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METHODS FOR CHARACTERIZING MOLECULAR INTERACTIONS USING
AFFINITY CAPTURE TANDEM MASS SPECTROMETRY

FIELD OF THE INVENTION

This invention is in the field of chemical
and biochemical analysis, and relates particularly to
apparatus and relhods for improved identification and
characterizetion of analytes and of affinity
interactions between analytes by tandem mass

spectrometry.
BACKGEROUND OF THE INVENTION

The agvent of electrospray ionization (ESI
anc matrix-assisted laser desprpilen/ionization [MALDI)
technigues, coupled with improved performance and lower
cost of mass analyzers, has in the past decade allowed
mass spectrometry (MS) to tazke a place among standarg
analyiical toels in the study of bicloglcally relevant
marcromolecules, including proteins purified fraom
complex biolcegical systems.
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For example, 1n a technique known a5 pepliide
mas3 fingerprinting, mass spectrometry is used to
identify proteins puarified from biclogical samples.
Identificaticn is effected by matching the mass
spectrum of proteolytic fragmenks of the purified
protein with masses predicted from primarzy sequences
pricr-accessioned into a database. Roepstorff, The
Analyst 117:298-303 (19$%2}; Pappin et al., Curr. Eiol.
3i&):327-332 (1993): Marn et al., Biol. Mass Spectrom.
22:338-345 (1993); Yaies et al., Anal. Biochew.
213:397-408 (1993}; Henzel et al., Proc. Natl. Acad
Sci. USA 90:5011-5015 (1993); James ef al., Biochan.
Biophys. Res. Commun. 135:58-64 (1993).

Similar database-mining approaches have been
developed “hat use fragment mass spectra cobtaincd from
collislon induced dissociation (CID} or MALDI post-
source decay (PSD)] te identify purified proteins. B
et al., J. An. Scc. Mass. Spectrom. 5:976-989 (1924)};
Griffin et al., Rapid Carmpn. Mass Spectrom. 9:1546-
1551 (1985); Yatas et al., U.5. Patent Nos. 5,538,827
and &,017,€93; Mznn et al., &nal. Chem. B&:4390-4399
(1994} .

Mass spectrometric techniques have also been
developed tha® permit at least partial de nave
gequencing of isclated proteins. Chait et al., Science
262:89-92 (1993); Keaough et al., Proc. Natl. Acad. Sci.
UsA. D6:7131-6 (1992); reviewed Iin Beroman, EXS
88:1133-44 (200C).

Software resources thab facilitate
interpretation of protein mass spectra and mining of
public domain sequence databases arc now readily

accessible on the intermet to facilitate protein
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ldentification. Among these are Protein Prospector
ibhttp: //prospector.ucsifedu), PROWL
{http://prowl.rockefzeller.edu), and the Mascot Search
Engine (Matrix Science Ltd., London, UK,

www . matrixscisnce. com) .

Although aighly acourate mass assignment
provides useful irformation — facilitating
identlfication of purified proteln by the above-
described techniques, for example — such information is
nonetheless limited. Significant additicnasl amalybical

power would be unleashed by combining MS analysis wilh

enzymatic and/or chemical mod cation of target

proteins, enabling the elucidation of structural
components, post—tfanslational modificatlions, and
furthering protein identification.

Furtherrore, complex biolegicsl
meterials — such as blood, sers, plasma, lymph,
intersti*ial f_u:d, urine, exudates, wkole cells, cell
lysates and cellular secretien produckts — typically
contain hundrads of biclegical molecules, plus organic
arnd inorganic salis, which precludes direct mass
spectrometry analysis. Thus, significant sample
preparation and purification steps are typically
necessary prior to M5 investigation.

Classical methods of sample purification,
such as liquid chromatography {ion exchange, size
exclusion, affinity, and reverse phase chromatography)
membrane dialysis, ceabtzifugation, immuncprecipitation,
and clectirophoresis, typically demand & large quantity
of gtarting sample. Fven when such guantities of
sample are available, minar components tend to becone
loslk in these purificatior precesses, which suffer from

analyte loss due to non-specific binding and diiution
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effects. The methods are also often quite lakor
intensive.

Thus, there is a clear need for methods and
apparatus that facilitate mass spectrometric detection
of hoth major and minor proteirnz present in
heterogeneous samoles without requirirg extensive pricr
fluid phase purification. TChere is further need for an
M5 platform that allews not only facile sample
purification, bul alsc permits serial and paralliel
sample modification approaches prior to mass
spectrometric analysis.

These needs have been met, in part, by ths
development o affinity capture lasgser desorpticn
ignization approaches, Hutchens et al., Rapid Commun.
Mass Spectrom. T: 576-580 (1993); U.S. ratent NWos.
5,719,060, 5,8%4,063, 6,020,208, and 6,027,942, This
new strategy for M3 analysis of macromclecules uses
novael laser desorptiorn icnizatlon probes that have an
affinity reagent on at least one surface. The affinity
reagent adsorbs desired analytes from heterogenesous
samples, concentrating them on the prokbe surface in a
form suitable for svosequent iaser desorphion
ionization., Thoe coupling of adsorpiion and desorption
of analyte obviates off-line purification approaches,
permitting anzlysis of smaller Iritial samples and
further facilitating sample modificatlion approaches
directly on the probe surface prior to mass
spectrometric analysis.

The affinity capture laser desorption
ionization approach has allowed mass spectrometry fo he
adapted to numercsts classic bilecanalytical assay

formats, including immuneoszssay, Nelson et al,, Anal.
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Chem. &7: 1153-1158 [1925), and affinity
chromatography, Brockman et @l., Anal. Chem. €7:
4581-4585 (1995). The affinity capture laser
desorption jonization approach has been applied not
only to the study of peptides and proteins, Hutchens et
2l., Rapid Commun. Mass Spectrom. T:576-580 (1893);:
Mouradian et al., J. Amer. Chem. Scc. 118: 8538-8645
{1326); Nelson ot al.., Rapid Commun. Mass. Spectrom. 9:
13B0-1385 {i995); Nelsor ef al., J. Molec. Recognition
12: 77 — 23 (193%3%).; Brockman et al., J. Mass Spectrom.
33: 1141-1147 (1998): Yip et al., J. Bicl. Chem. 271
32825-33 {1896), but also to cligenuclectides, Jurinke
et al., Apal, Chem. 6%:9204-510 (19%7); Tang et al.,
Nucl. Acids Res. 23: 3126-3131 (19%5}; Liu er ai.,
Anal. Chem. &7: 3482-90 (1995), bacteria, Bundy et
al., Apal. Chem. 71l: 1460-1463 (198%9), and small
melecules, Weil et al., Nature 392:243-246 (1999). AL
the commercial level, affinity capture laser desorption
ionization is embodied in Ciphergen's ProteinChipd
Systens (Ciphergen Biosystems, Ingc. Fremont,
Cazifornia, USA).

Although the affinity capture laszer
desprption ionization techrigue has solved significant
problems in the art, difficulties remain.

When this approach is applied to capture
proteins from hiological samples, it iz common to see
about one picomole of total protein captured and
available for subsequenk analysis. Typically, affinizy
capture on chromatoyraphic surface biochips does not
result in cemplete purification. Additionally, the
digestion efficiency s=en for sclid phass extracted

samples, as compared to digesis performed in iree
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sclution or the denaturing envirocwment of 2-D gels, is
woor. Thus, if about 50% wers the protein of interest,
and one were successftul in digesting about 10% of this
protein, at best only about 50 femtomole of some
peptides woulid be available for detection.

Using virtual tryptic digests of bovire
fekuin in database mining experiments, it has besn
demonstrated, for example, that even with an extreme
accuracy of 1.0 ppm (a level net currently achievable
by most M3 technigues), a poor confidence protein ID
maten is achieved with a single peplide mass when
searching agailnst this complex, eunkaryotic genome. For
two peptides, Zow confidence results ere achieved as
well. ©Only after three peptides are submitted are
confident results returned for mass assignments of less
than 300 ppm error. In this case, most devices would
ragquire internal standard caiibration. However, with
five or more peptides, no further confidence 1is
afforded with mass accuracies that are better than 1000
PPM STror.

Furthermore, when multiple proteins are
girultaneously digested, a heterogenecus pepiide pool
iz crealed and successful database mining requires not
only exireme accuracy, but in many instancses primary
sequence information. Candem MS/MS approaches have
demonstrated significant vtility in providing primzary
sequence information. Biemann et al., Acc. Chem. Res.
271 370 - 378 (19924); Spengler et al., Rapid Comnin.
Masg Spectrom. 1921, 5:198 - 20% (18%21); Spengler et
al., Rapid Commun. Mass Spechtrom. ©:105 -108 (1892);
Yates et al., Anal. Chem. 67:1428 - 1436 (1285};
Kaufman et &l., Bapid Commun. Mass. Spectrom. 7:902 -
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910 (1993); Xaufnan et &1., Intern. J. Mass Specirom
Tonn Processes 131;355 - 385 (19D94).

Until recently, however, the only MS/MS
approach available for laser desorption based analyses
was post source decay analysis (B3D)., While PSD is
capable of providing reasonable seguence information
for plcomole levels of peptides, the cverall efficiency
of this fragmentaticn process is low; when combined
with the poor mass acouracy and sensitivity often
demonstrated during thiz appreach, its applicability to
analysis of low abundance proteins often found on
affinity capture laser desorpticn ionization probes has
been greatly limited. Recently, a laser descrption
jornization quadrupcle time-of-flight mass spectrometex
{LDI Qg-TOF) nas been develaped that is capable of
performing collision induced dissociation (CID) MS/MS
anzlysis. Krutchinksy et al., Rapid Commun. Mass
Spectrom. 12:; 508 - 518 (18288).

There is, therefore, a need for apparatus and
nmethods that would increase the sensitivity and mass
accuracy of affinity capture lassr desorption mass
spectromeixy. There 15 a need for nethods am
apparatus thzt would increase on-probe digestion
efficiency and thab would permit peptides generated by
digest of inhomogeneous mixtures of proteins readily to
be resolved. There is a need for apparatus and methods
that would increase the efficiency of affinity capiure

laser desorption tandex mzss spectromeiric analyais.

SUMMARY OF THE INVENTION
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It is an obisct of the present invention to
provide apparatus and methods that increase the
sensitivity, mass accuracy, mass resolution of existing
affinity capture laser descrpticn icnization mass
spectrometer analyses and to add me/m= capability. It
is a further object of the present invention to provide
methods of bicmelecnle analysis that exploit these
improved analytical capabilities.

The present invenlion meets These and cther
opjecks and needs in the art by providing, in a first
aspect, an analytical instrument.

The analyticzl instrument of the present
invention comprises a leser desorption ionization
source, an affinlty caplure prope interface, and a
tandem mass spectrometer, in which the affinity capture
probe interface is capable of engaging an affinity
capture probe and positioning the probpe so that it can
be ipterrcgated by the laszer desorotion source while in
communication with the tandem mass spectrometer, thus
permitbing ions desorbed from the prohe to enter the
mass specirometer.

Typically, the laser desorption lZonlzation
source comprises a laser excitation source and a laser
optical train; the laser optical train functicns te
transmit excited photons Irom the laser excitation
source to the probe interfzce. In such embodiments,
the laser optical train typically delivers about 20 -
100¢ microjoules of energy per squars millimeter of
interrcgated probe surface.

The laser excitation spurce is selected from
the group consisting of a continucus laser and a pulsed
laser, znd in various embodiments is selec¢ted from the

group consisting of a nitrogen laser, a NdiYAG laser,
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an erkzium:YAG iaser, and a C0Z laser. In & presently
preferred embodiment, the laser excitation source is a
pulsed nitrogen laser.

In cre set of embodiments, the laser optical
train comprises optical compenents selecied Ifrom the
grovp consisting of lenses, mirrors, prisms,
artenuators, and beam splitters.

n an alternetive set of embediments, the
laser optical train comprises an optical fiber having
an inpwot end and an output end, and the laser
excitation source 1s coupled to said optical fiker
input end.

In some of the optical fiber laser optical
train embodiments, the laser optical train further
compriges an optical atienuator. The attenuator can be
positioned between the laser exciiation source and the
input end of the optimal fiber, can serve to couple the
laser excitatien source to the irput end of the optical
fiber, or can be positioned between the opticel fiber
osutput end and the prche.

In certzin of the optical fiber optical train
embodiments, the optical fiber cutput end has a maximcm
diameter between sbout 200 — 400 pm and the input end
has a diamester of between acout 450 to 1200 pm.

The analytical imstrument can alsc icclude
probe viewing optics, ta perrmit the probe Lo be
visualized after its engagemeni in the probe interface.

In certain embodiments, the laser ophtical
train can include a laszer coupler that couples the
laser excitation source ta the optical fiker input end.
As noted above, the coupler can serve as an optical
attenuator. In other embodiments, the coupler can

JP 2004-511773 A 2004.4.15
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serve to promote visnalization of the probe after its
engagement in the probe interface.

In certain of these latter embodiments,
either the coupler or the Tiber is bifurcated and
splits off a fraction af energy from said laser
excitation source. ternatively, such bifurcation can
allow introduction of visible light to iliuminate the
desorption locus.

lWhere visualization cptics are included in
the optical train, or wkere a fiber-contsining laser
eptical trazin includes a bifurcation or trifurcation,
the analytical instrument can further comprise a CCD
camera positioned to detect light reflected from said
probe.

In typical embodiments, the affinity capture
probe interface comprises a probe holder which is
capable of reversibly engaging the affinity capture
probe. The interface also typically comprises a probe
introduction porxt which is itself capable of reversibly
engeging the probe holder.

In typical embodiments, the probe interface
fur<her comprises a probe position actuater assembly
and an interface ion collection system. When the prode
holder is engaged in the introducticn port, it is
placed in contact with the prope position actuator; the
probe position actuator, in turn, is capakble of movably
ith its
engaged probe] with respect hoth to the laser

positioning the propbe holder (typlcally

ionization scource (typically, with respect to the laser
cptical train) and to the ion collectien systen. In
typical enbodiments, the actuator is capable of
translationally and rotationally positicning said probe
helder.
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The probe interlece typically alse comprises

a vacuum evacuwation system coupled teo the probe
intreduction port, which allows tihe proke to be
interrogated by the laser desorption ionizalticn source
at subatmospheric pressures.

The analytlcal instrument of the prasent
invention comprises a tandem mass spectrometer which,
in variocus embodiments, is selected from the group
consisting of a QgTOF MS, an ion trap M3, an lon trap
TOF M8, a TOF-TCF M3, snd a Fourler transform ion
cvclotron zescnance M3, Presently preferred for nse in
the enalytical instrucent of the present invention is a
OgTOF MS.

In rreferred embodiments, the tandem wass
spectromeler is a DRQTOF M3 and the laser excitzstion
source is a pulsed nitrogen laser, laser fluence zt the
probe is about 2 to 4 times the minimum desorption
threshold, and the tandem mass spectrometer has an
external standard mass accuracy of sbout Z0 - 50 ppm.

The analyticzl instrurent of the present
invantion is designed to engage an affinity capture
laser desorzbioh ifonization probe, Rocordingly, any of
the above-described empodiments can include an affinity
capture probe endaged in the affinity capture probe
interface.

The affinity capture prooe in these
embodiments Will typicaliy have at least one sample
adscrption surface pasitioned in interrogatable
relationship to the laser source, the =zampls adsorptieon
surface selected Zrom the group consisting of
chromatographic adscerption strfaces and bicmolecule
affinity surfaces. Typically, such chromatographic

adsorption surfacce is selected from the group
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consisting of rewerse phase, anion exchange, cation
exchange, immobilized metal affinity capture and mixed-
mode surfaces and the biomolecule of the biomolecule
affinity surfaces 1s selected from the group conslsting
of antibodias, receptors, nucleic acids, lectins,
enzymes, biotin, avidin, streptavidin, Staph protein A
and Staph protein G.

The affinity capture laser descrption
lonization probe can have a plurality cf separestely
addressable samplée adsorpticn surfaces that can be
positiored in interrpgatable relationship to the laser
source and can include at least two different such
adeorption surfaces.

In okbkhexr embodiments, the analytical
instrument of the present invention inciudes a a
digital computer interfaced with a detector of the
tandem mass spectrometer. In some embodiments, the
instrurent can also further include a software program
executable by the digital computer, either local to the
comprter or communicably accessible to the computer.
The software program in such embodiments can be capable

of controlling the laser desorption ionizaticn source,

or of controlling at least ons aspect of data

acguisition by the tanden mass spectrometer, or of
performing at least one analytical routine on date
acquired by sald tandem mass spectrometer, or any
subset of these functions.

In ancther aspect, the invention provides a
method for analvzing at least one test protein.

The method comprises (a) capturing the test
protein or proteins on an affinity capture protein
biochip, (b} generating protein cleavage products of

the test protein(s) on the protein hicochip using &
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aroteolytic agent; and (¢} analyzing at least cne
orotein cleavage product with a tandexn mass
soactrameter. In these erbodinerts éf thiz aspect, the
analyzin stop comprises (1) descrbing the protein
cieavage producis frcm the pretein kischip into gas
phase to generate corresponding parent ion peptides,
{il) selesting a parent icn peptide Zor subsequent
fragmentation with a first mass spectrometer,

(iii) fragmenting the selected parenl ilon peptide under
sclected fragmentation conditions in the gas phase to
produce product icn fragments and (iv) generating a
mags specirum of the product ion fragments. In this
fashicn, tThe mass gpectrum provides an analysis of the
test proteins.

In ceriain enbodiments of this aspect of the
invention, the method further includes arn additional
step (d}, determining at least one protein identity
candidate for a Zest protein by submifting the mazs
spectrum to a protein database mining protoccl which
identifes at least one protein identity candidate for
the test protein in the database based on & measure of
clogeness-of-fit between the mass spectrum and
thecretical mass spectra of proteins in the databaze.

In particular of these embodiments, gtep (@)
further comprises submitting the mass of the test
protein and the species of origin of the test protein
to the protocel.

In other embodiments; the method Turthex
comprises (e} comparing the idertity candidate to the
test protein by: (i) geperating a rass spectrum of the
protein ¢leavage products of (b); {ii} submitting the
mass spectrioe of the protein cleavage products teo a

computer protoco) that determires a measare of
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closeness-cf-fit between the theoretical mass spectrum
of cleavage products of the identity candidate
predicted to be generated by using the proteolytic
agent, and the nass spectrum of the protein cleavage
products, whereby the measure indicates profein
cleavage products on the nrotein biochip that
correspond to the test protein.

Yet other embodiments of the welhod include
the further steps of (f), repeating step (c) wherein
the selected parent ion peptide does not correspond to
2 protein cleavage product predicied from the identity
candidate; ang then (g) repeating (d} for the selectead
parent ion weptiac of (f)

In this aspect of the invention, the test
protein can be & protein that is differentially
expressed between first and second biological samples.
In some of tThese embodiments, the first acd second
bivlogical samples are derived from nermal and
pataological socurces.

In a third aspect, the inwerntion provides a
nethod of chzracterizing binding interactions between a
first and second moleculer binding partner.

In this aspect, the method cowprises binding
a seccnd binding partner to a first binding partner,
where the said first binding partner is immobilized Lo
a surface of a laser descrption lenizaticorn probe;
fragmenting the second binding partner; and then
detecting at least one of the fragments by a tandem
nass spectrometer measurement, whersby the mass
spectrum of the detected fragments characterirzes the
binding interactions.

In certain embodiments of this aspect of the

invention, the first binding partner is firs:
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immobiiized To a surface of an affinity capture probe
before the second binding partrer is beund to the first
hinding partner.

Such immobllizing can be by direct binding of
the first partner to the affinity capture prcbe, such
as & covalent bongding. Typical covalent bonding
embodiments include covalent bonding between an amine
of the first binding pariner and a carconyldiimidazole
meiety of said probe surface and belween an amine or
thicol ¢roup of sald first binding pariner and an epoxy
group of the probe surface.

The immobilizing can alsc be by direct
noncovalent bording, scch as a coordinate or dative
bonding between the first bipnding partiner and a metal,
such as gold or platinom, of the grobe surface. The
immobilizirg can also be by interaction af the Ffirst
binding partner te a chromatcgraphic adsorption surface
selected from the group consisting of reverse phase,
anion exchahge, cation exchange, immobilized metal
affinity capture and mixed-mode surfaces.

Alternatively, the irmmeobilixing can be
indirect, which can be covalent, albeit indirect. In
certain of these latter embodirents, the first binding
partner can be immohilized by covalernt bonding through
a linker, such as a cleavable linker. Indirect
immebilizatlion can alse be noncovalent, such as
immebilization to the probe via a biotin/avidin,
bictin/streptavidin iateraction.

in this aspect of the invention, the first
wolecular binding partner can be selected from the
grout consisting of protein, nucleic acid,
carbohydrate, and Iipid. Typicelly, the first binding

partner will be a protein, which can be 2 naturally
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gocurring protein from an ordanism selected from the
group censisting of multicellular eukaryote, single
cell euakaryote, prokarycte, and viris, oT can be a
nopnalurally occurring protein, such as a recombinant
fusion protein.

In erbodiments in which the first binding
partner 1s a protein, the protein can be selected from
the grour consisting of antibody, receptor,
transcription factor, cytoskeletal protein, cell cycle
protein, and ribosomal protein, anmong others.

Binding of the second binding partner to the
irmobilized first binding partner is, in typical
erbodiments, effected by contacting the first binding
partner with a biologic semple} the sample cen be a
fluic selected Zrom the group censisting of bleood,
lymph, urine, cerehrospiral fluld, synovial fluid,
wilk, saliva, vitreous humor, aqueous humecr, nticus and
semen, or g cell lysate, or some zample in ancther
form.

In various embeodimenks, including erbodiments
in which the firgt binding partner is a protein, the
second binding partner can be z protein,
Alternatively, the second binding partner can he a
compound present in & combinatorial library, where
binding of the sccond Hinding partner to the first
binding partner is effected by contacting the first
binding partner with an aligquct of a chemically
synthesized combinatorial library. In yet other
alternatiives, the second bindirg partner can be a
component of biolegically displayed combinatorial
library, such as a phage-displayed library.

In certain typical embodiments, fragmenting
is effected by contacting the second binding partner
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with an enzywe; where Lhe second binding partner is a
vretein, the enzyme 15 Typically a specific
endoproteass, such as trypsin, Glu-C (V8) protease,
endoproteinase Axg-C (serime proteasec), endoproteinase
Arg~C (cysteine protease), Asn-N proteasge, and Lys-C
protease, Alternatively, Tragmenting can be effected
by contacting said second binding partrer with a2 liquid
phase chemical, such as CNBr.

In some embodiments, the method further
comprises, zafter binding of the second birding partner
te swid fixst binding partner, and before fragmenting
the second binding partnez, of denaturing the zscond
binding partner.

in variocus embodiments, the method further
comprises the step, after fragmenting the second
binding partner, of washing the probe with a first
eluant, and, at times, a second eluant, the second
eltvant differing from the firsit eluant in at least onc
elution characteristic, such as pE, ionic strength,
detergent strength, angd hydrophobicity.

In typical embodiments, the method further
comprises, after fragmenting and befcre detecting the
fragments of the second binding partner, the sten of
applying energy absorbing molectles to the probe. 1In
preferred embodiments, the probe is then engaged in the
affinity capture srobe interface of the analytical
instrument of the present invention, and fragments of
the second binding partner ionized and desorbed from
the probe using the instrument's laser scurce.

The instrument can be used to make several
types of useful measurenents in this method, including

2 measurement of all ion masses, a measurament of
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masscs of & subset of fragments, and a single ion
monitoring measurement.

Usefully, embodiments of the method include
the step, after mass spactromefric measurement of
fragments of the second binding partnsr, of comparing
he fragment measuraments with those predicted by
applying cleavage rules of the fragmenting enzyme Lo
the primary amino acid sequence of the second binding
partner, whereby such cowparison charackterizes the
intermolecular interactions.

If the identity of the second hinding partner
is5 net known, the methed can further comprise, beafore
such comparisor, identilying the second hinding partner
through ms/ms analysis. such M3/MS znalysis can
irnclude the staps of mass spectrometrically felecting a
Eirst fragmnent of tke second binding partner;
disscciating the second binding partner first fragment
in the gas pnase; measuring the fragment spectrum of
the second binding partner Ffirst fragment, and thexn
comparing the fragment spectrum to fragmert spectra
prodicted from amino acid sequaence data prior-
accessioned in a database. Thne amino acid sequence
daza can be selected from the group conslsting of
empiric and predicted data, and the disseciating, in
typically embodiments, is collision induced
dissociation.

In scme embodiments ¢f the methed, the first
binding pariner is selected from the group corsisting
of an antibody, a T ¢ell recezlor, and an MHC molecule.
In other cmbodiments, the first binding partner is a
receptor and the second binding partner is selected
from the group consisting ol an agonist of the

receptor, a partial agonist of the receptor, an
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antagonist of said raceptor, and a partial antagonist
of said receptor. In other embodiments, the first
binding partner is a glycoprotein receptor and the
second birding perkner is a lectin.

In a fourth aspect, the invention provides a
method of detecting an snalyte, the method comprising
engaging a affinity capture preobe in the affinity
capture prope interface of the analybical instrument of
the present invention, the afiinity capture probe
having an analyte beound thereto; desorbing and Jonizing
the snalyte or Eragments therecf from the probe using
the instrument's laser source; and then detecting the
analyte by a tandem mass SpeciromEier MeasuTement on
the desorbed ions.

In thisg aspect, the method can furthexr
corprise, after the desorbing and lenizing step and
before detecting, effecting collision induced
dissociation of said deserbed ions. Before such
disspciaticn, in some exbodiments a subset of ions can
be =elected for collisional dissociation.

In other embodiments, the antecedent step can
be performed of adsorbing analyte to the probe, and in
yet other embodiments, a step can be performed after
adsorping analyte end prior To engaging said probe in
s5aid preore interface, cf adherently contacting said

proge and gald analyte with enerdy absorbing mclecules.
ERIEF DESCRIPTICN OF THE DRAWINGS

The above and cother objects and advantages of
the present invention will be apparent upon
consideration of the following detailed description

taken in conjunction with the accompanying drawings, in
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which like characters refer to like parts throughout,
and in whicxh:

FIG. 1 schematizes an embodimernt of the
aralytical irstrument of the present invention;

FIG. 2 shows in grealer detall the elements
of an erthogonal CQTOF tanden mass spectrometer
preferred for use in the analytical instrument of the
pres=nbt ilnvenktion;

FIG. 3 displays the seminal fluid protein
profiles of a single BPH &and prostate cancer patient;

TIG. 4 shows regults of on-preobe isolation of
one of the upregulated proteins detectable in FIG. 3;

FIZ. 5 shows peptides detected by a single
phase of M5 analysis after the enriched biomarxer
candidate was exposed o in sitn digesticon using
trypsing

F1G. & shows LDI Qg-TCF ME analysis of Che
same purified protein peptides on the analyticzl device
of the present invention; and

FIG. 7 shows M5/M3 results from the
snalytical device of the present invertion of a
gelected doubly charged ion of the enriched biomarker
candidate.

CETATLED DESCRIPTICH OF THE INVENTION
I. Definitions

A3 used herein, the Terms set forth with
particularity below hiave the following definitions. If
not otherwise defined, all tTexrms used herein have the
meaning commonly understood by a person skilled in the
arts to which this invention belongs.
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*Analvyte'" refers to any component of a sample
that is desired te be detected. The term can refer to
a single component or a plurality of comgonernts in the
sample.

"Probe” refers to a device that, when
positionally engaged in interrogatable relationship to
a laser desorption ionization scurce and in concuirrent
cormunication at atwospheric or subatmospheric pressure
with & gas phase lon spectrometer, can be used to
introduce Zons derived from an analyte irnto the
spectrometer. 2As used herein, the "probe" is typically
roversibly engageable by a probe interface.

"Affinity capture probe™ refers to 2 probe
trat hinds analvlte through an interacticn that is
sufficient to permit the prone to exiract and
ccncentrate the analyte from an inhomogensous mizture.
Concentration to purity is nol required. The binding
interactior is typically mediated by adsorption of
ana-yte to &n adscrpticn surface of the probe. The
term ProteinChip® Array refers to affinity capture
wrobes that are commercially available from Ciphergen
Biosystems, Inc., TFremont, California, for use in the
present invention.

"Adsorption™ refers to detectsble noncovalent
bimiing of an analyte to an adsorbent.

“Adsorbent™ refers to any material camable of
adsorbing an analyte. The Term "adsorbent" is used
hereln te refer both to & single material ("monoplex
adsorbent™) {e.g., a comoound or a furnctiocnal group)
and to a plurality of different materials {("multiplex
adsorbent™). ‘The adsorbent materiale in = multipliex

adsorbent are referred to as "adsorbent species." For
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example, a laser-addressable adsorption surface on a
probe substrate can comprise a multiplex adsorbent
characterized by many different adsorbent species

(e.g., anion exchange materials, metal chelators, or
an-ibodies}) having different binding characteristics.
"Adsorption surface" refers to a surface
having an adsorbent.
"Chromategraphic adsorption surface™ rafers
to a surface having an adscorbent capable of
chromataographic discriminaticn among or sgeparation of

analytes. The phrase thus includes surfaces having

anlcn exchange mol es, cation exchange moieties
reversge phase meieties, metal arfrfinity capture
moigtiss, end mixsd-mode adsorbents., as such terns are
understood in the chromatographic arts.

"Biomoclecule affinity surface" refers to a
surface having an adserbent cemprising hiomolecules
capable of specific binding.

"Specific binding" refers to the anility of
“wo molccular species concurrently present in a
heterogeneous {inhomogeneous) sample to bind to ons
angther preferentially cver binding to other molecular
species in the sample. Typically, a specific binding
interaction will discrimirate over adventiticus binding
interactions in the reaction by at lesst two-fold, mcore
typically more thar 20- to 100-fold. When used to
detect analyte, specific binding is sufficiently
discriminatory when determinative of the presence of
the analyte in a heterogenecus {inhomogensous) sample.
Tvpically, the affinity or avidity of a specific
pinding reaction is least about 1077 M, with specific
binding reactions of greater specificity typically
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Laving affinity or awvidity of at least 107% M to at
least about 107% M.

YEhergy absorbing molecules™ and the
equivalent acronys "EAM" refer to molecules that are
capable, when adhered to a prone, of absorbing snergy
from a laser desorption iomization source and
thereafter contributing teo the desorption and
ionization of analyte in contact therewlith. The phrase
includes all wolecules so called in U.S. Patent MNos,
5,718,060, 5,894,063, 6,020,208, and 5,027,942, the
disclosuras of which are incorporated herein by
reference in their entireties. The pkrase explicitly
includes cinnarmic acid derivatives, sinapinic acid
{"SPA"), cyano hydreoxy cimnzmic acid ("CECA") and
dihydrozybenzoic acid.

"Tandem mass spectrometer'" refers to any gas
phase ion spectrometsr that is capable of performing
two successive stages mfz-based discrimination of ions
in an ion mixture. The phrase includes spectrometers
having two mass analyzers as well as those having a
single mass analyzer that are capable of selective
azguisition or retention of icns prior te mass
ana’_ysis. The pnrase thns explicitly includes GgTOF
mass spectrometers, ion trap mass spectrometers, iom
trap-TOF mass spectrometers, TOF-TOF mass
spectrometers, and Fourier transZform ien cyclotron
rescnance mass spaecirometers.

"Eluant" refers to an agent, typically a
solution, that is used to affect or modify adsorption
of an analyte to an adsorbent of an adesorplion suxface.
Tluankts alsc are referred to herein as "selectivity

threshold modifiers.”
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"Elution characteristic” refers to z ohysical
or chemical characteristic of an eluant that
contributes to its ability to affsct or modify
adsorpticn of an analyte to an adsorbent of an

zdgsorpticn surface. Two eluants bhave different elution

characteristics if, whexn put in contact with an analvte

and adsorbent, the degrec of affinity of the analyle
for the adsorbent differzs. Elution characteristics
include, for example, pil, icnic st:ength; degree of
chaotroplsm, detergernt strenoth, and Lemperature.

"Biologic sample™ and "piolagical sample"
identically refer te a sample derived from at least a
portion of an organism capable of replication. RAs used
aerein, a kiclogic sample can be derived from any of
the known taxernsmic kingdems, inciuding virus,
prokaryote, singie celled evkaryote and multicellilar
eukaryote. The biologic sample can derive from the
entirety of the oryganism or @ pertion therect,
including Zfrom 2 cultured portion thereof. Bilologic
samples can be in any physical form aporopriate to the
context, including homogenate, suocellular fracticnate,
lysate and fluid.

"Biomolecule" refers te a melecule that can
be found in, but need not necessarily have been derived
from, a biologic szmple.

"Organi¢ biomelecule" refers ©o an organic
molecule that can be found in, but need not necessarily
have peen darived from, a bicloglc sample, such as
stercids, aminc acids, nucliectides, sugars,
rolypeptides, polynuclectides, camplex carbohydrates
and lipids.
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"Small organic molecule" refers to organic
molecules of a size comparable to those corganic
molecules generally used in pharmaceuticals. The term
excludes organic bicpolymers (2.4., proteins, nucleic
ac¢ids, etc.). Small organic molecules as used herein
typilcally range in =zize up to abouk 5000 Ba, up to
about 2500 2z, up teo abeut 2000 Da, cr up to about 1000
Da.

"Biopolymer" refers to & polymer that can be
found in, but need not necesszarily have been derived
from, a bielogic sample, such as polypeptides,
polyrnucleoticdes, polysaccharides and polyglycerides
{e.g., di~ or tri-glycerides).

"Fragment® refers to the preducts of the
chemical, enzymatic, or physical breakdown of an
znalyte. Fragrtents may be in a neatral or fonic state.

The terms "pelypeptide", “peptide, and
"praotein” are used interchangeaily bherein to refer to a
naturally-occurring or synthelic polymer comprising
anino acld moncmers {residues), waere amine acid
monomer here includes raturally-cocurring amino acide,
naturally-eccurring amino acid structural variants, and
synthetic non-naturally occurring snaltogs that are
capable of participating in peptide bonds.

Pelypeptides can be meZified, e.g., by the additicn of
carboaydrate residues to form glycoproteins. The terms
“pelypeptide,” “peptide” and “protein® include
glycoproteins as well as non-glycoproteins.

"Polynuclectide” and '"nucleic acid™
equivalently refer to a naturally-cccurring or
synthetic solymer comprising nucleobide conomers

{bases) . Polynuclestides include naturally-occurring
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nucleic azids, such as decxyribonucleic acid ("DHNAY
end riponucleic acid ("ENAY), as well as nucleic acid
analags, Nucleic acid analogs includs those which
include non~-naturally cccurring bases, and those in
which nuclectide monomers are linked other than by the
naturally-occurring phosphodiester bond. Nucleotide
analogs inciude, for example and without limitation,
pacsphorothicates, pnosphoredithioates,
phosphoretriesters, phosphoramidates, boranophosphates,
methylphosphonates, chiral-methyl phosphonates, 2-0-
methyl ribonucleclides, pepiide—nucleic acids {(PHAs),
and the like.

Az used herein, "moleculsr binding
partners” — and equivalently, "specific binding
partners" — refer Lo pairs of meleciles, typically
palrs of blonelecules, that exhibit specific binding.
Nonlimiting examples are receptor and ligand, antibody
and antigen, piotin and svidin, and biotin and
streptavidin.

"Receptor” refers to a molecule, typically a
macromolecu.e, that can ba found in, but need not
necessarily have been derived from, & biclogic sample,
and that can participate in apecific binding with &
ligand. Tne term further includes fragmeris and
derivatives thal remain capable of specific ligand
hinding.

"Ligand” refers to any compound thaft can
participate in specific binding with a designated
recepior or antibody,

"Antibody" refers to a poclypeptide
substantially encoded by at least one Zmmunoglobulin
gene or fragments of at least one immuroglobulin gene,
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that ¢an participate in specific binding with a ligand.
The term includes paturaily-occurring forms, as well as
fragnents and derivatives. TFragments within the scope
of the term as used hereir include those produced by
digestion with verious peptidases, such as Fab, Fab’'
and F({ab)'2 fracments, those preoduced by chemiczl
dissociation, by chemical cleavage, and recombinantly,
3o leng asd the fragment remains capabie of specific
binding to a target molecule. Typical recomblnant
fragments, 2% are produced, e.g., by phage display,
include single chain Fab and scFv (“single chain
variable regicn") fragments. Derivatives within the
scope of the term include antibodies {or Tragments
thereof) that have been modified in sequence, but
remain cagsble of specific binding to a target
molecule, including interspecies chimeric and humanized
antibodies. As used herein, antibodies can be produced
by any known technique, including karvest from cell
¢i:lture of native B Lymphocytes, hybridomas,
recomoinant expression systems, by phage display, or
the like.

"Antigen™ refers to 2 ligand that can be
bound by an antibody. 2An antigen need not be
immnogenic. The portions of the antigen that make
contact with the antibody are denominated "epitopea",

*Fluence™ refexs to the energy delivered per

unit area of interrcgated image.

II. Affinity Capture Probe Tapdem Mzass Spectromater

In a first aspect, the present invention
provides an analytical instrument that combines the
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advantages of affinity caplture laser descrplicn
lonizatior sample introduction with the adwvanvages of
high accuracy, high mass resslution, tandem mass
spectrometers. The combimation provides sigrificant
advantages over existing devices for performing known
techniques. Furthermore, the new instrumenl makes
possible new methods of protein discovery and makes
vassiple new methods of ldentifying and characterizing
molecular interactions betweer and among specific
binding partners that are meore at okce more efficient
ang mere sensitive than existing approaches. The
instrument will first briefly be described as a whole;
thereafter, features of the affinity capture probe
interface will ke described in qreaster detail.

Briefly, uwith reference to 7IG. 1, instrumen
200 comprises laser desorption/ionization scurce 13;
affinity capture probe interface 12, and tandem maas
spectrometer 14. Shown in FIG. 1 is a preferred
embodiment In which laser source 12 1s a pulsed
nitrogen laser and tandem mass spectrometer 14 is an
orthogonal quadrupecle time-of-fiight mass spectrometer
(QaTCF) tandem M3,

Laser desorptionf/ionization source

Laser desorption/icnization source 13
produces energetic photons that, properly conditioned
ang directed, descrb and ionize proteing and other
analytes adherent to affinity cspture proke 16. Laser
deserption/icnization source 13 comprises lager source
12, lamser optical trair 11, and, eptionally, wprobe

viewing optics 18.
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Laser desorption/ionization source 13
proguces pulsed laser enexdgy either through use of a
rulsed laser 12 or, alternatively, by mechaniczlly or
electronically chopping the beam from a continuous
lazser 12. Typiceally, pulsed lasers are preferred.
Preferred pulsed laser sources include nitrogen lasers,
Nd:YAG lasers, erbium:YRG lasers, and C0, lasers.
Presently preferred is @ pulsed nitroger laser, due to
sirple footprint and relatively low cost.

Photons emitted from laser 12 are directed to
strike tle surface of probe 14 by laser optical
train 11. Optical trair 11 can censigt of an
arrangemert of lenses, mirrors, prisms, attenuators
and/or beam splititers that function to collect, direct,
focus, sub-divide, and control the intensity of each
iaser pulse so that an appropriate desorplion fliuence
in the form of a focused spot of desorption energy is
de-ivered to probe 16.

Alternatively, optical train 11 can consist

of a fiber optic array that functions to ccllect,

18

irect, and sub-divide the energy of each laser pulse.

In this embodiment, the output ¢f laser 12 is
coupled te the input side of an cotical fiber using an
optical coupler; the cousler is typically cemprised of
a lens whese Zocal length and diameter is appropriate
for the input numerical aperture of the fiber.

The amouni of energy entering the fiber can
be controiled by prudent adjustment of the lens
position with respect to the fiber; in this instance,
the fiber optical coupler can double as an optical
attenunator. In another preferred arrangement, the
tetal cutput energy of the laser is counled into the

fiker and an attenvaitor is placed betwesen The ouiput
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side of the optical fiber and the desorption spot
focusing elements of the opticzl train. In yet another
preferred arrangement, an optical attenuator s placed
between the laser and the optical fiber coupler. Ir
all instances, opticzi attenuation is employed to
ingvre the delivery of appropriate laser fluence to tho
surface of probe 16 independent of the output energy of
lager 12, Typlcel lasexr [luences are on the crder of
20 - 1000 pjoules/sguare millimeter,

As it is well eskablished that fiber optic
components can often be damaged when accepting focused
enargy from lasers, it is advantagecus to maxinize the
accepltance ares of the input side of the Ziber so that
the flusnce of the incident laser energy is below the
damage threshold of the fiber. The latter alsa
simplifies alignment of the laser beam with the optical
fiber when adijusting the relative position of the
optical coupler with respect of the laser and optical
fiber. However, in order to obtain reasonable
desorpticn fluence levels at probe 16, a maximum exit
gide fiber diameter of 400 pm (microns) should not be
exceeded when used with typical nitrogen lasers
delivering z maxinum energy of about 200 poflaser
pulse. A spluticn to this problem lies in the
incorporation of a tapered optical fiber whose input
side has a disreter on the order of 400 to 1200 microng
and ocutput side has a diameter of 200 to 409 nicrons,

Pyplieally, the descorption spot should be
focused to a size that maximizes the generaticn of ions
for each pulse by interrogating the greatest ares of
probe 16 while mainktaining sufficient fluence to irduce
desorption ard ionization. While using typical

nitrogen lasers delivering a maximum energy of about
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200 J/pulse in a laser desorption/ionization source
coupied fo a quadrupale-quadrupole time-of-flight
tandem mass spectrometer, an optimum laser spot area
has been determined to ranges hetween 0.4 and 0.2 sguare
millimeters.

Laser desorplion/ionization scurce 13 can
inciude, typically as an integral part of optical
train 11, probe viewing optics 18. Viewing optics 18
can contain an illumination source, lenses, mirrors,
prisns, dichroic mirrors, band-pass filters, and a CCD
comera to allow the illuminetion and wviewing of the
desorption lecus, i.s., the region of probe 18 to be
interrogated by _aser.

Where laser optical train 11 comprises zn
eptical fibher, wviewing optics 28 can take advantage of
light fram the optical fiber itself.

For examgle, the fiber optic coupler can be
bifurcated te split off a swmall fraction of the laser
excitation energy to ne used as a means of monitoring
the applied laser energy, or it can be hifurcated to
allow the introducticn of visible light to illuminate
the desorption locus.

In the first of thess twe awboediments, a
small fraction of the excitation energy is directed to
impinge upon & photo-detector thakb is an integral
component of a laser energy ¢ircuit calibrated to
reflect the actual amcunt of laser energy delivered <o
probe 16. In the second embodimen®, visible light is
directed to illuminate the desorption lecus making
viewing of this region possible, either through a
soparate set of phote coptics coupled to a CCD cemera or
by the employment ¢f a prism or dichroic mirror,

between the optical fiber and the laser excitation
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source, that directs light reflected up the mzin branch
of the cptical fiber towards a CCD camera.
Alternatively, a prism or dichroic mirrer can be placed
inp line hetweern the 1lluminating fiber branch of the
optical fiber and the illumination source te zllow any
back reflectea images Chat cowple inte this brench teo
be diracted to impinge upen a CCD gamera. In yet
another embodirment, the fiber can be trifurcated so
that one branch delivers descrption /icnizaticn laser
ptlses, the second branch delivers visible light for

illunirating the desorption lecus, ard the third branch

transmits reflected light from the desorption locug to

& CCD camera. For each Lhese viewing schemes, an
appropriate band-pass filter shonld be decloyed bhetween
the CCD camera and wiewing optical train to prevent ithe
transmission of possibly damaging high energy paotons
that arise as the direct reflection of the incident
laser pulse upon the probe surface or are secondary
photons emitted from the probe surface as a direct
consequence of electronic excitation by the incident

laser pulsa.

Proha interface

Affinlty capture probe interface 10 is
cepable of reversibly engaging affinily capture
probe 16, positioning prcbe 16 in Interrogatable
relationship to laser source 12 and concurrently in
communication witk tandem mgss spectrometer 14; the
communication supperts atmospheric to subatmospheric
prassure.

FProbe interface 1C comprises a prohe holder,

probe introduction wort, prche position actuator
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assembly, vacuum and pneumatic assenbly, and an
interface ion collection system.

The probe holder 1s a compenent of probe
interface 10 shaped to conform to the form factor of
prebe 18. Rhere prope 16 iz a Proteinchipm hArray
(Ciphergen Biosystems, Inc., Fremont, CA USZ;), the
probe holder conforms to the form factor of the
ProteinChip® Array.

The probe holder can hold a single probe 16
or a pluralizy of probes 16. The holder positions each
vrche 16 in proper orientation to be interrogated bv
laser desorztion/ionization szcurce 13 and With respect
to the interface ion collactisn system.

The probe holder makes intimate contact with
a pesition actuator assembly.

Tne astuatcr assembly moves the relative
position of probe 16 with respect Lo laser
desorption/icnization scurce 12 and the interZace ion
collection system so0 that different regions of the
prone can be interrogated and ions resulting from such
irradiation collected for introduction irnto tandem mass
sprotrometer 14.

The actuator consists of slectro-mechanical
devices that support translational and/or rotational
movement of probe 16 while maintaining the probe's
position with respect to the laser
desorption/ionization source and ion collection sSystem
constant. BSuch electro-mechanical devices include but
are not limited to mechanical or optical position
sensars, Ssolenolds, stepper motors, DC or AC
synchronous motors that elither directly or indirectly

communicate with linear metion actuaters, linear o
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circular moticn guide rails, gimbals, bearings, or
axles.

A probe introduction port allows the probe
holder, contzining leaded prozes 146, te be placed conte
the probe position actuator assembly without
introducing undue levels of atmespheric gas into the
probe interface 10 and tandem mass spectrometer 14.

In order to accemplish the latter, the probe
introduction port uses a vacuum evacuation system (the
probe introduction port evaceation system! to puME out
atmospheric gas, achieving a target pert pressure prior
tn meving the chip inte the working pesition. During
probe exchangg, the probke actuator assembly moves the
probes from the working pesition (that positlon in
alignment with laser deserption source 13 and the ien
collection system) to an exchange position. Ia doing
20, the azctuator can provide a seal between the
exchange port lhat is soon to be raised to atmospheric
pressure, and the inlet of the mass spectrometer.
After sealing off the masg svectrometer inlel,
atmaspheric gas is introdaced into Lthe probe
irtroduction port by a probe introduction port
pressurization aystem. This eliminates the pressure
difference between the atmospheric surface of the probe
bolder znd the intreductien port, allowing tThe probe
holder tc be removed from the probe position actuator
assembly.

Following the removal of previously analyzed
probes 16 and the instzllation of now probes 16, the
probe holder is replaced into its position actuator and
the sample loading process begins. As previously
described, the probe introduction port can be pumped

down to sub-atmospheric pressure by the evacuation
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system. Upon achieving the target sample introduction
pressure, the probe actuator system moves probe 16 from
the exchenge position to the working position, and in
doing 5o opens the seal to the mass spectrzometer inlet.

Where, alternatively, lons are generated in a
cesprpilon chamber held at atmospheric pressure and
ultimately directed T¢ an lon optic assembly that
introduces the ions e the mass spoectromster inlet, it
is not necessary to evacuate and pressurize the probe
introduction port sirce it will be maintained at
atmospheric pressure.

The probe introduction port evacuation system
consists of a vaRCUUm pump, pPressure Senser, vaguum
compatinle tubirg znd connecting fittings, as well as
vacuum compatible walves that, when acting in concert,
allow the contrxolled evacuation of almespheric gas
contained within thea introduction port following sample
exchange So that probes 16 can be moved into the
working position. fThe vacuum pump can be, bu: is not
limited to, a single stage or multi-stage il
mechanical purp, a scroll oump, or oill-frees diaphragm
punp. In a preferred embodiment, the wasuum compatible
velves are electrically contrelled solencid walves., In
the same embodiment, the pressure sersor i1s an
electronic sensor capable of operating in pressurs
domains ranging from atmospheric pressure to 1
millitorr. Such pressure sensors include but are not
limited to thermocouple gauges and pirani gauges. In
Lthe same embodiment, concerted operation of this system
is achisved under logic contrelled provided by an
aralog leglc circuit or digital microprocessor fhat
reconciles inputs from the pressure gauge and

positional senscrs to aliow for automated evacuation of

JP 2004-511773 A 2004.4.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

a7

WO 0L/31484 POTIUSOD/ZR261

20

25

30

~ 38 -

the sample port as part of the overall instrument
cperation.

The prope introduction port pressurization
system consists of a gas source, pressare sensor; gas
condncting tublng erd fittings, and ¢as compatikle
valves that, when acting in concert; zllow the
contrelied introduction of gas that pressurizes the
exchange port, thus zllowing removal of the probe
helder from the actuator assembly.

In cne ewbodiment, the cas source Is
untreated atmospheric gas. In another embodiment, the
gas source is atmospheric gas that is first directed
throuch a moisture absarbent trap and opticnally
secondly through a particulate filter prior fo
introduction to the pressorization system. In ancther
empodiment, pressurizing gas is supplied by a purified
source of dry inert gas svch as nitrogen or any of the
cost-effective noble gases in lieu of using atxospheric
G05.

In a preferred embodiment, the gas conducting
tubing, fittings, some of the valves, and pressure
sensor of the pressurization system are those used in
the evacuatien swvstem. Ia the same embodiment,
concerted operation of this system is achiewved under
logic conkrel provided by an amaloy logic clrouit or
digital microprocessor that utilizes inputs from the
pregsure gauge and positional sensors to allow for
automated pressurizing of the sample port as par-t of
the overall instrument operation.

The probe interface pressure regulation
system functions to provide selective background gas
pressure ir the desorption chamber that exisis betweeh

the sanple presenting (adsorption} surface <f probe 16
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and the ion cellection system. Acceptable desorption
chamber pressure ranges cxternd from atmesphexic
pressure —o 0.1 microtorr. A preferred pressure range
axiends from 1 torr to 1 millitorr. The probe
interface pressurs regulation system consists of a ges
source, gas conducting tubing and fittings, a gas flow
regulater, anc a pressure sensor, The gas source can
be untreated atmospheric gas. Ik another embodiment,
the gas scurce ls atmespheric gas that is first
directed thrcugh a moisture absorbent trap and
optionally secondly through & particulste filter pricr
to introgduction te the requlatiom system. In another
enbodiment, regulation gas is supplied by & purilied
source of dry irert gas such as nitrogen or any of Lhe
cost—effective noble gases. The gas flow regulator may
e & manually controlled Zlow restrictor.
Blternaiively, gas Slow regulation may be achieved by
1sing an electronically controlled flow restrictor. In
a preferred embodiment, close loop contrel of preferred
desorption chamber pressure is achieved in ar automwated
fashion under lagic centrel provided by an arzlog logic
circuit or digital microprocessor that actiwvely
interacts with an avtomated gas flow regulator te
achieve a pre-established reading from the pressure
gauge.

The interface ion cellecticon system consists
of electrostatic ion collection assembly, an opticnal
ponetmatic lon collection assembly, and an electrostatic
or RF lon guide. The electrostatic ien collection
agsembly consists of an arxangement of DC electrostatic
lens elements that function to collect iong desorbed
within the desgorptien chamber and direct them towards

the mass spectrometer inlet.
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In one embodiment, this assembly consists of
two electrostatic elements. The first element is
cemprised of the probe holder and probe surface and the
second is an extracter lens. The extractor lens is
arranged to be betweesn 0.2 Lo 4 mm away from the
surface of the array. The extiractor lens contains an
aperture ranging from 2 mm to 20 ww in diameter that is
congentrically leocated abeubt a normal axis that extends
from the center of the desorptien locus Lo the center
of the mass spectrometer inlet. Independent DC
ovotentials are applied to each element of this
assembly.

In a preferred embodiment, the oxtractor lens
contains & 10 mm diameter aperture and is located 1 mm
away from the array surface., In the same preferred
embediment, a ten wolt potential difference is
established bebtween the extractor and array.

The pneumalic ion colleclion assembly
consists of & gas source, conducting tubing, tubing
connectarsg, ogzs flow regulators, gas pressure sensors,
and a gas emission port sc that a predetermined flow of
gas can be created to assist the bulk transfer of
descrbed long within the descrptlon chamber into the
mass spectrometer inlet.

The gas source can be untreated atnospheric
gas. In ancther embodiment, the gas source is
atmogpheric gas that is first directed through a
molsture absorbent trap and coptionally secondily through
& particialate filter prior to introduction to the
system. In another embodiment, ieon collection gas i
supplied by a purified scurce of dry inert gas such as

ritroger or any of the costi-effective noble gzses.
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The gas flow requlator can be a manually
conkrolled flow restrictor. Alternatively, gas flow
regnlation can be ackieved by using an electronically
controliled flow restrictor. The pressure Sensor can be
but is not limited to thermacouple gauges and pirand
gauges. The gas enission port is loceted behind
prope 16 to induce bulk gas flow around the probes and
down the normal asis centrally located between the
desorption leocus and the mass spectrometer inlet.

It a preferred embodiment the flow of gas is
under automatic closed loop contrel by the use of
analog or digital corntrel circuitry so that an adequale
ion-sweeping flow is generated without over-—
pressurizing the desorption chamber.

The final comporent of the ianterface ion
coliection system is the ion guide. The ilon guide
functions to transfer toe ¢ollected ions into mass
spectrometer 14. 1t can be of the electrostatic or R¥
variety. A preferred embodirent is a multipolar RF ion
guide. An example of the latter is a guadrupole cr
nexapele lon guide. Ik the preferred Qg-TOF Instrument
described in greater detail below, the icn guide is a
guadrupcle RF icn guide. Ions are directed inte the
ion guide by elsctrostatic and pneumatic accalerative
forces, respectively created by the elechrostatic and
mneumatic ien collection systems. In a preferred
embodiment the DC electrostatic potential of the ion
galde is less than that of the extractor lens by
typically 30 to 20 volts.

Tandem Mass Spectromeater
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“he anzlytical instrument of the present
invention further inclodes tandem mass spectromebter 14.
Tandem mass spectrometer 14 can usafully be selected
frem the group that includes orthogonal guadrupole
time-of-f£light (Qn-TOF}, lon trap (IT}, ion trap time-
of-flight (IT-TGF), time—of-flight time-of-flight (TOF-
TOF), and ion cyclotron resonance (ICR) varieties.

Presently preferrsd, and further described in
dezail below, is an orthogonal Qg-TCF MS.

The major strengths of the OgTOF M5 are
cutstanding mass accuracy and resolving power: snhhanced
sensitivity in the peptide and low mw range: and
superier ms/ms perforrance by employing low energy
zellizion indeced dissociation {CID). An corthogonal
QqTOF with electrospray ionization sonrece is availanle
commercially from AB/MDS Sciex [Q3STAR™; AB/MD3-Sciex,
Foster City, California, USA).

With reference to FIG. 2, the principles and
features of the CgTOF will be briefly outlined.

Ions are created in a descrption chamber
prier to the first guadrupcle lens "gd". Pressure
within g€ is typically maintained al aboub 0.C1 to 1
torr, but can also be maintazined at atmospheric
pressure. In this manrer, desorced ions are rapidly
cooled by ccllisions with the background gas shortly
after their fornmotion.

This cooling or damping of the ieon population
provides three mzjor advantages.

First, the cooling eliminates the initial
energy distributions of the desorbed jons and reduces
their total energy down to a peint that aspproziuates
their thermal energy. This simplifies the orthogonal
extraction requirement, compensating for variations in
ion position and energy, thus improving ultimate
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resolving power. A direct consequence of this improved
resolution is enhanced mess acouracy down to the low
rpm level.

The second major advanlage of ¢ollisional
cooling is ite ability to decrease the rate of long
term ion decay. Gas collisieons relax intermal
excitation and improve the stability of peptide and
protezin ioms. This stabilizing effect appears to be
maxinized when ions are created in the presence of
apout 1 torr pressure of background gas. Measuremernts
puklished by others have indicated that losses of small
groups and background fragmentation can be practically
eliminated, Improving the transmigsicn: of high mw
proteins and othter labile biopelymers (i.e. glyco-
conjugates, DMA, ete.). Faster decay mechanilsms

wrompt ard in-source type decay! still oceur

The final advantage of g0 colilsional cocling
ig in the greation of a psevdc-continuous flow of ions
into thre mess analyzer. Zon cellisions in g0 cause the
desorption cleud to spread out along the axis of go.
This spreading creates a situation In which icns from
various desorpticn events begin to overlap, creating an
elegtrospray-like conktinucus Introduction of ions into
the analyzer.

After passing through g0, ions enter a second
quadrupcle 22 ("Q1"}. This quadrupole functions aa
@lther an ion guide cr as a mass filter. It ls here
that ion selection is created for ms/ms or single icn
nonitoring (3I¥) experiments.

After exiting Ql, lons enter & third
gquadrupole 24 ("g2") positioned In colli
Daring simple experiments, g2 is operated as a simple

ision cell 26.

rf ion guide. For ms/ms experiments, g2 1s filled with
coilision gas at a pressure of about 107 torr to
proncte low energy CID,
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ATter exiting 92, iopns are slightly
accelerated by & DC potential differcnce applied
between the exit of g2 and focusing grid 23. This
acceleration "biases” the velowities of the lens in the
Y-axis so that their velocities are now inversely
related to the sguare roet of their m/z. This must be
accomplished if all Lons of cdifferent m/z are to strike
the detector after corthogonal extraction and free
flight. If suck bissing is noit accoxplished, ions of
different m/z will eniter the orthogonal extraction
region with the same Y-axis wvelocity.

As mlways In time-of-fligh%t, Zons of lower
m/z will strike the detector before lons of ¢reater
n/z. The absolute degree of displacement in the ¥-axis
will be a product of an ion’s £light time in the Z-axis
and an ion's Y-axis welocity. If the delecter is
placed at some locatlon optimized for intormediate mw
ions, lighter ions will "undershoot" the debector
arriving to the right side of the detector in FIG. 2.
Conversaly, ions of greater m/z will “"overshoct" the
detector and arrive at the left side of the detector in
FIG. 2. Consequently, it is necessary for zll ions tc
mairtain a comstant ratico of Z- and Y-axis velecities
if all iens are to strike 2 common detection point.

The previounsly described grid biasing method
accomplishes Lhis.

After passing through focusing grid 28, lons
arrive in modulator region 30 of the orthogonal
gxtraction elements. Modulator 20 is pulsed at rates
approaching 10,000 pulses/second {10 kHz)}. Tons are
pushed into accelerator column 32 of the icn optic and
exit out inte free fligh®t region 34 of the orthogonzl
time-of-flight (O-TOF). Energy correcticn is achieved
when the ions epter lon mirrer 3¢6. In the mirrer, ioms
are turned around and arve dirseted to strike fast
responge, chevron array microchaltiel plate detector 38.
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Alternatives to this proteotypical arrangement
can be used.

Far examplec, the geometry presenied sbove
presenks the difficulty of performing 9-T0F at high
acceleration energies. It is well established that icn
detection sensitivity for peptides and proteins is

improved as total icn energy increases., For human
insulin (MW = EB07.45 Dal, defection efficiency
approaches 100% at ion energies of 35 keV when using
tvpical microchannel mlate detectors. If the lons are
to be accelerated to 20 or 30 keV of energy, free
flight tube Iiner 49 and other corresponding corponents
must be flozted to — 20 KV or — 30 k¥, respectiwvely.
The difficulties in providing stable electrical
iseclation on simple lon opltic elements at such
potentials are well xnown. To safely and reliably
flost a plurality of elements at such potentials is
diffigult. Omne seolutiorn is lhe employment of post-
acceleration technalogy.

Uniize the device described above, such an
alternative device employs a detector post accelerator
(not shown). Icns are accelerafted to about 4 keV of

energy after leaving the crthegonal extraction elements
and the free flight reglor is floated at - 4 kv.
rurther acceleration is achieved as iohs enter z post-
zccelerator defector assembly. In this assembly, lons
pass through a field-retaining grid held at liner
potential. Iens then receive additional acceleration
in & field established betwsen the field-retaining grid
and tihe primary ion conversion surface of the detector.
Such acceleration flelds are on the order of 10 to 20
¥V over 4 to 1C mm distances.

Becanse the orthogenal duesign uncouples the
time of [light measurement from ion formation, 2 nunber
of advantages are realized.
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Laser fluence related prcblems, such as peak
nroadsning due te ion shielding and ion acceleration
field collapse, are elimlinated because ions of the
desorption plume have an extended poried of time
{typically & few miZlisecends) to expand and cool prior
Lo orthogonal extraction and acceleration inte the TOF
mass analyzer. Additiconally, orthegoneal extraction
eliminates muchk of the large hump and baseline anomaly
seen at the peginning of high laser energy,
conventional extraction spectra due Lo the chemical
noize oreated by the excessive neutral 2oad of the ERM.
Because neutrals are not extracted in the modulator
region, only ions are transmitted down to the detector
and cherical noise is appreciably reducsd.

These factors allow the use of lasexr fluences
that are 2 - 3 tlmes grealer than those normally
employed during parallel continnous or delayed icn
extraction approaches. The net result is an almcsi
compiete elimination of the need to hunt ard search for
"sweel spots" even in the presence cf poor sanple-EAM
hemogenslty, as well as improved external standard mass
accuracy determination (typicel errors are between 20 -
50 ppm), improved dquantitative reproducipility, and
improved signal Zo nolse. An additional benefit is the
elimination of the need to perform low and high lasger
energy scans to anzlyze ions of a broad mfz range. A
single laser fluence can now be employed Lo see both

low and nigh mw lons, greatly plifying the analysis
of unknown miztures.

Perhaps one of the most impressive advantages
af thig device when compared to conventicnal parallel
exkraction approaches lies in its ability to cbviate
the need for rigid sample positioning regquirenents.
Becalse the TOF measurement is substantially removed
fromw the ign fornmation process, the original peosition
of the ion Iz no longer important. Furihermore, since

JP 2004-511773 A 2004.4.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(86)

WO 0L/31484 POTIUSOD/ZR261

10

15

25

30

- 45 -

ion Formation i accomplished in a high-pressure
envirenment withoul concomitant application of high
woltage extraction fields, the design requirements of
salid-state sample inlet systems are greatly zelisved.
Simple approaches can be taken to exploy 2-dimensional
sample manipulators while maintaining excellent,
external-standard mass accuracy perfornmance.
Additicnally, sample presenting surfaces no longer necd
to be magde of metals or other conduckive media.

To summsrize, the laser desorotion ionlzaticn
(LDI) Qg-TOF MS hag tke Zollowing advantages over
existing LDI-TOF MS technoleogy: {1} increased external
standard mass accuracy (20 — 5C pom typicall);

{2} enhanced rescluticon: {3) improved ms/ms efficiency;
(4} dmproved ease of signal preduction wsing a single
high laser cnergy level that eliminates the need for
high and low erergy scans; {5} improved quantitative
gbility through the use of ITDC technology and lasex
fluences 2 - 4 times above mininum desorption
threshoid: {8) reduced reoquirements for 2-dimension
sample actuators; (7] potential for using plastic
components for sample presenting prohe aurfeaces
{injection molded twa dimensicnzl probe arrays, for
exanple); (B} reduced chemical neise by using single
ion monitoring and enhanced ability to neasure for lors
ir the EAM chemical noise domain.

The laser desorption ionizatien {LDI] Qg-T0OF
M8 has the follewing advahtages over exlsting MBLDI-PSD
approaches in prctein characterization and
idertification.

The LDI-QqTOF provides higher mass resolving
power and mass accuracy; in database mining approaches,
this increased capability reduces the number of false
pogitive datsbase hits, simplifying identifization.
Furthermore, the QGTOF alsc preovides greater than an
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order of magnitude greater sensitivity than can be
optalred with PSD MS/M5.

The analyticzl instrument cf the present
irvention demonstrates impressive MS/MS capability and
less than 20 pom rase assignment erxor forx single MS
analyesis. The Zatter has alloewed the identification of
a namber of protelins simnitacecusly reladned on the
surface of a single sffinity caplure probe.

Other Components

Affinily capture probe tandem MS instrument
100 typically further comprises a digital computer
inkerfaced with the landem mass specltrometer deteclor.
The digital computer is typically further interfaced
Wwith laser desorptior soarce 12, permitiing the
corputer both to contreol ion gereration and to
participate in data acguisition and analysis.

Pnalysis software can be local to the
computer or can be remote, but commanicapnly accessible
to the computer. For example, the computer can have a
connection to the internet perrmitting use of analytical
packages such as Protein Prospector, PROWL, or the
Mascot Search Zngine, which are availabkle on the world
wide web. The analysis software can alse be remptely
regident ¢n a LAY or #AN serwver,

AFfinity Caphbure Probe

To gonduct analyses, such as those described
in detail in sections herein below, at least cne
affinity capture probe 16 having adsorbed analyte is
engaged in probe interface 13 in position to ke
interrogated by laser desorption/ionization scurce 13
ard to deliver desorbed lons intc tenden mass
spectrometer 14.
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Zrobes 16 typically have one or nore
adsorption surfaces 18, which surfaces can differ from
ong another (18a, 18b, 18¢, 18d). Typically, if there
are a plurality of adsczption surfaces 18, all are
exposed on a comron face of probe 146.

Adsorption surfaces 1% are typically either
chromatographic adserption surfaces or biomolecule
affinity surfaces.

Chromategraphic affinity surfaces have an
adzorbent capsble of chromatograghic discrirination
among or separation of amalytes. Such surfaces can
thus include anion exzchange moietles, cation exchange
noieties, reverse phase neleties, metal affinity
caplhure moisties, and mized-mode adsorbents, as such
terms are understocod in the chromatographic arts.
Bicmolecule affinity surfaces hawve an adscrbent
comprising biomolecules capable of specific binding.
Suech surfaces can thus include antibodies, receptors,
nucleic acids, lectins, enzymes, biotin, avidin,
streptavidin, 3teph protcin A and Staph protein G.
Adsorbent surfaces are further described in & section
below.

Interface 1C positions probe 16 in
interrogatable relationship “o laser desorption/
icnization source 13. Typically, it is desired that
the laser interrogate probke adsorption surfaces 18.
Accordirgly, interfzece 10 positions probe 16 adsorption
surfaces 18 in interrogatable relatjonsghip to laser
desorption/iornization source 13. If adsorption
surfaces 18 are positioned on only one face of probe
16, oprobe 1€ and/or the pzobe holder of interface 10
car we asymwmetriczlly dimensicned, thus obligating
ingertion of probe 16 in the crientation that presents
adsorption surfaces 18 to laser desorption scurce 13.

Where probe 16 has a pluraliiy of adsorption
surfaces 18, it will be desired that laser spurce 12 be
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able discretely to address each adsorpticn surface 1B,
This can be acccaplished Ly coptics interposed between
laser source 12 and interface 10, by rendering laser
source 12 and/ox intezface 10 movable, or by a
combination therecf.

Probe & can »e an affinity capture probe as
presently used in single MS analysis (e.g., those
commercially available from Ciphergen Biesystems, Inc.,
Fremont, CA USA).

III. Applications of the Affinity Probe Tandam MS

Instrument

The sbove-described analytlical instrument of
tha present invention provides significarnt advantagos
in, and affords novel methods for, (1) protein
discovery and identification and {2) the
characterization of interacticns bhetween specific
binding pairs: which will now be described im Turk.

In general, the advantages of the above-
descrined analytical instrument include: the ability to
do high mass accuracy measurements in single mass MS
and tandem M35 mede combined with affirity capture probe
technclogy, especially with z specific receptor binding

systam.
A Protein Discovery and Identification
1. Advantages of the Mathods of the
Invention

One relzted set of problems that o»rotein
biclogists attempt to solve is protein discovery,
identification, znd assay development. Proleln
discovery is the orocess of finding proteins in a
system that are blclogically interasting because, for
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exemple, they function as diagnostic markers or carry
cut critical gell funztions. Protein identification is
tke process ol determining the identify of z discovered
orctein. Assay developwent is The process of
develcoping a reliable assay to detect the protein. The
methods of this invention provides advantages for the
practitioner in carrying out these processes comparsd
with previous technolegies.

A primary advantede of this invention is that
it provides a single plaktform on which to carry ont
process steps Urom protein discovery Lo protein
identificaticn to assay develozment. The provision of
a8 single platform hased on SELDI technology
silgnificantly decreases the time between discovery and
assay validation: Wikal used te takes months using
previousltechnolugies can now take weeks or days. Tlhe
methods of this invention also sigrnificantly reduce the
arount ¢f sample required to perxform the experiments.
Whereas previous metrods required micromeles aof
anglyte, the present methods can pexform the same
sxperinents with picomoles of analyte. This cvercomes
a significant hordle when sample is scarce or scale-up
is difficult.

Erevipusly, protein discovery and isoiation
wag acconplished using 2D gels or Wwestern 3lots.
However, comparison of gels te sach other to detect
differentially expressed proteins is a difficuli
procedure.

The discovered protein might now be
identified using mass spectrometry methods. Important
oroteins could be isolated and ultimately fragmented in
the gel with proteases and the peptide fragments could
be analyzed by o mass spectrometer and aporopriate
bisinformatics methods, Howewer, els are not
corpatible with present mass spectrometry methods, and
peptide fragments have to be removed from the gel,

JP 2004-511773 A 2004.4.15
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Because the latter process inevitably resulled sample
1oss, this approach required large guantities of
starting protein and material. When the protein was
rare, as imperlankt proteins can be, this increasced the
difficulty of the process.

once ldentified, the practitioner needs to
develon a relliable assay to detect the protein.
Typically, this invelves developing an ELISR assay.
This techrology, in turn, reguired the productior of
antibodies., This can be g time consuming task
especially if the protein of interest if difficult to
preduce in quantilty for imeunization.

Thug, prior tecknigues could have reguired
three different technologles to agcemplish protein
discovery, protein identification and protein assay.
The methcds of the present invention can accomplish
thiz with one technology.

2. Methods of Protein Discovery,
Identificaticn and Asgsay Development

The methods of this irvention for protein
discovery, identification and assay development involve
preparing a difference map to discover a protein or
eroteins of intercst, Identifying the protein by
affinity capture proke tandem M3, and validating using
an affinity cspture probe laser desorpticn isnizatien
chromaztographic surface assay or affinity capture probe
laser desorption ignization biospecific surface assay.

The process can proceed as follows., &
praotein of interest is provided or 1is discovered by,
for ewample, using difference mapping of retentate
studies. Thesc methods are described in, Zor example,
WO 8B/58362 (Hutchers and Yip). Briefly, twe
biological samples that differ in some important
respect (e.g., normal v, diseased; functienal v. non-
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fonctional) are examined by retentate chromatography
methods. The methods involve exposing the samples to a
plurality of different chromatographic affinity and
wash conditions, followed by examinaticn of the
“retained proteins” by affinity capture probe laser
descrption ionization. 2roteins that are
cifferentially expressed between the two samples are
candidates for further examination. Because they have
been examined cn a mass spectremeter, the molecular
welghts of thege candidate proteins are known,

Normally, scorce of proteins in additlion te
“he proieins of interest will be retainmed on the chip.
Therefare a next opticnal step is to refine the
alfinity and wash conditions under which the preotein or
proteins of interest are retained sc as to simplify the
sample for furthey analysis. (These alsc are described
in the Hutchens ard Yip application.) While capture of
the single protein of interest is ideal, capture of no
more than about fen detectable proteinsg iz favorable.
The refined method provides an improved chromatographic
assay for the protein of Interest.

The re<ained proteins are then subject to
fragmentation on the probe using a proteclytic agent of
cheice, producing a pocl of peptides for subsequent
study. Digestion by specific endoproteases such as
trypsin is advantsgeous because the ¢leavage pattern is
known and is corpatible with bicinformatics methods
invelving in silico cleavage of proteins stored in a3
database, The rasulting peptiides are then analyzed by
high resolution, high accuracy M5-MS (e.g., having a
nass assignment errar of less than 20 parts per million
ard re¢solving power of approximately 10,000). AL this
peint, it may noct be clear whether a particular peptide
fragment is a cleavage product of the protein of
interest or of gre of the other retained proteins.
Wevertheless, the analysis proceeds by selecting one of
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the peptide fragments (possibly at random, possibly
hased on information that it corresponds to the protein
of interest} and subjecting the peptide to gas phase
fragmentation. One such methed is collision-induced
disscciation (CID). The peptide need not be isolated
from the chip, because the MS-MS device isolates the
peptide of interest from the other peptides in the mass
spectremeter. This will generate a further
fragmentation pattern of the selected peptide fragmert.

Uging methods alrsady sstablished in the art,
such as database mining protocels, information frem the
fragmentation pattern is used to interrogate a protein
datahease to generate cne or more putative identify
candidates for the protein from which the peptide

ragment is derived. The protocols generally perform a
closeness-of-fit analysis that measures now wall the
predicted mass spectrum of a proteln matches the actual
mass spectrum of the selected fragment. Proteins in
the database can then he rarked based on the confidence
measurement that the protein fragment corresponds to a
database protein. ¥nowledge of the mass of the parent
protein and the species of origin, both of which are
already knewn, will assist in limiting the number of
jdentify candidates generated,

Then, the putative identity of the protein
from which the peptide fragment was generated is
verified. Using knowledge from the database of Lhe
primary sequence of the putative identity candidate and
the cleavage pattern of the proteolytic zgent used, one
can predict the peptide fragments and, in particular,
their molecular weignta, that should he generated from
the cleavage of the identity candidate by the
proteolytic agent. This predicted set of fragments is
then compared with thke actwal set of fragments
generated after preteclytic c¢leavaye of the proteins
ratained on the chip based on their masses. Zf the
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predicted fragments are accourted for, then one is
confident that the putative identity candidate actually
corresponds to the identify of one of the proteins
retained on the chip. If not, then one must test other

putative identity candidaktes through 2z process of
elimination until the protein from which the fragoent
is generated is identified. At this peint, the
generated fragments that correspond to the identified
protein can be elimirated from the total set of
fragmernts gensrated as having been accounted for.

If only cne protein was retained aftex
refining the affinity and wash concitions, then all the
pepntide fragments will have been accounted for and the
process is complete. EHowever, if more thar one protein
kas been retained, the situzation may be more
conplicated. For example, the Iragment used in the
enalysis may have been generated Erom the protein of
interest, or it may bkave been generated by a protein
that was retained an the chip, but that is =ot the
protein of interest. In this case, it is useful to
repeat the steps of analyzing the peptide fragments not
accounted for by the M8-M3 methods described until the
protein of icterest is identified or all the zetained
proteins have been identified.

Finally, the prectein of interest can be
assayed by affinity capture probe laser desorption
ionization methods using either chronetographic surface
already determinced to retzin the protein or =
biospecific surface can be develowed for use in an
affinity capture probe laser desorption icnization
assay. Creabtion of biospecific surfaces involives
providing a binding partner for the identified protein,
such as an antibody, or a rezeptor if a receptor is
krown, and attuching this to the chip surface. Then,
the zrotein of interest can be assayed by SELDI &as
glready described.
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B. Charaaterizaticn of Melecuiar Interacktions

Trhe apalytical instrument of the present
invention makes pozsible, for the first time, a
gensitive, efficient, single-platform appreach to the
study of interactions between specific binding
partners.

Specific binding partner icterscticns are at
the core of &z wide spectrum of biological processes.
Aecordingly, the ability to measure and to characterize
such interactions is a necessary prersquisite to a full
understanding such processes; at the clinical level,
the ability to nmeasure and to charamcterize such
interactions is lmportant to an understanding of
pathologic aberrations in those processes, and to the
rational desimm of agents that can be used to medelate,
or even abrogste, such interactions.

At the level of organized euXaryotic tissues,
for example, intercellular signsling in the mammalian

pervous system is mediated through interactions of
neurotrarnsmitters with their cognate receptors. An
understanding of tho molecular nature of such binding
interactions is necesgsary for a full understanding of
such signaling mechanisms. At the clinical level, an
understanding of the molecular nature of such kinding
interactions is reguired for a full understanding of
the mechanism of signaling pathologies, and for the
rational design of agents that pslliate such signaling
patnolegies, agents useful for treatment of diseases
ranging from Parkipson's disease to schizophrenia, from
cbsessive compulsive disorder to epilemsy.

At the clirculatory level, for example,
irteraction of B cell recectors with cirenlating
antigen is reguired to Lrigger B cell clonal expansicn,
differentiaticn, and antigen-specific humeral immune
response, An understanding of the antigenlec epliopes
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“hat contribute Lo antigen recognition is critical o a
full understanding of immune responsiveness. AL the
clinical level, such undersgtanding is important to the
design of vaccines that confer more robust humoral
immattlty.  Analogotsly, interaction of T cell receptors
witn peptide displayed in association with MHC on
antigen-presenting cells is crikical to the triggering
ef cellular immonity. 2An understanding of the T cell
epitopes that contribute to antigen recogrition is
important to the design of vaccines that confer meore
robust cellular iwmanity,

At the level of individual cells, phenotypic
response to extracellular signals is mediated by at
least cne, most often a cascade of intermolecular
interacticons, from the inmitial interactien cf a cell
surface receptor with ligand, to intracytoplasmic
interactions that transduce the signal to the nucleus,
to interaction of protein transcription factors with
ONR, the altered patterns of gene expression then
leading to the observed phenctypic responsc.

For example, discriminative binding of
estrogen and progesterone by ovarian cells is required
for ovalation. An understanding of the molecuiar
nature of kinding interactions between stercid nermone
receptors and the hormone ligand, oz the one hand, angd
liganded recepior with stercid hormone response
elements in the genome, on the other, 1§ important Zor
an understanding of the hormonzl response. Such
understanding, in turn, is important for an
understanding of infertility, and for the rational
design of agents — such as RU486 — that are intended to
abregate ovilation, implantation, and/or fetal
viability.

Such interactions are found not orly in
cnkaryofic systems, but in prokaryotic systems and in
the interaction of prokaryotes with eukaryotes. For
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example, certain gram negative bacteria elaborate a
pilus that is required for inwvesion of the euckaryotic
gsurethra; and understanding of such interaction is
impeortant to full comprehension of the pathologic
process, and for the rationgl design of agents that can
prevent such invasion.

A number of technigques are uwsed in the art to
study and map such intermolecular interactions between
specific binding partners. Each has significant
disadvantages.

In 2 firsi such method, one member of a
specific binding pair is immobilized on an adsorbent
which is packed in chromatographic column. To map the
location within the struotuvre of the zecond (free)
oinding partner that makss contact with the first
(bound) binding partner, the second (free) parkner is
cleaved. Typically, such cleavage 1s by specific
proteclytic enzyme, although zpecific chemical cleavage
le.g., by CHBr) or even nenspecific chemical hydrolysis
can be done. Thereafter, the digest is passed over the
column to bind these portions of the second ({ree)
partner that still bircd to the first (immobilized!)
partner.

The rertides of the second pariner are then
eluted, typicelly using a sal: or pH gradient, and
identified, typically by introducing the peptides into
a mass spectrometer using by MALDI or elecktrospray
ipnizatiecn.

This appreach has severzl well known, and
significant, problems. First, a large guantity of
prrified first binding parxiner i reqguired in order to
create the specific adsorbent. Second, a large
guantity of second pipding partmer, typically purified,
is required for
since each of these stages is abtended by diluiion
effecis and analyte loss. Furthermore, although the

astion, adscrption, and elution;
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subsequent mass Spectremetric analysis can be highly
sensitive, interfacirg the fluid phase znalysis to M5
can alsoc occasion analyte loss.

Perhaps a more furndamentzl disadvantage is
that, by cleaving the second binding partner before
binding to the first parziner, only these molectlar
structures on the segond binding partner that ara
properly maintained iz the peptide fragments will bind,
and thereafter be detected. If, for exanple, an
antibody binds antigen at discontirucus, rather than
linear, epitopes, suchk discontinucus epitopes can be
destroyed by fragmentation; unsble to support binding
to the immobilized antibody, suwch actigenic epitopes
cannot be detected.

A cecond typical approach in the art is to
use polnk moutatlons Lo map, within 2 protein binding
partner, these residues that contribute to
intermolecular binding.

This latter apprcach requires that the
protein hinding parthner have been <loned, the creatlon
of the desired point mutations, recombinant expression
of the altered protein, and purificaticn thereof.
Thereaiter, the binding kinetice to the other partner
of the altered protein is measured ko determine the
effect of the mutated residus on the intermeolecular
interacticn.

Lass often used, the nature of the contacts
between hinding partners can be elucidated by X-ray
crystallography of the bound partners. This technigue
is highly effective, and provides atomic level
resoiution, but requires that each binding partner be
highiy purified, and further requires that suitable co-
crystals ke formed.

The affinity capture tandemx nase specirometry
instrument of the present invention provides an
improved approach that requires far less starting
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material, ohvia%es peint mutational analysis,
crystallization, and substantizlly reduces the purity
reqguirament.

The first step iz fo immobilize one of the
binding partners on an 2ffinity capture orobe.

Either partner can be immobkilized; it is the
free partner, however, for which structural information
about the birding contacts will be obtained. Using
receptor/ligand interactions as exemplary of the
zpproach, immcpilizirg the ligand on the probe will
permit the identification of regicns of the receptor
that particivete in binding the ligand; immobllizing
the receptor on the probe will permit *he
identificaticn of regions of “he ligand thal
participate in its bindirg to the receptor. W®here the
ligand 15 a protein — for example a protein hormeone,
cytckine, or chemokine — separate experiments, using
each pariner in turn, will yield a bilateral
anderstacding of the intermolecular contacis.

The prebe-bound partner can be immebilized
using cowalent or strong noncovalent Inmteractions. The
cholce will deweng upon the avallability of suitable
reactive groups cn the partner tc be jmmobilized and on
the chemical nature of the surface of the probe.
Rppropriate chemistries are well known in the
analykticzal arts.

For example, where the bhinding partner to be
immobilized has free amino growvpsg, covalent bonds can
be formed between tie free amine groups of the binding
partner and a carbenyldiimlidazole melety of Lhe probe
surface. Analogously, free amino or thiol groups of
the binding partner can ne used covalently to bind the
partner to & probe surface having epoxy groups. Strong
coorcinate or dative bonds can be formed batween fres
sulfhydry: groups of the binding partner and gold or
platinum cr the probe surface.
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Optionally, remaining reactive sites on the
probe surface can then be blocked to reduce nonspecific
binding te the activated probe surface.

The seccond (free} binding partner is then
contacked to the affinity capture chip and allowed fto
bind to the first {immcb:ilized) binding partner.

The second (free} pinding partner can be
present pure in sclution, 1f inown and 2vailable, or,
mera typically, will be captured from a heterogeneous
mixture, such zs a biological sample suspected to
contain the second binding partner. The biclogical
sample, as in bicmarker discovery approaches described
earlier, can be a biological fluid, such as blood,
sera, plasma, lyrph, interstitial fluid, urine,
gxudates, can be a cell lysaie, a cellular secretion,
or & partially fractionaved and purified portion
thereof.

The prohe is then washed with eone or more
eluants having defined elution characteristics. These
washes serve to reduce the number of species that bind
ronspecifically to the probe.

Energy zbsorbing molecules are then zpplied,
Typically in the 1liguid phase, and allowed to dry.
Iyolicaticn of energy absorbing molecules is effected
in the same manmer as for existing uses ol affinity
capture probes; where TroteinChip® Arrays {(Ciphergen
Biosystems, Inc., Fremont, CA, USA) are used, energy
abserping molecules arve applied according to
maenufacturer instructions.

Species that are noncovalently bound to the
affinity capture probe — e.g., second binding pariners
specifically bound to the first (immcbilized] binding
partners, molecules nonspecifically bound to the probe
surface, molaciles nonspecifically bound to the first
binding partners — are then detected in a first phase
of laser desorption lonization mass speclrometry.
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The mags spectrometer can be a single stage
affinity capture LDI-MS device, such as the PBS II Irom
Cipnergen Biosyastems, Inc. (Tremoai, CA USA). However,
the affinity captore tandem MS of the present invention
provides higher mass accuracy and higher mass
resolution and is preferred.

Typically, the second {(free} binding partner
will be krown from earlier studies, and its presence or
absence readily confirmable by mass spectrometry. IZ
the second {free; binding partrer is unknown, each of
the species bound te the probe can be investigzated in
trrn, If the number of detectable species Ls too high,
the affinity capture probe can be washed with sluants
ferent elution characteristics (tvpically,
increased stringency), to reduce the number of speciles

having

present for apaiysis.

Cnce binding of the second {"free"} binding
vartner to the first (immobilized) binding partner is
confirmed, the second binding partner is fragmented.
This is typically accowplished by contacting the second
oinding partner (which is, at this point, noncevalently
mut specifically bound to the first binding pariner,
which 15, in turrn, immobilized on the probe surface
with specific endoproteases, such as trypsin, 3lo-C
{(Vvd) protease, endoproteinase Arg-C {gither the serine
protease or cystielne protease Brg-C enzyme}l, Asn-N
protease, or Lys-C protease.

After digestion, peptides are detected by
mass spectrometry.

If all fragments of the second binding
partner are to be identified — e.g., to confirm the
icentity of the second binding partner by peptide mass
fingerprint analysis - energy absorbing molecules can
ke applied and the probe used to introduce the peptides
inte a mass spectrometry by laser descrption
icnization. For this purpose, the Ciphergen PBS I1I
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single apceleration stage linear TOF MS can be used;
the tandem MS of the present inveniion, which prowvides
superior mass accuracy and mass resclution is
preferred, since the increased resclution and accuracy
reduces the number of putative "hite" returned at any
given confidence level in any given databases gquery.

More typically, however, 2L is desired Lo
arzlyze those fragments of the second binding partner
that bind mest tightly to the immobilized first binding
partner, In such case, the orobe is washed with one ar
more eluants prior to addition cof energy absorbing
molecnles,

At this pepini, the probe is inserted iato the
interface of the tendem M8 of the present invertion,
and fragzents (typically peptides] of the second
binding partioer detected.

If the identify of the second (free) binding
partner is known, the masses of the detected fragments
can pe compared with those predicted by spplying the
known cleavage rules of the Iragmenting enzyme to the
primary aminc acid sequence of the second binding
partner. In this fashion, each fragment can be
identified, thus lecating within the structire of the
sacord binding partner those portions resporsible for
binding to the first binding partner.

Althougr, in theory, a single stage MS device
can be used, in practice fragrents other Lhan those
arising from the second binding pariner will be
presert, confounding such anzlysis. Definitive
igentification in the uswal case thus benefits from the
kigh ness resolution and mass accuracy of the
instrument of the present invention, and further often
benefits from ms/ms analysis.

If t£he second (free) binding partner is neot
knowm, the partner can be identified by ms/ms analysis.
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Typically, such analysis takes the form of
salecting a first parent peptide in a first stage of
M5, fragmenting the selected peptide, and then
generating a fragment mass spectrum in & second stage
of M5 analysis. Fragmentation is done in the gas
phase, preferably by collision-induced dissociation.
In the preferred embodiment of the affirity capture
tandem mass spectrometer of the preseat invention, CID
is effected in g2 by collision with nitrogen gas at
about 107 Torr.

The fragment spectrum is then used to guery
sequence databases using known algorithms, such as that
disclesed in Yates et al., U.S. Patent Nos. 5,538,887
anrd 6,017,693, and that employed in Protein Progpecior
M5-TARG (ktip://prespecter.ucsi/edul meodule.

Putative identifications can be furiher
verified by selecting & secornd parent peplide and
repzating the approach, ag necessary to confirm that
all peptides derive from an identifizble parent.

Thereafter, once the second binding partner
ig identified, the nature of the intermolecular
interaction can be studied as set forth above. The
known cleavage rules of the fragmenting enzyme {or
chemical, such as CKBr} 1s applied to the prirsry
sequence of the now-identified second binding partner,
and the empirically measured peptides mapped onto the
theoretical digest, thus identifying the peptides that
kad bourd teo, and thus in the native molecule
contribute to the binding to, the immobilized first
binding pariner. 3and as zbove, the experiment can be
repeated with increasing stringency of wash to identify
these peptides most tightly oound.

Other perturbations can be performed to
elucidate further the nature cf the intexmelecular
pinding.
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The elution ckaracteristics of the elvant to
wash the probe following fragmentation of the second
binding partner can be altered to identify the
fragments that contribukbe most strongly to the
interaction, or to identify pH-dependent or salt-
dependent centacts that contzibute te binding.

The principle is of course well-known in the
chromatogravhic and molscular biological arts: with
increased stringency of wash (e.g., increased salt
concentration, higher tewxperature), those fragmenis
less tightly bound to the immobilized first pinding
wili be cluted off the first binding partner. In the
present geometry, such poorly hinding fragments will
glute off the probe and be lost from the subsequent
mass spectrometric analygis. A geries of experiments
can thus be performed in which the probe, or identical
countervart probes, are washed at increasing
stringency, thus creating a graded seriez of subsets of
Zragments of the second binding partner, in which each
successive subsel has a smaller subset of more tighily
binding fragments.

ks noted above, thne first (immcbilized) and
second {free) binding partners can be interchanged,
allowing the eother parkner’s kbinding contacts to be
elucidated.

A further useful perturbation is removal or
alteration of post-translational modifications on onc
or zoth of the binding partners. Fer example, 1f the
first binding partner is a glycoprotein, treatment with
eng or more specific or nonspecific glycosidases prioz
to, and/or after, binding of the geceond binding pariner
will help elucidate the contribution of sugar resicues
to the binding.

analogously, where one of the binding
pariners is nucleic acid, treatment of the nucleic acid
binding partner with nuclease after biading of the
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other binding partner can help identify critical
pinding residues.

The anove-described approach to
characterizing irtermolecular interactions replsces the
multi-platfozm, labcr-intensive, insensitive techniques
of the prieor art with a single platform, streamlined,
sensitive approach. The approach 1s applicable to a
wide variety of different biological systems znd
problemns.

Fs suggesTed above, the metheds of the
present invention can be used to for epitope mapping —
that is, to identify the contacts within an antigen
that centzibute to binding to entibody, T cell
receptor, or MHC. The methods can e used to elucidate
the nature of binding of biclogical ligands to their
receptors, of transcripiion factors to nucleic acid, of
transcripticen factors teo other trarnscription factors in
a multiprotein complex.

Blthough particularly discussed above with
respect to proteinfprotein interactions, the methads of
the present inwvertion can he practiced to elucidate the
binding interactions betfween lectirs and glycoproteins,
preotein and nucleic acid, and small molecules and
receptors.

Particularly with respeclt io small molecule
iigands, the methods can also be applied to the design
of agonists and antagonists of known recentors.

Over the pasi decade, technicues have been
developed for combinatorially generating large numbers
of small molecules and for screening such molecules in
various hemogeneous and live cell assays for their
ability to affect one or more hioloagical processes.

For example, homogenecus scinktillation preoximity aszsays
can be wsed fto screen combinaterial likraries for
binding to a known receptor; digital image-based
cellular assays can be uzed to screen compeounds from

JP 2004-511773 A 2004.4.15
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combinatorial libraries for downstream effecis, such as
cy-oplasmic/auclear transpert of receptors, changes in
insracellular calcium distribution, changes in cell
mosility.

Once such a lead compound s identified,
however, a detailed understanding of the interaction of
the small molecule with its receptor will facilitate
intelligent design of molecules with improved
pharmscokinetics and therapeutic index. The technigues
of the presont invention are well suited for such use.

If the swmall mclecule provides a signal near
that provided by the ensrgy absorbing molecules, MS Is
performed with single ion ronitering looking only for
the known mass for the cenbinateorial library component.

EXAMPLE 1
Identification of Prostate Cancer Biomarxor

Traditicnally, prostatic carcinoma is
diagnesed via biopsy after discovery ol elewvated hlood
levels of prostate specific anticen (PSR). Iz normal
males, PEA is present at lewvels of less than 1 ng/ml.
or both BPH and prostatic carcinomz, PSA Zevels may be
elevated to 4-10 ng/ml. Chen et al., J. Urology
15712168 —-217C (1997); Qian et al., Clin. Chenm.
£3;352 - 359 (18%7). PFSA is known tc have chymotryptic
activity, cleaving at the C-terminus of tyreosine and
leucine. Qian ot al., Clin. Chem. 43:352 - 359 [1897).

Seminal plasma from patients diagnosed with
BFH as well as palbients diagnosed with prostatic

carcinowma were analyzed using the technigue
Proteinchipe differential display. FIG. 3 displays the
seminal fluid protein profiles of a single BFU and

prostate cancer patient. B wirtval gel display is used

JP 2004-511773 A 2004.4.15
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to enhance visual comparison between samples. A
difference plot for the protein profiles of prostate
cancer minns BFE is displayed beneath the gel view
plots. Positively displaced signals of the difference
plot irdicate proteins that are upregulakted in prostate
cancer, wWialle negative peaks represent prostate cancer
downward protein regqulation. Several uniquely
vpragulated signals, indicatirg possible prosiate
cancer bicmarkers, were detected.

on-chip iseolzation of one c¢f these upregulated
proteins was achieved by using a mixed mode surface and
neutral pH buffer wash {see FIG. ¢). 1In this case, the
protein was enriched to near homogeneify. The ehriched
bicmarker candidate was then expased to in-situ
digestion uasing trypsin. Aftex incubation, a saturated
solutieon of CECA {matrix) wes added and the subseguent
digest products analyzed by SELRI-TOF.

Several peptides were detected {see FIG. 5.
The resultant peptide signals were submitted for
protein database analysis and a preliminary
identification of human semencgellin I was made. This
Zdentificatior was somewhat perplexing, since the
bicmarker hacd a molecuilar weight of about 5751 Da, far
leas than that of semencgellin I (MW 52,131 Da}

The same purifiec¢ protein was submitted for
ProteinChip DY Qg-TOF MS detection [see FIG. £)
Because the parent ion at 5751 Da was peyond the
current mass zimit for LDI Qg-TOF MS/MS analysis (300C
M/z), the doubly charged ion was userd for CID MS/MS
sequencing {(see FIG. 7). The CID MS/MS results were
used to periors protein databsase mining. 15 of the 26
m3/ms ions mapped kack to human seminal basic protein
{3BP), a proteclytically derived fragment of
semenogelin I, providing definitive identification of
this candidate biomarker.
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wWhile initial studiez such as these quickly
reveal potential bicmarkers, complete validation of any
biomarker reguires analysis of dozens cr even hundreds
of relevant samples to obtain statistically significant
information regardlng expression and prevalence.

All patents, patent publiicatlons, and cther
published references meatloned herein are hersby
incorporated by reference irn their entireties as if
each had kheen individually and specifically
ircorporated by reference hereln. By btheir clitation of
various references in this document, applicants do not
admit that any particular reference ig "prior art" to
thelr ipvention.

While specific examples have been provided,
on is illustrative and oot

the anove descri
restrictive., Ary one or more of the features of the
previously described embodiments can be combined in any
nanmer With one or more features of any other
embodiments in the present invention. Furthermcre,
many variations of the invention will hscome apparent
to those sxilled in the art upon review of the
specification. The scope of the invention should,
therefore, be determined not with reference to the
above description, but instead should be determined
with reference to the appended claimz along with thedr
full scope of esquivalents.
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WHAT IS CLAIMED IS:

1. A methed of ¢haracterizing binding
irzeractions betwsen a first and second molecular
binding partner, the method conprising:

binding a second pinding partner te a Tirst
»inding partner, said first bincing partner immobllized
to a surface of a laser descrptior icnization probe;

fragmeuting said second bhinding partner; and
then

detecting at least one of said fragments by a
tandem mass spectrometer measurement,
the mass spectrum of said detected fragments
characterizing said binding interactions.

2. The method of ¢laim 1, further
comprising the step; before binding of said second
binding parther to szaid first binding partaer, of:

immobilizing a first binding partner Zo a

surface of an affinity capture probe.

3. The methed of claim 2, wherein said
trerglyilizing of said first csrtpmer to said affimity

capture probe surfzce is a direct binding.

4. The method of claim 3, wherein said
direct binding to said probe surface is & covalent
bonding.

5. The method of claim 4, wherein said
covalent bonding is belween an anine of sald first
binding partner and a carbonyldilmidazcle moliety of
said probe suriace.

6. The method of claim 4, wherein said
covezlent bencing is between an amino or thiegl group of
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said first binding partner and an epoxy group of said
probe surface.

7. The method of claim 3, wherein szaid
direct binding to sald proke surface is a noncovalent
bonding.

8, The methed ef claim 7, whergin said
direct pinding to sald probe surface 1s a coordinalke or
dative ponding.

o, The method of claim 8§, wherein said
coordinakte cr dative Donding is To & metal of sald
proce surface.

10, The wethod of clain 9, whersin said
melzl iz selectad from the groun ¢ensisting of gold and
platinum.

11, The method of claim 2, wherein said
affinity capture probe immeobhilizing surface is a
chromatographic adsorption surface.

12. The metned of ¢laim 11, wherein sald
chromatographic adscrption surfizce is selected from the
group consisting of reverse phase, anion exchange,
cativn exchange, imreobllized wetal affinity capture and
mized-mode surfaces.

i3. The method of claim 2, wherein said
immobilizing of said f£first partner teo said affinity
capture probe surface 1s an indirect binding.

14, The methcd of claim 13, wherein said
ingdirect binding covalently binds said first binding
partner to said affinity capture probe surface.
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15, The methed of claim 14, wherein said
indirect covalent binding to said affinity capture
proke surfzce includes a cleavable linker.

16. Tre method of zlaim 15, wherein said
linker is cleawvable by an zgent selected from the group

consisting of @ chemical, an enzyne, apd radiation.-

17. The nethed of claim 13, wherein gaid
indirect binding nonccvalently binds said first binding
partner to =aid affinity captore prohe surface.

18. The method of claim 17, wherein said
roncovalent indirect bonding teo sald affinity capture
probe surface incliudes a biotin melecule.

19. The method of claim 17, wherein szid
noncovalent indirect bonding to said affinity cacture
prope surface includes an avidin molecule.

20. The methed of cisim 17, wherein said
noncevalent indirect honding to said affinity capture
prorze surface inclvdes a streptavicin molecnls.

21. The methed of claim 1, wherein said
first molecular »inding partner 1s selected Zrom the
group consisting of protein, nucleic acid,
carbohydrate, and lipid.

22. The methoed of claim 21, wherein said
first molecular bindirg partner is a protein.

Z3. The method of claim 22, wherein said
protein is ratuvcally occurring.

JP 2004-511773 A 2004.4.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(112)

WO 0L/31484 POTIUSOD/ZR261

- 7 -

24. The method of claim 23, wherein said
protein occurs naturally in an crganism scolected from
the group consisting of multicellular esukarycte, single
cell eukaryote, prokaryote, and wirus.

25.  The method of clain 24, wnerein said
protein occurs naturaliy in a rulticellnlar eckaryote.

26, The methed af claim 25, wherein said
miiticellular enkaryote is selected from the group
consisting of mamnals, Znsects, nematodes, fish, and
vascular plants.

27. The nethod of claim 26, wherein said
multicellular ewkaryote is a mammal.

2B, The method of c¢laim 27, wrerein said

mammal 1s homo sapiens.

29. The method of claim 27, wherein said
mammal 1s a rodent.

30. The method of claim 27, wherein said
rodent is a mouse, rat, or guinea pig.

31. The methed of claim 22, wherein sald

protein is nennaturally occurring.

32. The method of claim 31, wherein said
vrotein is a recombinant fusion protein.

33. The method of claim 22, wherein sald
orotein iz selected from the group consisting of
antibody, receptor, transcription factor, cytoskeletal
protein, cell ¢ycle protein, end riboscmal vroiein.
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34. The nmethod of ¢laim 33, wherein said
protein 1s an antibody.

3Z. 'The methocd of clain 33, wherein said
pretein 1s a receptor.

36, The method of claim 35, wherein said
receptor is selected from the group consisting of cell
surface receptor, transmembrane receptor; and nuclear
receptor.

37. The method of claim I, wherein said
binding of said second binding partner to said firss
binding pariner is cffected by contacting said rfirst
binding partner with a biologic sawple.

38. The method of claim 37, wherein said
kicologiszal sample is a fluid selected from the group
consisting of bleod, lymph, urine, cerebrospinal fluid,
synovial fluic, milk, saliva, vitreous humor, aguecus
bumor, mucus ahd semen.

39, The methed of claim 38, wherein saild

biclogical fluid is Ttlood.

4D, The method of cizim 38, whuerein said
fluid is urine.

41. The method of claim 28, wherein said
biclogical fluid is CSF.

42. The method of claim 37, wherein said
biclogical sample is a cell lysate.

43, The method of claim 1, wherein said
second binding partner is a protein.
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44. The method of clzim 1, wherein said
binding of said secord binding partner to ssid first
binding partner is cffected by contacting said first
birding partner with an aliguol of a chemically
synthesized combinatuorial Library.

45, The method of claim 1, wherein said
binding of said second binding partner te said firat
binding partner is effected by contacting said first
binding partner witn an sliquot of a hioclogically
displayed combinaterial library.

46, The meihod of claim 45, wherein said
library is a zhage-displayed Library.

47, The method of clzsim 1, wherein said
fragmentirg is effected by contachting sald second
binding partner with an enzyme.

48. The method of claim 43, wherein said
Traguenting is effectad by contacting said second
binding partner with an enzyme.

49, The methed of claim €8, wherein said
enzyme is a spacific endoprotaase.

50. The method of claim 4%, wherein said
endoprotease is selected from the group consgisting of
trypsin, Glu-C (VB} protease, endoproteinase Arg-C
(serine protease), endoproteinase Arg-C (cysteine
protease}, Asn-N protease, and Lys-C protease.

51. The methed of claim 50, wherein said
protease is trypsin.
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52. The method of claim 1, wherein said
fragmenting is effscted by contacting szid second
Dinding partner with a liguid phase chermical.

53. Tre methed of claim 52, wherein said
chemical 1s CNZr.

54, Tre method of claim 1, further
comprisirg the step, after binding of sald second
»inding partner te said firsgt binding partner, and
before fragmentizg said second binding partner, of:

deraturing said seccnd binding pariner.

55. Tre method of ¢laim 1, further
comprisirg the step, after fragmenting szid seccnd
hinding partner, of:

washing said probe with a first eluant.

56. The metnod of claim 53, further
conprising, affer washing said probe with a first
eluant and before detecting Zragments by a tandem mass
spectrometer measurament, the step ol:

wasking said probe with a second eluant, said
second sluant differing from said first eluant in at
least one elution characteristic.

£57. The metled of clzim 56, wherein said
elvtion characteristic 1s selected from the group
consisting of p¥, icnic strength, detergent strength,
and nydrophobicity.

E8. The method of claim 1 or 5%, further
comprisicy the step, sfter fragmenting and before
Gatecting said fragrents, of:

applying energy sbsorbing molecules to said
probe.
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58. Tre method of claim 1, further
cemprising the steps, after fragmenting and heiore
detecting said fragments, of:

engaging said probe in the affinity caplure
nrobe interface of an analytical instrument, said
analytical instrument comprising:

a laser desorption ionlzstion source;

an affinity capture probe interface; and

2 tandem mass spectrometer,

wherein said affinity capture prebe interface is
capable of engaging an affinity capture probe and
positioning said probe in interrogatable
relationship to said laser source and concurrently
in communicaltion with said tandem mass
spectrometer; and then

desarhing and ionizing fragments of saida
second kinding partner from said probe using said laser
50UTCR.

63. The method of claim 1, wherein said
tandem mass spectrometer measurenent is 3 measurement
of all ion masses

51, The methed of claim 1, whereln said
tandem mass specctrometer measuretent 1s a measurement
of masses of & subsel of fragments.

62. The metkad of rlaim i, wherein said
tandem mass specirometer measurement is a single ion
ronitoring measuremsni,

33. The methed of claim 1, further
comprising the step, after said detecting, of

comparing sald fragment measurements with
those predicted by applying cleavage rules of the

JP 2004-511773 A 2004.4.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(117)

WO 0L/31484 POTIUSOD/ZR261

- 75 -

fragmenting enzyac to the primary amine acid sequence
of salid second binding partner.

64. The methed of claim 63, furiher
comprising the step, after said debecting and before
sald comparing, of

identifyirg said second binding partner
through ms/ms analysis,

65. The method of clsim 64, wherein said
identifying through mxs/ms analysis comprises the steps
of:

mass spectrometrically selecting a first
fragment of said second binding partner;

dissociating said second binding partner
firgt fragrent in the gas phase;

reasuring the Zragment spectrum of said
second binding partner first fragment, and then

comparing said Fragment spectrum to fragmenst
spectra predicted from amiro zcid sequence data prior-
accessicned in a database.

66. The method of claim 65, whereln sald
gnino acid seguence data are selected from the group
zonsisting of empiric and predicted data.

67. The rmethod of claim 65, wherein said
dissociating is collision induced dissociation.

68, The nethod of claim 1, wherein said
first binding partner is an antibedy.

8%. The zethod of claim 1, wherein said
first binding partner is & T cell ceceptor.
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70. Tne method of ¢laim i, wherein said
firet bkinding partaer is an MHC molecule,

71, The methed of claim 1, wherein said
first binding partner is a receptor and sald second
binding partner is an agonist oI sald roceptor.

72. The method of claim 1, wherein said

first bkinding partner is a recsptor and said second

kinding partner is a partial agonist of said receptor.

3.  The methed of ¢laim 1, wherein said
first binding partner is a3 receptor and said second
birding paertner is an antagopist of said receptor.

74. The nethod of claim 1, wherein said
first binding¢ pariner is a receptor and said second
binding partper is a partial antagonisi of said
receptor.

5, Trhe method of claim 1, wherein said
first binding partrer is a glycoprotein recepnicr and
said second binding partner is a lectin.
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