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Description
FIELD OF THE INVENTION

[0001] The invention relates to the field of mass spec-
trometry, particularly to the field of protein structural anal-
ysis using a combination of retention chromatography
and mass spectrometry techniques.

BACKGROUND

[0002] Protein-protein interaction is an important way
through which proteins carry out their function(s). Cur-
rently, there are several methods to detect protein-pro-
tein interactions. Among them, co-immunoprecipitation
(Harlow and Lane, 1988, Antibodies, a laboratory man-
ual. Cold Spring Harbor Laboratory), yeast two-hybrid
screening (Fields and Song, 1989, Nature, 340:245-246)
and phage display library screening (Smith, 1985, Sci-
ence 228:1315-1317) are the most commonly used.
However, there are severe limitations in these methods.
In co-immunoprecipitation, a protein of interest can be
precipitated with its antibody, which is immobilized on
beads. Any other protein(s) that co-immunoprecipitated
with the protein of interest can be identified by either blot-
ting with its antibody when it is known or purification and
sequencing when it is a novel protein. However, this
method cannot be applied to large-scale screening of
protein-protein interactions.

[0003] Yeasttwo-hybrid screening is a recently devel-
oped technique for detecting protein-protein interaction.
Although a single yeast two-hybrid screening assay can
detect many interacting proteins, it is prone to false pos-
itive and false negative results. Moreover, many protein-
protein interactions only occur in the presence of addi-
tional cellular factors or after posttranslational modifica-
tions, which may notbe presentin yeast. Therefore, yeast
two-hybrid screens fails to identify many important pro-
tein-protein interactions that only take place in mamma-
lian cells. Phage display screening of protein-protein in-
teraction suffers similar limitations.

[0004] Therefore, there is a need in both basic re-
search and clinical medicine for improved techniques,
particularly high-throughput techniques, which allow rap-
id and detailed analysis of multiple proteins and their in-
teractions. Such techniques would be extremely valuable
in monitoring the overall patterns of protein expression,
protein posttranslational modification, and protein-pro-
tein interaction in different cell types or in the same cell
type under different physiological or pathological condi-
tions.

[0005] Previous work includes: US 6,225,047 which
describes the use of retentate chromatography to gen-
erate difference maps; US 5,571,729 which describes a
process for separating a complex bound to an affinity
molecule; WO01/88528 which describes a high through-
put chromatographic system; Nelson et al. Molecular and
Cellular Proteomics (2002) Vol.1 p.253-259 which de-
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scribes a method for isolating and identifying proteins in
a complex mixture; Lalev et al. Journal of Molecular Bi-
ology (2000) Vol.302 (1) p.65-77 which describes a ribo-
nuclear protein complex in S.pombe ribosomes; and
Koch et al. Nucleic Acids Research (1999) Vol.27(10) p.
2126-2134 which describes complexes of transcription
factors in yeast.

SUMMARY OF THE INVENTION

[0006] This invention provides methods for character-
izing the interaction between components of multi-com-
ponent biological complex, and, in particular, for detect-
ing differences in the interaction of components between
different samples. The methods involve capturing a mul-
ticomponent biological complex onto a solid support,
such as a bead or biochip, through one of the compo-
nents, particularly by using a biospecific affinity reagent.
Then the complex is washed with a series of buffers of
changing (e.g., increasing) stringency. The washes in
the series form a gradient characterized by an increasing
or decreasing concentration of a solute in the wash so-
lution. The wash solutions are collected. Then the wash-
es are examined to determine whether one of the com-
ponents of the complex has been washed off in any of
the wash solutions. If a component is washed off in a
wash of different stringency in one sample versus anoth-
er, this indicates that the interaction between this com-
ponentand another componentinthe complexis different
inthe two samples. Likewise, after the complexis washed
with a series of buffers of increasing stringency, the re-
tained components of the complex can be directly de-
tected. If the retained components of the complex differ
after a wash of similar stringency in one sample versus
another, this indicates that the interactions within this
complex are different in the two samples.

[0007] Accordingly, in a first aspect this invention pro-
vides a method for creating a profile of interactions be-
tween components of at least one multicomponent bio-
logical complex for a sample, the method comprising, for
each complex: (a) providing an aliquot from the sample,
wherein the aliquot comprises the multicomponent bio-
logical complex from the sample immobilized on a solid
support through a biospecific affinity molecule, wherein
the affinity molecule binds a first component of the com-
plex and wherein unbound material has been removed
from the solid support; (b) washing the immobilized com-
plex with a first sequence of elution washes, wherein the
concentrations of a first solute in each elution wash in
the sequence form a gradient of increasing or decreasing
concentration; and (c) measuring a second component
in the successive elution washes; whereby the profile for
a complex from a sample comprises the measurements
from the elution washes. In one embodiment the method
further comprises after step (b), measuring components
of the complex still immobilized on the support through
the biospecific affinity molecule, whereby the profile fur-
ther comprises the measurements of the complex.
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[0008] In one embodiment, the samples are selected
from the group consisting of tissue extracts, cell extracts,
blood, urine, lymphatic fluid, in vitro protein expression
media and derivatives thereof. In another embodiment
the at least one complex is one complex or a plurality of
complexes, each bound through a biospecific affinity re-
agent. In another embodiment, the affinity molecule is
immobilized to the solid support before binding the com-
plex. In another embodiment the affinity molecule is se-
lected from an antibody, a single chain antibody, a spe-
cific binding fragment of an antibody, an affibody, an en-
zyme, an enzyme substrate, a receptor, a receptor lig-
and, a drug, a nucleic acid, or an aptamer. In another
embodiment the affinity molecule is bound to the solid
support after binding the complex. In another embodi-
ment the solid support is a chromatographic resin. In an-
other embodiment the washes are performed in a flow-
through device, such as a microtiter plate, a flow-through
column or a flow-through microcolumn. In another em-
bodiment the washes are performed in a non-flow-
through device, such as a closed-bottomed microtiter
plate. Inanother embodimentthe solid supportis a SELDI
probe comprising the biospecific capture reagent for cap-
turing the complex attached to a surface of the probe. In
another embodiment the unbound material is removed
with an initial wash.

[0009] In another embodiment the solute is selected
from an ion (e.g., a hydrogen ion, a metal ion, the ion of
an inorganic atom or molecule, or the ion of an organic
molecule), a salt, a detergent, an organic molecule or
solvent (e.g., glycerol, acetonitrile, triethanolamine, met-
captoethanol, hexane and the like), a biomolecule or a
binding competitor.

[0010] In another embodiment the method comprises
washing the immobilized complex in a second aliquot of
the sample with a second sequence of elution washes,
wherein the second solute is different than the first solute.
In another embodiment the second component is detect-
ed by an optical method, an electrochemical method,
atomic force microscopy or a radio frequency method. In
another embodiment the second component is detected
by mass spectrometry, e.g., affinity mass spectrometry
and/or SEND.

[0011] In another aspect this invention provides a
method comprising: (a) providing a set of biological sam-
ples, wherein the set comprises at least two subsets,
each subset characterized by a different biological char-
acteristic; (b) creating a profile of interactions between
components of at least one multicomponent biological
complex for each sample in the set, wherein creating a
profile for a complex for a sample comprises: (i) providing
an aliquot from the sample, wherein the aliquot compris-
es the multicomponent biological complex from the sam-
ple immobilized on a solid support through a biospecific
affinity molecule, wherein the affinity molecule binds a
first component of the complex and wherein unbound
material has been removed from the solid supports; (ii)
washing the immobilized complex with a plurality of suc-
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cessive elution washes, wherein the concentrations of a
solute in the successive elution washes form a gradient
of increasing or decreasing concentration; and (iii) meas-
uring a second component in the successive elution
washes, whereby the profile for a sample comprises the
measurements from the elution washes solutions from
each aliquot; and (c) comparing the profiles for the sam-
ples to detect differences in interaction between compo-
nents in each subset.

[0012] In another embodiment step (b) further com-
prises, after step (ii) detecting components of the com-
plex still immobilized on the support through the biospe-
cific affinity molecule, whereby the profile further com-
prises the measurements from the support.

[0013] In another embodiment the method further
comprises performing steps (i)-(iii) on a second aliquot
from the samples, wherein the elution washes comprise
a second, different solute and the concentrations of the
second solute in the successive elution washes form a
gradient of increasing or decreasing concentration.
[0014] In one embodiment of this method the different
biological characteristics are selected from pathological
v. non-pathological, drug responder v. drug non-re-
sponder, toxic response v. non-toxic response and pro-
gressor to disease state v. non-progressor to disease
state. In another embodiment the different biological
characteristics are exposure to an inhibitor RNA or non-
exposure to the inhibitory RNA.

[0015] In another embodiment comparing comprises
using the profiles to train a computerized learning algo-
rithm, wherein the computerized learning algorithm gen-
erates a classification algorithm that classifies a profile
into one of the at least two subsets.

[0016] In another aspect this invention provides a
method for creating a profile of interactions between com-
ponents of at least one multicomponent biological com-
plex for a sample, the method comprising, for each com-
plex: (a) providing a plurality of aliquots from the sample,
each aliquot comprising the same multicomponent bio-
logical complex from the sample immobilized on a solid
support through a biospecific affinity molecule, wherein
the affinity molecule binds a first component of the com-
plex and wherein unbound material has been removed
from the solid supports; (b) washing the immobilized
complex in each of the aliquots with an elution wash from
a first sequence of elution washes, wherein the concen-
trations of a first solute in the elution washes of the se-
quence form a gradient of increasing or decreasing con-
centration; and (c) measuring at least one second com-
ponentin each of the elution washes; whereby the profile
for a sample comprises the measurements from the elu-
tion washes from each aliquot.

[0017] Inone embodimentthe method further compris-
es after step (b), detecting components of the complex
still immobilized on the support through the biospecific
affinity molecule, whereby the profile further comprises
the measurements from the support.

[0018] In another embodiment the method further
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comprises performing step (b) on a second plurality of
aliquots from the sample, wherein the elution washes
comprise a second, different solute and the concentra-
tions of the second solute in the successive elution wash-
es form a gradient of increasing or decreasing concen-
tration.

[0019] In another aspect this invention provides a
method comprising: (a) providing a set of biological sam-
ples, wherein the set comprises at least two subsets,
each subset characterized by a different biological char-
acteristic; (b) creating a profile of interactions between
components of at least one multicomponent biological
complex for each sample in the set, wherein creating a
profile for a complex in a sample comprises: (i) providing
a plurality of aliquots from the sample, each aliquot com-
prising the same multicomponent biological complex
from the sample immobilized on a solid support through
a biospecific affinity molecule, wherein the affinity mole-
cule binds a first component of the complex and wherein
unbound material has been removed from the solid sup-
ports; (ii) washing the immobilized complex in each of
the aliquots with an elution wash of a first sequence of
elution washes, wherein the concentrations of a first sol-
ute in the elution washes of the sequence form a gradient
of increasing or decreasing concentration; and (iii) meas-
uring at least one second component in each of the elu-
tion washes; whereby the profile for a complex in a sam-
ple comprises the measurements from the elution wash-
es from each aliquot; and (c) comparing the profiles for
the samples to detect differences in interaction between
components in the samples.

[0020] In one embodiment the method comprises
washing the immobilized complex in a second plurality
of aliquots from each sample with one elution wash of a
second set of elution washes, wherein the concentrations
of a second solute in each member of the set of elution
washes form a gradient of increasing or decreasing con-
centration, and wherein the second solute is different
than the solute.

[0021] In another embodiment step (b) further com-
prises, after step (ii) detecting components of the com-
plex stillimmobilized on the support through the biospe-
cific affinity molecule, whereby the profile further com-
prises the measurements from the support.

[0022] In another embodiment the method further
comprises performing steps (i)-(iii) on a second plurality
of aliquots from the samples, wherein the elution washes
comprise a second, different solute and the concentra-
tions of the second solute in the successive elution wash-
es form a gradient of increasing or decreasing concen-
tration.

[0023] In another embodiment the method comprises
comparing the profiles for the samples to detect differ-
encesininteraction between componentsinthe samples.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Figure 1is a cartoon depicting multicomponent
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biological complexes binding to immobilized bait mole-
cules. Once bound and immobilized the multicomponent
biological complex is depicted as being washed with elu-
tion wash solutions of increasing stringency, which dif-
ferentially dissociates subunits of the complex from the
immobilized component. The dissociated subunits are
shown being captured on protein chip arrays and ana-
lyzed by mass spectrometry. The components of the mul-
ticomponent biological complexes that remain bound to
the immobilized bait molecules can also be analyzed by
mass spectrometry, either in the alternative orin addition
to the released components.

[0025] Figure 2 depicts a methodology for producing
a biochemical character map that illustrates the type of
molecular interactions that are present within the multi-
component biological complex being analyzed.

[0026] Figure 3 depicts a methodology that allows for
diagnosis of a disease state based upon molecular inter-
actions within a multicomponent biological complex. In
the figure, a multicomponent biological complex from dis-
eased tissue is depicted as missing a component that is
present in the disease-free state due to an alteration in
the nature or amplitude of the biomolecular interactions
within the multicomponent biological complex. It will be
appreciated that disease states canresult fromincreases
as well as decreases in binding, or in aberrant binding of
components due to changes in affinity.

[0027] Figure 4 depicts a method of using a sequential
set of elution washes that form a gradient on a single
aliquot containing an immobilized multicomponent bio-
logical complex to map interactions between compo-
nents.

[0028] Figure 5 depicts a method of using the method
of Figure 4 to create an expression interaction difference
map of components between samples of different kinds.
It shows one component being eluted in different washes
between the samples.

[0029] Figure 6 depicts a method of using the method
of Figure 4 to create an expression interaction difference
map of components between samples of different kinds.
It shows one component being eluted in the same wash
between the samples, but exhibiting a different mass due
to alteration in one of the samples.

[0030] Figure 7 depicts a method of using a series of
elution washes that form a gradient on different aliquots
containing the same immobilized multicomponent bio-
logical complex to map interaction between components.
[0031] Figure 8 depicts a method of using the method
of Figure 7 to create an expression interaction difference
map of components between samples of different kinds.
It shows one component being eluted in different washes
between the samples.

[0032] Figure 9 depicts a method of using the method
of Figure 7 to create an expression interaction difference
map of components between samples of different kinds.
It shows one component being eluted in the same wash
between the samples, but exhibiting a different mass due
to alteration in one of the samples.
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DETAILED DESCRIPTION
l. Introduction

[0033] Thisinvention provides a method for character-
izing interactions between different components of a mul-
ti-component biological complex. Biological function, at
all levels, relies on in vivo protein-protein interactions.
Interactions can be binary, in that a single protein inter-
acts with a second protein, or multifaceted in that multiple
proteins interact at single time to form a "functional unit’
(such as TNFa receptor comprised of 6 subunits). This
invention focuses on both the binary and multifaceted
protein-protein interactions.

[0034] The method involves capturing a multicompo-
nent biological complex from a sample on a solid support
using a biospecific affinity reagent that specifically binds
to one component of the complex. Unbound material is
removed, typically with an equilibration buffer. Then, the
captured complex is washed sequentially with a series
of elution washes in the form of a gradient of increasing
or decreasing concentration of a solute, that is to say, of
differing stringency, and the wash is collected. Each
wash is subjected to analysis to detect an eluted com-
ponent of the complex that is not bound by the affinity
molecule. Eluted components are detected and physical
or biochemical properties, such as mass, elemental com-
position, extinction coefficient, concentration, pl, of the
component(s) eluted in successive elution washes are
measured.

[0035] Alternatively, the retained complex compo-
nents immobilized can be measured directly or indirectly
to create a profile of the retained complex from a sample.
In this way, one can determine both the existence of sub-
units of a multisubunit complex and the stringency of a
wash solution under which the component elutes from
the complex.

[0036] Furthermore, this method can be multiplexed.
In such methods, the captured complex may be divided
into different aliquots, and each aliquot can be subjected
to a series of elution washes in which the gradient is
formed by differing concentrations of a solute. Alterna-
tively, different affinity molecules can be used to capture
different multicomponent biological complexes from the
sample and these complexes can be subjected to the
same or different series of elution washes to map com-
ponent interaction.

[0037] This method is important in itself, for detecting
various components of a complex. However, it is partic-
ularly useful in comparison studies, described below, in
which complexes in different classes of samples, for ex-
ample pathological and non-pathological, are compared
to determine whether there is a difference in the character
of the interaction between components, as evidenced by
differences in how the components elute from the com-
plex. For example, it may be shown that a particular com-
ponent of a complex binds more tightly to the complex in
a non-pathological condition than in a pathological con-
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dition, as evidenced by the fact that it requires a more
stringent wash to elute the component in non-patholog-
ical state than the pathological state.

[0038] Advantages of the methods presented in the
present invention include speed, ease of use, scanning
of multiple interactions simultaneously (high throughput
multiplexing), and ability to generate Expression Differ-
ence Interaction Maps based on either native protein
mass or peptide fingerprint masses (after on-bead en-
zymic digestion).

[0039] Referring to Fig. 4, in step 4a an aliquot of a
sample is provided in which a multicomponent biological
complex is immobilized on a solid support through a
biospecific affinity reagent. Typically, the solid support
will be a chromatotographic resin suitable for affinity chro-
matography. Alternatively, the solid support can be a bi-
ochip.

[0040] In one embodiment, the method comprises ex-
pressing the molecules of the complex in situ, that is, on
the surface of the biochip, whereby the complexes are
directly captured upon expression/assembly. The mole-
cules also can be expressed in the presence of capture
beads or a resin.

[0041] The affinity molecule specifically binds one
component of the complex. (In the figure, it binds the oval
shaped component.) Immobilization to the solid support
can be direct or indirect. In direct capture, the solid sup-
port is derivatized with the affinity molecule, and the com-
plex is captured from the sample directly on the solid
support. In indirect capture, unbound affinity molecule
binds to the complex, and then the affinity molecule-with-
complex is captured the solid support using, e.g., another
capture molecule that binds the affinity molecule. For ex-
ample, the biospecific affinity molecule could be an IgG
molecule and the solid support could be derivatized with
protein A, protein G or an anti-lgG antibody.

[0042] If the supports are resins or beads, they are
conveniently handled in a well of a microtiter plate, which
can be a drip plate designed to allow fluid added to the
mouth of the well to contact the solid support and then
drip our the bottom with any material eluted from the solid
support. Alternatively, the resins or beads could be con-
veniently handled in a column, such as glass or plastic,
allowing for either continuous or intermediate flow by
gravity, centrifugation, or other type of mechanical or
electrical methods. Columns include, for example, spin
columns, low pressure chromatography columns and
high pressure chromatography columns (e.g., HPLC).
[0043] Upon capture, unbound material is removed
from the solid support. Typically this is done by washing
with an equilibration buffer. However, the unbound ma-
terial could be allowed to drip off the supports.

[0044] In a next step of this embodiment, depicted in
Fig 4, step 4b, the captured complexes are subject to a
sequence of washes of increasing stringency. The wash-
es form a sequence of at least two washes (in this ex-
ample, three washes). Together, the washes in the se-
quence form a gradient of differing stringency. More spe-
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cifically, the washes in the sequence will differ by the
concentration of a particular solute in the wash. For ex-
ample, the sequence canincrease or decrease according
to ionic strength based on an increasing or decreasing
concentration of salt in an aqueous buffer. A series of
washes of increasing concentration might be 0.1 N NaCl
-0.2N NaCl- 0.4 N NaCl. A series of washes of decreas-
ing concentration might involve a metal ion required for
binding, such as decreasing concentrations of copper or
magnesium. As described below the solute can be one
that alters the stringency of the wash solution based on
ionic interaction (both ionic strength and pH), water struc-
ture, hydrophobic interaction, chaotropism or affinity in-
teraction (e.g., a molecule that competes with a compo-
nent for binding with another component). Alternatively,
the series of washes can differ in the concentration of a
plurality of solutes. These washes may or may not elute
one of the components from the complex. However, by
providing a sequence of washes, one can test the strin-
gency necessary to elute a particular component. The
washes are collected for further analysis.

[0045] In a next step of this embodiment, depicted in
Fig. 4, step 4c, the collected elution washes are analyzed
to measure one of the components of the complex that
was not bound by the affinity reagent. Measuring can be
qualitative or quantitative. For example one could merely
determine the presence or absence of the component in
one of the washes. Alternatively, one could measure
roughly whether the amount of the component in the so-
lution is "high" or "low" compared with some standard.
Alternatively, the amount of the component can be quan-
tified more specifically based on the detection method
used.

[0046] In another embodiment, the components re-
maining on the solid support can be detected at any step
of the elution process. In a preferred embodiment, the
solid support is a biochip, such as a mass spectrometry
probe, and the retained components are detected by af-
finity mass spectrometry. When the solid support is a
bead, the retained components can be eluted using a
high stringency wash, and detected in the wash by the
methods described below.

[0047] The components can be measured in the elu-
tion washes using any detection method of choice, such
as a gas phase ion spectrometry method, an optical
method, an electrochemical method, atomic force micro-
scopy and a radio frequency method. However mass
spectrometry, a form of gas phase ion spectrometry, is
particularly useful. Because mass spectrometry provides
both detection and the mass of an analyte, analytes can
be differentiated based on their mass signature. That is,
one can determine whether a particular component is
present in an elution wash based on the presence of sig-
nal corresponding to the mass of the component.
[0048] Any form of mass spectrometry may be used.
However, MALDI and SELDI are particularly useful. In
particular, components can be conveniently detected us-
ing SELDI probes having a chromatographic surface de-
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termined to best capture the analyte.

[0049] The multicomponent biological complex can be
usefully tested using a plurality of elution gradients that
each differ according to solute. For example, the inter-
action of the components can be tested based on a pH
gradient, a salt gradient and a detergent gradient. The
data generated produces a matrix constituting a profile
or map of interactions. (See, e.g., the map of Figure 2.)
Such a matrix could include cells that include, for each
component, the amount of component detected in each
elution wash. The resulting component (e.g., protein) in-
teraction map provides a characterization of the interac-
tion of components in the particular sample tested.
[0050] The method described here is particularly use-
ful for component interaction difference mapping. Inter-
action difference mapping is useful to determine whether
the interaction of components differs between samples
characterized by different phenotypes. Essentially, the
method in this embodiment comprises generating com-
ponent interaction maps for the components of interest
using the method above on both of the different samples,
and comparing the maps to determine differences in in-
teraction between the components. This method is de-
picted in Figures 5 and 6, which show the same process,
but yielding different results.

[0051] Referring to Figs. 5, step 5a (and Fig. 6, step
6a), a multicomponent complex from a plurality of differ-
ent samples are immobilized on solid supports (e.g.,
physically separated). The samples may differ according
to any phenotypic trait of interest. However, useful bio-
logical characteristics (e.g., phenotypic traits) include
pathological condition v. non-pathological condition (e.g.,
cancer v. non-cancer), drug responder v. drug non-re-
sponder, toxic response v. non-toxic response and pro-
gressor to disease state v. non-progressor to disease
state. Samples may be derived by natural means, such
as those associated with normal genetic variation (spe-
cies variation, race variation, gender variation, diet vari-
ation, efc) or samples may be generated by manipulation
of a biological system, such as gene knockout, siRNA-
induced transcription inhibition or treatment with organic
or inorganic compounds that induce phenotypic chang-
es.

[0052] Inanotherembodiment, the samplesto be com-
pared are exposed to different conditions. For example,
one sample may be a cell or an in vitrotranslation system,
which is exposed to an inhibitory nucleic acid, such as
anti-sense RNA, a ribozyme or RNAI, which inhibits the
expression of a particular mRNA. The other sample may
be from the same type of cell or in vitrotranslation system,
but which has not been exposed to the inhibitory nucleic
acid.

[0053] The plurality of samples can be as few as two
(e.g., one pathological sample and one non-pathological
sample). However, for purposes of creating clinically use-
ful information, many samples of each class of sample
must be used. For example, one might use at least 10,
at least 100 or at least 1000 samples from each class.
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[0054] Each sample is analyzed for component inter-
action as described above. This is depicted in Fig. 5,
steps 5b and 5c (and Fig. 6, steps 6b and 6c). Upon
comparison of the data from the different classes, differ-
ent types of interactions may be detected. For example,
depicted in the last pair of panels of Fig. 5, step 5c, one
may find that a particular component elutes under differ-
ent stringency in the two samples. This indicates that the
character of the interaction between components in the
different samples is different. Alternatively, as depicted
in the last panel of Fig 6, step 6c, one may determine
that the component elutes in the same elution wash in
the different samples, but has a different mass. This may
indicate that the component has been differently modified
between the two samples, for example by being post
translationally modified (e.g, phosphorylated, glycosylat-
ed, acylated, biotinylated and cleavage) in one but not
the other.

[0055] Patterns of difference in interaction between
components may be useful to classify an unknown sam-
pleinto one oranother class, for example, as pathological
or non-pathological. Such classification is useful for clin-
ical purposes, for example diagnostic purposes. For
these purposes, it is useful to profile, in each sample, a
plurality of different components of a plurality of different
complexes. The data matrices resulting from these pro-
files can be used to train a learning algorithm as de-
scribed above to produce a classification algorithm to
classify an unknown sample into either of the classes.
For example, an unknown sample from a subject being
tested for cancer can be profiled for component interac-
tion, and this profile can be submitted to the classification
algorithm for this cancer. The classification algorithm will
qualify the subject as having cancer or not having cancer
based on the pattern of interactions determined in the
sample.

[0056] This invention also contemplates a second
method of generating an interaction profile. According to
this second method a multicomponent biological com-
plex is again immobilized on a solid support through a
biospecific affinity reagent that specifically binds one
component of the complex. However, rather than wash-
ing the same solid support with a series of washes, in
this embodiment, the solid supports are divided into a
plurality of aliquots, and each aliquot is washed with a
different one of the series of elution washes. Of course,
one could divide a single batch of equilibrated solid sup-
ports into the plurality of aliquots, or one could produce
a plurality of aliquots separately. The significant thing is
to provide a plurality of aliquots comprising the complex
immobilized to the solid supports that can be subject to
independent washing.

[0057] The method is depicted in Fig. 7. Fig. 7, step
7a shows the capture of complex on a solid support and
the removal of unbound material. In step 7b the solid
support is divided into a plurality (here, eight) aliquots,
and placed in different wells of a multiwell microtiter drip
plate. Each well is now washed with one of a series of
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eight different elution washes forming a gradient, depict-
ed by the wedge of increasing width. This produces eight
elution washes that may or may not contain a component
that has been eluted from the complex. The contents of
each elution wash are then detected. (See Fig. 7, step
7c.)

[0058] The method of this embodiment also can be
used to detect differences in component interaction be-
tween samples, using techniques as described in the first
method. These methods are depicted in Figs 8 and 9.
[0059] In this example, a complex from a sample of
phenotype A and phenotype B are captured on solid sup-
ports. (See Fig. 8, step 8a and Fig. 9, step 9a). Each is
divided into four aliquots and each aliquot is added to a
different well of a microtiter plate. (See Fig. 8, step 8b
and Fig. 9, step 9b). The four aliquots of each phenotype
are washed with one buffer is a gradient series (Elution
washes 1-4 in Fig. 8, step 8b and Fig. 9, step 9b). The
components in the elution washes are detected. (Fig. 8,
step 8c and Fig. 9, step 9c). Again, this may show that
one component is eluted in a different wash (Fig. 8, step
8c) or in the same wash, but having a different molecular
mass (Fig. 9, step 9c).

[0060] Again, the parameters of these methods can be
varied. For example, one could perform this method on
a plurality of different samples exhibiting phenotype A
and a plurality of different samples exhibiting phenotype
B. One could divide the solid supports into a plurality of
sets of aliquots, and wash each set with gradient washes
involving different solutes, for example, wash a first set
of aliquots with a pH gradient, a second set of aliquots
with a salt gradient and a third set of aliquots with a de-
tergent gradient.

Il. Binding multicomponent biological complexes or
their components with affinity molecules

[0061] Multicomponent biological complexes are com-
monly found in complex mixtures containing a diverse
population of biomolecules. In order to analyze the qua-
ternary structure of a multicomponent biological complex
and the interaction of its components, the complex must
first be isolated from any such contaminants that are ca-
pable of interfering with the analysis. This is most con-
veniently accomplished using affinity or "bait" molecules
that specifically bind one or more components of the mul-
ticomponent biological complex of interest. Suitable af-
finity molecules include antibodies directed to one or
more antigenic components present in the complex, re-
ceptors, enzymes, and in the cases where the multicom-
ponent biological complex itselfis an enzyme, substrates
for the activity associated with the multicomponent bio-
logical complex. Affinity molecules can be modified to
enhance their binding and retention to the multicompo-
nent biological complex. For example, substrates can be
chemically modified to slow or prevent their conversion
to product by the multicomponent biological complex-as-
sociated enzyme.
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[0062] The multicomponent biological complex can be
bound to affinity molecules of the present invention that
are either free in solution or bound to a solid support.
Binding between a multicomponent biological complex
and an affinity molecule free in solution is typically fol-
lowed by immobilizing the affinity molecule to a solid sup-
port as the first step in isolating and analyzing the multi-
component biological complex.

[0063] Suitable biological sources for recovering mul-
ticomponent biological complexes to be studied using
the present invention include, e.g., extracts from biolog-
ical samples, such as tissue lysates, cell lysates, body
fluids or, in vitrotranslation systems. Preferably, the sam-
ple is in liquid form and obtained from cell lysates from
specific tissues, organs or organisms.

Il immobilizing affinity molecules on a solid support

[0064] As noted above, the multicomponent biological
complex of interest can be isolated by first binding an
affinity molecule to the complex followed by immobilizing
the affinity molecule on a solid support. Alternatively, the
affinity molecule can first be immobilized on a solid sup-
port and then the multicomponent biological complex
bound to the immobilized affinity molecule. Any suitable
method that will enable binding between the multicom-
ponent biological complex and the affinity molecule can
be used. E.g., the affinity molecule can simply be mixed
or combined with the sample.

[0065] Any suitable method can also be used to immo-
bilize the affinity molecule to the solid support, e.g., bath-
ing, soaking, dipping, spraying, washing over, or pipet-
ting, etc. Generally, a volume of sample containing from
a few attomoles to 100 picomoles in about 1 .l to 500 pl
is sufficient for binding to the support. The sample should
contact the affinity molecule for a period of time sufficient
to allow the multicomponent biological complex to bind.
Typically, the sample and the affinity molecule are con-
tacted for a period of between about 30 seconds and
about 12 hours, and preferably, between about 30 sec-
onds and about 15 minutes. Typically, the sample is con-
tacted to the affinity molecule under ambient temperature
and pressure conditions. For some samples, however,
modified temperature (typically 4°C through 37°C) and
pressure conditions can be desirable, which conditions
are determinable by those skilled in the art.

[0066] In addition, the sample can be contacted to the
support or the free affinity molecule by solubilizing the
sample in or mixing the sample with an eluant and con-
tacting the solution of eluant and sample to the support
or the free affinity molecule using any of the foregoing
techniques. Exposing the sample to an eluant prior to
binding the multicomponent biological complex to the af-
finity molecule has the effect of modifying the selectivity
of the affinity molecule while simultaneously contacting
it with the sample. Those components of the sample that
will bind to the affinity molecule and thereby be retained
will include only those components which will bind the
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affinity molecule in the presence of the particular eluant
which has been combined with the sample, rather than
all components which will bind to the affinity molecule in
the absence of elution characteristics which modify the
selectivity of the affinity molecule.

[0067] The sample should be contacted to the affinity
molecule for a period of time sufficient to allow the com-
plex of interest to bind. Typically, the sample is contacted
with the affinity molecule for a period of between about
30 seconds and about 12 hours. Preferably, the sample
is contacted to the affinity molecule for a period of be-
tween about 30 seconds and about 15 minutes.

[0068] The temperature at which the sample is con-
tacted to the affinity molecule is a function of the particular
sample and affinity molecule selected. Typically, contact
is made under ambient temperature and pressure con-
ditions, however, for some samples, modified tempera-
ture (typically 4°C through 37°C) and pressure conditions
can be desirable and will be readily determinable by those
skilled in the art.

[0069] The affinity molecule is bound to a solid support,
capable of immobilizing the multicomponent biological
complex while leaving the remaining components of the
biological sample free and available for removal by a
wash step(s), as described below. The solid support can
be any surface that is insoluble, or capable of being ren-
dered insoluble, in the biological sample containing the
multicomponent biological complex being immobilized.
For example, one embodiment utilizes an affinity mole-
cule bound to a predominantly planar surface. More pref-
erably, the affinity molecule is bound to a microparticle
or bead. Still other embodiments utilize solid supports
with particular physical properties allowing the support
and any associated capture reagent/analyte to be isolat-
ed from the biological sample. For example, magnetic
microparticles derivatized with specific antibodies can be
used. A slurry of derivatized magnetic microparticles can
be made from the biological sample. The beads and mul-
ticomponent biological complex can then be isolated with
a magnet. The solid support can also be a SELDI-MS
probe with affinity surfaces, each comprising affinity mol-
ecules specifically recognizing a multicomponent biolog-
ical complex of interest. Each solid support used in the
invention can immobilize a different affinity molecule ca-
pable of recognizing a different multicomponent biologi-
cal complex.

IV. Washing bound multicomponent complexes to
differentially elute components

[0070] Multicomponent biological complexes of inter-
est can consist of any association of biomolecules as
described previously in this application. Interaction be-
tween the components of the multicomponent biological
complex can be of any type including covalent, ionic, hy-
drophobic, allosteric and coordinate binding, as occurs
in chelation complexes. Examples of components that
may be found in multicomponent biological complexes
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of interest include, but are not limited to, peptides, pro-
teins, nucleic acids, carbohydrates, polysaccharides and
fragments of biological macromolecules set forth above,
such as nucleic acid fragments, peptide fragments, and
protein fragments. Multicomponent biological complexes
of interest will frequently be heterogeneous in nature,
including protein-DNA complexes, receptor-ligand com-
plexes, and enzyme-substrate complexes.

A. Wash solutions

[0071] In order to remove contaminants frequently
found in samples containing multicomponent biological
complexes, the immobilized multicomponent biological
complex of interest should be treated with an initial mild
wash solution prior to any selective elution designed for
analytical purposes. Typically an initial wash solution will
be at a physiologic pH and ionic strength and the wash
will be conducted under ambient conditions of tempera-
ture and pressure. Under certain circumstances, e.g.,
when the components of the multicomponent biological
complex of interest are still immobilized after an elution
wash that is of a particular stringency has been carried
out, the stringent wash may be the only wash step per-
formed. When it is anticipated that the multicomponent
biological complex components of interest will remain as-
sociated with the affinity molecule immobilized to the sol-
id support after the most stringent wash, then the solid
support used is preferably an MS probe, most preferably
a SELDIMS probe, with an adsorbent surface comprising
the affinity molecule specifically binding the multicompo-
nent biological complex.

B. Modifying wash solution characteristics and for-
mulating elution wash solutions

[0072] After removal of unbound components from the
solid supports, the supports are washed with a series of
washes that form a gradient of increasing or decreasing
strength based on an increasing or decreasing concen-
tration of a particular solute in the solution. Accordingly,
each subsequent wash solution increases in stringency,
with weaker solutions stripping off weakly bound compo-
nents and stronger solutions stripping of more tightly
bound components. By exposing the bound complex to
a series of washes, each subsequent wash being more
stringent than the previous wash, components can be
washed off sequentially from most weakly bound to most
tightly bound.

[0073] In general, wash solutions selectively modify
the threshold of absorption between the multicomponent
biological complex and the affinity molecule. The ability
of an eluant to desorb and elute a bound component of
the multicomponent biological complex is a function of
its elution characteristics. Different eluants can exhibit
grossly different elution characteristics, somewhat differ-
ent elution characteristics, or subtly different elution char-
acteristics.
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[0074] An important aspect of the present invention is
the formulation of wash solutions used initially to remove
contaminants from the immobilized multicomponent bi-
ological complexes of interest and secondly to differen-
tially elute components from the immobilized complex for
analysis. Moreover, it is the character of the elution wash
solutions eluting particular complexes that illuminates
which types of biomolecular interactions are important in
associating the eluted component to the multicomponent
biological complex. This section outlines several ways in
which the wash solutions of the present invention can be
modified to effect efficientinitial washes and subsequent-
ly to induce component elution from the multicomponent
biological complex.

[0075] To increase the wash stringency of the wash
solution, buffers and other additives can be incorporated
into the wash solution. The variety of wash solutions used
to elute molecules from an affinity chromatography sur-
face is well known in the art. Wash solutions include, but
are not limited to, pH-based eluants (e.g., acids and bas-
es), ionic strength-based eluants (e.g., a salt), water
structure-based eluant (e.g., urea or a chaotropic salt
solution (e.g., sodium thiocyanate)), detergent-based el-
uants (e.g., CHAPS, TWEEN, SDS and NP-40), hydro-
phobicity-based eluants (e.g., organic solvents, thiophilic
salts and acetonitrile), biomolecule-based eluants (e.g.,
an amino acid, a nucleotide, a simple sugar, a fatty acid
and polymers of these) and binding competitor eluants.
Binding competitor eluants include as a solute amolecule
that competes with a component for binding to another
component. The binding competitor could be, for exam-
ple, a small organic molecule, such as a drug candidate.
[0076] The selection of a particular wash solution or
additive is dependent on experimental conditions (e.g.,
types of affinity molecules used or multicomponent bio-
logical complex to be detected), and can be determined
by those of skill in the art.

[0077] Suitable washes can be selected from any of
the foregoing categories or can be combinations of two
or more of the foregoing washes. Washes that comprise
two or more of the foregoing washes are capable of mod-
ifying the selectivity of the affinity molecule for the multi-
component biological complex on the basis of multiple
elution characteristics.

C. Variability of Two Parameters

[0078] The ability to provide different binding charac-
teristics by selecting different affinity molecules and the
ability to provide different elution characteristics by wash-
ing with different washes permits variance of two distinct
parameters each of which is capable of individually ef-
fecting the selectivity with which multicomponent biolog-
ical complexes are bound to the affinity molecule. The
fact that these two parameters can be varied widely as-
sures a broad range of binding attraction so that the meth-
ods of the present invention can be useful for binding and
thus detecting many different types of multicomponent
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biological complexes.

[0079] The selection of affinity molecules and washes
for use in analyzing a particular sample will depend on
the nature of the sample, and the particular multicompo-
nent biological complex or class of multicomponent bio-
logical complexes to be characterized, even if the nature
of the multicomponent biological complex(es) is not
known. Typically, it is advantageous to provide a system
exhibiting a wide variety of binding characteristics and a
wide variety of elution characteristics, particularly when
the composition of the sample to be analyzed is unknown.
By providing a system exhibiting broad ranges of selec-
tivity characteristics, the likelihood that the multicompo-
nent biological complex of interest will be retained by one
or more of the affinity molecules is significantly increased.
[0080] One skilled in the art of chemical or biochemical
analysis is capable of determining the selectivity condi-
tions useful for retaining a particular multicomponent bi-
ological complex by providing a system exhibiting a broad
range of binding and elution characteristics and observ-
ing binding and elution characteristics which provide the
best resolution of the multicomponent biological com-
plex.

[0081] Because the presentinvention provides for sys-
tems including broad ranges of selectivity conditions, the
determination by one skilled in the art of the optimum
binding and elution characteristics for a given multicom-
ponent biological complex easily accomplished without
the need for undue experimentation.

D.Washing the affinity molecule with wash solutions

[0082] After the sample containing the multicompo-
nent biological complex is contacted with the affinity mol-
ecule and the affinity molecule is immobilized to the solid
support, the multicomponent biological complex can be
washed with an initial wash solution and any number of
elution wash solutions of the presentinvention. Typically,
to provide a multidimensional analysis, each affinity mol-
ecule location is washed with at least the initial wash
solution to remove contaminants from the sample and
one elution wash solution. Washing the multicomponent
biological complex typically modifies the complex com-
ponent population retained on a specified affinity mole-
cule. The combination of the binding characteristics of
the component of the complex and the elution character-
istics of the elution wash solutions provide the selectivity
conditions that control which components are retained
associated with the solid support via the affinity molecule
after elution washing. Thus, the washing step selectively
removes components from the multicomponent biologi-
cal complex.

[0083] The washing step can be carried out using a
variety of techniques. For example, as seen above, the
sample can be solubilized in or admixed with the first
wash prior to contacting the sample to the affinity mole-
cule. Exposing the sample to the initial wash solution
prior to or simultaneously with contacting the sample to
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the affinity molecule has the same net effect as binding
the multicomponent biological complex to the affinity mol-
ecule and subsequently washing the affinity molecule
with the initial wash solution. After the multicomponent
biological complex is bound to the affinity molecule, the
complex can be washed with one or more elution wash
solutions.

[0084] Washing an affinity molecule having the multi-
component biological complex bound thereto can be ac-
complished by bathing, soaking, or dipping the substrate
having the affinity molecule and multicomponent biolog-
ical complex bound thereon in an wash; or by rinsing,
spraying, or washing over the substrate with the wash.

[0085] The foregoing method is also useful when af-
finity molecules are provided at a plurality of predeter-
mined addressable locations, whether the affinity mole-
cules are all the same or different. However, when the
multicomponent biological complex is bound to affinity
molecules at a plurality of locations, the washing step
may alternatively be carried out using a more systematic
and efficient approach. Namely, the step of washing can
be carried out by washing an affinity molecule at a first
location with wash, then washing a second affinity mol-
ecule with wash, then desorbing and detecting the mul-
ticomponent biological complex components retained by
the first affinity molecule and thereafter desorbing and
detecting multicomponentbiological complex retained by
the second affinity molecule. In other words, all of the
affinity molecules are exposed to the initial wash together
and thereafter, multicomponent biological complex com-
ponents released from each affinity molecule location
can be individually analyzed. If desired, after detection
of the multicomponent biological complex components
released from each affinity molecule location, a second
stage of elution washes for each affinity molecule location
may be conducted followed by a second stage of detec-
tion and/or analysis. The steps of washing all affinity mol-
ecule locations, followed by desorption and detection of
released components for each affinity molecule location
can be repeated for a plurality of different elution washes.
In this manner, an entire array may be utilized to efficient-
ly determine the character of multicomponent biological
complexes in a sample.

[0086] Using the methods of the present invention, it
is possible to collect data regarding the binding properties
of any given component of a multicomponent biological
complex based on the elution properties of the elution
wash solutions used to extract the complex.

V. Adsorbing eluted components on SELDI MS
probes

[0087] Inorderto generate interaction difference maps
using the methods of the present invention, components
of the multicomponent biological complex to be analyzed
may be adsorbed to an MS probe of the presentinvention.
Typically SELDI-MS probes are used for this purpose
because of the desirable characteristics they possess,
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the principle one being multiple addressable adsorbent
locations for binding biomolecules. SELDI-MS probes,
unlike their MALDI predecessors, can comprise a plural-
ity of adsorbents on a single probe. This multiplex format
allows highly refmed efficient analysis of samples in a
high throughput setting as described above. The different
adsorbents used with SELDI-MS probes can exhibit
grossly different binding characteristics, somewhat dif-
ferent binding characteristics, or subtly different binding
characteristics.

[0088] Adsorbents that exhibit grossly different binding
characteristics typically differ in their bases of attraction
or mode of interaction. The basis of attraction is generally
a function of chemical or biological molecular recognition.
Bases for attraction between an adsorbent and a biomol-
ecule include, for example, (1) a salt-promoted interac-
tion, e.g., hydrophobic interactions thiophilic interactions,
and immobilized dye interactions; (2) hydrogen bonding
and/or van der Waals forces interactions and charge
transfer interactions, such as in the case of a hydrophilic
interactions; (3) electrostatic interactions, such as anion-
ic charge interaction, particularly positive or negative ion-
ic charge interactions; (4) the ability of the analyte to form
coordinate covalent bonds (i.e., coordination complex
formation) with a metal ion on the adsorbent; (5) enzyme-
active site binding; (6) reversible covalent interactions,
for example, disulfide exchange interactions; (6) glyco-
protein interactions; (7) biospecific interactions; or (8)
combinations of two or more of the foregoing modes of
interaction. Thatis, the adsorbent can exhibit two or more
bases of attraction, and thus be known as a "mixed func-
tionality" adsorbent. Typical adsorbent chemistries used
in conjunction with SELDI-MS probes are discussed be-
low.

A. Salt-promoted Interaction Adsorbents

[0089] Adsorbents that are useful for observing salt-
promoted interactions include hydrophobic interaction
adsorbents. Examples of hydrophobic interaction ad-
sorbents include matrices having aliphatic hydrocarbons,
specifically C4-C,g aliphatic hydrocarbons; and matrices
having aromatic hydrocarbon functional groups such as
phenyl groups. Hydrophobic interaction adsorbents bind
analytes that include uncharged solvent exposed amino
acid residues, and specifically amino acid residues,
which are commonly referred to as nonpolar, aromatic
and hydrophobic amino acid residues, such as phenyla-
lanine and tryptophan. Specific examples of analytes that
will bind to a hydrophobic interaction adsorbent include
lysozyme and DNA. Without wishing to be bound by a
particular theory, it is believed that DNA binds to hydro-
phobic interaction adsorbents by the aromatic nucle-
otides in DNA, specifically, the pyridine and pyrimidine
groups.

[0090] Another adsorbent useful for observing salt-
promoted interactions includes thiophilic interaction ad-
sorbents, such as for example T-GEL™, which is one
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type of thiophilic adsorbent commercially available from
Pierce, Rockford, lllinois. Thiophilic interaction adsorb-
ents bind, for example, immunoglobulins, such as IgG.
[0091] A third adsorbent for observing salt-promoted
interactions includes immobilized dye interaction adsorb-
ents. Immobilized dye interaction adsorbents include ma-
trices of immobilized dyes such as for example CI-
BACHRON™ blue available from Pharmacia/Amicon. Im-
mobilized dye interaction adsorbents bind proteins and
DNA generally. One specific example of a protein that
binds to an immobilized dye interaction adsorbent is bo-
vine serum albumin (BSA).

B. Hydrophilic Interaction Adsorbents

[0092] Adsorbents that are useful for observing hydro-
gen bonding and/or van der Waals forces on the basis
of hydrophilic interactions include surfaces comprising
normal phase adsorbents such as silicon-oxide (i.e.,
glass). The normal phase or silicon-oxide surface, acts
as afunctional group. In addition, adsorbents comprising
surfaces modified with hydrophilic polymers such as pol-
yethylene glycol, dextran, agarose, or cellulose can also
function as hydrophilic interaction adsorbents. Most pro-
teins will bind hydrophilicinteraction adsorbents because
of a group or combination of amino acid residues that
bind through hydrophilic interactions involving hydrogen
bonding or van der Waals forces.

C. Electrostatic Interaction Adsorbents

[0093] Adsorbents that are useful for observing elec-
trostatic or ionic charge interactions include anionic ad-
sorbents such as, for example, matrices of sulfate anions
(i.e., SO57) and matrices of carboxylate anions (i.e.,
COO") or phosphate anions (-OPO5-). Matrices having
sulfate anions are permanent negatively charged. How-
ever, matrices having carboxylate anions have a nega-
tive charge only at a pH above their pKa. At a pH below
the pKa, the matrices exhibit a substantially neutral
charge. Suitable anionic adsorbents also include anionic
adsorbents which are matrices having a combination of
sulfate and carboxylate anions and phosphate anions.
The combination provides an intensity of negative charge
that can be continuously varied as a function of pH. These
adsorbents attract and bind proteins and macromole-
cules having positive charges, such as for example ribo-
nuclease and myoglobin. Without wishing to be bound
by a particular theory, it is believed that the electrostatic
interaction between an adsorbent and positively charged
amino acid residues including lysine residues, arginine
residues, and histidyl residues are responsible for the
binding interaction.

[0094] Other adsorbents that are useful for observing
electrostatic or ionic charge interactions include cationic
adsorbents. Specific examples of cationic adsorbents in-
clude matrices of secondary, tertiary or quaternary
amines. Quaternary amines are permanently positively
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charged under the conditions for adsorption. However,
secondary and tertiary amines have charges that are pH
dependent. Ata pH below the pKa, secondary and tertiary
amines are positively charged, and at a pH above their
pKa, they are negatively charged. Suitable cationic ad-
sorbents also include cationic adsorbents which are ma-
trices having combinations of different secondary, terti-
ary, and quaternary amines. The combination provides
an intensity of positive charge that can be continuously
varied as a function of pH. Cationic interaction adsorb-
ents bind anionic sites on molecules including proteins
having solvent exposed amino acid residues, such as
aspartic acid and glutamic acid residues.

[0095] Inthe case of ionicinteraction adsorbents (both
anionic and cationic) it is often desirable to use a mixed
mode ionic adsorbent containing both anions and cati-
ons. Such adsorbents provide a continuous buffering ca-
pacity as a function of pH. The continuous buffering ca-
pacity enables the exposure of a combination of analytes
to eluants having differing buffering components espe-
cially in the pH range of from 2 to 11. This results in the
generation of local pH environments on the adsorbent
that are defined by immobilized titratable proton ex-
change groups. Such systems are equivalent to the solid
phase separation technique known as chromatofocus-
ing.

[0096] Still other adsorbents that are useful for observ-
ing electrostatic interactions include dipole-dipole inter-
action adsorbents in which the interactions are electro-
static but no formal charge or titratable protein donor or
acceptor is involved.

D. Coordinate Covalent Interaction Adsorbents

[0097] Adsorbents that are useful for observing the
ability to form coordinate covalent bonds with metal ions
include matrices bearing, for example, divalent and tri-
valent metal ions. Matrices of immobilized metal ion che-
lators provide immobilized synthetic organic molecules
that have one or more electron donor groups, which form
the basis of coordinate covalent interactions with transi-
tion metal ions. The primary electron donor groups func-
tioning as immobilized metal ion chelators include oxy-
gen, nitrogen, and sulfur. The metal ions are bound to
the immobilized metal ion chelators resulting in a metal
ion complex having some number of remaining sites for
interaction with electron donor groups on the analyte.
Suitable metal ions include in general transition metal
ions such as copper, nickel, cobalt, zinc, iron, and other
metal ions such as Al, Ca. Without wishing to be bound
by any particular theory, metals ions are believed to in-
teract selectively with specific amino acid residues in
peptides, proteins, or nucleic acids. Typically, the amino
acid residues involved in such interactions include histi-
dine residues, tyrosine residues, tryptophan residues,
cysteine residues, and amino acid residues having oxy-
gen groups such as aspartic acid and glutamic acid. For
example, immobilized ferric ions interact with phospho-
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serine, phosphotyrosine, and phosphothreonine resi-
dues on proteins. Depending on the immobilized metal
ion, only those proteins with sufficient local densities of
the foregoing amino acid residues will be retained by the
adsorbent. Some interactions between metal ions and
proteins can be so strong that the protein cannot be sev-
ered from the complex by conventional means.

E. Enzyme-Active Site Interaction Adsorbents

[0098] Adsorbents that are useful for observing en-
zyme-active site binding interactions include proteases
(such as trypsin), phosphatases, kinases, and nucleas-
es. The interaction is a sequence-specific interaction of
the enzyme binding site on the analyte (typically a biopol-
ymer) with the catalytic binding site on the enzyme. En-
zyme binding sites of this type include, for example, ac-
tive sites of trypsin interacting with proteins and peptides
having lysine-lysine or lysine-arginine pairs in their se-
quence. More specifically, soybean trypsin inhibitor in-
teracts with and binds to an adsorbent of immobilized

trypsin.
F. Reversible Covalent Interaction Adsorbents

[0099] Adsorbents thatare useful for observing revers-
ible covalent interactions include disulfide exchange in-
teraction adsorbents. Disulfide exchange interaction ad-
sorbents include adsorbents comprising immobilized
sulfhydryl groups, e.g., mercaptoethanol or immobilized
dithiothrietol. The interaction is based upon the formation
of covalent disulfide bonds between the adsorbent and
solvent exposed cysteine residues on the analyte. Such
adsorbents bind proteins or peptides having cysteine res-
idues and nucleic acids including bases modified to con-
tain reduced sulfur compounds.

G. Glycoprotein Interaction Adsorbents

[0100] Adsorbents that are useful for observing glyc-
oprotein interactions include glycoprotein interaction ad-
sorbents, which include adsorbents having immobilize
lectins (i.e., proteins bearing oligosaccharides) therein,
such as CONCONAVALIN™, which is commercially
available. Such adsorbents function on the basis of the
interaction involving molecular recognition of carbohy-
drate moieties on macromolecules. Examples of ana-
lytes that interact with and bind to glycoprotein interaction
adsorbents include glycoproteins, particularly histidine-
rich glycoproteins, whole cells and isolated subcellular
fractions.

H. Biospecific Interaction Adsorbents

[0101] Adsorbents that are useful for observing
biospecific interactions are generically termed "biospe-
cific affinity adsorbents." Examples ofbiospecific affinity
adsorbents include any adsorbent that specifically inter-



23

acts with and binds a particular biomolecule. Biospecific
affinity adsorbents include for example, immobilized an-
tibodies, immobilized single chain antibodies, immobi-
lized specific binding fragments of an antibody; an im-
mobilized affibody, immobilized DNA which binds to DNA
binding proteins, DNA, and RNA; immobilized enzymes,
immobilized substrates or inhibitors which bind to pro-
teins and enzymes; immobilized drugs which bind to drug
binding proteins; immobilized ligands which bind to re-
ceptors; immobilized receptors which bind to ligands; im-
mobilized RNA which binds to DNA and RNA binding
proteins; immobilized aptamers, immobilized avidin or
streptavidin which bind biotin and biotinylated molecules;
immobilized phospholipid membranes and vesicles
which bind lipid-binding proteins. Biospecific interaction
adsorbents rely on known specific interactions such as
those described above. Other examples ofbiospecific in-
teractions for which adsorbents can be utilized will be
readily apparent to those skilled in the art and are con-
templated by the present invention.

[0102] The MS probe used to capture eluted compo-
nents, or where applicable to serve as a solid support for
the washing steps of the invention, can be shaped so
that it is adapted for use with various components of the
mass spectrometer of the invention, such as inlet sys-
tems and detectors. For example, the probe can be
adapted for mounting in a horizontally and/or vertically
translatable carriage that horizontally and/or vertically
moves the probe to a successive position. This allows
components bound to different locations of the adsorbent
surface to be analyzed without requiring repositioning of
the probe by hand. Probes are commercially available
and can be purchased (e.g., ProteinChip®, Ciphergen
Biosystems, Fremont, CA). The probes may be con-
structed of a variety of materials. Probe materials should
not react with sample components, nor should they re-
lease molecular species outside those comprising the
sample and adsorbents located on their surface as a con-
sequence of exposure to the ionization source of the
mass spectrometer. Probe materials include, but are not
limited to, insulating materials (e.g., glass such as silicon
oxide, plastic, ceramic), semiconducting materials (e.g.,
silicon wafers), or electrically conducting materials (e.g.,
metals, such as nickel, brass, steel, aluminum, gold, or
electrically conductive polymers), organic polymers, bi-
opolymers, or any combinations thereof. The probe ma-
terial can also be solid or porous. Probe materials suitable
for use in embodiments of the invention are also de-
scribed in, e.g., U.S. Patent No. 5,617,060 (Hutchens
and Yip) and WO 98/59360 (Hutchens and Yip).

VI. Preparing loaded SELDI-MS probes and analysis
by mass spectrometry

A. Sample preparation

[0103] Prior to MS-analysis, an MS-matrix material
must be added to the adsorbent-bound sample on the

EP 1 552 302 B1

10

15

20

25

30

35

40

45

50

55

13

24

MS probe. The MS matrix can assist absorption of energy
from an ionization source, e.g., from a gas phase ion
spectrometer, and can assist desorption of sample com-
ponents from the probe surface. The MS-matrix can be
any suitable material that allows ionization and vapori-
zation of the molecules of interest bound to the adsorb-
ent, and also absorbs some of the ionization source’s
energy, thereby preventing the ionization source from
fragmenting the sample molecules being analyzed. The
absorption spectrum of the matrix should overlap the fre-
quency of the laser pulse being used. The matrix should
retain stability while at the same time allowing deposition
of ionization energy. The matrix also should not react
(modify) with the samples to be analyzed and must not
sublime away at a rate incompatible with the duration of
the analysis. Finally, the matrix should have appropriate
chemical properties that allow ionization of the sample
material. Common MS-matrix materials include hydrox-
ycinnamic acid (CHCA), sinapinic acid, gentisic acid,
trans-3-indoleacrylic acid (IAA), and cinnamic, nicotinic
and vanillic acids. See, e.g., U.S. Patent 5,719,060
(Hutchens & Yip) for additional description of MS matri-
ces.

[0104] The MS matrix can be added to the multicom-
ponent biological complex components in any suitable
manner. For example, an MS matrix is mixed with the
sample, and the mixture is placed on the adsorbent sur-
face. In another example, an MS matrix can be placed
on the adsorbent surface prior to contacting the adsorb-
ent surface with the sample. In another example, the
sample can be placed on the adsorbent surface prior to
contacting the adsorbent surface with an MS matrix.
Then the components bound to the adsorbent surface
are desorbed, ionized and detected as described in detail
below.

[0105] Alternatively, the probe can be a SEND probe,
in which a layer of energy absorbing molecules is at-
tached to the probe surface. The probe can be a SEND
probe, alone, or it can also comprise an adsorbent and
function in both SEAC and SEND modes.

B. Desorption/lonization and Detection

[0106] Multicomponent biological complex compo-
nents bound on the adsorbent surface of the MS probe
can be desorbed and ionized using mass spectrometry.
Any suitable ionizing mass spectrometer, e.g., a gas
phase ion spectrometer, can be used as long as it allows
the different multicomponent biological complex compo-
nents bound by the adsorbent to be resolved. In a typical
mass spectrometer, an MS probe carrying the multicom-
ponent biological complex components bound by the ad-
sorbent is introduced into an inlet system of the mass
spectrometer. The components are then desorbed by a
desorption source such as a laser, fast atom bombard-
ment, high energy plasma, electrospray ionization, ther-
mospray ionization, liquid secondary ion MS, field des-
orption, etc. The generated desorbed, volatilized species
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consist of preformed ions or neutrals which are ionized
as a direct consequence of the desorption event. Gen-
erated ions are collected by an ion optic assembly, and
then a mass analyzer disperses and analyzes the pass-
ingions. The ions exiting the mass analyzer are detected
by a suitable detector. The detector then translates in-
formation of the detected ions into mass-to-charge ratios.
Detection of the presence of multicomponent biological
complex components will typically involve detection of
signal intensity. Any of the parts of a mass spectrometer
(e.g., a desorption source, a mass analyzer, a detector,
etc.) can be combined with other suitable parts described
herein or others known in the art in embodiments of the
invention.

[0107] Preferably, a laser desorption time-of-flight
mass spectrometer is used in embodiments of the inven-
tion. In laser desorption mass spectrometry, a probe ad-
sorbent comprising multicomponent biological complex
components is introduced into an inlet system. The path-
way components are desorbed and ionized into the gas
phase by laser from the ionization source. The ions gen-
erated are collected by an ion optic assembly, and then
in a time-of-flight mass analyzer, ions are accelerated
through a short high voltage field and let drift into a high
vacuum chamber. At the far end of the high vacuum
chamber, the accelerated ions strike a sensitive detector
surface at a different time. Since the time-of-flight is a
function of the mass ofthe ions, the elapsed time between
ion formation and ion detector impact can be used to
identify the presence or absence of pathway components
of specific mass to charge ratio.

[0108] In another embodiment, an ion mobility spec-
trometer can be used to detect multicomponent biological
complex components. The principle of ion mobility spec-
trometry is based on different mobility of ions. Specifical-
ly, ions of a sample produced by ionization move at dif-
ferentrates, due to their difference in, e.g., mass, charge,
or shape, through a tube under the influence of an electric
field. The ions (typically in the form of a current) are reg-
istered at the detector, which can then be used to identify
pathway components in a sample. One advantage of ion
mobility spectrometry is that it can operate at atmospher-
ic pressure.

VIl Comparing test data to Control data and gener-
ating difference maps

[0109] Data generated by desorption and detection of
multicomponent biological complex components in a test
sample can be compared to a control data to determine
if the multicomponent biological complex in the test sam-
ple is normal. A control data refers to data obtained from
comparable samples from a normal cell or person, which
orwhois known to have no defects in the multicomponent
biological complex. For each multicomponent biological
complex component being analyzed, a control amount
of the same component from a normal sample is deter-
mined. Preferably, the control amount of each compo-
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nent is determined based upon a significant number of
samples taken from normal cells or persons so that it
reflects variations of the amount of these components
seen in the normal cell or population.

[0110] If the test amount of particular components is
significantly increased or decreased compared to the
control amount of the component, then this is a positive
indication that the test sample has a defect in the corre-
sponding multicomponent biological complex. For exam-
ple, if the test amount of a multicomponent biological
complex-related component is increased or decreased
by at least 1.5 fold, 2 fold, 5 fold or 10 fold compared to
the control amount, then this is an indication that the test
sample has a defect in that multicomponent biological
complex. In some circumstances, if defect is severe, cer-
tain components of the multicomponent biological com-
plex may be undetectable.

VIil. Applications

[0111] Using the data analysis methods discussed
above, the present invention allows detection of changes
in the composition of any multicomponent biological com-
plex, including subtle changes in binding affinity between
complex components. Such changes in component bind-
ing and complex composition are frequently associated
with disease states. Examples of changes in multicom-
ponent biological complex compositions and component
affinities associated with disease states include hemo-
philia, diabetes, and many forms of cancer.

[0112] By monitoring the properties of the elution wash
solution that extract each released component from the
multicomponent biological complex, the present inven-
tion also provides an elegant method for characterizing
the intracomplex affinities between individual compo-
nents within the multicomponent biological complex. This
characterization is further enhanced by the use of SELDI-
MS probes. SELDI-MS probes provide an array of differ-
entadsorbent chemistries that can provide further insight
into the binding properties of individual multicomponent
biological complex components by noting which SELDI-
MS probe adsorbents bind which components and with
what affinity.

DEFINITIONS

[0113] Unless defined otherwise, all technical and sci-
entific terms used herein have the meaning commonly
understood by a person skilled in the art to which this
invention belongs. The following references provide one
of skill with a general definition of many of the terms used
in this invention: Singleton et al., Dictionary of Microbiol-
ogy and Molecular Biology (2nd ed. 1994); The Cam-
bridge Dictionary of Science and Technology (Walker
ed., 1988); The Glossary of Genetics, 5th Ed., R. Rieger
etal. (eds.), Springer Verlag (1991); and Hale & Marham,
The Harper Collins Dictionary of Biology (1991). As used
herein, the following terms have the meanings ascribed
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to them unless specified otherwise.

[0114] "Gas phase ion spectrometer" refers to an ap-
paratus that detects gas phase ions. Gas phase ion spec-
trometers include an ion source that supplies gas phase
ions. Gas phase ion spectrometers include, for example,
mass spectrometers, ion mobility spectrometers, and to-
tal ion current measuring devices. "Gas phase ion spec-
trometry" refers to the use of a gas phase ion spectrom-
eter to detect gas phase ions.

[0115] "Mass spectrometer" refers to a gas phase ion
spectrometer that measures a parameter that can be
translated into mass-to-charge ratios of gas phase ions.
Mass spectrometers generally include an ion source and
a mass analyzer. Examples of mass spectrometers are
time-of-flight, magnetic sector, quadrupole filter, ion trap,
ion cyclotron resonance, electrostatic sector analyzer
and hybrids of these. "Mass spectrometry" refers to the
use of a mass spectrometer to detect gas phase ions.
[0116] "Laserdesorption mass spectrometer"” refers to
a mass spectrometer that uses laser energy as a means
to desorb, volatilize, and ionize an analyte.

[0117] "Tandem mass spectrometer" refers to any
mass spectrometer that is capable of performing two suc-
cessive stages of m/z-based discrimination or measure-
ment of ions, including ions in an ion mixture. The phrase
includes mass spectrometers having two mass analyzers
that are capable of performing two successive stages of
m/z-based discrimination or measurement of ions tan-
deme-in-space. The phrase further includes mass spec-
trometers having a single mass analyzer that is capable
of performing two successive stages of m/z-based dis-
crimination or measurement of ions tandem-in-time. The
phrase thus explicitly includes Qq-TOF mass spectrom-
eters, ion trap mass spectrometers, ion trap-TOF mass
spectrometers, TOF-TOF mass spectrometers, fourier
transform ion cyclotron resonance mass spectrometers,
electrostatic sector - magnetic sector mass spectrome-
ters, and combinations thereof.

[0118] "Mass analyzer" refers to a sub-assembly of a
mass spectrometer that comprises means for measuring
a parameter that can be translated into mass-to-charge
ratios of gas phase ions. In a time-of-flight mass spec-
trometer the mass analyzer comprises an ion optic as-
sembly, a flight tube and an ion detector.

[0119] "lon source" refers to a sub-assembly of a gas
phase ion spectrometer that provides gas phase ions. In
one embodiment, the ion source provides ions through
a desorption/ionization process. Such embodiments
generally comprise a probe interface that positionally en-
gages a probe in an interrogatable relationship to a
source of ionizing energy (e.g., a laser desorption/ioni-
zation source) and in concurrent communication at at-
mospheric or subatmospheric pressure with a detector
of a gas phase ion spectrometer.

[0120] Forms of ionizing energy for desorbing/ionizing
an analyte from a solid phase include, for example: (1)
laser energy; (2) fast atoms (used in fast atom bombard-
ment); (3) high energy particles generated via beta decay
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of radionucleides (used in plasma desorption); and (4)
primary ions generating secondary ions (used in second-
ary ion mass spectrometry). The preferred form of ioniz-
ing energy for solid phase analytes is a laser (used in
laser desorption/ionization), in particular, nitrogen lasers,
Nd-Yag lasers and other pulsed laser sources. "Fluence"
refers tothe energy delivered per unit area ofinterrogated
image. A high fluence source, such as alaser, will deliver
about 1 mJ / mm?2 to 50 mJ / mmZ2. Typically, a sample
is placed on the surface of a probe, the probe is engaged
with the probe interface and the probe surface is struck
with the ionizing energy. The energy desorbs analyte
molecules from the surface into the gas phase and ion-
izes them.

[0121] Other forms of ionizing energy for analytes in-
clude, for example: (1) electrons which ionize gas phase
neutrals; (2) strong electric fields to induce ionization
from gas phase, solid phase, or liquid phase neutrals;
and (3) a source that applies a combination of ionization
particles or electric fields with neutral chemicals to induce
chemical ionization of solid phase, gas phase, and liquid
phase neutrals.

[0122] "Probe"in the context of this invention refers to
a device adapted to engage a probe interface of a gas
phase ion spectrometer (e.g., a mass spectrometer) and
to present an analyte to ionizing energy for ionization and
introduction into a gas phase ion spectrometer, such as
a mass spectrometer. A "probe" will generally comprise
a solid substrate (either flexible or rigid) comprising a
sample-presenting surface on which an analyte is pre-
sented to the source of ionizing energy. An "MS probe"
is a probe for a mass spectrometer.

[0123] "Surface-Enhanced Affinity Capture" ("SEAC")
or "affinity capture mass spectrometry" is a version of
SELDI that involves the use of probes comprising an ab-
sorbent surface (a "SEAC probe" or an "affinity capture
probe"). "Adsorbent surface" refers to a surface to which
is bound an adsorbent (also called a "capture reagent”
or an "affinity reagent"). An adsorbent is any material
capable of binding an analyte (e.g., a target polypeptide
or nucleic acid). "Chromatographic adsorbent" refers to
a material typically used in chromatography. Chromato-
graphic adsorbents include, for example, ion exchange
materials, metal chelators (e.g., nitriloacetic acid or imi-
nodiacetic acid), immobilized metal chelates, hydropho-
bic interaction adsorbents, hydrophilic interaction ad-
sorbents, dyes, simple biomolecules (e.g., nucleotides,
amino acids, simple sugars and fatty acids) and mixed
mode adsorbents (e.g., hydrophobic attraction/electro-
static repulsion adsorbents). "Biospecific adsorbent" re-
fers to an adsorbent comprising a biomolecule, e.g., a
nucleic acid molecule (e.g., an aptamer), a polypeptide,
apolysaccharide, a lipid, a steroid or a conjugate of these
(e.g., aglycoprotein, alipoprotein, a glycolipid). In certain
instances the biospecific adsorbent can be a macromo-
lecular structure such as a multiprotein complex, a bio-
logical membrane or a virus. Biospecific adsorbents typ-
ically have higher specificity for a target analyte than
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chromatographic adsorbents. Further examples of ad-
sorbents for use in SELDI can be found in U.S. Patent
6,225,047 (Hutchens and Yip, "Use of retentate chroma-
tography to generate difference maps," May 1, 2001). In
some embodiments, a SEAC probe is provided as a pre-
activated surface, which can be modified to provide an
adsorbent of choice. Forexample, certain probes are pro-
vided with a reactive moiety that is capable of binding a
biological molecule through a covalent bond. Epoxide
and carbodiimidizole are useful reactive moieties to cov-
alently bind biospecific adsorbents such as antibodies or
cellular receptors.

[0124] "Affybody" or "Affibody®" refers to a small ro-
bust protein, derived from a bacterial receptor structure,
which may be engineered to bind to virtually any molec-
ular moiety. Affibodies are commercially available
through Affibody, Teknikringen 30, floor 6, Box 700 04,
Stockholm SE-10044, Sweden, Phone: 46-08-790-6595,
FAX: 46-08-790-6538, and are the subject of US Pat No:
5,831,012.

[0125] The phrase "specifically binds" refers to a bind-
ing reaction that is determinative of the presence of an
epitope in a heterogeneous population of biological mol-
ecules. A molecule is said to specifically bind to an
epitope when the molecule binds at least twice the molar
amount, more typically 10 to 100 times the molar amount
of background molecules. For example, solid-phase ELI-
SAimmunoassays are routinely used to select antibodies
that specifically bind with an epitope of an antigen (see,
e.g., Harlow & Lane, Antibodies, A Laboratory Manual
(1988), for a description of immunoassay formats and
conditions that can be used to determine specific bind-
ing). In an ELISA format, and antibody specifically bind-
ing an epitope will produce at least twice background
signal and more typically more than 10 to 100 times back-
ground signal.

[0126] In a preferred embodiment affinity mass spec-
trometry involves applying a liquid sample comprising an
analyte to the adsorbent surface of a SELDI probe. An-
alytes, such as polypeptides, having affinity for the ad-
sorbent bind to the probe surface. Typically, the surface
is then washed to remove unbound molecules, and leav-
ing retained molecules. The extent of analyte retention
is afunction of the stringency of the wash used. An energy
absorbing material (e.g., matrix) is then applied to the
adsorbent surface. Retained molecules are then detect-
ed by laser desorption/ionization mass spectrometry.
[0127] SELDI is useful for protein profiling, in which
proteins in a sample are detected using one or several
different SELDI surfaces. In turn, protein profiling is use-
ful for difference mapping, in which the protein profiles
of different samples are compared to detect differences
in protein expression between the samples.

[0128] "Adsorption" refers to detectable non-covalent
binding of an analyte to an adsorbent or capture reagent.
[0129] "Surface-Enhanced Neat Desorption" or
"SEND" is a version of SELDI that involves the use of
probes ("SEND probe") comprising a layer of energy ab-
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sorbing molecules attached to the probe surface. Attach-
ment can be, for example, by covalent or non-covalent
chemical bonds. Unlike traditional MALDI, the analyte in
SEND is not trapped within a crystalline matrix of energy
absorbing molecules for desorption/ionization. "Energy
absorbing molecules" ("EAM") refer to molecules that are
capable of absorbing energy from a laser desorption/ ion-
ization source and thereafter contributing to desorption
and ionization of analyte molecules in contact therewith.
The phrase includes molecules used in MALDI, frequent-
ly referred to as "matrix", and explicitly includes cinnamic
acid derivatives, sinapinic acid ("SPA"), cyano-hydroxy-
cinnamic acid ("CHCA") and dihydroxybenzoic acid, fer-
ulic acid, hydroxyacetophenone derivatives, as well as
others. It also includes EAMs used in SELDI. In certain
embodiments, the energy absorbing molecule is incor-
porated into a linear or cross-linked polymer, e.g., a
polymethacrylate. For example, the composition can be
a co-polymer of a-cyano-4-methacryloyloxycinnamic ac-
id and acrylate. In another embodiment, the composition
is a co-polymer of a-cyano-4-methacryloyloxycinnamic
acid, acrylate and 3-(tri-methoxy)silyl propyl methacr-
ylate. In another embodiment, the composition is a co-
polymer comprising a-cyano-4-methacryloyloxycinnam-
ic acid and octadecylmethacrylate ("C18 SEND"). SEND
is further described in United States patent 5,719,060
and United States patent application 60/408,255, filed
September 4, 2002 (Kitagawa, "Monomers And Poly-
mers Having Energy Absorbing Moieties Of Use In De-
sorption/lonization Of Analytes").

[0130] "Surface-Enhanced Photolabile Attachment
and Release" or "SEPAR" is a version of SELDI that in-
volves the use of probes having moieties attached to the
surface that can covalently bind an analyte, and then
release the analyte through breaking a photolabile bond
in the moiety after exposure to light, e.g., laser light. SEP-
AR is further described in United States patent
5,719,060.

[0131] SEAC/SEND is a version of SELDI in which
both a capture reagent and an energy absorbing mole-
cule are attached to the sample presenting surface.
SEAC/SEND probes therefore allow the capture of ana-
lytes through affinity capture and desorption without the
need to apply external matrix. The C18 SEND biochip is
a version of SEAC/SEND, comprising a C18 moiety
which functions as a capture reagent, and a CHCA moi-
ety, which functions as an energy absorbing moiety.
[0132] "Eluant" or "wash solution" refers to an agent,
typically a solution, which is used to affect or modify ad-
sorption of an analyte to an adsorbent surface and/or
remove unbound materials from the surface. The elution
characteristics of an eluant can depend, for example, on
pH, ionic strength, hydrophobicity, degree of chaotro-
pism, detergent strength and temperature.

[0133] "Analyte" refers to any component of a sample
that is desired to be detected. The term can refer to a
single component or a plurality of components in the sam-

ple.
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[0134] The "complexity" of a sample adsorbed to an
adsorption surface of an affinity capture probe means
the number of different protein species that are adsorbed.
[0135] "Molecularbinding partners" and "specific bind-
ing partners" refer to pairs of molecules, typically pairs
of biomolecules that exhibit specific binding. Molecular
binding partners include, without limitation, receptor and
ligand, antibody and antigen, biotin and avidin, and biotin
and streptavidin.

[0136] "Multicomponent biological complex" refers to
any biomolecular complex comprising two or more com-
ponents being encoded by different genetic elements in-
cluding different genes, reading frames of the same nu-
cleotide sequence, having different molecular weights or
volumes, undergoing variant post-transcriptional
processing including products of different mRNA splices
variants, or belong to different classes of biomolecules,
the classes being proteins, simple sugars, carbohy-
drates, lipids and fats, and nucleotides and nucleic acids.
[0137] "Small organic molecule" refers to organic mol-
ecules of a size comparable to those organic molecules
generally used in pharmaceuticals. Small organic mole-
cules as used herein typically range in size up to about
5000 Da, up to about 2500 Da, up to about 2000 Da, or
up to about 1000 Da.

[0138] An"equilibration wash" or "initial wash solution"
refers to a wash solution designed to remove only those
fractions of the sample that are bound adventitiously
(usually meaning bound via a mechanism other than that
for which the application was designed) or not bound at
all. Typically an initial wash solution will be of physiologic
ionic strength and pH at room temperature. By contrast,
an "elution wash solution" is a wash solution designed
to dissociate part of, or all of the sample bound to the
solid support. "Elution washes" typically have ionic
strengths and/or pH values that are different from phys-
iologic or have additional components designed to dis-
rupt biomolecular interactions (i.e., they are more strin-
gent solutions than the initial wash solution). Typical ad-
ditional components that disrupt biomolecular interac-
tions include, but are not limited to, chaotropic salts, glyc-
erol, multivalent ions, including zwitterions, and ampho-
Iytic reagents.

[0139] "Stringent," in the context of this invention, re-
fers to the disruptive nature of a given solution towards
some or all of the biomolecular interactions present in a
given multi-subunit complex. Increasing the stringency
of a solution, for example, refers to altering its composi-
tion in a manner that could disrupt biomolecular interac-
tions of a multi-subunit complex; i.e. altering the chemical
and/or physical nature of the solution away from the con-
ditions present for the " initial wash solution".

[0140] "pH-Based Eluants" are eluants that modify the
selectivity of the adsorbent based upon pH (i.e., charge).
They include known pH buffers, acidic solutions, and ba-
sic solutions. By washing an analyte bound to a given
adsorbent with a particular pH buffer, the charge can be
modified and therefore the strength of the bond between
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the adsorbent and the analyte in the presence of the par-
ticular pH buffer can be challenged. Those analytes that
are less competitive than others for the adsorbent at the
pH of the eluant will be desorbed from the adsorbent and
eluted, leaving bound only those analytes which bind
more strongly to the adsorbent at the pH of the eluant.
The stringency of pH-based eluants depends on the con-
centration of acid or base.

[0141] "lonic Strength-Based eluants” are eluants that
modify the selectivity of the adsorbent with respect to
ionic strength include salt solutions of various types and
concentrations. The amount of salt solubilized in the el-
uant solution affects the ionic strength of the eluant and
modifies the adsorbent binding ability correspondingly.
Eluants containing a low concentration of salt provide a
slight modification of the adsorbent binding ability with
respect to ionic strength. Eluants containing a high con-
centration of salt provide a greater modification of the
adsorbent binding ability with respect to ionic strength.
[0142] "Water Structure-Based eluants" are eluants
that modify the selectivity of the adsorbent by alteration
of water structure or concentration include urea and cha-
otropic salt solutions. Typically, urea solutions include,
e.g., solutions ranging in concentration from 0.1 to 8 M.
Chaotropic salts which can be used to provide eluants
include sodium thiocyanate. Water structure-based elu-
ants modify the ability of the adsorbent to bind the analyte
due to alterations in hydration or bound water structure.
Eluants of this type include for example, glycerol, ethyl-
ene glycol and organic solvents. Chaotropic anions in-
crease the water solubility of nonpolar moieties thereby
decreasing hydrophobic interactions between the ana-
lyte and the adsorbent.

[0143] "Detergent-Based eluants" are eluants that
modify the selectivity of the adsorbent with respect to
surface tension and analyte structure include detergents
and surfactants. Suitable detergents for use as eluants
include ionic and nonionic detergents such as CHAPS,
TWEEN and NP-40. Detergent-based eluants modify the
ability of the adsorbent to bind the analyte as the hydro-
phobic interactions are modified when the hydrophobic
and hydrophilic groups of the detergent are introduced.
Hydrophobic interactions between the analyte and the
adsorbent, and within the analyte are modified and
charge groups are introduced, e.g., protein denaturation
with ionic detergents such as SDS.

[0144] "Hydrophobicity-Based eluants" are eluants
that modify the selectivity of the adsorbent with respect
to dielectric constant are those eluants which modify the
selectivity of the adsorbent with respect to hydrophobic
interaction. Examples of suitable eluants that function in
this capacity include organic solvents (e.g., propanol, ac-
etonitrile, ethylene glycol and glycerol), thiophilic salts
(e.g., ammonium sulfate), and detergents such as those
mentioned above. Use of acetonitrile as eluant is typical
in reverse phase chromatography. Inclusion of ethylene
glycolin the eluantis effective in elutingimmunoglobulins
from salt-promoted interactions with thiophilic adsorb-
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ents.

[0145] "Monitoring" refers to recording changes in a
continuously varying parameter.

[0146] Protein biochips produced by Ciphergen Bio-
systems comprise surfaces having chromatographic or
biospecific adsorbents attached thereto at addressable
locations. Ciphergen ProteinChip® arrays include NP20,
H4, H50, SAX-2, Q10, WCX-2, CM10, IMAC-3, IMAC30,
LSAX-30, LWCX-30, IMAC-40, PS-10, PS-20 and PG-
20. These protein biochips comprise an aluminum sub-
strate in the form of a strip. The surface of the strip is
coated with silicon dioxide.

[0147] In the case of the NP-20 biochip, silicon oxide
functions as a hydrophilic adsorbent to capture hy-
drophilic proteins.

[0148] H4,H50, SAX-2,Q10, WCX-2, CM10, IMAC-3,
IMAC30, PS-10 and PS-20 biochips further comprise a
functionalized, cross-linked polymer in the form of a hy-
drogel physically attached to the surface of the biochip
or covalently attached through a silane to the surface of
the biochip. The H4 biochip has isopropyl functionalities
for hydrophobic binding. The H50 biochip has nonylphe-
noxy-poly(ethylene glycol)methacrylate for hydrophobic
binding. The SAX-2 and Q10 biochips have quaternary
ammonium functionalities for anion exchange. The
WCX-2 and CM10 biochips have carboxylate functional-
ities for cation exchange. The IMAC-3 and IMAC30 bio-
chips have nitriloacetic acid functionalities that adsorb
transition metalions, such as Cu**and Ni**, by chelation.
These immobilized metal ions allow adsorption of peptide
and proteins by coordinate bonding. The PS-10 biochip
has carbodiimidizole functional groups that can react with
groups on proteins for covalent binding. The PS-20 bio-
chip has epoxide functional groups for covalent binding
with proteins. The PS-series biochips are useful for bind-
ing biospecific adsorbents, such as antibodies, recep-
tors, lectins, heparin, Protein A, biotin/streptavidin and
the like, to chip surfaces where they function to specifi-
cally capture analytes from a sample. The PG-20 biochip
is a PS-20 chip to which Protein G is attached. The LSAX-
30 (anion exchange), LWCX-30 (cation exchange) and
IMAC-40 (metal chelate) biochips have functionalized la-
tex beads on their surfaces. Such biochips are further
described in: WO 00/66265 (Rich et al., "Probes for a
Gas Phase lon Spectrometer," November 9, 2000); WO
00/67293 (Beecher et al., "Sample Holder with Hydro-
phobic Coating for Gas Phase Mass Spectrometer," No-
vember 9, 2000); U.S. patent application 09/908,518
(Pohletal., "Latex Based Adsorbent Chip," July 16, 2002)
and U.S. patent application 60/350,110 (Um et al., "Hy-
drophobic Surface Chip," November 8, 2001).

[0149] Upon capture on a biochip, analytes can be de-
tected by a variety of detection methods selected from,
for example, a gas phase ion spectrometry method, an
optical method, an electrochemical method, atomic force
microscopy and a radio frequency method. Gas phase
ion spectrometry methods are described herein. Of par-
ticular interest is the use of mass spectrometry and, in
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particular, SELDI. Optical methods include, for example,
detection of fluorescence, luminescence, chemilumines-
cence, absorbance, reflectance, transmittance, birefrin-
gence or refractive index (e.g., surface plasmon reso-
nance, ellipsometry, a resonant mirror method, a grating
coupler waveguide method or interferometry). Optical
methods include microscopy (both confocal and non-
confocal), imaging methods and non-imaging methods.
Immunoassays in various formats (e.g., ELISA) are pop-
ular methods for detection of analytes captured on a solid
phase. Electrochemical methods include voltametry and
amperometry methods. Radio frequency methods in-
clude multipolar resonance spectroscopy.

[0150] Data generation in mass spectrometry begins
with the detection of ions by an ion detector. A typical
laser desorption mass spectrometer can employ a nitro-
gen laser at 337.1 nm. A useful pulse width is about 4
nanoseconds. Generally, power output of about 1-25 p.J
is used. lons that strike the detector generate an electric
potential that is digitized by a highspeed time-array re-
cording device that digitally captures the analog signal.
Ciphergen’s ProteinChip® system employs an analog-
to-digital converter (ADC) to accomplish this. The ADC
integrates detector output at regularly spaced time inter-
vals into time-dependent bins. The time intervals typically
are one to four nanoseconds long. Furthermore, the time-
of flight spectrum ultimately analyzed typically does not
represent the signal from a single pulse of ionizing energy
against a sample, but rather the sum of signals from a
number of pulses. This reduces noise and increases dy-
namic range. This time-of-flight data is then subject to
data processing. In Ciphergen’s ProteinChip® software,
data processing typically includes TOF-to-M/Z transfor-
mation, baseline subtraction, high frequency noise filter-
ing.

[0151] TOF-to-M/Z transformation involves the appli-
cation of an algorithm that transforms times-of-flight into
mass-to-charge ratio (M/Z). In this step, the signals are
converted from the time domain to the mass domain.
That is, each time-of-flight is converted into mass-to-
charge ratio, or M/Z. Calibration can be done internally
or externally. In internal calibration, the sample analyzed
contains one or more analytes of known M/Z. Signal
peaks at times-of-flight representing these massed ana-
lytes are assigned the known M/Z. Based on these as-
signed M/Z ratios, parameters are calculated for a math-
ematical function that converts times-of-flight to M/Z. In
external calibration, a function that converts times-of-
flight to M/Z, such as one created by prior internal cali-
bration, is applied to a time-of-flight spectrum without the
use of internal calibrants.

[0152] Baseline subtraction improves data quantifica-
tion by eliminating artificial, reproducible instrument off-
sets that perturb the spectrum. It involves calculating a
spectrum baseline using an algorithm that incorporates
parameters such as peak width, and then subtracting the
baseline from the mass spectrum.

[0153] High frequency noise signals are eliminated by
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the application of a smoothing function. A typical smooth-
ing function applies a moving average function to each
time-dependent bin. In an improved version, the moving
average filter is a variable width digital filter in which the
bandwidth of the filter varies as a function of, e.g., peak
bandwidth, generally becoming broader with increased
time-of-flight. See, e.g., WO 00/70648, November 23,
2000 (Gavin et al., "Variable Width Digital Filter for Time-
of-flight Mass Spectrometry").

[0154] A computer can transform the resulting spec-
trum into various formats for displaying. In one format,
referred to as "spectrum view or retentate map," a stand-
ard spectral view can be displayed, wherein the view de-
picts the quantity of analyte reaching the detector at each
particular molecular weight. In another format, referred
to as "peak map," only the peak height and mass infor-
mation are retained from the spectrum view, yielding a
cleanerimage and enabling analytes with nearly identical
molecular weights to be more easily seen. In yet another
format, referred to as "gel view," each mass from the
peak view can be converted into a grayscale image based
on the height of each peak, resulting in an appearance
similar to bands on electrophoretic gels. In yet another
format, referred to as "3-D overlays," several spectra can
be overlaid to study subtle changes in relative peak
heights. In yet another format, referred to as "difference
map view," two or more spectra can be compared, con-
veniently highlighting unique analytes and analytes that
are up- or down-regulated between samples.

[0155] Analysis generally involves the identification of
peaks in the spectrum that represent signal from an an-
alyte. Peak selection can, of course, be done visually.
However, software is available as part of Ciphergen’s
ProteinChip® software that can automate the detection
of peaks. In general, this software functions by identifying
signals having a signal-to-noise ratio above a selected
threshold and labeling the mass of the peak at the cen-
troid of the peak signal. In one useful application many
spectra are compared to identify identical peaks present
in some selected percentage of the mass spectra. One
version of this software clusters all peaks appearing in
the various spectra within a defined mass range, and
assigns a mass (M/Z) to all the peaks that are near the
mid-point of the mass (M/Z) cluster.

[0156] Peak data from one or more spectra can be
subject to further analysis by, for example, creating a
spreadsheet in which each row represents a particular
mass spectrum, each column represents a peak in the
spectra defined by mass, and each cell includes the in-
tensity of the peak in that particular spectrum. Various
statistical or pattern recognition approaches can applied
to the data.

[0157] The spectrathatare generated in embodiments
of the invention can be classified using a pattern recog-
nition process that uses a classification model. In gener-
al, the spectra will represent samples from at least two
different groups for which a classification algorithm is
sought. For example, the groups can be pathological v.
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non-pathological (e.g., cancer v. non-cancer), drug re-
sponder v. drug non-responder, toxic response v. non-
toxic response, progressor to disease state v. non-pro-
gressor to disease state, phenotypic condition present v.
phenotypic condition absent.

[0158] In some embodiments, data derived from the
spectra (e.g., mass spectra or time-of-flight spectra) that
are generated using samples such as "known samples"
can then be used to "train" a classification model. A
"known sample" is a sample that is pre-classified. The
data that are derived from the spectra and are used to
form the classification model can be referred to as a
"training data set". Once trained, the classification model
can recognize patterns in data derived from spectra gen-
erated using unknown samples. The classification model
can then be used to classify the unknown samples into
classes. This can be useful, for example, in predicting
whether or not a particular biological sample is associat-
ed with a certain biological condition (e.g., diseased vs.
non diseased).

[0159] The training data set that is used to form the
classification model may comprise raw data or pre-proc-
essed data. In some embodiments, raw data can be ob-
tained directly from time-of flight spectra or mass spectra,
and then may be optionally "pre-processed" as described
above.

[0160] Classification models can be formed using any
suitable statistical classification (or "learning") method
that attempts to segregate bodies of data into classes
based on objective parameters present in the data. Clas-
sification methods may be either supervised or unsuper-
vised. Examples of supervised and unsupervised classi-
fication processes are described in Jain, "Statistical Pat-
tern Recognition: A Review", IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, Vol. 22, No. 1,
January 2000, which is herein incorporated by reference
in its entirety.

[0161] In supervised classification, training data con-
taining examples of known categories are presented to
a learning mechanism, which learns one more sets of
relationships that define each of the known classes. New
data may then be applied to the learning mechanism,
which then classifies the new data using the learned re-
lationships. Examples of supervised classification proc-
esses include linear regression processes (e.g., multiple
linear regression (MLR), partial least squares (PLS) re-
gression and principal components regression (PCR)),
binary decision trees (e.g., recursive partitioning proc-
esses such as CART - classification and regression
trees), artificial neural networks such as back-propaga-
tion networks, discriminant analyses (e.g., Bayesian
classifier or Fischer analysis), logistic classifiers, and
support vector classifiers (support vector machines).
[0162] A preferred supervised classification method is
a recursive partitioning process. Recursive partitioning
processes use recursive partitioning trees to classify
spectra derived from unknown samples. Further details
about recursive partitioning processes are in U.S. Provi-
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sional Patent Application Nos. 60/249,835, filed on No-
vember 16, 2000, and 60/254,746, filed on December
11, 2000, and U.S. Non-Provisional Patent Application
Nos. 09/999,081, filed November 15,2001, and
10/084,587, filed on February 25, 2002. All of these U.S.
Provisional and Non Provisional Patent Applications are
herein incorporated by reference in their entirety for all
purposes.

[0163] Inotherembodiments, the classification models
that are created can be formed using unsupervised learn-
ing methods. Unsupervised classification attempts to
learn classifications based on similarities in the training
data set, without pre classifying the spectra from which
the training data set was derived. Unsupervised learning
methods include cluster analyses. A cluster analysis at-
tempts to divide the data into "clusters" or groups that
ideally should have members that are very similar to each
other, and very dissimilar to members of other clusters.
Similarity is then measured using some distance metric,
which measures the distance between data items, and
clusters together data items that are closer to each other.
Clustering techniques include the MacQueen’s K-means
algorithm and the Kohonen'’s Self-Organizing Map algo-
rithm.

[0164] The classification models can be formed on and
used on any suitable digital computer. Suitable digital
computers include micro, mini, or large computers using
any standard or specialized operating system such as a
Unix, Windows™ or Linux™ based operating system. The
digital computer that is used may be physically separate
from the mass spectrometer that is used to create the
spectra of interest, orit may be coupled to the mass spec-
trometer.

[0165] The training data set and the classification mod-
els according to embodiments of the invention can be
embodied by computer code that is executed or used by
a digital computer. The computer code can be stored on
any suitable computer readable media including optical
or magnetic disks, sticks, tapes, etc., and can be written
in any suitable computer programming language includ-
ing C, C++, visual basic, etc.

Claims

1. A method for creating a profile of interactions be-
tween components of at least one multicomponent
biological complex for a sample, the method com-
prising, for each complex:

(a) providing an aliquot from the sample, where-
in the aliquot comprises the multicomponent bi-
ological complex from the sample immobilized
on a solid support through a biospecific affinity
molecule, wherein the affinity molecule binds a
first component of the complex and wherein un-
bound material has been removed from the solid
support;
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(b) washing the immobilized complex with a first
sequence of elution washes, wherein the con-
centrations of a first solute in each elution wash
in the sequence form a gradient of increasing or
decreasing concentration; and

(c) measuring a second component in the suc-
cessive elution washes;

whereby the profile for a complex from a sample
comprises the measurements from the elution wash-
es.

The method of claim 1, wherein the sample is se-
lected from tissue extracts, cell extracts, blood, urine,
lymphatic fluid, in vitro protein expression media and
derivatives thereof.

The method of claim 1 or 2, wherein the at least one
complex is one complex or plurality of complexes,
each bound through a biospecific affinity reagent.

The method of any one of the preceding claims,
wherein the affinity molecule is selected from an an-
tibody, a single chain antibody, a specific binding
fragment of an antibody, an affibody, an enzyme, an
enzyme substrate, a receptor, a receptor ligand, a
drug, a nucleic acid, and an aptamer.

The method of any one of the preceding claims,
wherein the affinity molecule is immobilized to the
solid support before binding the complex, or wherein
the affinity molecule is bound to the solid support
after binding the complex.

The method of any one of the preceding claims,
wherein the solid supportis a chromatographic resin.

The method of any one of the preceding claims,
wherein the washes are performed in a flow-through
device which is a microtiter drip plate, a flow-through
column or a flow-through microcolumn.

The method of any one of the preceding claims,
wherein the unbound material is removed with an
initial wash.

The method of any one of the preceding claims,
wherein the solute is an ion, a salt, a detergent, a
biomolecule or a binding competitor.

The method of any one of the preceding claims, com-
prising washing the immobilized complexina second
aliquot of the sample with a second sequence of elu-
tion washes, wherein the second solute is different
than the first solute.

The method of any one of the preceding claims,
wherein the second component is detected by an
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optical method, an electrochemical method, atomic
force microscopy or a radio frequency method.

The method of any one of claims 1 to 10, wherein
the second component is detected by mass spec-
trometry.

The method of claim 12, wherein mass spectrometry
is affinity mass spectrometry, which optionally com-
prises SEND.

The method of any one of the preceding claims, fur-
ther comprising after step (b), measuring compo-
nents of the complex stillimmobilized on the support
through the biospecific affinity molecule, whereby
the profile further comprises the measurements of
the complex.

A method comprising:

(i) providing a set of biological samples, wherein
the set comprises at least two subsets, each
subset characterized by a different biological
characteristic;

(i) creating a profile of interactions between
components of at least one multicomponent bi-
ological complex for each sample in the set by
a method according to any one of claims 1 to
14; and

(iii) comparing the profiles for the samples to de-
tect differences in interaction between compo-
nents in each subset.

The method of claim 15, wherein the different bio-
logical characteristics are selected from pathological
v. non-pathological, drug responder v. drug non-re-
sponder, toxic response v. non-toxic response, pro-
gressor to disease state v. non-progressor to dis-
ease state, exposure to an inhibitor RNA or non-ex-
posure to the inhibitory RNA.

The method of claim 15 or 16, comprising performing
step (ii) on asecond aliquot from the samples, where-
in the elution washes comprise a second, different
solute and the concentrations of the second solute
in the successive elution washes form a gradient of
increasing or decreasing concentration.

The method of any one of claims 15 to 17, wherein
comparing comprises using the profiles to train a
computerized learning algorithm, wherein the com-
puterized learning algorithm generates a classifica-
tion algorithm that classifies a profile into one of the
at least two subsets.

The method of any one of the preceding claims,
which comprises providing a plurality of aliquots from
the sample, whereby the profile for a sample com-
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prises the measurements from the elution washes
from each aliquot.

The method of claim 19, further comprising perform-
ing step (b) on a second plurality of aliquots from the
sample, wherein the elution washes comprise a sec-
ond, different solute and the concentrations of the
second solute in the successive elution washes form
agradient of increasing or decreasing concentration.

Patentanspriiche

1.

Methode zur Schaffung eines Profils von Interaktio-
nen zwischen den Komponenten wenigstens eines
vielkomponentigen biologischen Komplexes fiir eine
Probe, welche Methode, fir jeden Komplex, um-
fasst:

(a) Bereitstellen eines Aliquots von der Probe,
wobei das Aliquot den vielkomponentigen bio-
logischen Komplex von der Probe, immobilisiert
an einem festen Trager durch ein biospezifi-
sches Affinitdtsmolekdl, umfasst, wobei das Af-
finitatsmolekil eine erste Komponente des
Komplexes bindet und wobei ungebundenes
Material von dem festen Trager entfernt worden
ist;

(b) Waschen desimmobilisierten Komplexes mit
einer ersten Abfolge von Elutions-Waschgan-
gen, wobei die Konzentrationen eines ersten
Soluts in jedem Elutions-Waschgang in der Ab-
folge einen Gradienten von zunehmender oder
abnehmender Konzentration bildet; und

(c) Messen einer zweiten Komponente in den
sukzessiven Elutions-Waschgangen;

wobei das Profil fiir einen Komplex aus einer Probe
die Messungen aus den Elutions-Waschgangen um-
fasst.

Methode nach Anspruch 1, wobei die Probe ausge-
wahlt ist aus Gewebeextrakten, Zellextrakten, Blut,
Urin, lymphatischer FlUssigkeit, in vitro-Proteinex-
pressionsmedien und Derivaten davon.

Methode nach Anspruch 1 oder 2, wobei der wenig-
stens eine Komplex ein Komplex oder eine Mehrzahl
von Komplexen ist, jeweils gebunden durch ein bio-
spezifisches Affinitdtsreagenz.

Methode nach einem der vorangehenden Anspri-
che, wobei das Affinitdtsmolekil ausgewahlt ist aus
einem Antikérper, einem einzelkettigen Antikdrper,
einem spezifischen Bindungsfragment eines Anti-
korpers, einem Affibody, einem Enzym, einem En-
zymsubstrat, einem Rezeptor, einem Rezeptorligan-
den, einem Arzneistoff, einer Nukleinsdure und ei-
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nem Aptamer.

Methode nach einem der vorangehenden Anspri-
che, wobei das Affinitdtsmolekil an dem festen Tra-
ger vor dem Binden des Komplexes immobilisiert
wird, oder wobei das Affinitdtsmolekl an den festen
Trager nach dem Binden des Komplexes gebunden
wird.

Methode nach einem der vorangehenden Anspri-
che, wobei der feste Trager ein chromatographi-
sches Harz ist.

Methode nach einem der vorangehenden Anspri-
che, wobei die Waschgéange in einer Durchfluss-Vor-
richtung vorgenommen werden, welche eine Mikro-
titer-Tropfplatte, eine Durchflusssdule oder eine
Durchfluss-Mikroséaule ist.

Methode nach einem der vorangehenden Anspri-
che, wobei das ungebundene Material mit einem an-
fanglichen Waschgang entfernt wird.

Methode nach einem der vorangehenden Anspri-
che, wobeidas Solutein lon, ein Salz, ein Detergens,
ein Biomolekl oder ein Bindungskompetitor ist.

Methode nach einem der vorangehenden Anspri-
che, umfassend das Waschen des immobilisierten
Komplexes in einem zweiten Aliquot der Probe mit
einer zweiten Abfolge von Elutions-Waschgéangen,
wobei das zweite Solut von dem ersten Solut ver-
schieden ist.

Methode nach einem der vorangehenden Anspri-
che, wobei die zweite Komponente mittels einer op-
tischen Methode, einer elektrochemischen Metho-
de, Atomkraftmikroskopie oder einer Radiofre-
quenz-Methode nachgewiesen wird.

Methode nach einem der Anspriiche 1 bis 10, wobei
die zweite Komponente mittels Massenspektrosko-
pie nachgewiesen wird.

Methode nach Anspruch 12, wobei die Massenspek-
trometrie eine Affinitats-Massenspektrometrie ist,
die wahlweise SEND umfasst.

Methode nach einem der vorangehenden Anspru-
che, auBerdem umfassend nach Schritt (b) das Mes-
sen der Komponenten des Komplexes, die noch an
dem Trager durch das biospezifische Affinitatsmo-
lekil immobilisiert sind, wobei das Profil auerdem
die Messungen des Komplexes umfasst.

Methode, umfassend:

(i) Bereitstellen eines Satzes von biologischen
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Proben, wobei der Satz wenigstens zwei Sub-
satze umfasst, wobei jeder Subsatz durch eine
unterschiedliche biologische Eigenschaft cha-
rakterisiert ist;

(i) Schaffen eines Profils von Interaktionen zwi-
schen den Komponenten wengistens eines viel-
komponentigen biologischen Komplexes fir je-
de Probe in dem Satz mittels einer Methode
nach einem der Anspriche 1 bis 14; und

(iii) Vergleichen der Profile fiir die Proben, um
Unterschiede in der Interaktion zwischen den
Komponenten in jedem Subsatz nachzuweisen.

Methode nach Anspruch 15, wobei die unterschied-
lichen biologischen Eigenschaften ausgewahlt sind
aus pathologisch vs. nicht pathologisch, auf Arznei-
stoff ansprechend vs. nicht auf Arzneistoff anspre-
chend, toxische Reaktion vs. nicht-toxische Reakti-
on, Fortschreiten des Erkrankungszustands vs.
Nicht-Fortschreiten des Erkrankungszustands, Ex-
position an eine Inhibitor-RNA oder Nicht-Exposition
an die inhibitorische RNA.

Methode nach Anspruch 15 oder 16, umfassend das
Durchflihren von Schritt (ii) an einem zweiten Aliquot
von den Proben, wobei die Elutions-Waschgéange
ein zweites, unterschiedliches Solut umfassen und
die Konzentrationen des zweiten Soluts in den suk-
zessiven Elutions-Waschgangen einen Gradienten
von zunehmender oder abnehmender Konzentrati-
on bilden.

Methode nach einem der Anspriiche 15 bis 17, wobei
das Vergleichen die Verwendung der Profile um-
fasst, um einen computerisierten Lernalgorithmus zu
trainieren, wobei der computerisierte Lernalgorith-
mus einen Klassifikationsalgorithmus generiert, der
ein Profil einem der wenigstens zwei Subsétze zu-
ordnet.

Methode nach einem der vorangehenden Anspri-
che, welche das Bereitstellen einer Mehrzahl von
Aliquots von der Probe umfasst, wobei das Profil fiir
eine Probe die Messungen aus den Elutions-Wasch-
gangen von jedem Aliquot umfasst.

Methode nach Anspruch 19, auRerdem umfassend
das Durchfiihren von Schritt (b) an einer zweiten
Mehrzahl von Aliquots von der Probe, wobei die Elu-
tions-Waschgange ein zweites, unterschiedliches
Solut umfassen und die Konzentrationen des zwei-
ten Soluts in den sukzessiven Elutions-Waschgéan-
gen einen Gradienten von zunehmender oder ab-
nehmender Konzentration bilden.
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Revendications

Méthode destinée a créer un profil d’interactions en-
tre des composants d’au moins un complexe biolo-
gique multicomposant pour un échantillon, la métho-
de comprenant, pour chaque complexe :

(a) la fourniture d'une fraction aliquote de
I'échantillon, dans laquelle la fraction aliquote
comprend le complexe biologique multicompo-
sant de I'échantillon immobilisé sur un support
solide via une molécule d’affinité biospécifique,
dans laquelle la molécule d’affinité se lie a un
premier composant du complexe et dans laquel-
le le matériel non lié a été enlevé du support
solide ;

(b) le lavage du complexe immobilisé avec une
premiere séquence de lavages d’élution, dans
laquelle les concentrations d’un premier soluté
dans chaque lavage d’élution dans la séquence
forment un gradient de concentrations croissan-
tes ou décroissantes ; et

(c) la mesure d’un second composant dans les
lavages d’élution successifs ; ce par quoile profil
pour un complexe a partir d’'un échantillon com-
prend les mesures a partir des lavages d’élution.

Méthode de la revendication 1, dans laquelle
I’échantillon est choisi a partir d’extraits tissulaires,
d’extraits cellulaires, de sang, d’urine, de liquide lym-
phatique, de milieux d’expression de protéines in
vitro et de dérivés de ceux-ci.

Méthode de la revendication 1 ou 2, dans laquelle
le au moins un complexe est un complexe ou une
pluralité de complexes, chacun lié via un réactif d’af-
finité biospécifique.

Méthode de I'une quelconque des revendications
précédentes, dans laquelle la molécule d’affinité est
choisie parmi un anticorps, un anticorps a chaine
unique, un fragment d’'un anticorps a liaison spécifi-
que, un affibody, une enzyme, un substrat enzyma-
tique, un récepteur, un ligand de récepteur, un mé-
dicament, un acide nucléique et un aptameére.

Méthode de I'une quelconque des revendications
précédentes, dans laquelle la molécule d’affinité est
immobilisée sur le support solide avant la liaison du
complexe, ou dans laquelle la molécule d’affinité est
liée au support solide apres la liaison du complexe.

Méthode de I'une quelconque des revendications
précédentes, dans laquelle le support solide est une
résine chromatographique.

Méthode de I'une quelconque des revendications
précédentes, dans laquelle les lavages sont réalisés
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10.

1.

12,

13.

14.

15.

44

dans un dispositif a passage de flux qui est une pla-
que de microtitration avec dispositif d’écoulement
goutte-a-goutte, une colonne a passage de flux ou
une microcolonne a passage de flux.

Méthode de I'une quelconque des revendications
précédentes, dans laquelle le matériel non lié est
enlevé avec un lavage initial.

Méthode de I'une quelconque des revendications
précédentes, dans laquelle le soluté est un ion, un
sel, un détergent, une biomolécule ou un compéti-
teur de liaison.

Méthode de I'une quelconque des revendications
précédentes, comprenantle lavage du complexe im-
mobilisé dans une seconde fraction aliquote de
I’échantillon avec une seconde séquence de lavages
d’élution, dans laquelle le second soluté est différent
du premier soluté.

Méthode de I'une quelconque des revendications
précédentes, dans laquelle le second composant est
détecté par une méthode optique, une méthode élec-
trochimique, un microscope a force atomique ou une
méthode a radio-fréquences.

Méthode de I'une quelconque des revendications 1
a 10, dans laquelle le second composant est détecté
par spectrométrie de masse.

Méthode de la revendication 12, dans laquelle la
spectrométrie de masse est une spectrométrie de
masse d’affinité, qui comprend éventuellement
SEND.

Méthode de I'une quelconque des revendications
précédentes, comprenant en outre aprés I'étape (b),
la mesure de composants du complexe encore im-
mobilisés sur le support via la molécule d’affinité
biospécifique, ce par quoi le profil comprend en outre
les mesures du complexe.

Méthode comprenant :

(i) la fourniture d’'un ensemble d’échantillons
biologiques, dans laquelle I'ensemble com-
prend au moins deux sous-ensembles, chaque
sous-ensemble caractérisé par une caractéris-
tique biologique différente ;

(ii) la création d’un profil d’interactions entre les
composants d’au moins un complexe biologique
multicomposant pour chaque échantillon dans
'ensemble par une méthode selon 'une quel-
conque des revendications 1 a 14 ; et

(iii) la comparaison des profils pour les échan-
tillons afin de détecter des différences dans I'in-
teraction entre des composants dans chaque



16.

17.

18.

19.

20.
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sous-ensemble.

Méthode selon la revendication 15, dans laquelle les
différentes caractéristiques biologiques sont choi-
sies parmi pathologique contre non pathologique, ré-
pondant a un médicament contre non répondant, ré-
ponse toxique contre réponse non toxique, progres-
sion vers un état pathologique contre non progres-
sion vers un état pathologique, exposition a un ARN
inhibiteur ou non exposition a un ARN inhibiteur.

Méthode de la revendication 15 ou 16, comprenant
la réalisation de I'étape (ii) sur une seconde fraction
aliquote a partir des échantillons, dans laquelle les
lavages d’élution comprennent un second soluté dif-
férent et les concentrations du second soluté dans
les lavages d’élution successifs forment un gradient
de concentrations croissantes ou décroissantes.

Méthode de I'une quelconque des revendications 15
a 17, dans laquelle la comparaison comprend I'utili-
sation des profils pour alimenter un algorithme d’ap-
prentissage informatique, dans laquelle I'algorithme
d’apprentissage informatique génére un algorithme
de classification qui classe un profil dans I'un des au
moins deux sous-ensembles.

Méthode de I'une quelconque des revendications
précédentes, qui comprend la fourniture d’une plu-
ralité de fractions aliquotes a partir de I'’échantillon,
ce par quoi le profil pour un échantillon comprend
les mesures a partir des lavages d’élution a partir de
chaque fraction aliquote.

Méthode de la revendication 19, comprenant en
outre la réalisation de I'étape (b) sur une seconde
pluralité de fractions aliquotes a partir de I'échan-
tillon, dans laquelle les lavages d’élution compren-
nent un second soluté différent et les concentrations
du second soluté dans les lavages d’élution succes-
sifs forment un gradient de concentrations croissan-
tes ou décroissantes.
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