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ABSTRACT 

Capture compounds and collections thereof and methods 
using the compounds for the analysis of biomolecules are 
provided. In particular, collections, compounds and methods 
are provided for analyzing complex protein mixtures, Such 
as the proteome. The compounds are multifunctional 
reagents that provide for the Separation and isolation of 
complex protein mixtures. Automated Systems for perform 
ing the methods also are provided. 
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CAPTURE COMPOUNDS, COLLECTIONS 
THEREOF AND METHODS FOR ANALYZING THE 
PROTEOME AND COMPLEX COMPOSITIONS 

RELATED APPLICATIONS 

0001 Priority is claimed herein to U.S. provisional patent 
application No. 60/441,398, filed Jan. 16, 2003, to Koster et 
al., entitled “CAPTURE COMPOUNDS, COLLECTIONS 
THEREOF AND METHODS FOR ANALYZING THE 
PROTEOME AND COMPLEX COMPOSITIONS. The 
above-referenced application is incorporated by reference 
herein in its entirety. 

FIELD 

0002 Provided herein are compounds and methods using 
the compounds to specifically and Selectively analyze bio 
molecules. In particular, the compounds and methods are 
useful for analyzing the proteome. 

BACKGROUND 

0.003 Understanding the basis of disease and the devel 
opment of therapeutic and preventative treatments has 
evolved over the last century from empirical observation and 
experimentation to genome wide mutation Scanning. The 
revolution in genomics has provided researchers with the 
tools to look for a genomic basis for disease. The Human 
Genome effort has generated a raw sequence of the 3 billion 
base pairs of the human genome and revealed about 35,000 
genes. Genetic variations amongst different individuals and 
in and in between populations are being Studied in order to 
determine the association with the predisposition to disease 
or the correlation to drug efficacy and/or side effects. The 
promise of personalized medicine based on a panel of 
genetic markers has tantalized the healthcare community 
and provides an important goal for those focused on pro 
Viding diagnostic and treatment options for healthcare pro 
viders and patients. 
0004. With the development of a variety of tools in 
molecular biology, Such as nucleic amplification methods, 
cloning and expression Systems and methods, disease analy 
sis has been based on a genomics, or bottom up, approach. 
This approach presumes that a genetic change or Set of 
changes will have a long reaching effect on protein function 
by affecting mRNA transcription or protein Structure and 
function. 

0005 Technologies have been developed to analyze 
single nucleotide polymorphisms (SNPs) in an industrial 
scale (e.g., MassaRRAYTM and the MassaRRAY(R) system, 
Sequenom, Inc., San Diego, Calif.) and in pooled Samples to 
study the frequency of SNPs in populations of various 
gender, ethnicity, age and health condition. The ultimate 
goal of these efforts is to understand the etiology of disease 
on the molecular level (e.g., based on genetic variances 
(pharmacogenomics)), to develop diagnostic assays and 
effective drugs with few or no side-effects. 
0006 Genomics has fallen short of the original expecta 
tion that this Strategy could be used to Stratify a population 
relative to a defined phenotype, including differences 
between normal and disease patient population or popula 
tions. Although Single genetic markers have been found to 
be associated with or cause or predict a specific disease State, 
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genomic information may not be Sufficient to Stratify indi 
vidual populations by of the association of an SNP (or SNPs) 
with a given disease, drug side-effect or other target pheno 
type. Because of the large number of potential targets and 
regulatory Signals that affect protein translation, it is not 
sufficient to establish the differential expression profiles of 
messenger RNA in comparing phenotypes or populations, 
Such as healthy and disease States, or Such as the analyses 
using expression DNA chips (e.g., GeneChipTM technology, 
Affymetrix, Inc., Santa Clara, Calif.; LifeArray'TM technol 
ogy, Incyte Genomics, Inc., Palo Alto, Calif.). The metabolic 
activities in a cell are not performed by mRNA but rather by 
the translated proteins and Subsequently posttranslationally 
modified products, Such as the alkylated, glycosylated and 
phosphorylated products. 

0007. The study of proteomics encompasses the study of 
individual proteins and how these proteins function within a 
biochemical pathway. Proteomics also includes the study of 
protein interactions, including how they form the architec 
ture that constitutes living cells. In many human diseases 
Such as cancer, Alzheimer's disease, diabetes as well as host 
responses to infectious diseases, the elucidation of the 
complex interactions between regulatory proteins, which 
can cause diseases, is a critical Step to finding effective 
treatment. Often, SNPs and other nucleic acid mutations 
occur in genes whose products are Such proteins as (1) 
growth related hormones, (2) membrane receptors for 
growth hormones, (3) components of the trans-membrane 
signal pathway and (4) DNA binding proteins that act on 
transcription and the inactivation of Suppressor genes (e.g. 
p53) causing the onset of disease. 
0008 Complex protein mixtures are analyzed by two 
dimensional (2D) gel electrophoresis and Subsequent image 
processing to identify changes in the pattern (structural 
changes) or intensity of various protein spots. Two-dimen 
Sionslgel electrophoresis is a laborious, error-prone method 
with low reproducibility and cannot be effectively auto 
mated. This gel technology is unable to effectively analyze 
membrane proteins. Further, the resolution of 2D gels is 
insufficient to analyze the profile of all proteins present in a 
mixture. 

0009 Available protein chips are limited by their ability 
to Specifically capture hydrophobic and membrane proteins, 
which are frequently targets of drug development. Once 
bound to the chip, proteins are highly unstable and their 
Structures often do not reflect the true conformation found 
under physiological conditions. 

0010 Proteins form the important structural and func 
tional machinery of the cell, and are the molecular entities 
with which nearly all of today's marketed drugs interact. 
Proteins are thus drug targets. Most pharma companies are 
investing heavily to extract truly promising drug targets 
from their Sea of unvalidated targets derived from gene 
based approaches. Typically the mechanism of action defin 
ing how drugs act upon their targets is poorly understood; 
for Some marketed drugs the target is not even known. 
Furthermore, identifying “non-target” proteins with which 
the drug interacts to trigger Side effects has been especially 
elusive. It is believed that side effects of many drugs could 
be diminished with a greater understanding of the mecha 
nism of action involving their target and the non-target 
proteins. 
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0.011 Drug programs are discontinued for a variety of 
reasons (e.g., lack of efficacy compared to placebo), but 
about half of the terminations relate to clinical Safety and 
toxicity. As a result, the developments of many ill-chosen 
lead drug compounds are halted late in clinical trials after 
many years and millions of dollars have been spent. Com 
pounding the financial problems caused by toxicity, the long 
duration of drug development also Substantially reduces the 
length of patent protection. 

0012 Adverse side effects from drugs result in more than 
two million hospitalizations and more than 100,000 deaths 
each year. Many major drugs have Severe toxic Side effects. 

0013 The widely prescribed psoriasis drugs methox 
etrate and cyclosporine can cause Severe liver and 
kidney damage and are thus rarely prescribed for more 
than one year. 

0014) Approximately S13 billion has been spent so far 
in product injury and class action litigation connected 
with the withdrawal of the fen-phen weight loss drug 
combination. 

0015. Substantial liabilities were also associated with 
the hepatotoxicity of the diabetes drug Rezulin (Tro 
glitazone), which was prescribed 2 million times and 
resulted in 398 deaths before its withdrawal from the 
market; 8700 law suits are being filed. 

0016 Baycol, a cholesterol-lowering statin taken by 
700,000 Americans, was removed from the market due 
to reports of a Sometimes fatal muscle-related adverse 
reaction (rhabdomyolysis) and 31 deaths in the USA. 
Projected annual Baycol revenues prior to the recall 
were approximately S1 billion. 

0017 Sales growth of Celebrex and Vioxx, blockbust 
erS for the treatment of arthritis, has also been nega 
tively affected by reports of a potential link to heart 
problems. 

0018 Thus, there is a need to reduce time and costs 
of drug development by (a) accelerating the hit-to 
drug Selection process by filtering out those hits 
likely to trigger side effects and (b) re-engineering 
drug chemical Structure based on the knowledge of 
drug-target and drug-non-target interactions, reduc 
ing or eliminating the undesired interactions. 

0019. There is also a need to develop technologies for 
analysis of the proteome that allow Scaling up to industrial 
levels with the features of an industrial process: high accu 
racy, reproducibility and flexibility in that the proceSS is 
high-throughput, automatable and cost-effective. There is a 
need to develop technologies that permit probing and iden 
tification of proteins and other biomolecules in their native 
conformation using automated protocols and Systems there 
for. In particular, there is a need to develop Strategies and 
technologies for identification and characterization of 
hydrophobic proteins under physiological conditions. 

SUMMARY 

0020 Provided herein are methods, capture compounds 
(also referred to herein as capture agents) and collections 
thereof for analysis of the proteome on an industrial level in 
a high-throughput format. The methods, capture compounds 
and collections permit Sorting of complex mixtures of bio 
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molecules. In addition, they permit identification of protein 
Structures predicative or indicative of Specific of pheno 
types, Such as disease States, thereby eliminating the need 
for random SNP analysis, expression profiling and protein 
analytical methods. The capture compounds, collections and 
methods Sort complex mixtures by providing a variety of 
different capture agents. In addition, they can be used to 
identify structural "epitopes' that Serve as markers for 
Specific disease States, Stratify individual populations rela 
tive to specific phenotypes, permit a detailed understanding 
of the proteins underlying molecular function, and provide 
targets for drug development. The increased understanding 
of target proteins permit the design of higher efficiency 
therapeutics. 
0021. The capture compounds, collections and methods 
provided herein also permit Screening of biomolecules, 
including but not limited to receptor proteins and enzymes, 
which are drug targets and non-targets, as defined herein, 
that interact with pharmaceutical drugs under physiological 
conditions. The Screening of biomolecules provides 
increased understanding of the mechanism of action of the 
pharmaceutical drugs or drug fragments, metabolites or 
Synthetic intermediates in the drug Syntheses, thereby help 
ing the design of more target Specific drugs. The methods 
also provide for identification of non-target biomolecules, 
Such as proteins including but not limited to receptors and 
enzymes, that interact with pharmaceutical drugs, thereby 
causing Side effects and other undesired therapeutic effects. 
In one embodiment, various attachments of the drugs or drug 
fragments, metabolites or Synthetic intermediates in the drug 
Syntheses to the capture compounds are used to determine 
which functionalities of the drugs or drug fragments, 
metabolites or Synthetic intermediates in the drug Syntheses 
interact with the target and non-target biomolecules. In one 
embodiment, the non-target functionalities are then elimi 
nated from the drug, resulting in an improved drug that 
exhibits fewer Side effects. In another embodiment, a drug is 
included in the capture compound, proteins that interact with 
the drug are isolated and identified, the proteins are related 
to function, and the drug is re-engineered to eliminate or 
reduce interactions with non-target proteins. The method 
may be repeated on the re-engineered drug, as desired. 
0022 Capture compounds, collections of the compounds 
and methods that use the compounds, Singly or in collections 
thereof, provided herein are designed to capture, Separate 
and analyze biomolecules, including, but not limited to, 
mixtures of biomolecules, including biopolymers and mac 
romolecules, individual biomolecules, Such as proteins, 
including individual or membrane proteins. The capture and 
Separation of biomolecules in the methods provided herein, 
is based on the unique Surface features of the biomolecules 
or mixtures thereof, including but not limited to chemically 
rective amino acid residues on the Surface of a protein or a 
mixture of proteins. Thus, the capture compounds provided 
herein are designed not to target any Specific biomolecule, 
but to capture the biomolecules based on the reactive groups 
present on the Surface of the biomolecules or mixtures 
thereof. 

0023 The collections of the compounds provided herein 
contain a plurality, generally at least two, three, typically at 
least 10, 50, 100, 1000 or more different capture compounds. 
The compounds and collections are designed to permit 
probing of a mixture of biomolecules by virtue of interaction 
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of the capture compounds in the collection with the com 
ponents of the a mixture under conditions that preserve their 
three-dimensional configuration. Each member of the col 
lection is designed 1) to bind, either covalently or via Some 
other chemical interaction with high binding affinity (k) 
such that the binding is irreversible or stable under condi 
tions of mass spectrometric analysis to fewer than all, 
typically about 5 to 20 or more component biomolecules in 
a mixture, depending upon complexity and diversity of the 
mixture, under physiological conditions, including hydro 
phobic conditions, and 2) distinguish among biomolecules 
based upon topological features. In addition, the capture 
compounds generally include a group, Such as a single 
Stranded oligonucleotide or partially single-Stranded oligo 
nucleotide, that permits Separation of each Set of capture 
compounds. 

0024. The capture compounds and collections are used in 
a variety of methods, but are particularly designed for 
assessing biomolecules, Such as biopolymers or components 
in mixtures from biological Samples. The collections are 
used in top-down unbiased methods that assess Structural 
changes, including post-translational Structural changes and, 
for example, are used to compare patterns, particularly 
post-translational protein patterns, in diseased verSuS 
healthy cells from primary cells generally from the same 
individual. The cells that serve as the Sources of biomol 
ecules can be frozen into a Selected metabolic State or 
Synchronized to permit direct comparison and identification 
of phenotype-specific, Such as disease-specific biomol 
ecules, generally proteins. 
0.025 A capture compound includes at a chemical reac 
tivity group X (also referrred to herein as a function or a 
functionality), which effects the covalent or a high binding 
affinity (high k) binding, and least one of three other groups 
(also referred to herein as functions or funtionalities). The 
other groups are Selected from among a Selectivity function 
Y that modulates the interaction of a biomolecule with the 
reactivity function, a Sorting function Q for addressing the 
components of the collection, and a solubility function W 
that alters Solubility of the capture compound, Such as by 
increasing the Solubility of the capture compound under 
Selected conditions, Such as various physiological condi 
tions, including hydrophobic conditions of cell membranes. 
Hence, for example, if membrane proteins are targeted, then 
the capture compounds in the collection are designed with 
solubility functions that increase or provide for solubility in 
Such environment. 

0026 For example, the reactivity group (reactivity func 
tion) includes groups that specifically react or interact with 
functionalities on the Surface of a protein Such as hydroxyl, 
amine, amide, Sulfide and carboxylic acid groups, or that 
recognize Specific Surface areas, Such as an antibody, a lectin 
or a receptor-specific ligand, or interacts with the active site 
of enzymes. Those skilled in the art can select from a library 
of functionalities to accomplish this interaction. While this 
interaction can be highly reaction-specific, these compounds 
can react multiple times within the same protein molecule 
depending on the number of Surface-accessible functional 
groups. Modification of the reaction conditions allows the 
identification of Surface accessible functional groups with 
differing reactivity, thereby permitting identification of one 
or more highly reactive Sites used to Separate an individual 
protein from a mixture. Available technologies do not sepa 
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rate Species in the resulting reaction mixture. The collections 
and compounds provided herein Solve that problem through 
a Second functionality, the Selectivity group, which alters 
binding of the reactivity groups to the biomolecule. 
0027 Selectivity functions include a variety of groups, as 
well as the geometric spacing of the Second functionality, a 
Single Stranded unprotected or Suitably protected oligonucle 
otide or oligonucleotide analog. The Selective functionality 
can be separate from the compound and include the Solid or 
Semi-Solid Support. The Selective functionality in this 
embodiment can be porosity, hydrophobicity, charge and 
other chemical properties of the material. For example, 
Selectivity functions interact noncovalently with target pro 
teins to alter the Specificity or binding of the reactivity 
function. Such functions include chemical groups and bio 
molecules that can Sterically hinder proteins of Specific Size, 
hydrophilic compounds or proteins (e.g., PEG and trityls), 
hydrophobic compounds or proteins (e.g., polar aromatic, 
lipids, glycolipids, phosphotriester, oligosaccharides), posi 
tive or negatively charged groups, groups or biomolecules 
which create defined Secondary or tertiary Structure. 
0028. The capture compounds can also include a sorting 
function for Separation or addressing of each capture com 
pound according to its structure. The Sorting function, for 
example, can be a single-stranded (or partially single 
Stranded) unprotected or Suitably protected oligonucleotide 
or oligonucleotide analog, typically containing between at 
least about 5 and up to 25, 35, 50, 100 or any desired number 
of nucleotides (or analogs thereof) containing a sequence 
permuted region and optionally flanking regions. Each Such 
block has a multitude of Sequence permutations with or 
without flanking conserved regions, which is capable of 
hybridizing with a base-complementary Single Stranded 
nucleic acid molecule or a nucleic acid analog. The Sorting 
function can also be a label, Such as a Symbology, including 
a bar code, particularly a machine-readable bar code, a color 
coded-label, Such as Small colored bead that can be Sorted by 
Virtue of its color, a radio-frequency tag or other electronic 
label or a chemical label. Any functionality that permits 
Sorting of each Set of capture compounds to permit Separate 
analysis of bound biomolecules is contemplated. 
0029. In certain embodiments, each biomolecule to be 
captured is derivatized with more than one capture com 
pound provided herein, where each tagged compound pro 
vides an additional level of Sorting capability. In other 
embodiments, each of the plurality of compounds that 
derivatize a single biomolecule is different, allowing for 
Specific and efficient Sorting of the biomolecule mixture 
(see, e.g., FIG. 3). The capture compound also can be 
multifunctional containing other functionalities that can be 
used to reduce the complexity of biomolecule mixtures. 
0030) Some of the capture compounds include at least a 
reactivity function and a Selectivity function. These capture 
compounds optionally include Sorting functionalities, which 
are one or more additional moieties that bind either 
covalently or noncovalently to a specific molecule to permit 
addressing of the compounds, Such as by Separation at 
discrete loci on a Solid Support, Separation of the compounds 
on discrete loci. These capture compounds also optionally 
include one or more Solubility functions, which are moieties 
that influence the Solubility of the resulting compound, to 
attenuate or alter the hydrophobicity/hydrophilicity of the 
compounds (Solubility function). 
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0031. Others of the capture compounds (or capture 
agents) include at least two functional portions: a reactivity 
function and a Sorting function. The reactive group that 
Specifically interacts with proteins or other biomolecules 
(reactivity function); and the other is an entity (Sorting 
functions) that binds either covalently or noncovalently to a 
Specific molecule(s). This entity can be a nucleic acid 
portion or nucleic acid analog portion that includes a single 
Stranded region that can Specifically hybridize to a comple 
mentary Single-Stranded oligonucleotide or analog thereof. 

0.032 The capture compounds are provided as collec 
tions, generally as collections of Sets of different compounds 
that differ in all functionalities. For sorting of complex 
mixtures of biopolymers the collection includes diverse 
capture compound members So that, for example, when they 
are arrayed, each locus of the array contains 0 to 100, 
generally, 5 to 50 and desirably 1 to 20, typically 5 to 20, 
different biomolecules at each locus in the array. 
0033. In practice in one embodiment, a collection of 
capture compounds is contacted with a biomolecule mixture 
and the bound molecules are assessed using, for example, 
mass spectrometry, followed by optional application of 
tagging, Such as fluorescence tagging, after arraying to 
identify low abundance proteins. In other embodiments, a 
Single capture compound is contacted with one or plurality 
of biomolecules, and the bound molecules are assessed. 

0034. Also provided herein are methods for the discovery 
and identification of proteins, which are selected based on a 
defined phenotype. The methods allow proteins to bind to 
the target molecules under physiological conditions while 
maintaining the correct Secondary and tertiary conformation 
of the target. The methods can be performed under physi 
ological and other conditions that permit discovery of bio 
glogically important proteins, including membrane proteins, 
that are Selected based upon a defined phenotype. 
0035. Before, during or after exposure of one or a plu 
rality of capture compounds to a mixture of biomolecules, 
including, but not limited to, a mixture of proteins, the 
oligonucleotide portion, or analog thereof, of these com 
pounds is allowed to hybridize to a complementary Strand of 
immobilized oligonucleotide(s), or analog(s) thereof, to 
allow Separation, isolation and Subsequent analysis of bound 
biomolecules, Such as proteins, by, for example, mass spec 
trometry, Such as matrix assisted laser desorption ionization 
time of flight (MALDI-TOF) mass spectrometry, colorimet 
ric, fluorescent or chemiluminescent tagging, or to allow for 
increased resolution by mass spectrometry, including 
MALDI-TOF mass spectrometry. 

0.036 The collections of capture compounds can be used 
to generate compound arrays to capture target proteins or 
groups of related proteins that can mimic biological Struc 
tures Such as nuclear and mitochondrial transmembrane 
Structures, artificial membranes or intact cell walls. Thus, the 
compounds and compound arrayS provided herein are 
capable of mimicking biological entities and biological 
Surfaces, thereby allowing for capture of biomolecules, 
including but not limited to proteins, which would otherwise 
be difficult or impossible to capture, Such as those found in 
transmembrane regions of a cell. 
0037 Samples for analysis include any biomolecules, 
particularly protein-containing Samples, Such as protein 
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mixtures, including, but not limited to, natural and Synthetic 
Sources. Proteins can be prepared by translation from iso 
lated chromosomes, genes, cDNA and genomic libraries. 
Proteins can be isolated from cells, and other Sources. In 
certain embodiments, the capture compounds provided 
herein are designed to Selectively capture different post 
translational modifications of the same protein (i.e., phos 
phorylation patterns (e.g., oncogenes), glycosylation and 
other post-translational modifications). 
0038. Other methods that employ the collections are also 
provided. In one method, the collections of one or more 
member capture compounds are used to distinguish between 
or among different conformations of a protein and, for 
example, can be used for phenotypic identification, Such as 
for diagnosis. For example, for diseases of protein aggre 
gation, which are diseases involving a conformationally 
altered protein, Such as amyloid diseases, the collections can 
distinguish between the disease-involved form of the protein 
from the normal protein and thereby diagnose the disease in 
a Sample. 

BRIEF DESCRIPTION OF THE FIGURES 

0039 FIG. 1 shows the hybridization, separation and 
mass Spectral analysis of a mixture of proteins. 
0040 FIG. 2 provides a schematic depiction of one 
embodiment of the apparatus provided herein. 
0041 FIG. 3 illustrates a protein tagged with four com 
pounds provided herein, thereby allowing for Specific Sort 
ing of the protein. 
0042 FIG. 4 shows the increased and specific hybrid 
ization resulting from use of two or more oligonucleotide 
tags. 

0043 FIG. 5 shows tagging of a single protein with two 
different oligonucleotides in one reaction. 
0044 FIG. 6 is a flow diagram of recombinant protein 
production. 
004.5 FIG. 7 illustrates production of an adapted oligo 
nucleotide dT primed cDNA library. 
0046 FIG. 8 shows production of an adapted sequence 
motif specific cDNA library. 
0047 FIG. 9 shows production of an adapted gene spe 
cific cDNA. 

0048 FIG. 10 illustrates purification of amplification 
products from a template library. 
0049 FIG. 11 shows an adapted oligonucleotide dT 
primed cDNA library as a universal template for the ampli 
fication of gene Subpopulations. 
0050 FIG. 12 illustrates decrease of complexity during 
PCR amplification. 

0051 FIG. 13 shows the attachment of a bifunctional 
molecule to a Solid Surface. 

0052 FIG. 14 shows analysis of purified proteins from 
compound Screening and antibody production. 

0053 FIG. 15 provides synthetic schemes for synthesis 
of exemplary capture reagents provided herein (see, e.g., 
Example 4). 
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0.054 FIG. 16 provides exemplary reactivity functions 
for use in the capture reagents provided herein. 
0055 FIG. 17 provides exemplary selectivity functions 
for use in the capture reagents provided herein. 
0056 FIG. 18 depicts exemplary points for regulation of 
metabolic control mechanisms for cell Synchronization. 
0057 FIG. 19 depict cell separation and synchronization 
methods; FIG. 19a depicts methods for separation of cells 
from blood from a single patient to Separate them by 
phenotype; FIG. 19b shows the results of flow cytometry 
separation of blood cells without labeling; FIG. 19.c shows 
an example in which Synchronized cells in culture are Sorted 
according to DNA content as a way to Separate cells by 
phase of the cell cycle. 
0.058 FIG. 20 shows a schematic of a biomolecule 
capture assay and results using exemplary capture com 
pounds and proteins. 
0059 FIG. 21 shows exemplary selectivity functions for 
use in the capture compounds provided herein. 
0060 FIG. 22 shows mass spectrometric results of the 
reaction of hemoglobin with two of the capture compounds 
provided herein. AS shown in the Figure, the more hydro 
phobic capture compound, i.e., the capture compound with 
a more hydrophobic Selectivity function, reacts with C.-he 
moglobin Stoichiometrically and with B-hemoglobin, while 
the less hydrophobic capture compound reacts incompletely 
with C-hemoglobin and does not react with B-hemoglobin. 
0061 FIG. 23 shows exemplary capture compounds pro 
vided herein. 

0.062 FIG. 24 shows mass spectrometric results of the 
reaction of a capture compound provided herein with a 
protein mixture obtained from U937 lymphoma blood cells. 
The Figure shows Selective capture of the indicated protein 
by the capture compound. 
0.063 FIG. 25 shows mass spectrometric results of the 
reaction of a capture compound provided herein with 
Burkift's lymphoma cytosol. As shown in the Figure, the 
proteins labeled A-E are captured by the indicated capture 
compound. 
0.064 FIG. 26 shows mass spectrometric results of the 
reaction of a capture compound provided herein with total 
cytosol from Burkitt's lymphoma lymphoblast as compared 
to healthy age and gender matched lymphoblast. Proteins A, 
B, C and E are found in both samples. Protein D is expressed 
only in the Burkitt's lymphoma sample. Proteins labeled (H) 
are expressed only in the healthy Sample. AS shown in the 
Figure, reaction of the Burkitt's lymphoma Sample with a 
capture compound provided herein results in complete cap 
ture of protein D allowing for analysis and identification of 
the protein. 
0065 FIG. 27 shows exemplary features of the biased 
and unbiased Selectivity groups in the Selectivity function of 
the capture compounds. 

0.066 FIG. 28 illustrates an exemplary protocol for pro 
tein identification using capture compounds. 
0067 FIG. 29 shows mass spectrometric results of the 
reaction of an capture compound with a trityl Scaffold, 
biotin, NHS reactivity function, OH selectivity function with 
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the cytosolic fraction of cell lines from a 5 year old male 
acute lymphocytic leukemia (Sup BALL) and an age/gender 
matched control (wil2). The Figure shows that capture 
compound covalently captures many proteins which are 
Similar in abundance. However a major protein is detected 
at ~22 kDa in the diseased cell line that is absent in the 
control. The protein is identified by tryptic digest and 
peptide database matching as HSP-27 (heat shock protein), 
which is implicated in other cancers in the literature. 
0068 FIG. 30 illustrates a schematic diagram of the steps 
involved in protein capture and identification using a capture 
compound. The figure shows that a capture compound is 
mixed with a Sample containing a mixture of proteins. 
Proteins with an affinity for the selectivity function (e.g. 
drug) are allowed to come to equilibrium with the Selectivity 
function. The capture compound is then activated (for 
example, with hos) forming a radical which is shortlived and 
covalently captures the proteins for which there was an 
affinity. Other proteins are not captured if the capture 
compound was not in very close proximity due to the 
equilibrium between selectivity function and protein. The 
captured protein is isolated with biotin and identified using 
mass Spectrometry. 

0069 FIG. 31 shows selective protein capture using 
capture compounds. Capture compounds A and B containing 
Sulfonamide interact with Carbonic Anhydrase. (According 
to literature, its K for CA II isoform is ~10 nM, and for CA 
I is ~1 uM (both values independently confirmed using 
activity assay). Using purified proteins, affinity and capture 
efficiency is highest for Carbonic II, lower for CA I, and 
negligible for other purified proteins tested. 
0070 FIG.32 shows relative binding strengths of protein 
isoforms to a known ligand for capture compound B. 

0071 FIG. 33 shows isolation of Carbonic Anhydrase 
from complex protein mixtures using capture compound A. 
CA II was doped into a FPLC purified protein mixture from 
the human kidney cell line HEK293. The doped CAII was 
pulled out from all other proteins using avidin-coated (Soft 
Link) resin. Other proteins were discarded, yielding purified 
protein ready for further analysis. 

0072 FIG. 34 shows isolation of Carbonic Anhydrase 
from highly complex protein mixtures using capture com 
pound A. CA II was doped into the whole cytosolic extract 
from the human kidney cell line HEK293. The doped CAII 
was pulled out from all other proteins using avidin-coated 
(SoftLink) resin. Other proteins were discarded, yielding 
purified protein ready for further analysis. 

0073 FIG. 35 shows capture and isolation of Carbonic 
Anhydrase from lysed red blood cells. The top spectrum in 
the figure shows direct MALDI of lysed red blood cells (no 
purification) wherein signal for Hemoglobin, which is in 
huge excess over all other proteins, can be seen. Signals are 
Seen for the alpha and beta chains, and also for non-specific 
dimers (~30 kiloDaltons). Bottom spectrum in the figure is 
taken after capture compound A, containing a Sulfonamide 
drug with an affinity for Carbonic Anhydrase, is mixed with 
the lysed red blood cells. The capture compound covalently 
captures the Carbonic Anhydrase isoforms I and II. All other 
proteins that are not covalently captured, including nearly all 
of the Hemoglobin which is in 2-3 log excess, are washed 
away prior to MALDI analysis. No gel or chromatographic 
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cleanup is required to obtain this spectrum. The intensity of 
the CA II peak is higher than CAI (which is more ~100x 
more abundant in RBCs) because the sulfonamide drug has 
a higher affinity for CAII. 
0074 FIG. 36 shows direct capture of Carbonic Anhy 
drase from red blood cells, without pre-lysis of the cells. 
0075 FIG. 37 shows capture of Carbonic Anhydrase 
from red blood cell lysate when unbiotinylated proteins 
including Carbonic Anhydrase are in huge excess. 
0076 FIG. 38 shows capture of proteins with lower 
affinities using very high concentrations of capture com 
pound A. 

DETAILED DESCRIPTION 

A. Definitions 

0.077 Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as is com 
monly understood by one of skill in the art to which the 
invention(s) belong. All patents, patent applications, pub 
lished applications and publications, Genbank Sequences, 
websites and other published materials referred to through 
out the entire disclosure herein, unless noted otherwise, are 
incorporated by reference in their entirety. In the event that 
there are a plurality of definitions for terms herein, those in 
this section prevail. Where reference is made to an URL or 
other Such indentifier or address, it is understood that Such 
identifiers can change and particular information on the 
internet can come and go, but equivalent information can be 
found by Searching the internet. Reference thereto evidences 
the availability and public dissemination of Such informa 
tion. 

0078. As used herein, an oligonucleotide means a linear 
sequence of up to about 20, about 50, or about 100, 
nucleotides joined by phosphodiester bonds. Above this 
length the term polynucleotide begins to be used. 
0079 AS used herein, an oligonucleotide analog means a 
linear sequence of up to about 20, about 50, or about 100, 
nucleotide analogs, or linear Sequence of up to about 20, 
about 50, or about 100 nucleotides linked by a “backbone” 
bond other than a phosphodiester bond, for example, a 
phosphotriester bond, a phosphoramidate bond, a pho 
phorothioate bond, a methylphosphonate diester bond, a 
thioester bond, or a peptide bond (peptide nucleic acid). 
0080. As used herein, peptide nucleic acid (PNA) refers 
to nucleic acid analogs in that the ribose-phosphate back 
bone is replaced by a backbone held together by amide 
bonds. 

0081. As used herein, proteome means all the proteins 
present within a cell. 
0082. As used herein, a biomolecule is any compound 
found in nature, or derivatives thereof. Biomolecules 
include, but are not limited to oligonucleotides, oligonucleo 
Sides, proteins, peptides, amino acids, lipids, Steroids, pep 
tide nucleic acids (PNAS), oligosaccharides and monosac 
charides. 

0083. As used herein, MALDI-TOF refers to matrix 
assisted laser desorption ionization-time of flight mass Spec 
trometry. 
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0084. As used herein, the term “conditioned” or “condi 
tioning,” when used in reference to a protein thereof, means 
that the polypeptide is modified to decrease the laser energy 
required to Volatilize the protein, to minimize the likelihood 
of fragmentation of the protein, or to increase the resolution 
of a mass spectrum of the protein or of the component amino 
acids. ReSolution of a mass spectrum of a protein can be 
increased by conditioning the protein prior to performing 
mass Spectrometry. Conditioning can be performed at any 
Stage prior to mass spectrometry and, in one embodiment, is 
performed while the protein is immobilized. A protein can be 
conditioned, for example, by treating it with a cation 
eXchange material or an anion exchange material, which can 
reduce the charge heterogeneity of the protein, thereby for 
eliminating peak broadening due to heterogeneity in the 
number of cations (or anions) bound to the various proteins 
in a population. In one embodiment, removal of all cations 
by ion exchange, except for H and ammonium ions, is 
performed. By contacting a polypeptide with an alkylating 
agent Such as alkyliodide, iodoacetamide, iodoethanol, or 
2,3epoxy-1-propanol, the formation of disulfide bonds, for 
example, in a protein can be prevented. Likewise, charged 
amino acid Side chains can be converted to uncharged 
derivatives employing trialkylsilyl chlorides. 
0085 Since the capture compounds contain protein and 
nucleic acid portions, conditioning Suitable for one or both 
portions is also contemplated. Hence, a prepurification to 
enrich the biomolecules to be analyzed and the removal of 
all cations, Such as by ion eXchange, except for H+ and 
ammonium, or other conditioning treatment to improve 
resolution is advantageous for analysis of the nucleic acid 
portion as well as the protein portion. 
0086 Conditioning of proteins is generally unnecessary 
because proteins are relatively stable under acidic, high 
energy conditions So that proteins do not require condition 
ing for mass spectrometric analyses. There are means of 
improving resolution, however, in one embodiment for 
Shorter peptides, Such as by incorporating modified amino 
acids that are more basic than the corresponding unmodified 
residues. Such modification in general increases the Stability 
of the polypeptide during mass spectrometric analysis. Also, 
cation exchange chromatography, as well as general wash 
ing and purification procedures that remove proteins and 
other reaction mixture components away from the protein 
can be used to increase the resolution of the Spectrum 
resulting from mass spectrometric analysis of the protein. 
0087 As used herein, capture efficiency is the peak area 
of the captured biomolecule/(peak area captured biomol 
ecule+peak area uncaptured biomolecule) as measured by 
HPLC analysis. 

0088 As used herein, “matrix” refers to the material with 
which the capture compound biomolecule conjugates are 
combined for MALDI mass spectrometric analysis. Any 
matrix material, Such as Solid acids, including 3-hydroxypi 
colinic acid, liquid matrices, Such as glycerol, known to 
those of skill in the art for nucleic acid and/or protein 
analyses is contemplated. Since the compound biomolecule 
conjugates contain nucleic acid and protein a mixture (opti 
mal for nucleic acids and proteins) of matrix molecules can 
be used. 

0089. As used herein, macromolecule refers to any mol 
ecule having a molecular weight from the hundreds up to the 
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millions. Macromolecules include, but are not limited to, 
peptides, proteins, nucleotides, nucleic acids, carbohydrates, 
and other Such molecules that are generally Synthesized by 
biological organisms, but can be prepared Synthetically or 
using recombinant molecular biology methods. 
0090. As used herein, the term “biopolymer is refers to 
a biological molecule, including macromolecules, composed 
of two or more monomeric Subunits, or derivatives thereof, 
which are linked by a bond or a macromolecule. A biopoly 
mer can be, for example, a polynucleotide, a polypeptide, a 
carbohydrate, or a lipid, or derivatives or combinations 
thereof, for example, a nucleic acid molecule containing a 
peptide nucleic acid portion or a glycoprotein. The methods 
and collections herein, though described with reference to 
biopolymers, can be adapted for use with other Synthetic 
Schemes and assays, Such as organic Syntheses of pharma 
ceuticals, or inorganics and any other reaction or assay 
performed on a Solid Support or in a well in nanoliter or 
Smaller Volumes. 

0.091 AS used herein, biomolecule includes biopolymers 
and macromolecules and all molecules that can be isolated 
from living organisms and viruses, including, but are not 
limited to, cells, tissues, prions, animals, plants, viruses, 
bacteria and other organsims. 
0092. As used herein, a biological particle refers to a 
Virus, Such as a viral vector or viral capsid with or without 
packaged nucleic acid, phage, including a phage Vector or 
phage capsid, with or without encapsulated nucleotide acid, 
a single cell, including eukaryotic and prokaryotic cells or 
fragments thereof, a liposome or micellar agent or other 
packaging particle, and other Such biological materials. For 
purposes herein, biological particles include molecules that 
are not typically considered macromolecules because they 
are not generally Synthesized, but are derived from cells and 
Viruses. 

0093. As used herein, a drug refers to any compound that 
is a candidate for use as a therapeutic or as a lead compound 
for designing a therapeutic or that is a known pharmaceu 
tical. Such compounds can be Small molecules, including 
Small organic molecules, peptides, peptide mimetics, anti 
Sense molecules, antibodies, fragments of antibodies or 
recombinant antibodies. Of particular interest are "drugs' 
that have Specific binding properties So that they can be used 
as Selectivity groups or can be used as for Sorting of the 
capture compounds, either a Sorting functionality that binds 
to a target on a Support, or linked to a Solid Support, where 
the Sorting functionality is the drug target. 

0094 AS used herein, a drug metabolite refers to any 
compound that is formed after transformation of a drug 
following its metabolism in the body that results in a 
different molecule that may be more or less active than the 
parent drug. 
0.095 AS used herein, a drug fragment refers to a mol 
ecule that is a portion or moiety of a drug. 
0.096 AS used herein, a drug synthetic intermediate is a 
compound that is used as an intermediate in the chemical 
Synthesis of a drug. 

0097 As used herein, the term “a” is singular or plural. 
0.098 As used herein, a “drug target' is a biomolecule, 
Such as a protein including but not limited to receptors and 
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enzymes, that the drug is intended to interact with in Vivo, 
thereby exerting the desired therapeutic effects. 
0099 AS used herein, a “drug non-target' is a biomol 
ecule, Such as a protein including but not limited to receptors 
and enzymes, that the drug is not intended to interact with 
in Vivo. The interaction of a drug with drug non-targets may 
result in undesired therapeutic effects Such as Side effects. 
0100 AS used herein, the term “nucleic acid” refers to 
Single-Stranded and/or double-Stranded polynucleotides 
Such as deoxyribonucleic acid (DNA), and ribonucleic acid 
(RNA) as well as analogs or derivatives of either RNA or 
DNA. Nucleic acid molecules are linear polymers of nucle 
otides, linked by 3',5' phosphodiester linkages. In DNA, 
deoxyribonucleic acid, the Sugar group is deoxyribose and 
the bases of the nucleotides are adenine, guanine, thymine 
and cytosine. RNA, ribonucleic acid, has ribose as the Sugar 
and uracil replaces thymine. Also included in the term 
"nucleic acid' are analogs of nucleic acids Such as peptide 
nucleic acid (PNA), phosphorothioate DNA, and other such 
analogs and derivatives or combinations thereof. 
0101 AS used herein, the term “polynucleotide” refers to 
an oligomer or polymer containing at least two linked 
nucleotides or nucleotide derivatives, including a deoxyri 
bonucleic acid (DNA), a ribonucleic acid (RNA), and a 
DNA or RNA derivative containing, for example, a nucle 
otide analog or a “backbone' bond other than a phosphodi 
ester bond, for example, a phosphotriester bond, a phospho 
ramidate bond, a methylphosphonate diester bond, a 
phophorothioate bond, a thioester bond, or a peptide bond 
(peptide nucleic acid). The term "oligonucleotide' also is 
used herein essentially Synonymously with “polynucle 
otide, although those in the art recognize that oligonucle 
otides, for example, PCR primers, generally are less than 
about fifty to one hundred nucleotides in length. 
0102) Nucleotide analogs contained in a polynucleotide 
can be, for example, mass modified nucleotides, which 
allows for mass differentiation of polynucleotides, nucle 
otides containing a detectable label Such as a fluorescent, 
radioactive, colorometric, luminescent or chemiluminescent 
label, which allows for detection of a polynucleotide; or 
nucleotides containing a reactive group Such as biotin or a 
thiol group, which facilitates immobilization of a polynucle 
otide to a Solid Support. A polynucleotide also can contain 
one or more backbone bonds that are Selectively cleavable, 
for example, chemically, enzymatically or photolytically. 
For example, a polynucleotide can include one or more 
deoxyribonucleotides, followed by one or more ribonucle 
otides, which can be followed by one or more deoxyribo 
nucleotides, Such a sequence being cleavable at the ribo 
nucleotide Sequence by base hydrolysis. A polynucleotide 
also can contain one or more bonds that are relatively 
resistant to cleavage, for example, a chimeric oligonucle 
otide primer, which can include nucleotides linked by pep 
tide nucleic acid bonds and at least one nucleotide at the 3' 
end, which is linked by a phosphodiester bond, or the like, 
and is capable of being extended by a polymerase. Peptide 
nucleic acid Sequences can be prepared using well known 
methods (see, for example, Weiler et al. (1997) Nucleic acids 
Res. 25:2792-2799). 
0103) A polynucleotide can be a portion of a larger 
nucleic acid molecule, for example, a portion of a gene, 
which can contain a polymorphic region, or a portion of an 
























































































































































































































































