucleotide directed ELISA or planar array 
protocol wherein (A) an oligonucleotide is immobilized (e.g., 
on a 96-well plate or planar array Surface), (B) the antigen is 
captured by an antibody-oligonucleotide conjugate, (C) the 
sample containing the antigen/antibody-oligonucleotide 
complex is incubated with the surface and captured by 
hybridization, (D) a biotinylated detector antibody conjugate 
is added to bind the captured antigen, followed by (E) addi 
tion of Streptavidin-HRP conjugate signal detector, in accor 
dance with certain embodiments. 
I0089 FIG. 50: is a schematic representing steps in an 
antigen-oligonucleotide directed ELISA or planar array pro 
tocol wherein (A) an oligonucleotide is conjugated to BSA 
and the oligonucleotide-BSA conjugate is immobilized (e.g., 
on a 96-well plate or planar array surface), (B) the antibody is 
captured by an antigen-oligonucleotide conjugate, (C) the 
sample containing the antibody/antigen-oligonucleotide 
complex is incubated with the surface and captured by 
hybridization, (D) a biotinylated detector antibody conjugate 
is added to bind the captured antibody, followed by (E) addi 
tion of Streptavidin-HRP conjugate signal detector, in accor 
dance with certain embodiments. 
0090 FIG. 51: is a schematic representing similar steps as 
those in FIG. 50, but wherein the steps are directed to an 
ELISA or planar array protocol in a serology-based assay to 
detect anti-antigen antibodies, in accordance with certain 
embodiments. 
0091 FIG. 52: is showing results of an immunocytochem 
istry experiment to examine tubulin distribution in cells, 
wherein an O-tubulin HyLk 1 oligonucleotide conjugate 
molecular probe is imaged using an HyLk1 complementary 
oligonucleotide-poly-Dy490 fluorophore detector and the 
fluorescein channel of an epifluorescence microscope as in 
(A) while the HyLk 1'-poly-Dy490 probe alone yields no 
similar image, according to certain embodiments. 
0092 FIG. 53: is showing imaging results of the distribu 
tion of tubulin and the distribution of phosphotyrosine-con 
taining proteins using antibody-oligonucleotide conjugates 
and their respective complementary detectors applied in mix 
tures, wherein a mixture of an O-tubulin-HyLk 1 probe and 
a-phosphotyrosine-HyLk2 probe are applied and then 
detected by a mixture of HyLk1'-poly-Dy490 and HyLk2'- 
poly-Dy549, allowing their distribution in (A) cells imaged in 
brightfield to be distinguished as in (B) using a fluorescein 
filter set and (C) using a rhodamine filter set, according to 
certain embodiments. 
0093 FIG. 54: is a schematic representation of the process 
of preassembly using pairs of complementary oligonucle 
otides in which a plurality of molecular probes and a plurality 
of detectable components are hybridized, i.e., preassembled, 
to form a plurality of preassembled molecular probe-detect 
able component hybrids, prior to contacting with a sample 
comprising one or more molecular targets. The preassembly 
process may be completed by individual preassembly, fol 
lowed by pooling, then contacting with the sample, or alter 
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natively, may be completed by pooling the plurality of 
molecular probes and plurality of detectable components, 
preassembling by hybridization, and then contacting the 
pooled preassembled hybrids with the sample. 
0094 FIG.55: Are flow cytometry results demonstrating 
the process of preassembly on mouse splenocytes, as com 
pared to sequential assembly in which the probes are applied 
in a first step and then the detectors in a second step. The flow 
cytometry dot plots on the left (labeled “sequential 5-plex”). 
illustrate the sequence of using the CCD4-HyLk1, CCD8 
HyLk2, C.CD19-HyLk3, C.CD43-HyLk4 and CCD62L 
HyLk5 antibody-oligonucleotide conjugates as applied to the 
mouse splenocytes, followed by washing, then hybridizing 
with the HyLk1'-Dy490, HyLk2'-Dy549, HyLk3'-Dy591, 
HyLk4'-DyG49 and HyLk5'-Dy405 detectors, and then ana 
lyzed by flow cytometry. The flow cytometry dot plots on the 
right (labeled “Preassembled 5-plex (in pool)'), illustrate the 
combining the single pool of antibody-oligonucleotide con 
jugates comprising C.CD4-HyLk1, CCD8-HyLk2, CCD19 
HyLk3, C.CD43-HyLk4 and CCD62L-HyLk5, preassem 
bling via hybridization with the complementary polyfluor 
signal generating moiety conjugates HyLk1'-Dy490, 
HyLk2'-Dy549, HyLk3'-Dy591, HyLk4'-Dy649 and 
HyLk5'-Dy405, then contacting the preassembled hybrids 
with mouse splenocytes as a pooled mixture, followed by 
binding, washing, and then analyzed by flow cytometry. 
0095 FIG. 56: is results comparing the use of two alter 
native methods of preassembly, the left (labeled “Preas 
semble in pool, then add to cells'), and the right (labeled 
“Preassemble one-by-one, pool, add to cells'). The compa 
rable results of the two alternative methods of preassembly 
Suggest that either these alternatives, or other preassembly 
protocols, may be followed with similar success. 
0096 FIG. 57: illustrates several schemes that may be 
considered to address and/or decrease the potential for cross 
talk, Such as in panel A, by hybridizing the oligonucleotide 
sequence of a non-hybridized molecular probe with an 
unconjugated complementary oligonucleotide, or as illus 
trated in panel B, by hybridizing the complementary oligo 
nucleotide sequence of a non-hybridized detectable compo 
nent with an unconjugated oligonucleotide, or as illustrated in 
panel C, stabilizing the duplexes formed by the preassembly 
hybridization of the molecular probe(s) and the detectable 
component(s) with natural or synthetic minor groove binding 
agents or with natural or synthetic intercalating agents. 
0097 FIG.58: illustrates a preassembly process utilizing a 
universal oligonucleotide conjugated to a panel of molecular 
probes that are individually combined with a universal oligo 
nucleotide complement conjugated to a panel of signal gen 
erating moieties. The preassembled molecular probe-signal 
generating moiety hybrids may then be stabilized with uncon 
jugated oligonucleotides or duplex stabilizers, followed by 
contacting with a sample comprising one or more molecular 
targets or analytes to perform one or more assays. 
0098 FIG. 59: illustrates the stabilizing and then pooling 
of a panel of individually preassembled antibody-signal gen 
erating moiety hybrids, followed by contacting with a sample 
comprising one or more molecular targets or analytes to per 
form an assay. 
0099 FIG. 60: illustrates a preassembly process utilizing a 
universal oligonucleotide conjugated to a panel of molecular 
probes, such as a panel of monoclonal antibodies that are 
individually combined with a universal oligonucleotide 
complement conjugated to a panel of barcoded particles, that 
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may be used in a flow cytometry-based multiplexed immu 
nodetection assays. The preassembled antibody-bead hybrids 
may then be stabilized with unconjugated oligonucleotides or 
duplex stabilizers. The individual stabilized preassembled 
antibody-bead hybrids may then be contacted with a sample 
comprising one or more molecular targets or analytes to per 
form one or more assays. 
0100 FIG. 61: illustrates the stabilizing and then pooling 
of a panel of individually preassembled antibody-bead 
hybrids, followed by contacting with a sample comprising 
one or more molecular targets or analytes to performan assay. 
0101 FIG. 62: illustrates the preassembly of barcoded 
oligonucleotide detectable components, comprising a first 
oligonucleotide sequence. Such as a 20-oligonucleotide uni 
Versal sequence, comprising an oligonucleotide sequence 
complementary to a universal oligonucleotide conjugated to a 
molecular probe, and a second oligonucleotide sequence, 
Such as a 20-oligonucleotide unique sequence, comprising a 
sequence that is unique to that detectable component. 
0102 FIG. 63: illustrates the pooling of the individually 
preassembled molecular probe-barcoded oligonucleotide 
detectable component hybrids, contacting with a sample 
comprising one or more molecular targets or analytes, fol 
lowed by washing, disassociation of the hybrids, elution, and 
analysis. 
0103 FIG. 64: illustrates the process of preassembly with 
the use of one or more universal adapters. 
0104 FIG. 65: illustrates the use of detectable compo 
nents that comprise an oligonucleotide sequence that has 
been chemically modified with fluorescent moieties to enable 
detection by fluorescence resonance energy transfer (FRET). 
0105 FIG. 66: illustrates the preassembly of one or more 
molecular probes with one or more Supports to form a preas 
sembled affinity matrix or material. The preassembled affin 
ity matrix or material may then be used, for example, to 
affinity capture, purify, and then release one or more molecu 
lar targets, such as one or more biomolecular targets, each as 
a complex bound to the particular molecular probe. 
0106 FIG. 67: illustrates a molecular probe conjugated to 
a universal oligonucleotide may be combined with a sample 
comprising one or more molecular targets to bind the one or 
more targets, which may then be captured by a complemen 
tary oligonucleotide conjugated to a Support via hybridiza 
tion. 

0107 FIG. 68 illustrates the Flow cytometric results of the 
evaluation of complementary oligonucleotide-dextran-poly 
fluor conjugate detectors with increasing number of fluors/ 
dextran scaffold, according to certain embodiments. 
(0.108 FIG. 69 illustrates an exemplary scheme for the 
incorporation of 4FB-moiety using a 4FB-phosphoamidite 
(X) on the 5'-end of an oligonucleotide during its solid phase 
synthesis, according to certain embodiments. 
0109 FIG. 70 illustrates an exemplary schematic repre 
sentation of the process used to purify 4FB-oligonucleotides, 
according to certain embodiments. 
0110 FIG. 71A shows results for conjugation of a 4FB-20 
mer oligonucleotide (4 mol equiv) to a HyNic-modified anti 
body, according to certain embodiments. 
0111 FIG. 71B shows results for a crude a 4FB-20 mer 
oligonucleotide (5 mol equiv) to a HyNic-modified antibody, 
according to certain embodiments. 
0112 FIG.72 shows a PAGE gel of the conjugation of a 20 
mer 4FB-oligonucleotide purified (Lane 2) to a HyNic 
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Peg2-9mer peptide (1.5 molequiv (Lane 3) and 3.0 molequiv 
(Lane 4)), according to certain embodiments. 
0113 FIG. 73 shows the flow cytometric results analyzing 
antibody-oligonucleotide conjugates hybridized to its 
complementary oligonucleotide/dextran?poly-Dy490 detec 
tor with respect to the number of oligonucleotides conjugated 
to the antibody, according to certain embodiments. 
0114 FIG. 74 shows Immunoturbidity assay results per 
certain embodiments. 
0115 FIG. 75 shows the flow cytometry results of the 
capture and detection of a-BSA antibody using BSA-HyLk1 
conjugate immobilized on Compel-HyLk 1'beads from 366 to 
0.36 ng. 
0116 FIG. 76 illustrates an exemplary step wise protocol 
that may be used to capture and detect an antigen from a 
biological sample, according to certain embodiments. 
0117 FIG. 77 illustrates an exemplary schematic repre 
sentation of self assembly, according to certain embodiments. 
0118 FIG. 78 illustrates an exemplary schematic repre 
sentation of preassembly, according to certain embodiments. 
0119 FIG. 79 presents the flow cytometry results of the 
binding of C.-CD820, 30 and 40 mer hybrids to CD8+ sple 
nocytes, according to certain embodiments. 
0120 FIG.80 is an exemplary scheme presenting hybrid 
ization-mediated immunomagnetic separation of Her2+ cells 
from a complex mixture of cell, by (A) a binding of a hercep 
tin-oligonucleotide conjugate and (B) a hybridization to a 
complementary oligonucleotide-immobilized paramagnetic 
bead and attraction by a magnet, in accordance with certain 
embodiments. 
0121 FIG. 81 is the flow cytometric results of the isolation 
of Her2+ cells from a complex mixture of cells using Her 
ceptin directly immobilized on magnetic beads to a herceptin 
oligonucleotide conjugate followed by addition of magnetic 
beads immobilized with the complementary oligonucleotide, 
according to certain embodiments. 
0122 FIG. 82 is an exemplary scheme presenting hybrid 
ization-mediated immunomagnetic separation of CD4 cells 
and their release by strand displacement of the hybridization 
by a displacement oligonucleotide such as a peptide nucleic 
acid (PNA) or a locked nucleic acid (LNA), in accordance 
with certain embodiments. 
0123 FIG.83: is a schematic representation of isolation of 
an epithelial cell. Such as a circulating cancer cell, in a microf 
luidic device using a Herceptin antibody-oligonucleotide 
conjugate and its complementary oligonucleotide immobi 
lized in a microfluidic channel while allowing lymphocytes to 
escape, in accordance with certain embodiments. 

DETAILED DESCRIPTION 

0.124. The following description is provided in relation to 
several embodiments which may share common characteris 
tics and features. It is to be understood that one or more 
features of one embodiment may be combinable with one or 
more features of the other embodiments. In addition, a single 
feature or combination of features in certain embodiments 
may constitute additional embodiments. 
0.125. In this specification, the word “comprising is to be 
understood in its “open’ sense, that is, in the sense of “includ 
ing, and thus not limited to its “closed sense, that is the 
sense of "consisting only of. A corresponding meaning is to 
be attributed to the corresponding words “comprise”, “com 
prised and “comprises' where they appear. 
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0.126 The subject headings used in the detailed descrip 
tion are included only for the ease of reference of the reader 
and should not be used to limit the subject matter found 
throughout the disclosure or the claims. The Subject headings 
should not be used in construing the scope of the claims or the 
claim limitations. 

CERTAIN TERMS AND DEFINITIONS 

I0127. The term “molecular probe' may refer to a conju 
gate, for example, a bioconjugate, comprising a binding moi 
ety and an oligonucleotide, for example a binding moiety 
conjugated to an oligonucleotide. The molecular probe may 
comprise a biomolecule conjugated to an oligonucleotide, for 
example, a biomolecule-oligonucleotide conjugate, such as 
an antibody-oligonucleotide conjugate, an (antibody frag 
ment)-oligonucleotide conjugate, a protein-oligonucleotide 
conjugate, or a peptide-oligonucleotide conjugate. The 
molecular probe may comprise a binding moiety, Such as a 
biomolecule, conjugated to one or more oligonucleotides, for 
example, conjugated to two oligonucleotides, three oligo 
nucleotides, or four oligonucleotides. 
I0128. The term “binding moiety' may refer to a moiety, 
molecule, or Substance that binds at least one target in a 
sample. For example, a binding moiety may comprise a bio 
molecule, a synthetic molecule, a biopolymer, or a portion of 
the biomolecule, synthetic molecule, or biopolymer. Suitable 
binding moiety may include, but is not limited to, an antibody, 
antibody-fragment, Such as a single chain variable fragment 
(“scFv'), genetically-modified antibody, genetically-modi 
fied antibody-fragment, antigen, a protein, a peptide, a car 
bohydrate, a nuclear receptor, a small molecule, a drug or 
drug-like molecule, or combinations or derivatives thereof. 
The binding moiety may be capable of recognizing and bind 
ing a target. The binding moiety may also comprise a specific 
binding affinity for a target. The binding moiety may com 
prise one or more oligonucleotides, for example, may be 
conjugated to one or more oligonucleotides. The binding 
moiety may comprise a spacer group. The binding moiety 
may also comprise a universal adapter. 
I0129. The term “biomolecule' may refer to a compound 
found in nature, a derivative of a compound found in nature, 
a synthetically modified analog of a compound found in 
nature, a genetically engineered analog of a compound found 
in nature, a genetically engineered modified analog of a com 
pound found in nature. For example, biomolecules may be 
and/or include, but are not limited to, proteins; antibodies; 
antibody-fragments; haptens; glycoproteins; cell-membrane 
proteins; enzymes, such as alkaline phosphatase, B-galactosi 
dase, horseradish peroxidase, or urease; peptides; peptide 
nucleic acids (PNAs); locked nucleic acids (LNAs); geneti 
cally engineered peptides; genetically engineered proteins; 
genetically engineered antibodies; genetically engineered 
antibody-fragments: oligonucleotides; RNA; DNA; saccha 
ride-containing molecules; monosaccharides; disaccharides; 
trisaccharides; oligosaccharides; polysaccharides, such as 
dextran; Small molecules, including drug-like molecules; 
drugs; antigens, such as tumor antigens; pathogens: toxins: 
polymers, including biopolymers and/or dendrimers; nuclear 
receptors; nuclear receptor Substrates and/or ligands; cytok 
ines; epitopes, including peptide epitopes, antigen epitopes, 
and/or pathogen epitopes; enzyme Substrates; and/or combi 
nations or derivatives thereof. 
0.130. The term “biopolymer may refer to a compound 
found in nature, a derivative of a compound found in nature, 
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a synthetically modified analog of a compound found in 
nature, a genetically engineered analog of a compound found 
in nature, a genetically engineered modified analog of a com 
pound found in nature, wherein the biopolymer may be made 
up of monomeric units. For example, biopolymers may be 
and/or include, but are not limited to, oligonucleotides, RNA, 
DNA, peptides, peptide nucleic acids (PNAS), locked nucleic 
acids (LNAs), derivatized forms of nucleic acids, proteins 
including antibodies, glycoproteins, enzymes, oligosaccha 
rides, and/or derivatives thereof. Examples of monomeric 
units include, but are not limited to, nucleotides, nucleosides, 
amino acids, PNA monomers, monosaccharides, and deriva 
tives thereof. 

0131 The term “molecular tag may refer to a peptide 
sequence that is attached to a molecule. For example, the 
molecular tag may be a peptide sequence that is recognized as 
an antigenby an antibody. The molecular tag may include, but 
is not limited to, a poly-histidine tag, for example, a Flag Tag, 
a Myc-Tag, an S-tag, a StrepTag, a calmodulin tag, or a 
peptide tag that an antibody has been raised against. The 
molecular tag may be attached to a molecule by synthetic 
means, by utilization of recombinant methodologies, genetic 
engineering, or combinations thereof. The molecular tag may 
be a cloned short stretch of polyhistidines that is attached 
either onto the amino or carboxy terminus of a protein. The 
molecular tag may be recognized by an antibody. The 
molecular tag may form a chelate with a metal ion. For 
example, the molecular tag may be a poly-histidine tag or a 
tetra-cysteine tag that may form a chelate with a metal ion. 
Alternatively, the molecular tag may be a protein domain or 
other folded peptide domain or domains. For example, the 
molecular tag may be a glutathione-S-transferase tag, a Hal 
oTag R, a maltose binding protein-tag, a monomeric avidin 
domain, a protein A immunoglobulin-binding Z domain, a 
green fluorescent protein-tag, or a thioredoxin-tag. The pro 
tein domain may bind to another protein, a peptide oraligand, 
by non-covalent or by covalent means. 
0132) The term “modified’ may refer to a modification of 
a molecule. Such as a biomolecule or a biopolymer, either by 
chemical synthesis, bio-engineering, or the like. The mol 
ecule may be modified by the attachment of a moiety, for 
example by a covalent bond, onto the molecule. Such that 
once attached, the now modified molecule is capable of react 
ing with another molecule to form a conjugate. The moiety 
may attach to the molecule to form the modified molecule 
includes a reactive group, or a linkable group available to link, 
i.e., conjugate, to another complementary reactive group 
attached to another molecule. The modified molecule may 
comprise a reactive group that is protected, and requires 
deprotection before being available to link, i.e., conjugate, to 
another reactive group attached to another molecule. The 
modification of a molecule may further comprise attaching a 
spacer group, a molecular tag, a fusion protein comprising a 
histidine rich region, or combinations thereof. 
0133. The term “bioconjugate' may refer to a conjugate of 
at least two biomolecules, of at least two biopolymers, or at 
least one biomolecule and at least one biopolymer. The bio 
conjugate may also include one or more linkages between the 
individual components that have been conjugated. The bio 
conjugate may also include one or more spacer groups 
between the one or more linkages joining the one or more 
individual components, or the spacer group may be between 
the individual component and the linkage. For example, the 
spacer group may include, but is not limited to an ethyleneox 
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ide moiety, a polymer formed from repeating —(—CH2— 
CHO )— moieties, PEG, or PEO. 
I0134. The term “conjugate' may represent a compound 
containing at least two components linked together. The indi 
vidual components may be linked directly through one or 
more covalent bonds, or one or more ionic bonds, or by 
chelation, or mixtures thereof. The linkage, or conjugation, 
may include one or more spacer groups between the one or 
more linkages joining the one or more individual compo 
nents, or may be between the individual component and the 
linkage. The individual components that may be linked 
together may include, but is not limited to biologically 
derived biopolymers, modified biopolymers, biologically 
derived biomolecules, and synthetically derived molecules. 
For example, the conjugate may comprise a first component, 
Such as a protein, that may be linked, i.e., conjugated, directly 
through one or more covalent bonds to a second component, 
Such as an oligonucleotide, to form a conjugate. The conju 
gate and/or the linkage of the conjugate may be stable to 
thermolysis, stable to hydrolysis, may be biocompatible, or 
combinations thereof. 

0.135 The term “hybrid may refer to a multicomponent 
composition formed by bringing together at least two conju 
gates, formed as disclosed herein and comprised of at least 
one probe conjugate and at least one detector conjugate. A 
probe conjugate, for example, may be comprised of an anti 
body, binding protein, nucleic acidaptamer, ligand, chemical 
compound and/or other molecule specific to a target. In cer 
tain embodiments, a hybrid would typically be comprised of 
a single probe and a single detector wherein the oligonucle 
otide component of the probe is complementary to the oligo 
nucleotide component of the detector. Certain embodiments 
are directed to when the probe conjugate is an antibody con 
jugated to two or three oligonucleotides. Alternatively, the 
probe conjugate may be an antibody conjugated to one, one to 
two, two to three, two to four, three to five, four to seven, or 
five or more oligonucleotides. Alternatively, the probe con 
jugate may be an antibody conjugated to one oligonucleotide 
sequence, two sequences, three sequences or three or more 
sequences. In certain embodiments, a detector is comprised 
of a detectable component, inclusive of a scaffold, a nucleic 
acid, and/or other chemical compounds, to which is appended 
fluorescent or other optically active chemical groups, or bind 
ing moieties such as biotin or digoxigenin, or peptides such as 
epitopes, or proteins such as avidin or phycoerythrin or 
enzymes, or particles such as quantum dots, or colloidal gold, 
or latex beads, or Surfaces Such as glass or polymers or plas 
tics. In certain embodiments, the detector is a dextran or other 
scaffold covalently modified with multiple fluorophores and a 
single oligonucleotide. In other embodiments, the detector is 
an enzyme, fluorescent protein, or other protein conjugated to 
a single oligonucleotide. Further, a hybrid is formed when 
complementary oligonucleotides on a probe conjugate and a 
detector conjugate are allowed to anneal or hybridize, based 
on complementary and base pairing, to form a double 
Stranded nucleic acid linkage between the probe component 
and the detector component. In certain embodiments a small 
volume, around 10, 20, 25, 30, 40, 45, 50, 55, 60, 65, 70, 80, 
90 microliters or less, of a solution of an antibody-oligonucle 
otide probe conjugate, wherein the antibody molecule bears 
two or three oligonucleotides, and then to add a specific 
volume, around 50, 75, 100, 125, 150, 200, 225, 250, 300, or 
400 microliters or less, of a solution of a fluorescent dextran 
bearing a single complementary oligonucleotide. In certain 
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embodiments, the concentrations of the first oligonucleotide 
and the second complementary oligonucleotide in the final 
Solution would be approximately equal based on moles of 
bases that are available to base pair, allowing nearly complete 
formation of double stranded hybridization products. The 
resulting hybrid would thus comprise a single antibody linked 
to one, two or three dextran scaffolds, where the linker is 
comprised of a double stranded nucleic acid. Alternatively, in 
certain embodiments, a hybrid might contain a greater num 
ber of detectors linked to each probe, thereby achieving 
greater sensitivity. In certain embodiments, an antibody 
linked to one or more oligonucleotides would be combined 
with a detector comprised of a particle or bead or surface 
coated with a complementary oligonucleotide. Here, the 
hybrid would comprise the particle or bead or surface coated 
with the probe, linked by double-stranded nucleic acids. In 
certain embodiments, an antibody is joined to a fluorescent 
dextran in Solution, the resulting hybrid is functionally 
equivalent, or Substantially equivalent, to an antibody which 
has been covalently labeled with a fluorophore and may be 
used for biological tests in the same manner as a labeled or 
tagged antibody, as for direct labeling. In certain embodi 
ments, the probe is allowed to bind to its target prior to 
formation of the hybrid. Here, in certain embodiments, an 
antigen is exposed to an antibody-oligonucleotide conjugate 
as a probe. Then, a detector, such as the complementary 
oligonucleotide covalently linked to a fluorescent dextran or 
a fluorescent protein or an enzyme would be introduced. 
Herein, the annealing or hybridization of the complementary 
sequences would then bring the detector into proximity with 
the target via its interaction with the probe. In these embodi 
ments, the hybrid is formed in situ, to perform indirect label 
ing. In certain embodiments, where the probe is an antibody 
conjugated to one or more than one oligonucleotide, and the 
probe is allowed to contact the target, and then, where the 
detector is a particle or bead or surface coated with the 
complementary oligonucleotide, and the detector is com 
bined with the target and probe, a hybrid can be formed to 
capture the target and probe onto the Solid material, by 
hybridization and formation of double stranded nucleic acid 
linkers between the probe and detector components. 
0136. The term “preassembly' or “preassembly hybrid 
ization” or preassembled hybrids' may refer to assembly via 
hybridization of oligonucleotide sequence containing com 
ponents prior to contacting a sample or binding a target. For 
example, a molecular probe and a detectable component may 
be preassembled via hybridization prior to either the molecu 
lar probe, the detectable component, or both, contacting the 
sample, or prior to the molecular probe recognizing or bind 
ing a target. In certain embodiments, a molecular probe and a 
universal adapter may be preassembled via hybridization 
prior to either the molecular probe, the universal adapter, or 
both, contacting the sample, or prior to the molecular probe 
recognizing or binding a target. In certain embodiments, a 
detectable component and a universal adapter may be preas 
sembled via hybridization prior to either the detectable com 
ponent, the universal adapter, or both, contacting the sample, 
or prior to the molecular probe recognizing or binding a 
target. In certain embodiments, a molecular probe and a 
detectable component and a universal adapter may be preas 
sembled via hybridization prior to either the molecular probe, 
the detectable component, the universal adapter, or combina 
tions thereof, contacting the sample, or prior to the molecular 
probe recognizing or binding a target. 
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0.137 The term “linkage' may refer to the connection 
between two molecules, for example, the connection between 
two modified molecules. The linkage may be formed by the 
formation of a covalent bond. Suitable covalent linkage may 
include, but is not limited to the formation of an amide bond, 
an oxime bond, a hydrazone bond, a triazole bond, a Sulfide 
bond, an ether bond, an enol ether bond, an ester bond, or a 
disulfide bond. The hydrazone bond may be, for example, a 
bis-arylhydrazone bond. The linkage may provide a 
UV-traceable characteristic that may be used to detect or 
quantify the amount of conjugate formed. 
0.138. The term “spacer group' may refer to a molecular 
moiety or molecular segment that may join atoms, molecules, 
or functional groups together through chemical bonds. Suit 
able spacer groups may be of sufficient length or size Such that 
the steric hindrance or steric clashes between the joined com 
ponents may be minimized. In certain embodiments, a 
molecular probe. Such as a biomolecule-oligonucleotide con 
jugate may comprise a spacer group located between the 
biomolecule and the oligonucleotide. The spacer group may, 
for example, minimize steric hindrance between two or more 
oligonucleotides on a single biomolecule, such as an anti 
body; may minimize steric hindrance between a signal gen 
erating moiety conjugated to an oligonucleotide; and/or may 
minimize steric hindrances between multiple signal generat 
ing moieties on a single detectable component and the oligo 
nucleotide on said detectable component. The spacer group 
may increase the solubility of the detectable component or the 
molecular probe; may reduce steric hindrance and thereby 
improve detection efficiency; may prevent unwanted interac 
tions by shielding the joined components; may provide a 
general and significant lower non-specific background for the 
detection method and/or system; may reducesteric hindrance 
and thereby increase the binding affinity of the molecular 
probe and/or the binding moiety for a particular target; may 
reducesteric hindrance and thereby decrease the level of the 
background and risk of false positive detection signals; may 
reduce steric hindrance and thereby increase the hybridiza 
tion of the molecular probe with the detectable component 
and/or universal adapter, may prevent or minimize the reduc 
tion of signal that is generated from a detectable component 
when the detectable component is in close proximity to 
another detectable component, such as when one signal gen 
erating moiety in close proximity to another signal generating 
moiety; or combinations thereof. The spacer may be stable to 
thermolysis, stable to hydrolysis, may be biocompatible, or 
combinations thereof. Suitable spacer groups may include, 
but are not limited to an ethyleneoxide moiety, a polymer 
formed from repeating —(—CH2—CH2O—)— moieties, 
Such as polymerized ethylene oxide, for example, polyethyl 
ene glycol (PEG); polyethylene oxide (PEO); 6-amino-hex 
anoic acid; Succimidyl 4-(N-malemidomethyl)cylohexane-1- 
carboxylate (SMCC). The spacer group may also be a 
homobifunctional spacer group, such as divinyl Sulfone 
(DVS), glutaric dialdehyde, hexane di-isocyanate, dimethy 
lapimidate, 1,5-difluoro-2,4-dinitrobenzene. In certain 
embodiments, the spacer group may be a heterobifunctional 
spacer group. Such as N-gamma-maleimidobytyroloxy Suc 
cinimide ester (GMBS). The spacer group may be a zero 
length spacer groups, such as 1-ethyl-3-(3-dimethylamino 
propyl)cabodiimide. 
0.139. The term “complementary reactive groups' may 
represent those groups that, when reacted together, form a 
covalent linkage. For example, a hydrazino group may be 


































































































































































































































































