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SYSTEMS AND METHODS FOR 
CHARACTERIZATION OF MOLECULES 

RELATED APPLICATIONS 

0001. This application claims priority to all of the follow 
ing applications according to the following recitation of pri 
ority relationships. This application is a continuation of U.S. 
patent application Ser. No. 1 1/818,911, filed Jun. 15, 2007, 
entitled “Systems and Methods for Characterization of Mol 
ecules.” by Chait, et al., which is a continuation-in-part of 
U.S. patent application Ser. No. 1 1/440,222, filed May 24, 
2006, entitled “Systems and Methods for Characterization of 
Molecules.” by Chait, et al.; which application is a continua 
tion-in-part of U.S. patent application Ser. No. 10/560,373, 
filed Dec. 12, 2005, entitled “Systems and Methods for Char 
acterization of Molecules.” by Chait, et al.; which application 
claims priority to International Patent Application No. PCT/ 
USO4/019343, filed Jun. 14, 2004, entitled “Systems and 
Methods for Characterization of Molecules.” by Chait, et al., 
published as WO 2004/111655 on Dec. 23, 2004; which 
application claims priority to U.S. Provisional Patent Appli 
cation Ser. No. 60/478,645, filed Jun. 12, 2003, entitled “Sys 
tems and Methods for Identifying and Using Molecular 
Markers.” by Chait, et al.; and to U.S. Provisional Patent 
Application Ser. No. 60/561,945, filed Apr. 14, 2004, entitled 
“Systems and Methods for Characterization of Molecules.” 
by Chait, et al. Each of these applications is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention is generally related to the 
separation, fractionation, and/or characterization of mol 
ecules and/or biomolecules in a mixture. More particularly, 
the invention is related to developing methods for separation 
using, for example, aqueous multi-phase partitioning, to dis 
cover differences between two or more mixtures of molecules 
or biomolecules, which can reflect structural and functional 
characteristics of biomolecules and/or molecules which inter 
act with biomolecules. This invention is also related to dis 
covering, selecting, and using markers for the purpose of 
classifying mixtures, where the markers are species within 
the mixture that are different between the mixtures. 

BACKGROUND OF THE INVENTION 

0003. Many diseases and/or other pathological processes 
or conditions are caused by dysfunction and/or disregulation 
of certain proteins. These disease-related proteins may have 
their structures altered, relative to their “normal' or “wild 
type' counterparts and/or may be expressed in larger (up 
regulated expression) or lower (down-regulated expression) 
quantities in a given disease state, relative to “normal” physi 
ological conditions. In some cases, proteins having altered 
structure and/or function may be used as protein markers 
associated with a particular human or animal disease, for 
instance, as a diagnostic for the earlier detection of the dis 
ease, or the like. In many cases, the particular protein(s) of 
relevance to a given pathological process of a disease or other 
condition are unknown. Identification of Such protein(s) 
would be useful for development of new diagnostic tests, or 
the like. 
0004 One general approach to the identification and char 
acterization of protein markers is based on the analysis of 
protein compositions of samples of biological material (bio 
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logical fluids. Such as serum, plasma, and cerebrospinal fluid, 
tissues, cells, etc.) using high resolution separation tech 
niques. For instance, proteins isolated from control and 
experimental populations can be subjected to proteolytic 
cleavage, and their cleavage products identified using liquid 
chromatography (LC) coupled with tandem mass spectrom 
etry (LC-MS-MS). Many protein separation techniques are 
based on multi-dimensional separation of proteins from a 
sample, typically by two-dimensional gel electrophoresis 
(2-DE) or two-dimensional high-performance liquid chroma 
tography (2D-HPLC). The 2-D protein maps may be obtained 
and compared for pathological samples with those for refer 
ence samples; positions of proteins observed as 'spots’ on 
2-DE maps or as “peaks” on 2D-HPLC maps can be com 
pared and those that are present (or absent) in the maps 
obtained from pathological samples but absent (or present) in 
the maps obtained from the reference samples may be judged 
as likely to correspond to pathologically relevant proteins. 
Additionally, quantities of proteins estimated as intensities of 
the spots (or peaks) may be evaluated and compared between 
the pathological and reference samples. Those that are sig 
nificantly different may be considered as pathologically rel 
eVant. 

0005. It has also been recently established that a pattern of 
the presence/absence and/or the relative quantities of multiple 
proteins (a "signature') may also be of diagnostic relevance, 
where the proteins judged to be of interest are identified by 
peptide mapping and mass spectrometry. Mathematical or 
statistical techniques, such as pattern recognition techniques, 
could be used to analyze the pattern produced by these experi 
mental techniques and produce a diagnostic classification. 
However, this approach is often highly inefficient, for 
example, due to the inherent necessity of analyzing all of the 
proteins in a given sample, whereas only a small portion of the 
proteins may have any pathological relevance. 
0006. Several different methods for reducing the analyti 
cal complexity of protein mixtures have been developed. 
These methods are typically based on fractionation of the 
original mixture prior to 2-D analysis by gel electrophoresis 
or 2-D HPLC. One such method is separation of proteins by 
the technique of free-flow electrophoresis. However, this 
technique, while fractionating the original protein mixture, 
may resultin multiple 2-D analysis of simplified fractions, i.e. 
while reducing the complexity of analysis and improving 
resolution, it inherently increases the number of samples for 
further analysis. 
0007 Another method is fractionation based on the affin 
ity of proteins to different natural ligands and/or pharmaco 
logical compounds; however, this approach, while allowing 
separation of proteins according to protein functions, may 
inherently result in an increase in the number of samples for 
further analysis, and often requires additional knowledge or 
presumption concerning the differences between the 
samples. 
0008. A disadvantage of most present fractionation tech 
niques is that they generally cannot preserve protein-protein 
or protein-ligand interactions. Differences among biological 
interactions are often important for elucidating and detecting 
changes among samples. Additionally, most of the fraction 
ation techniques today rely on separation due to a fixed physi 
cal attribute, such as molecular size or net charge. While these 
attributes are very important for distinguishing among bio 
molecules in a complex mixture, they generally do not cover 
all of the potential differences between biomolecules repre 
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senting, e.g., normal vs. disease states, differences in configu 
ration etc. Yet another important disadvantage of present frac 
tionation techniques is related to their inability to separate 
mixtures based on differences between structural changes in, 
e.g., glycosylation patterns or conformational changes. These 
changes are often important for identifying proteins that 
either participate in and/or are the result of a disease state. For 
example, if a protein is misfolded as a result of genetic muta 
tion, the protein's net charge and size are unlikely to vary 
significantly, and more importantly, the protein's expression 
level might be the same for the underlying normal vs. disease 
states. Finally, natural genetic variability among individuals 
can significantly contribute to a very large scatter in the 
expression levels (concentration) of biomolecules in a bio 
logical sample. This variability may necessitate the use of 
statistically large number of samples to robustly detect dif 
ferences innate to a particular pathological condition rather 
than to genetic variability. Natural genetic variability often is 
a significant hindrance in implementing protein marker based 
diagnostics by reducing sensitivity and/or specificity of the 
test. A technique that is insensitive to the particular expres 
sion level of each biomolecule and instead is sensitive to 
structural difference in that biomolecule is potentially of great 
interest in the field. 

SUMMARY OF THE INVENTION 

0009. The present invention generally relates to the analy 
sis and characterization of biomolecules, complexes compris 
ing biomolecules, molecules which interact with biomol 
ecules and/or analogous species thereof. The results of the 
analysis can be used to isolate Subsets of biomolecules from 
two or more samples with structural and/or functional prop 
erties that are related to differences between such biomol 
ecules, complexes or interacting molecules that underlie the 
differences among the samples. For example, differences in 
specific biomolecules may indicate protein markers of a dis 
ease and/or physiological state of a living organism. 
0010. The subject matter of this application may involve, 
in some cases, interrelated products, alternative Solutions to a 
particular problem, and/or a plurality of different uses of a 
single system or article. 
0011 Specifically, in one embodiment, the invention 
involves developing and using methods for fractionation or 
separation, for example via multi-phase partitioning, of two 
or more mixtures which may reflect differences between the 
mixtures related to the structural and/or functional character 
istics of one or more molecules and/or molecules which inter 
act with Such molecules. These techniques can be used to 
identify markers in Samples, and to techniques to using Such 
markers for diagnostics and other related applications. 
0012. In one aspect, the invention relates to a method for 
identifying one or more tools for physiological analysis. In 
one embodiment, the method involves determining a relative 
measure of interaction between prostate specific antigen of a 
first mixture of species and at least first and second interacting 
components defining at least a first phase and a second phase, 
respectively, of a first partitioning system. A relative measure 
of interaction is also determined between prostate specific 
antigen of a second mixture of species, and the first partition 
ing system. A difference is determined in the relative measure 
of interaction of the prostate specific antigen of the first mix 
ture, Versus the prostate specific antigen of the second mix 
ture, with the first system. Based upon this difference, a first 
system is selected as a tool for determining a physiological 
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condition of a biological system based upon determination of 
a relative measure of interaction between at least one species 
of a sample from the biological system and the first system. 
Alternatively, or in addition, the at least one species of the first 
mixture and the at least one corresponding species of the 
second mixture are selected as a marker for determining a 
physiological condition of a biological system. 
0013. In another aspect, the invention involves determin 
ing a physiological condition of a biological system. In one 
embodiment, a method for doing so involves determining a 
relative measure of interaction between prostate specific anti 
gen arising from a sample from a biological system, and at 
least first and second interacting components defining at least 
a first phase and a second phase, respectively, of a first parti 
tioning system. From the process of determining the relative 
measure of interaction between the first species and the first 
and second interacting components of the first partitioning 
system, the physiological condition of the biological system 
can be determined. 
0014. In another embodiment, the method involves deter 
mining a physiological condition of a biological system by 
determining a difference between at least a first marker of a 
sample from the biological system and a corresponding 
marker representative of a reference condition of the biologi 
cal system, without knowledge of the chemical or biological 
identity of the first marker. 
0015. In another embodiment, a method involves deter 
mining a physiological condition of a biological system by 
determining a difference and/or similarity between a first 
property and/or value of a property associated with a marker 
obtained from the biological system and from the same 
marker from at least one sample with at least one reference 
condition, where the marker was determined by determining 
a relative measure of interaction between at least one species 
of a first mixture of species and at least first and second 
interacting components defining at least a first phase and a 
second phase, respectively, of a first partitioning system, 
determining a relative measure of interaction between at least 
one species of a second mixture of species, corresponding to 
the first species, and the first system, and defining the at least 
one species of the first mixture of species and the at least one 
species of the second mixture of species corresponding to the 
first species as the marker by denoting a difference between 
the relative measures of interaction of each of the species with 
the first partitioning system. 
0016 Other advantages and novel features of the invention 
will become apparent from the following detailed description 
of various non-limiting embodiments of the invention when 
considered in conjunction with the accompanying figures. In 
cases where the present specification and a document incor 
porated by reference include conflicting disclosure, the 
present specification shall control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 Non-limiting embodiments of the present invention 
will be described by way of example with reference to the 
accompanying figures, which are schematic and are not 
intended to be drawn to Scale. In the figures, each identical or 
nearly identical component illustrated is typically repre 
sented by a single numeral. For the purposes of clarity, not 
every component is labeled in every figure, nor is every com 
ponent of each embodiment of the invention shown where 
illustration is not necessary to allow those of ordinary skill in 
the art to understand the invention. In the figures: 
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0018 FIG. 1 is a RP-HPLC chromatogram of certain pro 
teins, from a protein mixture, having a 3.5-p13.9; 
0019 FIG. 2 is a RP-HPLC chromatogram of certain pro 
teins, from the same protein mixture as FIG. 1, having a 
4.3<pI<4.6: 
0020 FIG. 3 is a schematic block diagram of a controller 
according to one embodiment of the present invention; 
0021 FIG. 4. PSA concentrations in the top and bottom 
phases for both normal and cancer Samples according to one 
embodiment of the invention, as discussed in Example 4; and 
0022 FIG. 5 is the Receiver-Operating Characteristics 
(ROC) curve corresponding to clinical data described in 
Example 8, in another embodiment of the invention. 

DETAILED DESCRIPTION 

0023 The following documents are incorporated herein 
by reference in their entirety: U.S. Pat. No. 6,136,960, issued 
Oct. 24, 2000, entitled “Method for Evaluation of the Ratio of 
Amounts of Biomolecules or Their Sub-populations in a Mix 
ture.” by Chait et al.; U.S. patent application Ser. No. 10/293, 
959, filed Nov. 12, 2002, entitled “Characterization of Mol 
ecules.” by A. Chait, et al.; U.S. patent application Ser. No. 
60/478,645, filed Jun. 13, 2003, entitled “Systems and Meth 
ods for Characterization of Molecules.” by A. Chait, et al.: 
U.S. patent application Ser. No. 60/561,945, filed Apr. 14, 
2004, entitled “Systems and Methods for Characterization of 
Molecules” by Chait, et al; U.S. patent application Ser. No. 
10/560,373, filed Dec. 12, 2005, entitled “Systems and Meth 
ods for Characterization of Molecules.” by Chait, et al.; and 
International Patent Application No. PCT/USO4/019343, 
filed Jun. 14, 2004, entitled “Systems and Methods for Char 
acterization of Molecules.” by Chait, et al., published as WO 
2004/111655 on Dec. 23, 2004. 
0024. As used in the specification and the appended 
claims, the singular forms “a,” “an and “the include plural 
referents unless the context clearly dictates otherwise. Thus, 
for example, reference to “a biomolecule' can include mix 
tures of a biomolecule, and the like. 
0025 Ranges may be expressed herein as from “about 
one particular value, and/or to “about another particular 
value. When Such a range is expressed, another embodiment 
includes from the one particular value and/or to the other 
particular value. Similarly, when values are expressed as 
approximations, by use of the antecedent “about, it will be 
understood that the particular value forms another embodi 
ment. It will be further understood that the endpoints of each 
of the ranges are significant both in relation to the other 
endpoint, and independently of the other endpoint. 
0026. As used herein, “or” is understood to mean inclu 
sively or, i.e., the inclusion of at least one, but including more 
than one, of a number or list of elements. Only terms clearly 
indicated to the contrary, such as “exclusively or or “exactly 
one of will refer to the inclusion of exactly one element of a 
number or list of elements. 
0027 “Optional or “optionally’ means that the subse 
quently described event or circumstance may or may not 
occur, and that the description includes instances where said 
event or circumstance occurs and instances where it does not. 
0028 “Analyte.” “analyte molecule, or “analyte species' 
refers to a molecule, typically a macromolecule, such as a 
polynucleotide or polypeptide, whose presence, amount, and/ 
or identity are to be determined 
0029) “Antibody.” as used herein, means a polyclonal or 
monoclonal antibody. Further, the term “antibody' means 
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intact immunoglobulin molecules, chimeric immunoglobulin 
molecules, or Fab or F(ab') fragments. Such antibodies and 
antibody fragments can be produced by techniques well 
known in the art, which include, for example, those described 
in Harlow and Lane (Antibodies: A Laboratory Manual, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, N.Y. (1989)), 
Kohler et al. (Nature 256: 495-97 (1975)), and U.S. Pat. 
5,545,806, 5,569,825 and 5,625,126, each incorporated 
herein by reference. Correspondingly, antibodies, as defined 
herein, also include single chain antibodies (Sclv), which 
may comprise linked V, and V, domains and which may 
retain the conformation and the specific binding activity of 
the native idiotype of the antibody. Such single chain anti 
bodies are well known in the art and can be produced by 
standard methods. See, e.g., Alvarez et al., Hum. Gene Ther: 
8: 229-242 (1997)). The antibodies of the present invention 
can be of any isotype, for example, IgG, IgA, Ig|D, IgE and 
IgM. 
0030 Aqueous.” as used herein, refers to the characteris 

tic properties of a solvent/solute system wherein the Solvating 
Substance has a predominantly hydrophilic character. 
Examples of aqueous solvent/solute systems include those 
where water, or compositions containing water, are the pre 
dominant solvent. 
0031 “Partitioning system, as used herein, refers to any 
material having at least two phases, sections, areas, compo 
nents, or the like, at least two of which can interact differently 
with at least one species to which they are exposed. For 
example, a partitioning system can include different areas of 
a solid surface, which can interact differently with a particular 
molecule exposed to the different sections, a multi-phase 
system Such as a multi-phase liquid system, e.g., an aqueous/ 
non-aqueous system or an aqueous multi-phase system (de 
fined below) to which one or more species can be exposed and 
optionally dissolved, at least Some of which species can inter 
act differently with different phases. For example, a particular 
species may have a greater affinity for one phase rather than 
another phase to the extent that a multi-phase partitioning 
system can isolate a species from a mixture, or cause a species 
to partition at least in some way differently between the 
phases. 
0032 “Aqueous multi-phase system, as used herein, 
refers to an aqueous system which includes greater than one 
aqueous phase in which an analyte species can reside, and 
which can be used to characterize the structural state of the 
analyte species according to the methods described herein. 
For example, an aqueous multi-phase system can separate at 
equilibrium into two, three, or more immiscible phases. 
Aqueous multi-phase systems are known in the art and this 
phrase, as used herein, is not meant to be inconsistent with 
accepted meaning in the art. Examples of various aqueous 
multi-phase systems, and their compositions, are described 
more fully below. 
0033. An “interacting component’ means a component, 
Such as a phase of multi-phase system, that can interact with 
a species and provide information about that species (for 
example, an affinity for the species). Multiple interacting 
components, exposed to a species, can define a system that 
can provide a “relative measure of interaction” between each 
component and the species. An interacting component can be 
aqueous or non-aqueous, can be polymeric, organic (e.g. a 
protein, Small molecule, etc.), inorganic (e.g. a salt), or the 
like, or any combination thereof. A set of interacting compo 
nents can form a system useful in and in part defining any 
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experimental method which is used to characterize the struc 
tural state of a species such as an analyte species according to 
the methods described herein. Typically, a system of interact 
ing components can measure the relative interaction between 
the species and at least two interacting components. An aque 
ous multi-phase system is an example of a system of inter 
acting components, and it is to be understood that where 
“aqueous system’ or “aqueous multi-phase system’ is used 
herein, this is by way of example only, and any Suitable 
system of interacting components can be used. 
0034. Where aqueous two-phase and aqueous multi-phase 
systems are described herein, it is to be understood that other 
systems, as used herein, Systems analogous to those compris 
ing only aqueous solutions or Suspensions can be used. For 
example, an aqueous two-phase system can include non 
aqueous components in one or more phases that are not liquid 
in character. In this aspect, multi-phase systems also refers to 
related techniques that rely on differential affinity of the bio 
molecule to one media versus another, wherein the transport 
of the biomolecule between one medium and, optionally, 
another medium occurs in an aqueous environment. 
Examples of Such multi-phase systems include, but are not 
limited to, HPLC columns or systems for liquid-liquid parti 
tion chromatography, as are known to those of ordinary skill 
in the art. 

0035 “Relative measure of interaction, with reference to 
a particular species as used herein, means the degree to which 
the species interacts with another species or with a phase of a 
multi-phase system in a relative sense. For example, a par 
ticular species may have a greater affinity for one phase of a 
multi-phase system rather than another phase or phases, the 
degree to which it interacts with or resides in, that phase as 
opposed to other phases defines its relative measure of inter 
action. Relative measures of interaction, in the context of the 
present invention, are generally determined in a rationetric 
manner, rather than an absolute manner. That is, where a 
species can interact with each phase of a two-phase system 
but resides more preferably in one than the other, the present 
invention typically makes use of information as to the ratio of 
concentration of the species in each of the two phases, but not 
necessarily of the absolute concentration of the species in 
either phase. In other cases, the interaction can be an interac 
tion based not upon residence of a particular species within a 
particular solvent or fluid carrier, but interaction with a solid 
Surface Such as a solid phase of a chromatography column 
where the relative measure manifests itself in elution time, or 
can involve geometric or spatial interaction Such as a particu 
lar species interaction with a porous Substrate as opposed to 
that of a different species or a different substrate. 
0036 “Partition coefficient, as used herein, refers to the 
coefficient which is defined by the ratio of chemical activity 
or the concentrations of a species in two or more phases of a 
multi-phase system at equilibrium. For example, the partition 
coefficient (K) of an analyte in a two-phase system can be 
defined as the ratio of the concentration of analyte in the first 
phase to that in the second phase. For multi-phase systems, 
there can be multiple partition coefficients, where each par 
tition coefficient defines the ratio of species in first selected 
phase and a second selected phase. It will be recognized that 
the total number of partition coefficients in any multi-phase 
system will be equal to the total number of phases minus one. 
0037 For heterogeneous phase systems, an “apparent par 

tition coefficient, as used herein, refers to a coefficient which 
describes information obtained from alternative techniques 
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that is correlated to the relative partitioning between phases. 
For example, if the heterogeneous two-phase system used is 
an HPLC column, this “apparent partition coefficient can be 
the relative retention time for the analyte. It will be recog 
nized by those of ordinary skill in the art that the retention 
time of an analyte, in Such a case, reflects the average parti 
tioning of the analyte between a first, mobile phase and a 
second, immobile phase. Also, it will be recognized that 
other, similarly determinable properties of analytes can also 
be used to quantify differences in physical properties of the 
analytes (e.g. in other techniques) and are, therefore, Suitable 
for use as apparent partition coefficients. 
0038 “Bind,” as used herein, means the well-understood 
receptor/ligand binding, as well as other nonrandom associa 
tion between a biomolecule and its binding partner. “Specifi 
cally bind as used herein, describes a binding partner or 
other ligand that does not cross react Substantially with any 
biomolecule other than the biomolecule or biomolecules 
specified. Generally, molecules which preferentially bind to 
each other are referred to as a “specific binding pair.” Such 
pairs include, but are not limited to, an antibody and its 
antigen, a lectin and a carbohydrate which it binds, an enzyme 
and its Substrate, and a hormone and its cellular receptor. As 
generally used, the terms “receptor' and “ligand are used to 
identify a pair of binding molecules. Usually, the term “recep 
tor” is assigned to a member of a specific binding pair, which 
is of a class of molecules known for its binding activity, e.g., 
antibodies. The term “receptor is also preferentially con 
ferred on the member of a pair that is larger in size, e.g., on 
lectin in the case of the lectin-carbohydrate pair. However, it 
will be recognized by those of skill in the art that the identi 
fication of receptor and ligand is somewhat arbitrary, and the 
term “ligand’ may be used to refer to a molecule which others 
would call a “receptor.” The term “anti-ligand is sometimes 
used in place of “receptor.” 
0039 “Molecule-molecule interaction’, such as biomol 
ecule-biomolecule interaction, protein-protein interaction, 
and the like means an interaction that typically is weaker than 
“binding, i.e., an interaction based upon hydrogen bonding, 
Van der Waals binding, London forces, and/or other non 
covalent interactions that contribute to an affinity of one mol 
ecule for another molecule, which affinity can be assisted by 
structural features such as the ability of one molecule to 
conform to another molecule or a section of another mol 
ecule. Molecule-molecule interactions can involve binding, 
but need not. 

0040 “Biomolecule,” as used herein, means a molecule 
typically derived from an organism, and which typically 
includes building blocks including nucleotides, and the like. 
Examples include, but are not limited to, peptides, polypep 
tides, proteins, protein complexes, nucleotides, oligonucle 
otides, polynucleotides, nucleic acid complexes, saccharides, 
oligosaccharides, carbohydrates, lipids, etc., as well as com 
binations, enantiomers, homologs, analogs, derivatives and/ 
or mimetics thereof. 

0041. “Species, as used herein, refers to a molecule or 
collection of molecules, for example, an inorganic chemical, 
an organic chemical, a biomolecule, or the like. In the present 
invention, species generally are biomolecules. 
0042 “Corresponding species,” as used herein, means at 
least two different species that are identical chemically or, if 
they differ chemically and/or by molecular weight, differ only 
slightly. Examples of corresponding species include struc 
tural isoforms of proteins, proteins or other molecules that are 
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essentially identical but that differ in binding affinity with 
respect to another species or plural species, have different 
higher-order structure, e.g., differing in secondary or tertiary 
structure but not differing or not differing significantly in 
chemical sequence. In general, corresponding species are 
species that may be arranged differently (isoforms, isomers, 
etc.) but are composed of the same or essentially the same 
chemical building blocks. 
0043 “Detectable,” as used herein, refers the ability of a 
species and/or a property of the species to be discerned. One 
example method of rendering a species detectable is to pro 
vide further species that bind or interact with the first species, 
where the species comprise(s) a detectable label. Examples of 
detectable labels include, but are not limited to, nucleic acid 
labels, chemically reactive labels, fluorescence labels, enzy 
mic labels and radioactive labels. 

0044 “Mimetic, as used herein, includes a chemical 
compound, an organic molecule, or any other mimetic, the 
structure of which is based on, or derived from, a binding 
region of an antibody orantigen. For example, one can model 
predicted chemical structures to mimic the structure of a 
binding region, Such as a binding loop of a peptide. Such 
modeling can be performed using standard methods (see, for 
example, Zhao et al., Nat. Struct. Biol. 2: 1131-1137 (1995)). 
The mimetics identified by methods such as this can be fur 
ther characterized as having the same binding function as the 
originally identified molecule of interest, according to the 
binding assays described herein. 
0045 Alternatively, mimetics can also be selected from 
combinatorial chemical libraries in much the same way that 
peptides are. See, for example, Ostresh et al., Proc. Natl. 
Acad. Sci. U.S.A. 91: 11138-11142 (1994); Dorner et al., 
Bioorg Med. Chem. 4: 709-715 (1996); Eichler et al., Med. 
Res. Rev. 15:481-96 (1995); Blondelle et al., Biochem.J. 313: 
141-147 (1996); Perez-Paya et al., J. Biol. Chem. 271:4120-6 
(1996). 
0046 “Solid support, as used herein, means the well 
understood Solid material to which various components of the 
invention are physically attached, thereby immobilizing the 
components of the present invention. The term "solid Sup 
port, as used herein, means a non-liquid Substance. A solid 
Support can be, but is not limited to, a membrane, sheet, gel. 
glass, plastic or metal Immobilized components of the inven 
tion may be associated with a solid Support by covalent bonds 
and/or via non-covalent attractive forces such as hydrogen 
bond interactions, hydrophobic attractive forces and ionic 
forces, for example. 
0047 “Structure,” “structural state.” “configuration” or 
“conformation, as used herein, all refer to the commonly 
understood meanings of the respective terms, for example, as 
they apply to biomolecules Such as proteins and nucleic acids, 
as well as pharmacologically active Small molecules. In dif 
ferent contexts, the meaning of these terms will vary, as is 
appreciated by those of skill in the art. The structure or struc 
tural state of a molecule refers generally not to the building 
blocks that define the molecule but the spatial arrangement of 
these building blocks. The configuration or confirmation typi 
cally defines this arrangement. For instance, the use of the 
terms primary, secondary, tertiary or quaternary, in reference 
to protein structure, have accepted meanings within the art, 
which differ in some respects from their meaning when used 
in reference to nucleic acid structure (see, e.g., Cantor and 
Schimmel, Biophysical Chemistry, Parts I-III). Unless other 
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wise specified, the meanings of these terms will be those 
generally accepted by those of skill in the art. 
0048 “Physiological conditions.” as used herein, means 
the physical, chemical, or biophysical state of an organism. 
As most typically used in the context of the present invention, 
physiological condition refers to a normal (e.g., healthy in the 
context of a human) or abnormal (e.g., in a diseased State in 
the context of a human) condition. 
0049 “Marker,” as used herein, is a species that can be a 
carrier of information regarding a physiological state of a 
biological environment within which it resides. A marker can 
exhibit at least two different properties or values of a specific 
property or properties (e.g., structural conformation, binding 
affinity for another species, etc. but not solely different 
amounts of the species) that correspond to and/or that repre 
sent information regarding the two or more physiological 
states of environments within which they reside. For example, 
a marker may be a protein that is structurally modified 
between a first state representative of a healthy system within 
which it resides and a second structural state (different con 
formation) representative of a disease system within which it 
resides. 

0050. The state of a molecule, such as a biomolecule, at 
whatever level of detail, can be affected by many different 
factors including, but not limited to, changes in the chemical 
structure of the molecule (e.g., addition, deletion or Substitu 
tion of amino acids in proteins, covalent modification by 
chemical agents or cleavage by chemical or thermal degrada 
tion, addition or deletion of carbohydrates to the structure, 
etc.), interactions with one or more other biomolecules or 
ligands, and the like. Evaluation of different states can be used 
as one method of determining the potential effectiveness of 
different molecules, condition of the molecules, condition or 
state of an environment (e.g., a mixture of species) within 
which the molecule resides, and the like. 
0051. The present invention involves the investigation of 
the state of molecules. The invention is described in the con 
text of studies involving biomolecules and/or molecules able 
to interact with biomolecules, but the invention can apply to 
essentially any molecular species and/or interaction, whether 
biological, biochemical, chemical, or other species, and those 
of ordinary skill in the art will understand how the invention 
can be used in the context of non-biological molecules. It is to 
be understood that whenever “biomolecules' is used in the 
description of the invention, any non-biological molecule 
also can be used or studied. 
0052. In one aspect, the present, in some embodiments, 
invention involves techniques for determining information 
about the composition of a mixture of biomolecules and/or 
molecules which interact with biomolecules. The mixture 
may originate from biological material. Such as human clini 
cal sample or other biological fluid, tissue, cells, a Subject, 
etc., or the mixture, may be a synthetic mixture. The mixture 
can come from a biological system which, as used herein, 
means a human or non-human mammal, including, but not 
limited to, a dog, cat, horse, cow, pig, sheep, goat, chicken, 
primate, rat, and mouse, or a bacteria, virus, fungus, or of 
plant origin. 
0053. The invention also relates to developing and deter 
mining characteristics (quantitative and/or qualitative) of a 
mixture that are obtained, for example, via processing using 
multi-phase partitioning, which can reflect certain structural 
and functional characteristics of biomolecules or molecules 
that interact with biomolecules in the original mixture. These 
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characteristics can be used, for example, for establishing 
relationships between the composition of the mixture and the 
physiological state of the biological source of the mixture 
e.g., the state of health or disease of a Subject. These charac 
teristics can also be used to design experimental conditions 
for Subsequent fractionation of the mixtures into Subsets 
enriched in the molecule(s) of interest for the purpose of the 
analysis, while simultaneously reduced in the total number of 
different molecule(s) in Some cases. The systems and meth 
ods of the present invention can also be useful for detecting, 
classifying, and/or predicting changes in a mixture of biomol 
ecules or molecules that interact with biomolecules. For 
example, the mixture may be a synthetic mixture, or a mixture 
associated with a particular disease or physiological state of a 
living organism, cells, tissues, or biological liquids. The sys 
tems and methods of the present invention can also be used to 
detect changes to a predetermined set of biomolecules in a 
biological mixture and these changes could further be used to 
detect and classify a diagnostic that is related to Suchchanges. 
0054 Examples of such changes in a mixture can be the 
differences in a property of a species of the mixture. Such as 
its conformation, structure and/or interaction tendency with 
respect to another molecule or molecules (e.g., its binding 
affinity or other interaction characteristic with respect to 
another molecule or molecules). For example, if the mixture 
includes proteins or other biomolecules, such changes may be 
induced through primary sequence modification, by degrada 
tion of the proteins or other biomolecules through chemical, 
thermal, or other degradation mechanisms, by interaction 
with other molecules and/or biomolecules, by interaction 
with low molecular weight compounds (e.g., hormones, pep 
tides, vitamins, cofactors, etc.), by changes in the relative 
content or concentration of the constituents of the mixture, by 
reactions such as enzymatic reactions, etc. The systems and 
methods of the present invention can be used, in Some cases, 
to detect, analyze and/or characterize biological materials, 
including but not limited to, polypeptides, proteins, carbohy 
drates, nucleic acids, polynucleotides, lipids, sterols, and 
mixtures or derivatives thereof, e.g., for the purpose of detec 
tion of, or onset of a particular disease or physiological state, 
monitoring its progress, treatment, etc. 
0055 Comparison and classification steps involved in the 
invention can make use of additional information not neces 
sarily related to (not directly derived from) the analytical 
methods of the invention. For example, blood pressure, tem 
perature, blood glucose level, and/or essentially any other 
measurable physiological condition can be used in conjunc 
tion with techniques of the invention to analyze one or more 
physiological conditions. 
0056. As mentioned, multiple partitioning steps can take 
place so that additional information and/or sensitivity can be 
obtained. For example, prior to determining relative measures 
of interaction of each species in each of two or more different 
mixtures, and following partitioning of both mixtures in two 
or more partitioning systems of identical (or nearly identical) 
composition, a quantity of the first and/or the second inter 
acting components of both systems containing the mixtures 
can be further introduced into a second set of two identical 
systems with at least two interacting components. Then, par 
titioning of both second sets of systems for both mixtures 
takes place, and relative measures of interaction for each 
species in each mixture can be determined. The species that 
differ among the mixtures by differences in their relative 
measures of interaction can be denoted. Then, optionally, a 
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set of one or more species that partition differently can be 
further selected as a set of markers that are Subsequently used 
to classify additional mixtures as similar to either the first or 
second mixtures. Determining steps can be performed sepa 
rately for each species in connection with the set of markers, 
or simultaneously. Species-specific probes can be used. Such 
as antibodies. Comparison or classification steps to determine 
markers and use Such markers can involve the use of math 
ematical or statistical techniques known to those of ordinary 
skill in the art. 
0057. It will be recognized by those of ordinary skill in the 
art that these biological materials can be found in any Suitable 
form, for example, in the form of extracts from natural 
Sources, biological liquids, collections of molecules gener 
ated by combinatorial chemical or biochemical techniques 
and combinations thereof, synthetically created, etc. 
0058. In one embodiment, the present invention provides a 
method to determine certain conditions under which varia 
tions among samples representing different compositions (or 
mixtures of species) could be detected, i.e., determining a set 
of criteria and/or system components as a “tool.” or a part of 
a tool, to determine information. For example, the ability of a 
system to determine a relative measure of interaction between 
a species and one or more interacting components that can 
define one or more phases of the system can serve as an 
important tool or component of Such a tool. Specifically, as 
one example, the partitioning of the constituents of a sample 
between two phases having different chemical or biochemical 
affinities or other characteristics, such as solvent structures, 
may separate the constituents by their relative affinity for 
media of different properties or composition. This separation 
technique thus can include or, alternatively, can be unlike 
those typically used in proteomics or similar techniques, e.g., 
2-D gel electrophoresis, in which charge and size differences 
are the two dimensions used to separate the constituents of a 
sample. In some cases, e.g., for many applications in pro 
teomics, the present invention provides the ability for per 
forming sequential or serial partitioning, with either the same 
of different conditions, which may result in additional ampli 
fication of differences in the fractionated samples. These 
fractions may be further analyzed using standard proteomics 
techniques. 
0059. As mentioned elsewhere herein, aqueous multi 
phase (e.g., two-phase) partitioning systems are well-suited 
for use in many or most embodiments of the invention, but 
other partitioning systems can be used. Where “aqueous two 
phase partitioning or “aqueous multi-phase partitioning is 
used, it is to be understood that other systems can be used. 
Partitioning of a biopolymer in aqueous two-phase systems 
may depend on its three-dimensional structure, type and 
topography of chemical groups exposed to the solvent, etc. 
Changes in the 3-D structure of a receptor induced by some 
effect, e.g., by binding of a ligand binding or by structural 
degradation, also can change the topography of solvent acces 
sible chemical groups in the biomolecule, or both the topog 
raphy and the type of the groups accessible to solvent. One 
result of these changes may be an alteration in the partition 
behavior of the biomolecule and/or the ligand-bound recep 
tOr 

0060. In some cases, the level of concentration of biomol 
ecules in biological samples is strongly dependent upon 
genotyping. Thus, identification of differences in biomol 
ecules attributable to diseased verses normal states may 
necessitate using a statistically significant number of samples 
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to negate the effect of natural genetic variations in many 
cases. In the present invention, in many cases, the effect of 
genetic variability leading to under- or overexpression can be 
separated from differences to biomolecules that are traced to 
their diseased versus normal states. This separation can be 
achieved by Subjecting a sample or other mixture of species 
containing biomolecules or other molecules to partitioning in 
one or more different systems, and determining a relative 
measure of interaction between at least one species in the 
sample/mixture with various components of the system(s). 
This can be done, for example, by separating, using conven 
tional techniques, the two interacting components of each 
sample, calculating the partition coefficient for each species 
in the diseased and normal samples, and selecting the species 
exhibiting different partition coefficients for further analysis 
and identification. As specific examples, the relative measure 
of interaction can involve fractionating at least a portion of the 
first portion and second portion (and/or more portions) of the 
system. This fractionating can involve electrophoresis such as 
one-dimensional electrophoresis, two-dimensional electro 
phoresis, can involve liquid or other chromatography, can 
involve performing mass spectrometry on at least a portion of 
the first, second (and, alternately, more portions) of the sys 
tem, etc. Different partition coefficients typically are not 
related to the absolute level of expression of each species, but 
instead, may be related to changes to the structure, binding to 
other molecules or other changes of relevance to their bio 
logical effects, etc. Thus, the present invention provides, in 
one set of embodiments, means for the identification of 
changes to biomolecules in a biological mixture inherent to 
their function and not their absolute level, without necessarily 
requiring a large statistical number of samples to negate the 
effect of individual variability in the expression levels. 
0061. Once the biomolecules of interest are identified 
using the above technique, a Subset can be selected providing 
acceptable sensitivity/specificity diagnostics levels for an 
underlying physiological condition, e.g., a disease. Rapid and 
specific quantification techniques are readily available to 
those of ordinary skill in the art which can be used to quantify 
the concentration of each of the biomolecules in the subset 
using standard methods and techniques directly in the bio 
logical sample, e.g., using antibodies in an Enzyme Linked 
ImmunoSorbent Assay (ELISA). The concentrations in the 
two interacting components of each system can be used to 
calculate the values of the partition coefficients. Changes to 
the individual values of the partition coefficients thus may 
indicate certain changes to the biomolecules. In some cases, 
the change to the partition coefficient of a single biomolecule 
can result in a definitive diagnostics. In other cases, the use of 
a pattern of partition coefficient values (a 'signature') can be 
used to enhance the specificity of the method. In yet other 
cases, partitioning of the samples in multiple systems and 
performing the steps above, then observing the pattern of 
values for one or more biomolecules, can provide an alterna 
tive way to constructing a sensitive and specific diagnostics 
method. 

0062 Similarly, such changes may be detected using other 
systems and methods which have an underlying dependence 
upon the topography and/or the types of solvent accessible 
groups. Examples of such other methods include, but are not 
limited to, column liquid-liquid partition chromatography 
(LLPC), a heterogeneous two-phase system, or a multiphase 
heterogeneous system. In some cases, an apparent partition 
coefficient may be generated that expresses the relative 
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changes in the average partitioning between a first and a 
second phase. For example, in LLPC, the retention volume of 
a receptor may be used as the apparent partition coefficient. 
0063 Aqueous two-phase systems are well-known to 
those of ordinary skill in the art, and can arise in aqueous 
mixtures of different water-soluble polymers or a single poly 
mer and a specific salt. When two or more certain polymers, 
e.g., dextran (“Dex') and polyethylene glycol (“PEG'), or 
one or more certain polymers and one or more inorganic salts, 
e.g. polyvinylpyrrolidone (PVP) and sodium sulfate, are 
mixed in water above certain concentrations, the mixture can 
separate into two (or more) immiscible aqueous phases under 
certain conditions. There is a discrete interfacial boundary 
separating any two phases, for example, such that one is rich 
in one polymerand the other phase is rich in the other polymer 
or the inorganic salt. The aqueous solvent in one or both 
phases may provide a medium Suitable for biological prod 
ucts. Two-phase systems can also be generalized to multiple 
phase system by using different chemical components, and 
aqueous systems with a dozen or more phases are known in 
the art and can be used in connection with the invention. 

0064. When a species is introduced into such a two-phase 
system, it may distribute between the two phases. In this and 
other systems, the species can be found at different concen 
trations within each phase, or can be at the same concentra 
tion within each phase. Partitioning of a solute can be char 
acterized by the partition coefficient “K” defined as the ratio 
between the concentrations of the solute the two immiscible 
phases at equilibrium. It has previously been shown that 
phase separation in aqueous polymer systems may result 
from different effects of two polymers (or a single polymer 
and a salt) on the water structure (B. Zavlaysky, Aqueous 
Two-Phase Partitioning. Physical Chemistry and Bioanalyti 
cal Applications, Marcel Dekker, New York, 1995). As the 
result of the different effects on water structure, the solvent 
features of aqueous media in the coexisting phases can differ 
from one another. The difference between phases may be 
demonstrated by techniques such as dielectric, Solvatochro 
mic, potentiometric, and/or partition measurements. 
0065. The basic rules of solute partitioning in aqueous 
two-phase systems have been shown to be similar to those in 
water-organic solvent systems (which can also be used as 
systems in the present invention). However, what differences 
do exist in the properties of the two phases in aqueous poly 
mer systems are often very small, relative to those observed in 
water-organic solvent systems, as would be expected for a 
pair of solvents of the same (aqueous) nature. The Small 
differences between the solvent features of the phases in 
aqueous two-phase or multi-phase systems can be modified 
So as to amplify the observed partitioning that results when 
certain structural features are present. 
0066. It is known that the polymer and salt compositions 
of each of the phases usually depend upon the total polymer 
and/or salt composition of an aqueous two-phase system. The 
polymer and/or salt composition of a given phase, in turn, 
usually governs the solvent features of the aqueous media in 
this phase. These features include, but are not limited to, 
dielectric properties, solvent polarity, ability of the solvent to 
participate in hydrophobic hydration interactions with a sol 
ute, ability of the solvent to participate in electrostatic inter 
actions with a solute, and hydrogen bond acidity and basicity 
of the solvent. All these and other solvent features of aqueous 
media in the coexisting phases may be manipulated by selec 
tion of polymerand Salt composition of an aqueous two-phase 
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system. These solvent features of the media may govern the 
sensitivity of a given aqueous two-phase system toward a 
particular type of solvent accessible chemical groups in the 
receptor. This sensitivity, type, and topography of the Solvent 
accessible groups in two different proteins, for example, can 
determine the possibility of separating proteins in a given 
aqueous two-phase system. 
0067. In some cases, a particularly sensitive system may 
be required, i.e., a system that is very sensitive to, and able to 
determine relative measures of interaction with respect to, 
two very similar species. This sensitivity may be of impor 
tance when, for example, Subtle differences are being 
detected between the conformational changes in a receptor 
induced by binding of closely related chemical compounds. 
The present invention provides efficient and Successful sys 
tems and methods for screening aqueous phase compositions 
to identify and/or amplify differences between the composi 
tions of two mixtures. By utilizing a wide variety of different 
conditions to screen each molecule, as described herein, dif 
ferent partitioning behavior may be obtained reliably without 
the need to fully understand the underlying theory of aqueous 
two-phase partitioning, or any of the other related or Substi 
tutable techniques. 
006.8 Biomolecules such as proteins, nucleic acids, etc. 
may be distributed between the two or more phases when 
placed into Such a system. For example, in the case where 
phase-forming polymers are used, Solutions comprising one 
or more of the two polymers and the biomolecule may be 
mixed together Such that both phase-forming polymers and 
the biomolecule are mixed. The resulting solution is resolved 
and a two-phase system is formed. Optionally, centrifugation 
can be used to enhance separation of the phases. It will be 
recognized by those of ordinary skill in the art that partition 
ing behavior of a biomolecule may be influenced by many 
variables, such as the pH, the polymers used, the salts used, 
factors relating to the composition of the system, as well as 
other factors such as temperature, Volume, etc. Optimization 
of these factors for desired effects can be accomplished by 
routine practice by those of ordinary skill in the relevant arts, 
in combination with the current disclosure. 

0069. Evaluation of data from partitioning of a biomol 
ecule can involve use of the partition coefficient, in some 
embodiments of the invention. For example, the partition 
coefficient of a protein can be taken as the ratio of the protein 
in first phase to that in the second phase in a biphasic system. 
When multiple phase systems are formed, there can be mul 
tiple independent partition coefficients, each of which can be 
defined between any two phases. It will be recognized that the 
partition coefficient for a given biomolecule of a given con 
formation will be a constant if the conditions and the compo 
sition of the two-phase system to which it is subjected remain 
constant. Thus, if changes are observed in the partition coef 
ficient for a protein upon addition of a potential binding 
partner, these changes can be presumed to result from 
changes in the protein structure caused by formation of a 
protein-binding partner complex. The partition coefficient K, 
as used herein, is a specifically mathematically defined quan 
tity as further described below, and the term includes coeffi 
cients representing the relative measure of interaction 
between a species and at least two interacting components. It 
should also be recognized that differences between partition 
coefficients of corresponding species in two or more mixtures 

Apr. 12, 2012 

could indicate, in addition to potential structural changes, 
also binding or lack of binding of such species to other species 
in the mixtures. 

0070. In a non-limiting example of one partitioning sys 
tem, aqueous multiphase systems are known to be formable 
from a variety of substances. For example, in order to deter 
mine the partition coefficient of a protein (or a mixture of a 
protein with another compound) to be analyzed, concentrated 
stock solutions of all the components (polymer 1, e.g., dext 
ran; polymer 2, e.g., PEG, polyvinylpyrrolidone, salts, etc.) in 
water can be prepared separately. The stock solutions of phase 
polymers, salts, and the protein mixture can be mixed in the 
amounts and conditions (e.g., pH from about 3.0 to about 9.0, 
temperature from about 4°C. to 60° C., salt concentration 
from 0.001 to 5 mol/kg) appropriate to bring the system to the 
desired composition and vigorously shaken. The system can 
then be allowed to equilibrate (resolve the phases). Equilibra 
tion can be accomplished by allowing the Solution to remain 
undisturbed, or it can be accelerated by centrifugation, e.g., 
for 2-30 minutes at about 1000 g to 4000g, or higher. Aliquots 
of each settled (resolved) phase can be withdrawn from the 
upper and/or lower phases (or from one or more phases, if 
multiple phases are present). The concentration of molecule 
(s) can be determined for each phase. 
0071. Different assay methods may be used to determine 
the relative measures of interaction between species and 
interacting components, e.g. in the form of the concentration 
of the biomolecules in each phase of a multi-phase system. 
The assays will often depend upon the identity and type of 
biomolecule present. Examples of Suitable assay techniques 
include, but are not limited to, spectroscopic, immunochemi 
cal, chemical, fluorescent, radiological and enzymatic assays. 
When the biomolecule is a peptide or protein, the common 
peptide or protein detection techniques can be used. These 
include, but are not limited to, direct spectrophotometry (e.g., 
monitoring the absorbance at 280 nanometers) and dye bind 
ing reactions with Coomassie Blue G-250 or fluorescamine, 
o-phthaldialdehyde, or other dyes and/or reagents. Alterna 
tively, if the protein is eitheran antibody oran antigen, certain 
immunochemical assays can be used in some cases. 
0072 The concentration of the biomolecule(s) in each 
phase can be used to determine the partition coefficient of the 
sample under the particular system conditions. Since the par 
tition coefficient reflects the ratio of the two concentrations, 
the absolute values are not typically required. It will be rec 
ognized that this can allow certain analytical procedures to be 
simplified, e.g., calibration can be eliminated in some 
instances. It also may have significant advantage for negating 
the effect of natural variability in the absolute concentration 
of proteins in Samples obtained from, e.g., biological systems, 
when comparing two or more samples, thus focusing on those 
changes detected as differences in the partition coefficient 
relevant to changes to the structure of the individual species in 
the samples. 
0073. It should be recognized by those skilled in the art 
that the steps in above description of obtaining the partition 
coefficient could be substituted by other steps or measure 
ments. Depending on the size, Volumes, amount of the bio 
molecule, detection system, discrete or continuous operation 
using either liquid-liquid or liquid-Solid portioning, other 
processes that effectively result in results described herein 
could be developed. Such modifications and different pro 
cesses should not limit the scope of this complete invention. 
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0074 The partition coefficient can then be compared with 
other partition coefficients. For example, a partition coeffi 
cient for a species can be compared to the partition coeffi 
cients for the species under different conditions, a partition 
coefficient for a species can be compared to the partition 
coefficients for the species when combined with other spe 
cies, a set of partition coefficients for a species can be com 
pared to other sets of partition coefficients, etc. This compara 
tive information can be obtained at the same time or near the 
same time and in the same system or a similar system as is 
used to determine the interaction characteristics of the mol 
ecules of interest, or can be provided as pre-prepared data in 
the form of charts, tables, or electronically stored information 
(available on the internet, disc, etc.) 
0075. In one embodiment of the present invention, pro 
teins or other biomolecular mixtures from an experimental 
sample and from a reference sample (determined simulta 
neously, previously, or Subsequently, as described above) 
may be caused to partition in a variety of different aqueous 
two-phase systems, e.g. formed by different types of poly 
mers, such as Dextran and PEG or Dextran and Ficoll, by the 
same types of polymers with different molecular weights, 
such as Dextran-70 and PEG-600 or Dextran-70 and PEG-8, 
000, by the same polymers but containing different in type 
and/or concentration salt additives, different buffers of differ 
ent pH and concentration, etc. The overall partition coeffi 
cients for the mixtures determined using a particular assay 
procedure (e.g., same for both samples) can be determined in 
all of the systems. In one embodiment, the systems displaying 
different partition coefficients for the mixtures under com 
parison may be selected as a separation medium, for example, 
for further fractionation and/or characterization of the mix 
tures. In another embodiment, mixtures are partitioned using 
one or more standard systems with known properties, e.g., 
those providing enhanced sensitivity levels towards hydro 
phobic or ionic interactions. In Such a case, the individual 
partition coefficients of the species comprising the mixtures 
may be determined following separation of the mixtures in 
the phases and/or compared between two or more mixtures. 
0076. The reasons for the observed differences in the par 

tition behavior of the two samples do not have to be scientifi 
cally characterized for such differences to be useful for many 
applications, e.g., for diagnostics. Such differences, resulting 
in partitioning behavior, may arise due to multiple reasons, 
including relative compositional, structural, or conforma 
tional differences in the samples when exposed to aqueous 
media of different solvent structures. 

0077. In one set of embodiments, the systems and methods 
proposed herein provide techniques for the separation and 
fractionation of proteins while preserving complexes and bio 
molecular interactions that may be of interest to distinguish 
ing among samples. The solvent media in aqueous partition 
ing may be selected to be compatible with the mixture of 
biomolecules. The solvent media may also be selected to 
preserve the higher-order structures, as well as non-covalent 
binding among biomolecules Such as proteins, Small molecu 
lar weight ligands, etc. For example, appearance or disappear 
ance of complexes by the methods of this invention can be 
useful for diagnostics and other applications. 
0078. One aspect of the present invention provides sys 
tems and methods able to distinguish among different 
samples, without being rigidly tied to few separation dimen 
sions or variables, such as charge and/or size. One non-lim 
iting example application of the present invention is to pro 
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vide an adjustable separation dimension, in which changes to 
individual species can be uncovered via determination of 
their individual partition coefficients, enabling detection and 
identification of changes that can not be detected using con 
ventional separation means, such as molecular size or charge. 
0079. In one embodiment, the present invention can be 
used to discover one of more biomolecules in a biological 
sample, which is changed between normal and diseased State 
of the underlying organism. In this case, a set of typically 
multiple systems, each known to provide sensitivity to struc 
tural changes leading to differences in their hydrophobic, 
ionic, etc. interactions with the interacting components, can 
be tested with the same samples. One or more species can be 
identified as markers in one or more systems using techniques 
described herein. This marker or markers can subsequently be 
used for diagnostics applications. 
0080. In yet another embodiment, the set of markers and 
the associated Systems in which Such markers were discov 
ered can be used during diagnostics screening. In this case, 
the diagnostics test can include one or more of the following 
steps which can be carried out in any order suitable for such 
screening: (1) Partitioning the sample in one or more of the 
systems which were used during the marker discovery study: 
(2) Measuring the marker(s) concentration(s) using specific 
assay using, e.g., antibodies, in each of the interacting com 
ponents of the systems; (3) Calculating the partition coeffi 
cients for each individual biomarker in one or more systems; 
(4) Comparing the values to those representing normal and 
diseased states which were obtained during the marker dis 
covery study using any combination of statistical or math 
ematical techniques; and (5) Denoting a diagnostics based on 
Such a comparison. 
I0081. Without a loss of generality, as an example, search 
ing for a biomarker or a set of biomarkers (e.g., to increase 
clinical specificity) denoting a disease can involve one or 
more of the following steps, again, carried out in any Suitable 
order: 
I0082) 1. Prepare one or more aqueous two-phase partition 
ing Systems. 
I0083. 2. Add samples of plasma (homogenized tissue, 
urine, saliva, etc.) corresponding to normal and diseased State 
origins. 
I0084 3. Partition the samples in the aqueous two-phase 
systems. 
I0085 4. Remove aliquots from both phases of the aqueous 
two-phase systems for each sample. After this step there will 
be two aliquots for each sample. 
I0086 5. Perform additional separation steps (e.g., 2D gel 
electrophoresis or 2D HPLC) to separate the proteins in each 
aliquot. 
I0087 6. Quantitate each protein in each aliquot. 
I0088 7. Calculate the individual partition coefficient for 
each protein in each set of aliquots corresponding to the same 
sample. 
I0089) 8 Compare the partition coefficients for each protein 
(e.g., in the same spot on the charge? size map on a gel) for the 
normal vs. diseased States. 

0090 9. Select one or more proteins (even without know 
ing their identity) as potential biomarker by their different 
values of the partition coefficients for the two types of 
samples. 
0091 10. Optionally perform additional identification 
steps such as LC-MS/MS. It should be noted that discovering 
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and selecting the marker(s) in the present invention does not 
require the steps of protein identification. 
0092. It should also be noted that the marker is comprised 
in the present invention of the species selected in the manner 
described above, and another important tool in the process 
can involve the specific composition of the aqueous two 
phase partitioning system or other system that can be used to 
determine relative measures of interaction. It should be rec 
ognized that multiple partitioning systems of different com 
positions can be used in the above procedure. The final selec 
tion of a set of markers most useful for Subsequent diagnostics 
depends typically on a trade off among the competing 
attributes of the increase in specificity and cost when addi 
tional biomarkers are included in the final set. 

0093. Once a set of biomarkers is discovered using the 
above protocol, a diagnostics screening test can be devised, 
without a loss of generality, according in the following man 

0094. Upon a preliminary step performed once during the 
preparation of the screening test, an appropriate protein-spe 
cific concentration assay is developed for each of the proteins 
in the biomarker set (typically antibodies). Typically once a 
biomarker is determined using a particular partitioning sys 
tem, aliquots of the separated biomarker can be used to study 
its properties and sequence, and antibodies developed for 
Subsequent quantitation of the biomarker directly in complex 
mixtures using, e.g., ELISA. 
0095. Then, the screening test is comprised of the follow 
ing, again, in any suitable order: 
0096 1. Obtain a sample of plasma (homogenized tissue, 
urine, saliva, etc.) corresponding to unknown state (normal or 
diseased). 
0097 2. Add aliquots of the sample to the partitioning 
system used during the discovery of the biomarkers. If more 
than one system was used, repeat the same step for each 
different partitioning system. 
0098. 3. Perform partitioning of the sample in each of the 
systems. 
0099 4. Use the protein specific assay for each protein to 
quantitate the concentration of each of the proteins in the 
biomarkers set, in each of the two phases of each partitioning 
system. 
0100 5. Calculate the partition coefficient for each of the 
proteins in the biomarkers set. 
0101 6. Compare, using appropriate statistical or other 
techniques the partition coefficients from the sample of 
unknown origin to those corresponding to the normal and 
diseased states. 
0102 7. Classify the unknown sample as diagnostically 
similar to one of the known samples. 
0103) In another embodiment, a screening test can be 
accomplished without requiring partitioning as described 
above. Once a biomarker is discovered and selected using 
techniques described herein, it typically refers to a protein 
that is structurally different in the two samples (e.g., diseased 
vs. normal). Once the protein is isolated, identified using 
standard techniques such as LC-MS/MS, and its sequence 
denoted, a separate procedure can be invoked in some cases to 
design and raise antibodies that directly differentiate between 
the two forms of the protein that define the marker. These 
so-called multi-site antibodies can be used in lieu of the 
partitioning step in the screening procedure, e.g., as follows, 
in any suitable order: 
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0104. 1. Obtain a sample of plasma (homogenized tissue, 
urine, saliva, etc.) corresponding to unknown state (normal or 
diseased). 
0105 2. Directly test the sample with antibody specific to 
one form of the marker. 
0106 3. Classify the unknown samples as diagnostically 
similar to one of the known samples. 
0107. In the protocol described above, the use of form 
specific antibody to replace the use of partitioning to delin 
eate different forms of the biomarker may be only possible 
once the biomarker is discovered using techniques described 
herein. 

0108. It is also noted that the present invention carries the 
same benefit for the more general and practical case in which 
the biomarker represents a mixture of forms of the same 
protein. In Such a case, changes in the distribution or relative 
amounts of the different forms of the same protein will result 
in a different partitioning behavior of the biomarker, which 
will be detected using techniques described herein. Therefore 
the use of the term “biomarker” in the present invention may 
denote either a single molecule that with different forms 
between the two samples, or mixtures of two or more forms of 
the same molecule that differ in the relative amounts of the 
forms between the two samples. 
0109. In connection with all aspects of the invention, a 
variety of studies can take place, both at the level of deter 
mining tools for physiological analysis and carrying out 
physiological analysis itself. For example, tools for determin 
ing analysis procedures can involve taking samples from a 
single individual or multiple individuals. In one embodiment, 
a positive sample and a control sample can be taken from a 
single individual. For example, an individual may have a 
tumor and a positive sample may be a portion of the tumor, 
where a control sample is from a non-tumorous portion of the 
individual. The samples, both positive and control, can be 
taken from the individual at the same time or at different 
times. For example, samples from a tumorous portion of an 
organism can be taken at different times, and used to deter 
mine differences in at least one species in each of the samples 
as tools for analysis of the progression of a tumor. 
0110. Similarly, single species or multiple species can be 
used as markers. Multiple species from a single sample can be 
identified as separate markers for a particular condition, and 
during analysis separate species can be studied. As one 
example, a single species can define a marker identified by or 
studied in connection with a single partitioning system. In 
another embodiment, multiple species from a single sample 
can be identified as separate markers for a particular condi 
tion, and during analysis separate species can be studied. 
Alternatively or in addition, multiple partitioning systems can 
be used to study behavior of a single species versus its corre 
sponding species (markers). Or, multiple species can be stud 
ied and/or identified as markers in a single system or multiple 
species can be identified and/or studied in connection with 
multiple partitioning systems. 
0111. According to one aspect of the present invention, a 
computer and/or an automated system is provided able to 
automatically and/or repetitively perform any of the methods 
described herein. As used herein, “automated devices refer 
to devices that are able to operate without human direction, 
i.e., an automated device can perform a function during a 
period of time after any human has finished taking any action 
to promote the function, e.g. by entering instructions into a 
computer. Typically, automated equipment can perform 
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repetitive functions after this point in time. One specific 
example of a technique that can make use of a computer or 
other automated system is in a process in which a physiologi 
cal condition of a system as determined by determining a 
relative measure of interaction between one or more species 
from a sample from the system and various interacting com 
ponents of a partitioning system. In the clinical setting, this 
may be accomplished by drawing a sample of blood (millili 
ter-sized or a very Small sample such as a drop or less) and 
Subjecting the blood sample or a Subset thereof (e.g., plasma) 
to a multi-phase partitioning process. The results of this pro 
cess can then be compared to similar behavior of markers in 
a similar system, which can take the form of data stored 
electronically. 
0112 FIG. 3 is a schematic block diagram of an example 
system according to one embodiment of the present inven 
tion. In the embodiment illustrated in FIG.3, a controller 200 
is implemented on a conventional personal computer 250 that 
includes a processor 251, a memory 252, an input device 253, 
optionally a removable storage device 254, a pointing device 
255, a display device 256, and a communication device 257, 
all coupled together via a bus 258. In a conventional manner, 
memory 252 may include a variety of memory devices. Such 
as hard disk drives or optical disk drives, RAM, ROM, or 
other memory devices and combinations thereof, and input 
device 253 may include a keyboard, a microphone, or any 
other form of input device capable of receiving one or more 
inputs 210 from a user of controller 200. Removable storage 
device 254 may include a CD-ROM drive, a tape drive, a 
diskette drive, etc. and may be used to load application soft 
ware, including Software to implement various embodiments 
of the present invention described herein. Display 256 may 
include a conventional CRT display Screen, a flat panel dis 
play Screen, or any other type of display device that allows 
textual information to be displayed to the user, and pointing 
device 255 may include a puck, a joystick, a trackball, a 
mouse, or any other type of pointing device or scrolling 
device that permits the user to select from among the various 
textual information displayed on the display device 256. 
Communication device 257 may include any form of com 
munication transceiver capable of receiving one or more 
inputs 220 from the fluid-handling apparatus 30 and provid 
ing one or more outputs to the fluid-handling apparatus 30. 
For example, communication device 257 may include a 
RS232/485 communication transceiver, a 4-20 mA analog 
transceiver, an Ethernet transceiver, etc. 
0113 Software, including code that implements embodi 
ments of the present invention, may be stored on Some type of 
removable storage media such as a CD-ROM, tape, or dis 
kette, or other computer readable medium appropriate for the 
implemented memory 252 and the removable storage device 
254. The software can be copied to a permanent form of 
storage media on the computer 250 (e.g., a hard disk) to 
preserve the removable storage media for back-up purposes. 
It should be appreciated that in use, the Software is generally 
and at least partially stored in RAM, and is executed on the 
processor 251. 
0114 Various embodiments of the present invention can 
also be implemented exclusively in hardware, or in a combi 
nation of Software and hardware. For example, in one 
embodiment, rather than a conventional personal computer, a 
Programmable Logic Controller (PLC) is used. As known to 
those skilled in the art, PLCs are frequently used in a variety 
of process control applications where the expense of ageneral 
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purpose computer is unnecessary. PLCs may be configured in 
a known manner to execute one or a variety of control pro 
grams, and are capable of receiving inputs from a user or 
another device and/or providing outputs to a user or another 
device, in a manner similar to that of a personal computer. 
Accordingly, although embodiments of the present invention 
are described in terms of a general purpose computer, it 
should be appreciated that the use of a general purpose com 
puter is exemplary only, as other configurations may be used. 
(0.115. As shown in FIG.3, the controller 200 is adapted to 
be coupled to a fluid handling apparatus 30, to control opera 
tion of the fluid handling apparatus. Controller 200 includes 
an input 210 to receive one or more parameters from a user of 
the controller 200 relating to the desired operation to be 
performed. The controller 200 also includes a plurality of 
inputs 220 to receive signals relating to the operational status 
of the fluid handling apparatus, and a plurality of outputs 230, 
240 to configure and control the fluid handling apparatus. 
User input parameters received on input 210 may include the 
type and amount of protein and/or other biomolecules that is 
to be processed by the fluid handling apparatus, the compo 
sitions of liquids used by the fluid handlingapparatus for, e.g., 
liquid-liquid partitioning, etc. 
0116. Some embodiments of the present invention permit 
the user to specify one or a number of input parameters 
relating to the operation of the fluid handling apparatus, and 
then, based upon the input parameters, to configure and con 
trol the fluid handling apparatus. Depending upon the number 
of input parameters specified by the user, the controller may 
prompt the user for additional parameters prior to configuring 
the fluid handling apparatus. 
0117 Inputs 220 of controller 200 are adapted to receive a 
plurality of signals relating to the operational status of the 
fluid handling apparatus. Signals that may be received on 
inputs 220 generally correspond to physical conditions within 
the fluid handling apparatus, and may include, for example, 
the concentration of proteins or other molecules within the 
fluid handling apparatus, the time of exposure, the time for 
settling to occur, the degree of agitation, the operating tem 
perature or pressure, etc. 
0118 Outputs 230,240 of the controller 200 are adapted to 
configure and control the fluid handling apparatus, based 
upon the user parameters received at input 210, and option 
ally, one or more of the signals received on inputs 220. Output 
230 may provide a number of separate signals, for example, a 
signal to introduce a protein or other molecule within a liquid, 
a signal to control the operating temperature, etc. 
0119. According to another embodiment of the present 
invention, controller 200 may include a database and/or a 
knowledgebase that can be accessed by processor 251. 
According to one embodiment of the present invention, the 
database may include a plurality of records, each record cor 
responding to aparticular set of parameters for which the fluid 
processing apparatus may be used to determine a relative 
measure of interaction. Unless specifically indicated other 
wise, as used hereinafter, the term “parameters' is used to 
refer to both process parameters (e.g., the amount of protein 
or other biomolecule(s) to be added, the operating tempera 
ture etc.), as well as characteristics (e.g., concentration, sepa 
ration time, etc.) of the experiment given a particular set of 
process parameters. In general, each of the records stored in 
the database reflects empirical databased upon use of the fluid 
processing apparatus under defined conditions, or the use of a 
similar fluid processing apparatus under defined conditions. 
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The controller 200 and the database may thus be viewed as 
forming an “expert’ system. The database may be stored on a 
removable storage medium and copied to memory 252 for use 
by the processor 251, or alternatively, the controller may be 
pre-configured to include the database. 
0120. As will be described further below, the database (or 
knowledgebase) may be configured for a particular type of 
fluid handling apparatus (e.g., a specific model from a par 
ticular manufacturer of fluid handling apparatus), or may be 
configured to be used with a variety of types of fluid handling 
apparatuses. In some cases, the database may be configured 
for a particular type of protein and/or other biomolecule. 
Alternatively, a more general database may be used that 
includes a number of different proteins, biomolecules, aque 
ous solutions, etc. with which a variety of different fluid 
handling apparatuses may be used. In use, the database may 
be accessed by a fluid handling apparatus configuration and 
control routine that is performed by controller 200 to config 
ure and control fluid handling apparatus 30 that is operatively 
coupled thereto. It should be appreciated that while the data 
base or knowledgebase is initially based on empirical data 
obtained with similar equipment, the database may be peri 
odically updated (e.g., new records may be added and/or 
existing records may be modified) to reflect additional data 
obtained in use, or by use of similar equipment. 
0121 The techniques and apparatus described herein can 
be used to discover markers or to execute a diagnostics test, in 
Some aspects of the invention. The apparatus could be inter 
faced to other devices and instruments knownto those skilled 
in the art, including automated Sample preparation instru 
ments, automated immunoanalyzers, etc. Data obtained from 
Such devices and instruments could be electronically chan 
neled to a software for performing data reduction and analysis 
and for delineating a diagnostics. 
0122) The following examples are set forth so as to pro 
vide those of ordinary skill in the art with a complete disclo 
Sure and description of examples of how the compounds, 
compositions, articles, devices and/or methods claimed 
herein are made and evaluated, are intended to be purely 
exemplary of the invention, and are not intended to limit the 
Scope of what is to be regarded as the complete invention. 
Efforts have been made to ensure accuracy with respect to 
numbers (e.g., amounts, temperature, etc.), but some errors 
and deviations should be accounted for. Unless indicated 
otherwise, parts are parts by weight, temperature is in C. or 
is at ambient temperature, and pressure is at or near atmo 
spheric. The following examples are intended to illustrate 
certain aspects of certain embodiments of the present inven 
tion, but do not exemplify the full scope of the invention. 

EXAMPLE1 

0123. In this example, it was demonstrated that partition 
ing of a mixture can be used to or assist in revealing structural 
changes in proteins. 
0124 Human serum albumin (fatty acid and gamma 
globulins free), concanavalin A, cytochrome c from horse 
heart, beta-lactoglobulin A from bovine milk, beta-lactoglo 
bulin B from bovine milk, ribonuclease B from bovine pan 
crease, lysozyme from chicken egg white, o-phthaldialde 
hyde reagent (complete), and Bradford Reagent were 
purchased from Sigma Chemical Company (St. Louis, Mo., 
USA) and used without further purification. A stock solution 
ofa mixture of 25.6 mg albumin, 12.9 mg concanavalin A, 8.2 
mg cytochrome c. 12.2 mg ribonuclease B, 8.4 mg of beta 
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lactoglobulin A, and 11.5 mg beta-lactoglobulin B was pre 
pared by dissolving in 40 ml of water. Lysozyme in the 
amount of 2.1 mg was dissolved in 8 ml of this stock solution. 
Relative measures of interaction of species in these mixtures 
were determined by Subjecting these protein solutions to par 
titioning in a series of different aqueous two-phase systems as 
indicated below. 

0.125 One aqueous two-phase system contained 12.16 wit 
%Dextran-69 (molecular weight of about 69,000), 6.05 wt % 
PEG-6000 (molecular weight of about 6,000), 0.43 M 
NaClO, and 0.01 Msodium phosphate buffer (pH 7.4). Each 
system was prepared by mixing the appropriate amounts of 
stock polymer, salt, and buffer solutions dispensed by liquid 
handling workstation Hamilton ML-2200 into a 1.2 mL 
microtube. A total volume of 740 microliters was dispensed 
to the microtube. A varied amount (0, 24, 48, 72, 96, and 120 
microliters) of the protein stock solution or that of the 
lysozyme solution in the protein stock Solution and the cor 
responding amount (120,96, 72, 48, 24, and 0.0 microliters) 
of water were added to a system. The ratio between the 
volumes of the two phases of each system of a final volume of 
1.00 mL was as 1:1. The system was shaken vigorously and 
then centrifuged for 30 min at about 1700 rpm to speed 
resolution of the two phases. Tubes were then taken from the 
centrifuge, aliquots of a given Volume (20 microliters for 
fluorescence-based assay analysis and 10 microliters for 
Bradford assay analysis) from the top and the bottom phases 
were withdrawn in duplicate. Eachaliquot was diluted, mixed 
with appropriate reagents, and used for the concentration 
analysis as described below. 
0.126 The total protein concentrations in each phase were 
assayed by measuring the relative fluorescence intensity in 
wells of a 96-well microplate with a fluorescence microplate 
reader Bio-Tek F-6000 using an excitation filter at 360 nm 
and an emission filter at 460 nm For this purpose, aliquots of 
20 microliters from the top and the bottom phases were with 
drawn, each mixed with 50 microliters water and 250 micro 
liters o-phthaldialdehyde reagent, and placed into wells of a 
microplate for fluorescence measurements. The measured 
fluorescence intensities of the aliquots from the top phases 
were plotted as a function of the fluorescence intensities of the 
aliquots from the bottom phases. The partition coefficient for 
a given protein mixture was determined as a slope of the linear 
curve representing the plot. 
I0127. In addition, the protein concentrations in each phase 
were assayed by measuring the optical absorbance at 595 nm. 
with a using a Spectramax Plus' (Molecular Probes) UV 
VIS spectrophotometer reader. For this purpose aliquots of 10 
microliters from the top and the bottom phases were with 
drawn, each mixed with 50 microliters water and 260 micro 
liters Bradford Reagent and placed into wells of a microplate 
for optical absorbance measurements. The mixtures were 
shaken for 15 minat37°C., and the optical absorbance at 595 
nm was measured in each well. The optical absorbance at 595 
nm of the aliquots from the top phases were plotted as a 
function of the optical absorbance at 595 nm of the aliquots 
from the bottom phases (individual data not shown). The 
partition coefficient for the protein was determined as a slope 
of the linear curve representing the plot. 
I0128. The partition experiments were carried out in dupli 
cate. The overall partition coefficient values determined with 
two different assays agreed within 2-3% error range in each 
case. The individual partition coefficients of each protein in 
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the mixture were determined in separate experiments per 
formed with individual proteins, and are shown in Table 1. 

TABLE 1. 

K-Value for K-Value for 
individual protein individual protein 

Protein Composition Mixture A* Mixture B 

Albumin 2.60 2.60 
Concanavalin A O.33 O.33 
Cytochrome c O.04 O.04 
Hemoglobin 4.27 4.27 
beta-Lactoglobulin A O.25 O.25 
beta-Lactoglobulin B O.32 O.32 
Lysozyme 6.74 6.74 
Ribonuclease (A or B) 2.93 O.95 

0129. Typically, these partition coefficients would not be 
available a priori. Rather, partitioning of the entire mixture in 
the aqueous two-phase system would result in partitioning of 
individual proteins according to their structural details. Fol 
lowing the mixture partitioning, standard separation tech 
niques, such as two-dimensional electrophoresis, could be 
used to quantify the concentrations of each individual protein 
in the top and bottom phases of the aqueous system for each 
of the mixtures. The partition coefficients of each separated 
species can then be calculated from its concentration values in 
the top and bottom phases and results similar to Table 1 would 
be obtained. However, separation of the mixtures based on 
size and charge alone using standard proteomics techniques 
would not have shown variations since the total concentration 
of each species did not change in the two mixtures. Instead, in 
this case, only the structure of a single protein was altered (in 
this case, glycosylation pattern). 
0130. This example thus illustrates that structural changes 

to individual proteins are detectable, even if their concentra 
tions remained the same in the various mixtures. Using one or 
more partitioning systems that offer sensitivity towards dif 
ferent structural variations, followed by total mixture parti 
tioning and standard separation techniques and determination 
and comparison of the individual partition coefficients, can be 
used to reveal changes to proteins that are not possible with 
conventional separation techniques. Furthermore, these 
changes could readily be detected and used for diagnostics 
screening using techniques described herein. 

EXAMPLE 2 

0131. In this example, it was demonstrated that the overall 
partition coefficients of total human plasma proteins from 
patients with a particular disorder, as compared to healthy 
donors, are different under particular partition conditions, 
and that this can serve as a basis for determination of physi 
ological conditions of biological systems. It was also demon 
strated that these conditions may be used for fractionation of 
the plasma for further analysis of the plasma fractions by a 
standard proteomics approach. The overall procedure can 
then be used for discovery of particular proteins differing in 
amount and/or structure in the original samples. These pro 
teins can also Subsequently be used as markers specific to the 
disorder. This example does not intend to provide definite 
data and does not define a definite procedure for discovering 
markers that underlie the particular clinical condition 
described; rather, it should serve as an illustrative example 
only. 
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I0132 Human plasma samples were obtained from several 
patients with posttraumatic stress disorder (used as experi 
mental samples) and from several people with the similar 
combat experience but without posttraumatic stress disorder 
(used as reference samples). One sample from each set (ex 
perimental and reference) was selected at random, and used 
for screening experiments as described below. Portions of the 
samples were diluted ca. 30-fold with water, and subjected to 
partitioning in a variety of aqueous two-phase systems. Sev 
eral systems were found to display the different overall dis 
tribution of total plasma proteins from the samples under 
comparison. 
I0133) One aqueous two-phase system (PEG-Na-SO) 
contained 15.70 wt % PEG-600 (molecular weight of about 
600), 9.47 wt % NaSO, and 2.30 wt % sodium/potassium 
phosphate buffer (pH 7.4). Each system was prepared by 
mixing the appropriate amounts of stock polymer, salt, and 
buffer Solutions dispensed by liquid handling workstation 
Hamilton ML-2200 into a 1.2 mL microtube. A total volume 
of 670 microliters was dispensed to the microtube. A varied 
amount (0,30, 60,90, 120, and 150 microliters) of the diluted 
plasma sample and the corresponding amount (190, 160, 130, 
100, 70, and 40.0 microliters) of water were added to a sys 
tem. The ratio between the volumes of the two phases of each 
system of a final volume of 0.86 mL was as 1:1. The system 
was shaken vigorously and then centrifuged for 30 min at 
about 1700 rpm to speed resolution of the two phases. Tubes 
were then taken from the centrifuge, and aliquots of a fixed 
volume from the top and the bottom phases were withdrawn 
in duplicate. 
I0134. The protein concentrations in each phase were 
assayed by measuring the optical absorbance at 595 nm using 
a Spectramax Plus' (Molecular Probes) UV-VIS spectro 
photometer reader. For this purpose, aliquots of 10 microli 
ters from the top and the bottom phases were withdrawn, each 
mixed with 50 microliters water and 260 microliters Bradford 
Reagent and placed into wells of a microplate for optical 
absorbance measurements. The mixtures were shaken for 15 
min at 37° C., and the optical absorbance at 595 nm was 
measured in each well. The optical absorbance at 595 nm of 
the aliquots from the top phases were plotted as a function of 
the optical absorbance at 595 nm of the aliquots from the 
bottom phases (individual data not shown). The partition 
coefficient for the protein was determined as a slope of the 
linear curve representing the plot. 
0.135 Another aqueous two-phase system (Dex-PEG) 
contained 11.32 wt % Dextran-69 (molecular weight of about 
69,000), 14.57 wt % PEG-600 (molecular weight of about 
600), and 0.14 M sodium phosphate buffer (pH 7.4). Each 
system was prepared by mixing the appropriate amounts of 
stock polymer, salt, and buffer solutions dispensed by liquid 
handling workstation Hamilton ML-2200 into a 1.2 mL 
microtube. A total volume of 620 microliters was dispensed 
to the microtube. A varied amount (0.30, 60.90, 120, and 150 
microliters) of the diluted plasma sample and the correspond 
ing amount (180, 150, 120,90, 60, and 30.0 microliters) of 
water were added to a system. The ratio between the volumes 
of the two phases of each system of a final volume of 0.80 mL 
was as 1:1. The system was shaken vigorously and then 
centrifuged for 30 min at about 1700 rpm to speed resolution 
of the two phases. Tubes were then taken from the centrifuge, 
and aliquots of a fixed volume from the top and the bottom 
phases were withdrawn in duplicate. 
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0136. The protein concentrations in each phase were 
assayed by measuring the optical absorbance at 595 nm using 
a Spectramax Plus' (Molecular Probes) UV-VIS spectro 
photometer reader. For this purpose, aliquots of 10 microli 
ters from the top and the bottom phases were withdrawn, each 
mixed with 50 microliters water and 260 microliters Bradford 
Reagent and placed into wells of a microplate for optical 
absorbance measurements. The mixtures were shaken for 15 
min at 37° C., and the optical absorbance at 595 nm was 
measured in each well. The optical absorbance at 595 nm. 
values of the aliquots from the top phases were plotted as a 
function of the optical absorbance at 595 nm values of the 
aliquots from the bottom phases. The partition coefficient for 
the protein was determined as a slope of the linear curve 
representing the plot. 
0.137 The results of analysis of overall distribution of total 
plasma proteins in the two indicated systems are presented in 
Table 2, which shows the overall partition coefficients of total 
plasma proteins from four patients with posttraumatic stress 
disorder (PTSD, represented by the four rows under that 
heading for each of the two systems) and three healthy 
donors, represented by the three rows under that heading for 
each of the two systems, in aqueous two-phase systems. 

TABLE 2 

Overall Partition Coefficient, Ky. 

System Patients with PTSD Healthy donors 

PEG-Na2SO 4.16 - 0.05 3.03 O.O7 
4.420.10 3.62. O.OS 
3.92 O.O9 2.79 O.O8 
3.98 O.13 

Dex-PEG 2.93 + O.OS 2.74 OO6 
3.54 OO6 2.99, O.O8 
3.41 O.OS 3.05 O.OS 
3.02 O.O8 

0.138. The data presented in Table 2 thus indicate that the 
overall distribution of total plasma proteins differs between 
the samples from patients with posttraumatic stress disorder 
and samples from healthy donors in the aqueous PEG 
NaSO two-phase system to a larger extent than in the aque 
ous Dex-PEG two-phase system. Therefore, the former sys 
tem was used for fractionation of the samples by extraction. 
I0139 Aqueous PEG-NaSO mixtures of total final sys 
tem Volume 4.0 ml each were prepared. Plasma samples 
(undiluted) of 0.3 ml volume each were added to the mixtures, 
vortexed, and centrifuged as described above. Following set 
tling of the phases, aliquots of about 1.5 ml volume were 
withdrawn from the upper phases and 2-D HPLC analysis of 
the extracts was performed. The 2-D HPLC analysis included 
two separation steps. The first step was chromatofocusing 
separation was performed using the HPCF 1D column (Epro 
gen, Darien, Ill.) with a flow rate of 0.2 ml/min, a buffer 
gradient from pH 8.5 to pH 4.0 and detection at 280 nm. The 
pH of the eluate was monitored and the fractions of proteins 
within certain pH ranges are collected. The fractions col 
lected from the first dimension HPLC separation were then 
analyzed in the second dimension by reversed-phase HPLC 
(RP-HPLC). Reversed-phase HPLC separation was per 
formed using a nonporous HPRP-2D column (Eprogen, 
Darien, IL) at 50° C. with flow rate of 0.75 ml/min, acetoni 
trile gradient from 0 to 100% in 30 min and detection at 214 
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nm. The injection volume of each fraction obtained in the first 
procedure was 500 microliters. 
0140. The typical results of the 2-D HPLC analysis are 
presented in FIGS. 1 and 2. FIG. 1 shows the RP-HPLC 
chromatogram of proteins selected from the above samples 
that had a pi range of 3.5-pI<3.9. The chromatogram of the 
extract from control plasma sample is indicated as 10; the 
chromatogram of the extract from the PTSD sample is indi 
cated as 20. The peaks in the PTSD sample with retention 
times that were different from those observed in the control 
plasma sample are denoted with arrows with question marks 
in FIG.1. Peaks which appeared in the PTSD sample but were 
absent from the control sample are denoted by arrows. FIG.2 
shows a similar RP-HPLC chromatogram analysis of selected 
proteins having ap from 4.3 to 4.6. All the marks as indicated 
with respect to FIG. 1. 
0.141. These results illustrate that the protein patterns of 
extracts from the samples under comparison were found to be 
different. These differences according to the chromatograms 
shown in FIGS. 1-2 include different relative amounts of the 
proteins (displayed as different relative heights of the peaks 
on chromatograms), different structures of the proteins (dis 
played as different retention times or positions of the peaks on 
chromatograms), and the appearance and/or lack of certain 
proteins in the samples under comparison (displayed as 
appearance/disappearance of peaks on chromatograms). 
0142. As a hypothetical (prophetic) section of this 
example, a more definitive study for discovering markers 
under the procedures described herein can include perform 
ing the same 2-D HPLC assays on the other phases of the 
partitioning systems, to be followed by calculation of the 
individual partition coefficients of each peak. Differences 
between coefficients corresponding to each peak in the two 
cases of healthy vs. positive then define each peak as a poten 
tial marker. The marker can then be used for subsequent 
diagnostics of unknown samples in the manner described 
herein. 
0143. This demonstrates the ability of the invention to be 
effective even without determining the chemical or biological 
identity of specific species that are analyzed in (e.g., via study 
of relative measures of interaction) and used in connection 
with the invention. 
0144. Thus, this example illustrates that the analysis of the 
overall protein distribution in a particular aqueous two-phase 
system displayed different distribution behavior of total 
plasma proteins from blood of patients with a certain disease 
and from blood of healthy donors. It was found that there were 
different overall distributions of total plasma proteins from 
the samples under comparison. As described above, further 
analysis of the fractions by proteomics analysis can also be 
performed, and further analysis and calculation of the indi 
vidual partition coefficients of certain peaks of interest that 
are different between the samples could be performed and 
used for diagnostics screening as described by the present 
invention. Alternatively, site-specific antibodies could be 
developed against proteins that underlie certain peaks show 
ing differences, thus bypassing the need for partitioning in the 
screening stage of such markers. 

EXAMPLE 3 

0145. In this example, it was demonstrated that relative 
measures of interaction, exemplified herein as the partition 
coefficients of aqueous two-phase partitioning systems, of 
certain human serum proteins from patients with a particular 
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physiological condition, were different than those corre 
sponding to healthy donors, and that such differences could 
serve as a basis for determination of physiological conditions 
of biological systems. Selection of partitioning conditions 
Suitable for discovering changes in the structure of certain 
proteins, and/or in their interactions with other proteins in 
serum, was also illustrated. Furthermore, this example illus 
trates one method of identifying particular proteins as poten 
tial biomarkers from a group of proteins in biological fluids 
using methods described in the present invention. 
0146 Serum samples from patients diagnosed with early 
stage ovarian cancer and healthy women were obtained from 
Gynecologic Oncology Group (GOG, Columbus, Ohio). The 
250 microliters aliquots of sera from each of 10 patients with 
ovarian cancer were combined and mixed, and used as a pool. 
The 250 ul microliteraliquots of sera from 10 healthy women 
were also combined and mixed, and used as a pool. Portions 
of 75 microliters volume from each pooled sample were 
Subjected to partitioning in a variety of 24 aqueous two-phase 
systems. 
0147 Each aqueous partitioning system was prepared by 
mixing the appropriate amounts of stock polymer, salt, and 
buffer Solutions dispensed by liquid handling workstation 
Hamilton ML-4000 into a 1.2 mL microtube. For example, 
one aqueous two-phase system (Dex-Ficoll) contained 18.00 
wt % Ficoll-70 (molecular weight of about 70,000), 13.00 wt 
%Dextran-75 (molecular weight of about 75,000), 1.00 wt % 
sodium chloride, and 0.01 M sodium/potassium phosphate 
buffer (pH 7.4). A total volume of 500 microliters was dis 
pensed to the microtube. A fixed amount of 75 microliters of 
pooled serum sample and 75 microliters of water were added 
to a system. The ratio between the volumes of the two phases 
of each system of a final volume of 0.65 mL was as 1:1. The 
system was shaken vigorously and then centrifuged for 60 
min at about 1700 rpm to speed resolution of the two phases. 
Tubes were then removed from the centrifuge, and aliquots of 
a fixed 100 microliters volume from the top and the bottom 
phases were withdrawn. Each aliquot was diluted 5-fold with 
water and stored at -80°C. The same procedure was followed 
with both serum samples from pooled sample of sera from 
patients with ovarian cancer and from pooled sample of sera 
from healthy women. The same protocol was also used for 
partitioning in all of the different aqueous two-phase systems 
screened. 

0148. The frozen diluted aliquots from top and bottom 
phase of each aqueous two-phase system used for screening 
were coded and shipped to Luminex Core Facility at Hillman 
Cancer Center (Pittsburgh, Pa.), where standard LabMap 
assays (Bio-Rad Laboratories, Hercules, Calif.) were utilized 
for measuring concentrations of certain proteins, such as 
interleukin (IL)-8, vascular endothelial growth factor VEGF, 
basic fibroblast growth factor (bFGF), tumor necrosis factor 
alpha (TNF-alpha), tumor necrosis factor receptor (TNF-R1). 
granulocyte colony-stimulating factor (G-CSF), and others. 
The LabMap assays were performed in 96-well microplate 
format according to appropriate manufacturer's protocols. 
Samples were analyzed using the Bio-Plex Suspension array 
system (Bio-Rad Laboratories, Hercules, Calif.) as described 
in the literature. See, for example, Gorelik et al., Cancer 
Epidimiol. Biomarkers Prev., 14(4), 981-987 (2005). Analy 
sis of experimental data was performed using five-paramet 
ric-curve fitting. 
014.9 The partition coefficient for each individual protein 
in each aqueous two-phase system was calculated as the ratio 
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of the protein concentration assayed in the top phase to that in 
the bottom phase. The concentrations of 65 proteins out of 
about 80 different proteins which assayed in both phases of 24 
different aqueous two-phase systems could not be reliably 
assayed in one or both phases of at least Some of aqueous 
two-phase partitioning systems. In other cases, the partition 
coefficient could be determined, for example, for pooled 
serum from ovarian cancer patients but not for serum from 
healthy women. These cases were eliminated from further 
consideration. 

0150. In many cases, individual serum proteins the parti 
tion coefficients were determined to be statistically indistin 
guishable, within the concentration assay error margin, 
between Sera samples from cancer patients and healthy 
women. Such cases denote either of the following interpreta 
tions: (1) there were no structural changes for the particular 
protein under consideration between normal and cancer 
samples; (2) the particular aqueous partitioning system was 
not suitable for identifying structural changes in the particular 
protein under examination. In the former case, the protein 
could be rejected as a potential marker, while in the latter case 
the partitioning system could be rejected as being unsuitable 
for discerning differences in the specific protein. Thus the 
combination of protein and system could be rejected for 
denoting a difference in a physiological condition between 
the samples. 
0151. For a number of individual proteins, however, it was 
possible to establish the partition conditions under which the 
changes in the protein structure and/or protein interactions 
with other proteins were observed between the cancer and 
normal Sera samples as significant differences between the 
partition coefficient values, K, for a given protein. The results 
obtained for several protein markers and partition conditions 
used are presented in Table 3. 

TABLE 3 

Partitioning K (serum from K (serum from 
System Protein: healthy women) cancer patients) 

A. EGFR S.11 6.94 
H O.39 O.68 
A. IL-8 5.35 4.14 
G 7.05 4.18 
D 5.60 4.34 
E G-CSF O.68 O.15 
F 1.06 1.63 
B 0.75 O.24 
C O.29 O.O2 
B SIL-6R 1.92 1.OS 
A. IGFBP-1 S.13 3.93 
A. bFGF O41 1.04 
A. RANTES 3.34 1.97 

*Partitioning Systems: A: 18.0 wt % Fcioll-70, 13.0 wt % Dextran-75, 2.2 wt % KNa 
phosphate buffer, pH 7.4; B: 8.0 wt % Fcioll-70, 13.0 wt % Dextran-75, 1 wt % NaCl, 0.15 
wt % KNaphosphate buffer, pH 7.4; C: 18.0 wt %Fcioll-70, 13.0 wt % Dextran-75, 3.8wt 
% NaCl, 0.15 wt % KNaphosphate buffer, pH 7.4; D: 15.7 wt %PEG-600, 1.0 wt % NaCl, 
18.1 wt % KNaphosphate buffer, pH 7.4; E: 15.7 wt %PEG-600, 9.5 wt % Na2SO4, 1.0 wt 
% NaCl, 0.64 wt % KNaphosphate buffer, pH 7.4; F: 15.7 wt.%PEG-600,9.5 wt % Na2SO4. 
4.8wt % NaCl, 0.64 wt % KNaphosphate buffer, pH 7.4; G: 15.7 wt %PEG-600, 9.5 wt % 
Na2SO4, 3.8 wt % NaCl, 2.3 wt % KNaphosphate buffer, pH 7.4; H: 15.7 wt %PEG-600, 
9.5 wt % Na2SO4, 1.0 wt % NaCl, 2.3 wt % KNaphosphate buffer, pH 7.4; 
**Proteins: EGFR: epidermal growth factor receptor; DL-8: interleukin-8; G-CSF:granulo 
cyte colony-stimulating factor; sIL-6R: soluble interleukin-6 receptor; IGFBP-1; insulin 
like growth factor binding protein 1; bFGF: basic fibroblast growth factor; RANTES: 
beta-chemokine (regulated upon activation, normal T-cell expressed and secreted), 

0152 This example demonstrates certain aspects, includ 
ing the following: (1) partitioning systems may be selected or 
rejected as tools to determine changes in physiological con 
ditions; (2) individual proteins may be selected or rejected as 
potential markers for same application; (3) specific combina 
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tions of protein and systems may be used individually or in 
tandem to screen individuals for changes in physiological 
conditions. Screening of individuals using biomarkers dis 
covered according to some methods described in the present 
invention may be accomplished after at least one combination 
of a partitioning system and a protein are designated as Suit 
able for establishing differences in physiological conditions 
of clinical relevance. Such screening could be accomplished, 
using the present example, in several principal manners (addi 
tional ways may be defined by those skilled in the art). One 
manner relies on using a single protein and a single system, 
e.g., EGFR with system A, or EGFR with system H, or IL-8 
with system G. Actual clinical use of a single protein and 
system as a biomarker Suitable for diagnosing a particular 
disease may involve further procedures to establish its sensi 
tivity and specificity using techniques known to those skilled 
in the art. Another manner relies on using a single partitioning 
system and multiple proteins. For example, a clinical diag 
nostic assay may comprise serum partitioning in a single 
aqueous two-phase system followed by immunoassay analy 
sis of several individual proteins of clinical value, for 
example, system A in Table 3, for analysis of changes in 
partition coefficients for, e.g., EGFR, IL-8, IGFBP-1, bFGF, 
and RANTES. This manner might be especially useful since 
it requires a single partitioning step of serum, followed by a 
multiplexed immunoassay. The use of multiple protein mark 
ers for diagnosis can increase the sensitivity and specificity 
trade-off and is recognized by those skilled in the art. Yet 
anothermanner in which screening may be efficiently accom 
plished is using different systems and proteins to arrive at a 
desired Statistical performance parameters. For example, dif 
ferent aqueous two-phase systems could be used for analysis 
of changes in partition coefficients of different individual 
proteins, e.g., system H for EGFR, system G for IL-8, system 
E for GT-CSF, system B for sIL-6R, system. A for bFGF, 
RANTES, and IGFBP-1, etc. Still another manner may 
involve using several aqueous two-phase systems for analysis 
of partition coefficients of a single protein. 

EXAMPLE 4 

0153. This example illustrates that partitioning of prostate 
specific antigen (PSA) in urine may be independent of the 
total PSA concentration in urine and serum. 
0154) Urine samples were collected from patients who 
were candidates for prostate biopsy based on serum PSA 
levels above 4 ng/ml, or based on other clinical presentations, 
Such as pelvic pain and Voiding disfunction or other physi 
ological abnormalities. The urine samples were collected 
immediately post prostate massage, a clinical protocol per 
formed by a physician, and included 4 passes over the prostate 
with pressure lasting at least 5 seconds. Each urine sample 
was transferred into 5 ml polypropylene tube, centrifuged for 
10 min at 3,000 rpm, supernatant separated, aliquoted by 0.5 
ml, placed into Eppendorf microtubes, and stored at -80° C. 
until further use. Urine samples from 9 patients with prostate 
cancer as established by prostate biopsy analysis were thawed 
and combined to form a "cancer' urine pool sample. Urine 
samples from patients established to be free of prostate cancer 
according to results from prostate biopsy analysis were 
thawed and combined to form a “control' urine pool sample. 
These pool samples were stored at -80° C. until further use. 
(O155 Dextran-75 (with molecular weight of 60,000 to 
90,000) was purchased from USB Corporation (Cleveland, 
Ohio, USA) and used without further purification. Ficoll-70 
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(with molecular weight of about 70,000) was purchased from 
GE Healthcare Bio-Sciences Corp. (Piscataway, N.J., USA) 
and used without further purification. All inorganic salts of 
ACS reagent grade were purchased from Sigma Chemical 
Company (St. Louis, Mo., USA) and used without further 
purification. Stock solutions of individual polymers and inor 
ganic salts in water were prepared gravimetrically and used to 
form aqueous two-phase system as described below. 
0156 The aqueous two-phase system contained 18.00 wt 
% Ficoll-70, 13.00 wt % dextran-75, and 0.15 M NaCl in 
0.010 M sodium/potassium phosphate buffer (pH 7.4). Each 
system was prepared by mixing the appropriate amounts of 
stock polymer, salt and buffer Solutions by weight into a 1.2 
mL microtube up to a total weight of a system of 0.426 g 
(volume 0.369 mL) using a MICROLAB 4000 MPH-4 liquid 
handling robotics workstation (Hamilton Company, Reno, 
Nev., USA). Urine samples from individual patients in 
amounts of 0.075 mL were added to each system. The sys 
tems were vigorously shaken by Vortexing and centrifuged 
for 60 min at about 2500 rpm in a refrigerated centrifuge set 
to room temperature and equipped with a microplate rotor to 
speed the phase settling. The microtubes were taken out of the 
centrifuge, and aliquots of 100 microliter from the top and the 
bottom phases were withdrawn and each diluted with 0.400 
ml water for PSA concentration analysis. 
0157 PSA concentration was determined in each aliquot 
by an automated enzyme-linked immunosorbent assay 
(ELISA), Elecsys Total PSA Immunoassay with a lower 
detection limit of 0.002 ng/ml (Roche Diagnostics, India 
napolis, Ind., USA). 
0158. The results obtained are plotted in FIG.4 as the PSA 
concentrations for different individual patients determined in 
the top Ficoll-rich phase versus the PSA concentrations for 
the same individual patients determined in the bottom dext 
ran-rich phase. The data given in FIG. 4 indicated a linear 
continuous relationship between the PSA concentrations 
measured for different patients in the upper phase and PSA 
concentrations for the same patients measured in the bottom 
phase. The slope of this linear relationship represents the ratio 
of the PSA concentration in the top phase to that in the bottom 
phase for each individual patient, which is the PSA relative 
measure of interaction with the two phases, here referred to as 
the PSA partition coefficient. These data indicated that the 
PSA partition coefficient for any specific patient is indepen 
dent of the total PSA expression level (or concentration) for 
the same individual. Therefore, if the overall concentration 
level of PSA is dependent upon physiological conditions 
other than cancer, for example, a benign prostate condition, 
its specificity as prostate cancer marker may be reduced (as is 
the case for PSA). The independence of the PSA relative 
measure of interaction from its concentration level could be 
useful for increasing the cancer specificity of PSA, if it has 
structural or other properties specific to cancer that could be 
expressed via changes to its relative measure of interaction 
with systems according to techniques described herein. 

EXAMPLE 5 

0159. This example illustrates partitioning of PSA from 
urine from patients with prostate cancer in aqueous PEG-salt 
two-phase system differs from that of PSA from urine from 
patients free of prostate cancer. 
0160 Urine samples were collected from patients who 
were candidates for prostate biopsy based on serum PSA 
levels above 4 ng/ml or based on other clinical presentations. 
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The urine samples were collected immediately post prostate 
massage performed by a physician and included 4 passes over 
the prostate with pressure lasting at least 5 seconds. Each 
urine sample was transferred into 5 ml polypropylene tube, 
centrifuged for 10 min at 3,000 rpm, Supernatant separated, 
aliquoted by 0.5 ml, placed into Eppendorf microtubes, and 
stored at -80° C. until further use. Urine samples from 9 
patients with prostate cancer established by prostate biopsy 
analysis were thawed and combined to form a "cancer' urine 
pool sample. Urine samples from patients established to be 
free of prostate cancer according to results from prostate 
biopsy analysis were thawed and combined to form a “con 
trol' urine pool sample. These pool samples were stored at 
-80° C. until further use. 
(0161 Poly(ethylene glycol)-8000 (PEG-8000) (with 
molecular weight of 8,000) and inorganic salts of ACS 
reagent grade were purchased from Sigma Chemical Com 
pany (St. Louis, Mo., USA) and used without further purifi 
cation. Stock Solutions of individual polymer and inorganic 
salts in water were prepared gravimetrically and used to form 
aqueous two-phase system as described below. 
0162 The aqueous two-phase system contained 12.60 wt 
% PEG-8000, 8.90 wt % sodium/potassium phosphate buffer 
(pH 7.4), and 10.5 wt % NaCl. Each system was prepared by 
mixing the appropriate amounts of stock polymer, Salt and 
buffer solutions by weight into a 1.2 mL microtube up to a 
total weight of a system of 0.460 g (volume 0.387 mL) using 
a MICROLAB 4000 MPH-4 liquid handling robotics work 
station (Hamilton Company, Reno, Nev., USA). Urine 
samples from cancer urine pool and control urine pool in 
amounts of 0.075 mL were added to each system. The sys 
tems were vigorously shaken by Vortexing and centrifuged 
for 60 min at about 2500 rpm in a refrigerated centrifuge at 
room temperature with a microplate rotor to speed the phase 
settling. The microtubes were taken out of the centrifuge, and 
aliquots of 100 ml from the top and the bottom phases were 
withdrawn and each diluted with 0.400 ml water for PSA 
concentration analysis. 
0163 PSA concentration was determined in each aliquot 
by an automated enzyme-linked immunosorbent assay 
(ELISA), Elecsys Total PSA Immunoassay, lower detection 
limit 0.002 ng/ml; Roche Diagnostics (Indianapolis, Ind., 
USA). 
0164. The results of PSA concentration measurements in 
the two phases and the PSA partition coefficients calculated 
as the ratios of the PSA concentration in the top phase to the 
PSA concentration in the bottom phase are presented in Table 
4. 

TABLE 4 

Control urine pool Prostate cancer urine pool 

Sample PSA level 12,430** ng/ml 4,560** ng/ml 
Top phase PSA 610.00** ng/ml 199.00% ng/ml 
concentration 
Bottom phase PSA 46.16 ng/ml 24.19 ng/ml 
concentration 
PSA partition 13.2 8.2 
coefficient, K 

Urine was collected post prostate massage as described above; 
PSA concentrations were measured followed additional 100-fold dilution with universal 

diluent (Roche Diagnostics), 

0.165. The results obtained with the pooled urine samples 
indicated that partition coefficient for PSA from patients with 
prostate cancer in the aqueous PEG-8000-salt two-phase sys 
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tem used in this example differs from the partition coefficient 
of PSA from patients free of prostate cancer. Therefore, the 
particular system used in this example can be useful for a 
method for detecting prostate cancer according to techniques 
and methods described in the present invention. 

EXAMPLE 6 

0166 This example illustrates that partitioning of PSA 
from urine from patients with prostate cancer in aqueous 
PEG-dextran two-phase system differs from that of PSA from 
urine from patients free of prostate cancer. 
0.167 Urine samples were collected from patients who 
were candidates for prostate biopsy based on serum PSA 
levels above 4 ng/ml or based on other clinical presentations. 
The urine samples were collected immediately post prostate 
massage performed by a physician and included 4 passes over 
the prostate with pressure lasting at least 5 seconds. Each 
urine sample was transferred into 5 ml polypropylene tube, 
centrifuged for 10 min at 3,000 rpm, supernatant separated, 
aliquoted by 0.5 ml, placed into Eppendorf microtubes, and 
stored at -80° C. until further use. Urine samples from 9 
patients with prostate cancer established by prostate biopsy 
analysis were thawed and combined to form a "cancer' urine 
pool sample. Urine samples from patients established to be 
free of prostate cancer according to results from prostate 
biopsy analysis were thawed and combined to form a “con 
trol' urine pool sample. These pool samples were stored at 
-80° C. until further use. 

(0168 Dextran-75 (with molecular weight of 60,000 to 
90,000) was purchased from USB Corporation (Cleveland, 
Ohio, USA) and used without further purification. Poly(eth 
ylene glycol)-600 (PEG-600) (with molecular weight of 600) 
and inorganic salts of ACS reagent grade were purchased 
from Sigma Chemical Company (St. Louis, Mo., USA) and 
used without further purification. Stock solutions of indi 
vidual polymers and inorganic salts in water were prepared 
gravimetrically and used to form aqueous two-phase system 
as described below. 

0169. The aqueous two-phase system contained 11.90 wt 
% dextran-75, 15.7 wt % PEG-600, 0.15M sodium sulfate in 
0.01 M sodium phosphate buffer (pH 7.4). Each system was 
prepared by mixing the appropriate amounts of stock poly 
mer, Salt and buffer Solutions by weight into a 1.2 mL micro 
tube up to a total weight of a system of 0.433 g (volume 0.394 
mL) using a MICROLAB 4000 MPH-4 liquid handling 
robotics workstation (Hamilton Company, Reno, Nev., 
USA). Urine samples from cancer urine pool and control 
urine pool in amounts of 0.075 mL were added to each sys 
tem. The systems were vigorously shaken by Vortexing and 
centrifuged for 60 min at about 2500 rpm in a refrigerated 
centrifuge at room temperature with a microplate rotor to 
speed the phase settling. The microtubes were taken out of the 
centrifuge, and aliquots of 100 microliter from the top and the 
bottom phases were withdrawn and each diluted with 0.400 
ml water for PSA concentration analysis. 
0170 PSA concentration was determined in each aliquot 
by an automated enzyme-linked immunosorbent assay 
(ELISA) Elecsys Total PSA Immunoassay; lower detection 
limit 0.002 ng/ml, (Roche Diagnostics, Indianapolis, Ind., 
USA). 
(0171 The results of PSA concentration measurements in 
the two phases and the PSA partition coefficients calculated 
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as the ratios of the PSA concentration in the top phase to the 
PSA concentration in the bottom phase are presented in Table 
5. 

TABLE 5 

Control urine pool Prostate cancer urine pool 

Sample PSA level 12,430** ng/ml 4,560** ng/ml 
Top phase PSA 366.00% ng/ml 24.78 ng/ml 
concentration 
Bottom phase PSA 20.96 ng/ml 3.62 ng/ml 
concentration 
PSA partition 17.5 6.8 
coefficient, K 

Urine was collected post prostate massage as described above; 
PSA concentrations were measured followed additional 100-fold dilution with universal 

diluent (Roche Diagnostics), 

0172. The results obtained with the pooled urine samples 
indicated that partition coefficient for PSA from patients with 
prostate cancer in the aqueous PEG-dextran two-phase sys 
tem used in this example differs from the partition coefficient 
of PSA from patients free of prostate cancer. Therefore, the 
particular system described in the present example can be 
used for diagnostics purposes according to techniques 
described in the present invention. 

EXAMPLE 7 

0173 This example illustrates partitioning of PSA from 
urine from patients with prostate cancer in aqueous dextran 
Ficoll-phosphate buffer two-phase systems of different salt 
compositions differs from that of PSA from urine from 
patients free of prostate cancer. 
0.174 Urine samples were collected from patients who 
were candidates for prostate biopsy based on serum PSA 
levels above 4 ng/ml or based on other clinical presentations. 
The urine samples were collected immediately post prostate 
massage performed by a physician and included 4 passes over 
the prostate with pressure lasting at least 5 seconds. Each 
urine sample was transferred into 5 ml polypropylene tube, 
centrifuged for 10 min at 3,000 rpm, Supernatant separated, 
aliquoted by 0.5 ml, placed into Eppendorf microtubes, and 
stored at -80° C. until further use. Urine samples from 9 
patients with prostate cancer established by prostate biopsy 
analysis were thawed and combined to form a "cancer' urine 
pool sample. Urine samples from patients established to be 
free of prostate cancer according to results from prostate 
biopsy analysis were thawed and combined to form a “con 
trol' urine pool sample. These pool samples were stored at 
-80° C. until further use. 
(0175 Dextran-75 (with molecular weight of 60,000 to 
90,000) was purchased from USB Corporation (Cleveland, 
Ohio, USA) and used without further purification. Ficoll-70 
(with molecular weight of about 70,000) was purchased from 
GE Healthcare Bio-Sciences Corp. (Piscataway, N.J., USA) 
and used without further purification. All inorganic salts of 
ACS reagent grade were purchased from Sigma Chemical 
Company (St. Louis, Mo., USA) and used without further 
purification. Stock solutions of individual polymers and inor 
ganic salts in water were prepared gravimetrically and used to 
form aqueous two-phase system as described below. 
0176 The aqueous two-phase system contained 18.00 wt 
% Ficoll-70, 13.0 wt % dextran-75, 2.2 wt % (0.15 M) 
sodium/potassium phosphate buffer (pH 7.4). Each system 
was prepared by mixing the appropriate amounts of stock 
polymer, salt and buffer solutions by weight into a 1.2 mL 
microtube up to a total weight of a system of 0.421 g (volume 
0.359 mL) using a MICROLAB 4000MPH-4 liquid handling 
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robotics workstation (Hamilton Company, Reno, Nev., 
USA). Urine samples from cancer urine pool and control 
urine pool in amounts of 0.075 mL were added to each sys 
tem. The systems were vigorously shaken by Vortexing and 
centrifuged for 60 min at about 2,500 rpm in a refrigerated 
centrifuge at room temperature with a microplate rotor to 
speed the phase settling. The microtubes were taken out of the 
centrifuge, and aliquots of 100 microliter from the top and the 
bottom phases were withdrawn and each diluted with 0.400 
ml water for PSA concentration analysis. 
0177 PSA concentration was determined in each aliquot 
by an automated enzyme-linked immunosorbent assay 
(ELISA), Elecsys Total PSA Immunoassay, lower detection 
limit 0.002 ng/ml (Roche Diagnostics, Indianapolis, Ind., 
USA). 
0.178 The results of PSA concentration measurements in 
the two phases and the PSA partition coefficients calculated 
as the ratios of the PSA concentration in the top phase to the 
PSA concentration in the bottom phase are presented in Table 
6. 

TABLE 6 

Control urine pool Prostate cancer urine pool 

Sample PSA level 12,430** ng/ml 4,560** ng/ml 
Top phase PSA 243.00** ng/ml 66.61 ng/ml 
concentration 
Bottom phase PSA 11.48 ng/ml 4.35 ng/ml 
concentration 
PSA partition 21.2 15.3 
coefficient, K 

Urine was collected post prostate massage as described above; 
PSA concentrations were measured followed additional 100-fold dilution with universal 

diluent (Roche Diagnostics), 

0179 The results obtained with the pooled urine samples 
indicated that partition coefficient for PSA from patients with 
prostate cancer in the aqueous dextran-Ficoll-phosphate 
buffer two-phase system used in this example differs from the 
partition coefficient of PSA from patients free of prostate 
cancer. Therefore, the particular system described in the 
present example can be used for diagnostics purposes accord 
ing to techniques described in the present invention. 

EXAMPLE 8 

0180. This example illustrates partitioning of PSA from 
urine from patients with prostate cancer in aqueous dextran 
Ficoll-sodium sulfate-phosphate buffer two-phase systems of 
different salt compositions differs from that of PSA from 
urine from patients free of prostate cancer. 
0181 Urine samples were collected from patients who 
were candidates for prostate biopsy based on serum PSA 
levels above 4 ng/ml or based on other clinical presentations. 
The urine samples were collected immediately post prostate 
massage performed by a physician and included 4 passes over 
the prostate with pressure lasting at least 5 seconds. Each 
urine sample was transferred into 5 ml polypropylene tube, 
centrifuged for 10 min at 3,000 rpm, supernatant separated, 
aliquoted by 0.5 ml, placed into Eppendorf microtubes, and 
stored at -80° C. until further use. Urine samples from 9 
patients with prostate cancer established by prostate biopsy 
analysis were thawed and combined to form a "cancer' urine 
pool sample. Urine samples from patients established to be 
free of prostate cancer according to results from prostate 
biopsy analysis were thawed and combined to form a “con 
trol' urine pool sample. These pool samples were stored at 
-80° C. until further use. 
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0182 Dextran-75 (with molecular weight of 60,000 to 
90,000) was purchased from USB Corporation (Cleveland, 
Ohio, USA) and used without further purification. Ficoll-70 
(with molecular weight of about 70,000) was purchased from 
GE Healthcare Bio-Sciences Corp. (Piscataway, N.J., USA) 
and used without further purification. All inorganic salts of 
ACS reagent grade were purchased from Sigma Chemical 
Company (St. Louis, Mo., USA) and used without further 
purification. Stock solutions of individual polymers and inor 
ganic salts in water were prepared gravimetrically and used to 
form aqueous two-phase system as described below. 
0183 The aqueous two-phase system contained 18.00 wt 
% Ficoll-70, 13.0 wt % dextran-75, 0.15 M sodium sulfate, 
and 0.01 M sodium phosphate buffer (pH 7.4). Each system 
was prepared by mixing the appropriate amounts of stock 
polymer, salt and buffer solutions by weight into a 1.2 mL 
microtube up to a total weight of a system of 0.431 g (volume 
0.367 mL) using a MICROLAB 4000MPH-4 liquid handling 
robotics workstation (Hamilton Company, Reno, Nev., 
USA). Urine samples from cancer urine pool and control 
urine pool in amounts of 0.075 mL were added to each sys 
tem. The systems were vigorously shaken by Vortexing and 
centrifuged for 60 min at about 2,500 rpm in a refrigerated 
centrifuge at room temperature with a microplate rotor to 
speed the phase settling. The microtubes were taken out of the 
centrifuge, and aliquots of 100 microliter from the top and the 
bottom phases were withdrawn and each diluted with 0.400 
ml water for PSA concentration analysis. 
0184 PSA concentration was determined in each aliquot 
by an automated enzyme-linked immunosorbent assay 
(ELISA), Elecsys Total PSA Immunoassay, lower detection 
limit 0.002 ng/ml (Roche Diagnostics, Indianapolis, Ind., 
USA). 
0185. The results of PSA concentration measurements in 
the two phases and the PSA partition coefficients calculated 
as the ratios of the PSA concentration in the top phase to the 
PSA concentration in the bottom phase are presented in Table 
7. 

TABLE 7 

Control urine pool Prostate cancer urine pool 

Sample PSA level 12,430** ng/ml 4,560** ng/ml 
Top phase PSA 298.00% ng/ml 159.00% ng/ml 
concentration 
Bottom phase PSA 64.95 ng/ml 13.01 ng/ml 
concentration 
PSA partition 4.6 12.2 
coefficient, K 

Urine was collected post prostate massage as described above; 
PSA concentrations were measured followed additional 100-fold dilution with universal 

diluent (Roche Diagnostics), 

0186 The results obtained with the pooled urine samples 
indicated that partition coefficient for PSA from patients with 
prostate cancer in the aqueous dextran-Ficoll-Sodium sulfate 
phosphate buffer two-phase system used in this example dif 
fers from the partition coefficient of PSA from patients free of 
prostate cancer. Therefore, the particular system described in 
the present example can be used for diagnostics purposes 
according to techniques described in the present invention. 

EXAMPLE 9 

0187. This example illustrates partitioning of PSA from 
urine from individual patients with prostate cancer in aqueous 
dextran-Ficoll-sodium isothiocyanate-phosphate buffer two 
phase systems of different salt compositions differs from that 
of PSA from urine from patients free of prostate cancer. 
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0188 Urine samples were collected from patients who 
were candidates for prostate biopsy based on serum PSA 
levels above 4 ng/ml or based on other clinical presentations. 
The urine samples were collected immediately post prostate 
massage performed by a physician and included 4 passes over 
the prostate with pressure lasting at least 5 seconds. Each 
urine sample was transferred into 5 ml polypropylene tube, 
centrifuged for 10 min at 3,000 rpm, supernatant separated, 
aliquoted by 0.5 ml, placed into Eppendorf microtubes, and 
stored at -80° C. until further use. 

(0189 Dextran-75 (with molecular weight of 60,000 to 
90,000) was purchased from USB Corporation (Cleveland, 
Ohio, USA) and used without further purification. Ficoll-70 
(with molecular weight of about 70,000) was purchased from 
GE Healthcare Bio-Sciences Corp. (Piscataway, N.J., USA) 
and used without further purification. All inorganic salts of 
ACS reagent grade were purchased from Sigma Chemical 
Company (St. Louis, Mo., USA) and used without further 
purification. Stock solutions of individual polymers and inor 
ganic salts in water were prepared gravimetrically and used to 
form aqueous two-phase system as described below. 
0190. The aqueous two-phase system contained 18.00 wt 
% Ficoll-70, 13.00 wt % dextran-75, and 0.15 M NaSCN in 
0.010M sodium phosphate buffer (pH 7.4). Each system was 
prepared by mixing the appropriate amounts of stock poly 
mer, Salt and buffer Solutions by weight into a 1.2 mL micro 
tube up to a total weight of a system of 0.426 g (volume 0.369 
mL) using a MICROLAB 4000 MPH-4 liquid handling 
robotics workstation (Hamilton Company, Reno, Nev., 
USA). Urine samples from individual patients in amounts of 
0.075 mL were added to each system. The systems were 
vigorously shaken by Vortexing and centrifuged for 60 minat 
about 2,500 rpm in a refrigerated centrifuge at room tempera 
ture with a microplate rotor to speed the phase settling. The 
microtubes were taken out of the centrifuge, and aliquots of 
100 microliter from the top and the bottom phases were 
withdrawn and each diluted with 0.400 ml water for PSA 
concentration analysis. 
0191 PSA concentration was determined in each aliquot 
by an automated enzyme-linked immunosorbent assay 
(ELISA), Elecsys Total PSA Immunoassay, lower detection 
limit 0.002 ng/ml (Roche Diagnostics, Indianapolis, Ind., 
USA). 
0.192 The results obtained are presented in Table 8 as the 
PSA concentrations for different individual patients mea 
Sured in serum, and concentrations determined in the top 
Ficoll-rich phase versus the PSA concentrations for the same 
individual patients determined in the bottom dextran-rich 
phase. 

TABLE 8 

No prostate cancer Prostate cancer 
Serum total PSA Partition PSA Partition 

Patientii PSA, ng/ml coefficient, Kvalue coefficient, Kvalue 

1 4.12 1.06 
2 13.59 1.23 
3 11.15 1.42 
4 4.9 1.69 
5:8: 7.74 1.65 
6 * * 4.58 1.34 
7 5.7 1.73 

11 10.3 1.62 
12 * * 15.6 1.61 
13 6.06 186 
14 6.6 1.43 
15 4.25 1.68 
16 6.6 1.36 
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TABLE 8-continued 

No prostate cancer Prostate cancer 
Serum total PSA Partition PSA Partition 

Patientii PSA, ng/ml coefficient, Kvalue coefficient, Kvalue 

17 S.1 1.44 
18 3.64 1.51 
19 4.65 1.61 
2O 9.36 1.60 
22 7.98 1.46 
23 4.OS 1.13 
26 4.7 1.30 

Urine was collected post prostate massage as described above; 
**patients were established to have benign prostate disease by prostate biopsy analysis. 

0193 The data in Table 8 were subsequently processed 
using standard statistical techniques for detecting statistically 
significance between cancer and normal samples, and for 
obtaining the relationship between specificity and sensitivity. 
FIG. 5 depicts the ROC (Receiver-Operator Characteristics) 
curve calculated using SigmaPlot 10 statistical software (Sys 
tat Software, San Jose, Calif., USA). The data indicate a 
departure from the diagonal, with area under the curve of 0.77 
(P=0.044). The ROC curve provides a relationship between 
sensitivity and specificity for a given cut-off value in the 
partition coefficient. For example, a diagnostics test could be 
devised to further stratify patients with elevated PSA levels 
and/or other clinical presentations into those who should 
receive biopsy and those who should be actively monitored. 
For such a clinical application, a cut-off value for the partition 
coefficient could be selected at 1.3, resulting in 100% speci 
ficity (or false positive fraction). If the sensitivity of the test is 
provided a priori by other means (e.g., PSA level, Velocity and 
other clinical presentations), then the test using partition coef 
ficient as described in the present invention can be used to 
reduce the number of false positive biopsies. 
0194 While several embodiments of the invention have 
been described and illustrated herein, those of ordinary skill 
in the art will readily envision a variety of other means and 
structures for performing the functions and/or obtaining the 
results or advantages described herein, and each of Such 
variations or modifications is deemed to be within the scope 
of the present invention. More generally, those skilled in the 
art would readily appreciate that all parameters, dimensions, 
materials, and configurations described hereinare meant to be 
exemplary and that actual parameters, dimensions, materials, 
and configurations will depend upon specific applications for 
which the teachings of the present invention are used. Those 
skilled in the art will recognize, or be able to ascertain using 
no more than routine experimentation, many equivalents to 
the specific embodiments of the invention described herein. It 
is, therefore, to be understood that the foregoing embodi 
ments are presented by way of example only and that, within 
the scope of the appended claims and equivalents thereto, the 
invention may be practiced otherwise than as specifically 
described. The present invention is directed to each individual 
feature, system, material and/or method described herein. In 
addition, any combination of two or more such features, 
systems, materials and/or methods, if such features, systems, 
materials and/or methods are not mutually inconsistent, is 
included within the scope of the present invention. 
0195 The definitions, as used herein, should be under 
stood to control over dictionary definitions, definitions in 
documents incorporated by reference, and/or ordinary mean 
ings of the defined terms. 
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0196. It should also be understood that, unless clearly 
indicated to the contrary, in any methods claimed herein that 
include more than one act, the order of the acts of the method 
is not necessarily limited to the order in which the acts of the 
method are recited. 
0.197 In the claims (as well as in the specification above), 
all transitional phrases such as “comprising.” “including.” 
“carrying.” “having.” “containing,” “involving,” and the like 
are to be understood to be open-ended, i.e. to mean including 
but not limited to. Only the transitional phrases “consisting of 
and consisting essentially of shall be closed or semi-closed 
transitional phrases, respectively, as set forth in the United 
States Patent Office Manual of Patent Examining Procedures, 
Section 2111.03. 
What is claimed is: 
1. A method for identifying one or more tools for physi 

ological analysis, comprising: 
partitioning a protein contained within a first mixture of 

species in at least a first phase and a second phase of a 
first partitioning system, wherein the second phase is 
immiscible with the first phase at equilibrium; 

determining a relative measure of interaction between the 
protein and the first and second phases of the first parti 
tioning system; 

determining a relative measure of interaction between the 
protein contained within a second mixture of species, 
and the first and second phases of the first partitioning 
system; 

determining a difference in the relative measure of inter 
action of the protein of the first mixture of species with 
the first and second phases of the first partitioning sys 
tem, versus the relative measure of interaction of the 
protein of the second mixture of species with the first and 
second phases of the first partitioning system 

2. A method as in claim 1, further comprising: 
selecting, based upon the difference, the first partitioning 

system as a tool for determining a physiological condi 
tion of a biological system based upon determination of 
a relative measure of interaction between at least one 
species of a sample from the biological system and the 
first and second phases of the first partitioning system. 

3. A method as in claim 1, wherein the first partitioning 
system is an aqueous multi-phase system. 

4. A method as in claim 1, comprising selecting the first 
partitioning system as a tool for determining a physiological 
condition of a biological system based upon determination of 
a relative measure of interaction between the protein and the 
first partitioning system. 

5. A method as in claim 1, wherein the first mixture of 
species and the second mixture of species respectively com 
prise a sample indicative of an abnormal condition and a 
control sample, both from a single organism. 

6. A method as in claim 5, wherein the samples are taken 
from the organism at the same time. 

7. A method as in claim 5, wherein the samples are taken 
from the organism at a different time. 

8. A method as in claim 1, further comprising determining 
a difference in the relative measure of interaction of the pro 
tein contained within the first mixture of species versus the 
relative measure of interaction of the protein contained within 
the second mixture of species, in both the first partitioning 
system and a different, second partitioning system. 

9. A method as in claim 1, comprising determining a dif 
ference in the relative measure of interactions of the protein 
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contained within the first mixture of species versus the rela 
tive measure of interaction of the protein contained within the 
second mixture of species, in only a single partitioning sys 
tem. 

10. A method as in claim 1, comprising: 
determining a relative measure of interaction between the 

protein contained within the first mixture of species and 
at least first and second interacting components defining 
at least a first phase and a second phase, respectively, of 
a second system; 

determining a relative measure of interaction between the 
protein contained within the second mixture of species 
and the second system; 

determining a difference in the relative measure of inter 
action of the protein contained within the first mixture of 
species, Versus the protein contained within the second 
mixture of species, with the second system; and 

based upon the difference, selecting the second system as a 
tool, in conjunction with the first partitioning system, for 
determining the physiological condition. 

11. A method as in claim 1, comprising: 
determining a relative measure of interaction between the 

protein contained within the first mixture of species and 
at least first and second interacting components defining 
at least a first phase and a second phase, respectively, of 
a third system; 

determining a relative measure of interaction between the 
protein contained within the second mixture of species 
and the third system; 

determining a lack of significant difference in the relative 
measure of interaction of the protein contained within 
the first mixture of species, Versus the protein contained 
within the second mixture of species, with the third 
system; and 

based upon the lack of significant difference, rejecting the 
third system as a tool for determining the physiological 
condition. 

12. A method as in claim 1, wherein the protein contained 
within the first mixture of species is obtained from a biologi 
cal system with a first physiological condition, and the protein 
contained within the second mixture of species is obtained 
from the same biological system with a second physiological 
condition. 

13. A method as in claim 1, wherein biological systems 
from which the first and second mixture of species are 
obtained represent the same individual member. 

14. A method as in claim 13, wherein the biological sys 
tems from which the first and second mixture of species are 
obtained represent the same individual member and are taken 
at different times. 

15. A method as in claim 14, comprising determining a 
progression of change of a relative measure of interaction 
using the difference in the relative measure of interaction. 

16. A method as in claim 1, wherein the biological systems 
from which the first and second mixtures of species are 
obtained represent the same species but not the same indi 
vidual member. 

17. A method as in claim 1, wherein the first mixture of 
species is taken from a sample of a biological system having 
a first physiological condition, the method comprising: 

determining a relative measure of interaction between at 
least a second species of the first mixture of species, 
obtained from the biological system, with the first physi 
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ological condition and at least the first and second inter 
acting components of the first partitioning system; 

determining a relative measure of interaction between at 
least a second species of the second mixture of species, 
corresponding to the second species of the first mixture 
of species, obtained from the biological system, with a 
second physiological condition, and the first partitioning 
system; 

determining a difference in the relative measure of inter 
action of the at least one second species of the first 
mixture of species, versus the at least one second species 
of the second mixture of species, with the first partition 
ing System; and 

denoting the difference associated with the at least one 
second species as a tool, in conjunction with the differ 
ence in the protein, for determining a difference between 
the physiological conditions of the first and second bio 
logical systems. 

18. A method as in claim 17, comprising: 
determining a relative measure of interaction between at 

least a third species of the first mixture of species, 
obtained from the biological system, and with the first 
physiological condition, and at least the first and second 
interacting components of the first partitioning system; 

determining a relative measure of interaction between at 
least the third species of the second mixture of species, 
obtained from the biological system, and with the sec 
ond physiological condition, and the first partitioning 
system; 

determining a lack of significant difference in the relative 
measure of interaction of the at least one third species of 
the first mixture of species, versus the at least one third 
species of the second mixture of species, with the first 
partitioning system; and 

based upon the lack of significant difference, rejecting the 
third species as a tool for determining a difference 
between the physiological conditions of the first and 
second biological systems. 

19. A method as in claim 1, wherein the protein contained 
within the first mixture of species and the protein contained 
within the second mixture of species are chemically identical. 

20. A method as in claim 1, wherein following the selection 
of the first partitioning system as a tool, the relative measure 
of interactions are stored for later determination of an 
unknown sample as belonging to the physiological condition 
of the biological system. 

21. A method of determining a physiological condition of 
a biological system comprising: 

determining a relative measure of interaction between a 
protein arising from a sample from a biological system, 
and at least first and second interacting components 
defining at least a first phase and a second phase, respec 
tively, of a first partitioning system; 

from the process of determining the relative measure of 
interaction between the protein and the first and second 
interacting components of the first partitioning system, 
determining the physiological condition of the biologi 
cal system. 

22. A method as in claim 21, wherein the method com 
prises: 

comparing the relative measure of interaction of the protein 
from the sample with a relative measure of interaction of 
at least one marker from a different sample from the 
same biological system, 
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based on the degree of similarity between the interaction species with the first system with relative measures of inter 
parameters, determining a physiological condition of action of the protein and a second species of a control with the 
the biological system. first partitioning system. 

23. A method as in claim 21, comprising comparing the 
relative measures of interaction of the protein and a second ck 


