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APPARATUS AND METHODS FOR AFFINITY CAPTURE

TANDEM MASS SPECTROMETRY

FIELD OF THE INVENTION

This invention.is in the field of chemical
5 and biochemical analysis,‘ and relates particularly to

apparatus and methods for improved identification and
characterization of analytes and of affinity
interactions between analytes by tandem mass

spectrometry.

10 BACKGROUND OF THE INVENTION

The advent of electrospray ionization (ESI)

and matrix-assisted laser desorption/ionization (MALDI)

techniques, . coupled with improved performance and lower

cost of mass analyzer;, has in the past decade allowed
15 mass spectrometry'(MS) to take a.place among standard

analytical tools in the study of biologically relevént

macromolecules, including proteins purified from

complex biological systems. .
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5 spectrum of proteolytic fragnents of the purified protein with nmasses
predicted fromprimary sequences prior-accessioned into a datapqng_Fms
Roepst ornyb. 02851 Anal yst 117:299-303 (1992); Pappin et al., Curr. Biol.
3(6) :327-332 (1993); Mann et al., Biol. Miss Spectrom 1BCDYSGBBIGUS
(1993); Yates et al., Anal. Biochem 213:397-408 (1993); Henzel et al.,
Proc. Nati. Acad. Sci. USA 90:5011-5015 (1993); Janes et al., Biochem

Bi ophys. Res. Commun. 195:58-64 (1993). Sim |l ar database-n ning approaches
have been 15 devel oped that use fragnert 2 mass spectra obtained from
collision induced dissociation (CID) or MALD post source decay.(PSD) to
identify purified proteins. Eng et al., J. Am Soc. Mass. Spectrom

5:976-989 (1994));: G ifAdm etamglle,, iRapi ¢ e “ﬁ%wépggt%;{g{-g- 1546 20
1551 (1995); %%%%s I U.S. Patent Nos. 5,538,897 and 6, 7,% %; Mann
em

et al., Anal. FEG0URSY MRS SPOHIOREIRY roied s8¢ techni ques
have al so beendetdidiyopad tHdials privIifti et A iRAIS S
At M%Médﬁap%a%?%z (1993)

sequenci ng of -i;sal.ated pr.otei,ns. ait et al., Science
Keough et al . ,Id%?lécg'.fell\cﬁt%l.onA&éd?f cted gy med:chiidwg e 9®9s reviewed in

Bergman, EXS sp8ri3iumléf( 200%ko 15N e ghRsy ¢aS ,gfgpt ‘_Lﬁaffilé' ate 30
|nterpretat|o§ of Rrotein mass spectra and mning o 5L I'c mai n
sequence dat a 5?55 Qrglﬁgwmﬁééﬁﬁlyre§é§$§§iEK@HOWQJM§ﬁyﬂ&Hqan¢es
facilitate prptebh-acdenkibnheat 1gRe ATy e are Prqtein Prospector 11
JUL 2005 WO 02/ 31491 PCT/ US00/ 28163 3?#?%?% ﬁros?g’&a%? f1E¥0), PROW
(http:// prow AP8eKefteiidr 288aPB03arid 90Re ; MRRPPLLNSextr L . ,Engiize, (AbéIi X

Science Ltd.,3kgnd8B7-Y%0 (1993); Mann er al., Biol. Mass Spectrom.
10 22:338-345 (1993); Yates et al., Anal. Biochem.
213:397-408 (1993); Henzel et al., Proc. Natl. Acad.
Sci. USA 90:5011-5015 (1993); James et al., Bibchem.
Biophys. Res. Commun. 195:58-64 (1993).
Similar database-mining approaches'haﬁe been
15 developed that use fragment mass spectra obtained from
collision induced dissociation (CID) or MALDI post-
source decay . (PSD) to identify purified proteins. Eng
et al., J. am. Soc. Mass. Spectrom. 5:976-989 (1994));
Griffin et al., Rapid Commun. Mass Spectrom. 9:1546~
20 1551 (1995); Yates et al., U.S. Patent Nos. 5,538,897
and 6,017,693; Mann et al., Anal. Chem. 66:4390-4399
(1994) . _
Mass spectrometric techniques have also been
developed that permit at least partial de novo
25 sequencing of isolated proteins. Chait et al., Science
262:89-92 (1993); Keough et al., Proc. Natl. Acad. Sci.
USA. 96:7131-6 (1999); reviewed in Bergman, EXS
88:133-44 (2000),
Software resources that facilitate
30 interpretation of protein mass spéctra and mining of
public domain Sequence databases are now readily
accessible on the internet to facilitate protein
identification. Among these are Protein Prospector
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wwwv. mat ri xsci ence.com). 5 Although highly accurate mass assi gnnent
provides useful information - facilitating identification of pufilfiéd 2005
protein by the above- described techniques, for exanple - such information

s noneaypeless: limted. Significant additional analytiggyn%g” wer woul d
be unl eashed by conbining M5 analysis with enzymatic an n1ca|

nodi fication of target proteins, enabling the elucidation of structural
conponents, post-translational nodifications, and furthering protein
identification. 15 Furthernore, conplex blologlcal materials -.such as

bl ood, sera, plasma, |ynph, interstitraP fluid, urine, exudates, whole
cells, cell .lysates and cellular secretion products - typically contain
hundr eds of b@glo é? nDIecuIes pl us organlc 20 and inorganic salts,

whi ch preclud 1 e T AR 4i s. Thus, significant sanple

preparation anﬂttpW/fpﬁEWlCﬁbéﬁéﬁéir%&eeﬁwg'C%bBYth@eﬂ§§EéEy§85k8 to M5
|nvest|gat|0ﬂ?1CJaSS|cal et hods of _sanpl e purification, such as liquid

chr omat ogr ap ecignge 1@90hu§@6ﬁ°naprmlty, and reverse phase
chr omat ogr aphyw . md&&&&é&&bﬂhéﬂdﬁm)s centrifugation, imrunoprecipitation,

and el ectrophoresis, al | nd a Iar gquantity of starting sanple.
Even mhen‘guch quantltl éhﬁ ééog§g§ﬂWéa&F€r &i PaBFe2SAiABREeBENMPONent s t end
to becomne I(pxovxdééuﬂﬂhﬂnﬂIﬂﬂﬂwﬁmaQﬂoﬁrOcﬁaégiatﬂhhﬁb suffer from analyte
| oss due to no e%lflc bi n lution effects. The methods are

|
al so often quit®¥ atich & nglélr%ingBEoﬁﬁéﬁ i bbe3akover 4
PCT/ USO0/ 2816Gikscribed techniques, for example — such information is

nonetheless limited. Significant additional analytical

10 power would be unleashed by combining MS analysis with
enzymatic and/or chemical modification of target |
proteins, enabling the elucidation of structural
components, post-translational modifications, and
furthering protein identification.

15 Furthermore, complex biological
materials — .such as blood, sera, plasma, lymph,
interstitial fluid, urine, exudates, whole cells, cell
. lysates and cellular secretion'pfoducts - typically
contain hundreds of biological molecules, plus organic

20 and iqorganic salts, which precludes direct mass
spectrometry analysis. Thus, significant sample
preparation and purification steps are typically
necessary prior to MS investigation.

Classical methods of sample purification,

25 such as liquid chromatography (ion exchange, size
exclusion, affinity, and reverse phase chromatography),
membrane dialysis, centrifugation, immunoprecipitation,
and electrophoresis, typically demand a large quantity
of starting sample. Even when such quantities of

30 sample are available, minor components tend to become
lost in these purification processes, which suffer from
analyte loss due to non-specific binding and dilution
effects. The methods are also often quite labor
intensive.
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Thus, there is a clear need for nethods and apparatus that facilitate nmass
spectronetric detection of both major and m nor proteins presenl1iuUL 2005

het er ogaee@usganpl es without requiring extensive prior 5 fluid phase
purification. There is further need for an M5 pl atfor mPGRUS@/I80s8s not

only facile sanple purification, but also permts serial and parallel
sanpl e nodi fication approaches prior to mass spectronetric analysis. 10
These needs have been net, in part, by the developnent of affinity capture
| aser desorption ionization approaches. gHutchens et al., Rapid Conmun.
Mass Spectrom 7: 576-5801(1.993); U.S. Patent Nos. 5, 719, 060, 5, 894,
063, 6, 020, 208, and 6,027,942. This 15 new strategy for M analysis of .

nmacr onol ecul es uses ndQmis, I asRIrdasorptd 1 4 | r t hat have an
affinity. gggg&, n at &ag:?s aone surface. Thgxré fr?%?yp t&’é’%}e dsor bs
desired anal y PSR Jt&&iédd@ tes Iinsise Spectrometrald rigtdemamn t he

pr obe surfaceflboahZQaﬁ@&”b%@!h@Nd%f equent lLaser desorption

i oni zati on. cou Ilngﬁof ad sorptlgﬁ%anggg gQ% 5n 1Tf anal yt e obvi at es

of f-1ine purPF ELPEGRe3PSr SamRess Wpéh@mttmnguamahgse&tehs§@%|b@&drnltlal

sanpl es abd flut@hphakachblht &t npl itic approaches 25
directly on he P acglbggéﬁgto ?&ggg gpe gﬁﬁf %@e§n§PVS@§ The

e sur
affinity capt g BEFgggFdeQQFp? éﬁwslGﬁtzanﬂgnfapmﬂeashmbaa al | oned nass

spect ronet r yptpi becapdant edyko a i oan Iytlcal assay 30
f or mat s, |n¥?udlﬁgc?nnunga§g§ amggegggaé?g ﬁérﬁiﬁ Eﬁéﬁ# 8% 1153-1158
t

(1995), and 3FFRHF t5° %ﬁ%@ﬁﬁ%@@ré@hypasheskpnnosttalmasgnal Chem 67:

4581- 4585 (199trdherAiéi phiyy capture laser 9 1 JUL 2005 WO 112/31491

PCT/ USOOl/g8163
These needs have been met, in part, by the

development of affin;ty capture laser desorption
ionization approaches. Hutchens et al., Rapid Commun.
Mass Spectrom. 7: 576-580 (1993); U.S. Patent Nos.
5,719,060, 5,894,063, 6,020,208, and 6,027,942. This
15 new strategy for MS analysis of macromolecules uses
novel laser desorption ionization probes that have aa
afflnlty reagent on at least one surface. The affinity
reagent adsorbs de51red.analytes from heterogeneous
samples, concentrating them on the probe surface in a
20 form suitable for subsequent laser desorption
ilonization. The coupling of adsorption and desoxption
of analyte_obviates off-line purification approaches,
permitting analysis of smaller initial samples and
further facilitating sample modification approaches
25 directly on the probe surface prior to mass
spectrometric analysis.
The affinity capture laser desorption
_1onlzatlon approach has allowed mass spectrometry to be
adapted to numerous classic biocanalytical assay
30 formats, including immunoassay, Nelson et al., Anal.
Chem. 67: 1153-1158 (1995), and affinity
chromatography, Brockman et al., Anal. Chem. 67:
4581-4585 (19?5). The affinity capture laser



"5 desorption ionization approach has been applied not only to the study of
peptides and proteins, Hutchens et al., Rapid Commun. Mass Spectrdrm jur 2005
7:576-580 (1993); Mouradian et al., J. Arer. Chem Soc. 118: 8639-8645 5

- (1996) ;whaksosiet al., Rapid Commun. Mass. Spectrom 9: P “é§§§ (1995)
Nel son et al., J. Mdlec. Recognition 12: 77 - 93 (1999). rockman et al.
J. Mass Spectrom 33: 1141-1147 (1998); Yip et al., J. BIO|. Chem 271
32825-33 (1996), but also to oligonucleotides, Jurinke 10 et al., Anal.
Chem 69:904-910 (1997); Tang et al., Nucl. Acids Res. 23: 3126-3131
(1995); Liu et al., Anal. Chem 67: 3482596 (1995), bacteria, Bundy et
al., Anal. Chem 71: 1460-1463 (1999), and small nolecules, Wi et al.

Nat ure 399: 243- 246 g1999) At 15 the commercial |evel, afflnlty capture

| aser desor pt A8ACTPSACHationd 32 iomb esbedach Cﬁphbeganapp&uehen@@hlp(r)

Systens (G phgprgen+Bi S t I|forn|a U Al't hough
“the affinity cap?urg %%%é%%%§ydesoppgﬁggggonl F8ﬁeﬁgéhnﬁﬁighﬁ§§ &8 ved
si gni fi cant pﬂobl@mpmdwadmmumrtAmdsfSpeutkbﬁs neBHEHSBWhQQ9©bDS approach
is applied toycap § pro%ﬁlnspf %@Fblologlcal nEIes it is common to
see about ong B "BPe €5t ot al  prBEEF nCRER: uPEq - akd 825 8538 B&KBe f or
subsequent 5anal9s6$ ; mgtseml e, aaffi RhpYd esphunhe hr phige
surface bIOChIgS does esult in c%nplete purlgﬁggtlgﬁ%kgggﬁtlgnalIy,

the digestioh %Prﬂéﬁénd}9§éém Nelssnl £d pﬁaseJexMoéetedResagphespnas
conpared to digesys peghor n,f ol uti denaturin

envi r onnent ofgz % gelgg |g§g9 of | é?ﬁc%ﬁaﬁ ng 58@6 8 PRECHESHei n of
i nterest, anﬂBOnélﬂéréléUcde§9BmL rhpdegeat i ngabeub110%hef.t hirg.1 1 JUL

2005 WO 02/31§§é25—5§TQ9§8%/28%6% also to oligonucleotides, Jurinke

10 et al., Anal. Chem. 69:904-910 (1997): Tang et al.,
Nucl. Acids Res. 23: 3126-3131 (1995); Liu et al.,
Anal. Chem. 67: 3482-90 (1995), bacteria, Bundy et
al., Anal. Chem. 71: 1460-1463 (1999), and small
molecules, Wei et al., Nature 399:243-246 (1999). At

15 the commercial level, affinity capture laser desorption
ionization is embodied in Ciphergen's ProteinChip®
Systems (Ciphergen Biosystems, Inc. Fremont,
California, USA).

Although the affinity capture laser

20 desorption ionization technique has solved significant
problems in the art, difficulties remain.

When this approach is applied to capture
proteips from biological samples, it is common to see
about one picomole of total protein captured and

25 available for subsequent analysis. Typically, affinity
capture on chromatographic surface biochips does not
result in coﬁplete purification. Additionally, the
digestion efficiency seen for solid phase extracted
samples, as compared to digests performed in free

30 solution or the denaturing environment of 2-D gels, is
poor. Thus, if about 50% were the protein of interest,
and one were successful in digesting about 10% of this



- 6 protein, at best only about 50 fentonole of sone peptides mqwig €%WE
avail able for detection. Using virtual tryptic digests of bovine Pid™i n
databasgﬁyhﬂhgg experinments, it has been 5 denonstrated, for exanple, that
even Wt treme accuracy of 1.0 ppm (a | evel not cuPEEAISNY286Ni evabl e
by nost MS techni ques), a poor confidence protein ID match is achieved
with a single peptide mass when searching against this conpl ex, eukaryotic
genonme. For 10 two peptides, | ow confidence results are achieved as well.
Only after three peptides are submtted age. confident results returned for
mass assignnents of less than 300 ppmerror. In this case, nost devices
would require internal standard calibration. However, with 15 five or nore

pepti des, ru)ﬁnwtémm,c@ﬁfbdsﬂcéni% a@éﬁ@rQ@df&ME8m8§§SO§C§Uﬁ@C'es that are
better than 1000 Jgcggmerror. Furthernore, when nultiple proteins are g

si mul t aneousIRERIFHRSE eiouLd Hee e Vaehete bt deeeabapn. 20 is created and

successful database m niyggn&eGLt£& c but in many’
i nst ances pwlég%ﬁ#qsequenceélnfo%ni&?g%Y§ﬁ%%d§%$i§§EE§f %égg%ﬁes have ’

deronst r at ed i Bantatabase \ining RFpRHLMeRESEr Yt Bagubaer

nformat i Sere)sr LA | C 0 { 1994
ISpengl erI g? aclféé , RaplﬁeC%m"r‘:fﬁ]IA éxl\?argéfégpect romgéeiédiléé T@nggﬁgrﬂ (1%991)

Spengl er et %ﬂcur¢%%|%fc%dﬁdﬁm1Nﬁ%slﬁm%bthﬁnCQIneﬁtlQOSCﬁieﬁable Yat es et

?/L's’s.AES'ectﬂ%m 90%%“%19%’3’)9@% l&.]&néélﬁ,fggg SBee
Spect rom Ié‘??tlfr e sachiiemedssi th EBBSJ(W)pemqie masenwhyn however, the
gg'oﬁ MS/ VB api@eth Avadd A€ {i1ffs l@&%i&?,soéﬂépyopféeger?grﬁleysef‘ol LI
10 two peptides, low confidence results are achieved as
well. Only after three peptides are submitted are
confident results returned for mass assignments of less
than 300 ppm error. 1In this case, most devices would
require internal standard calibration. However, with
15 five or more peptides, no further confidence is
afforded with mass accuracies that are better than 1000
ppm error.
_ Furthermore, when multiple proteins are
simultaneously digested, a heterogeneous peptide pool
20 1is created and successful database mining requires not
only extreme accuracy, but in many instances primary
sequence information. Tandem MS/MS approaches have
demonstrated significant utility in providing primary
sequence information. Biemann et al., Acc. Chem. Res.
25 27: 370 - 378 (1994); Spengler et al., Rapid Commun.
Mass Spectrom. 1991, 5:198 - 202 (1991); Spengler et
al., Rapid Commun. Mass Spectrom. 6:105 -108 (1992);
Yates et al., Anal. Chem. 67:1426 - 1436 (1995); _ .
Kaufman et al., Rapid Commun. Mass. Spectrom. 7:902 -
30 910 (1993); Kaufman et al., Intern. J. Mass Spectrom.
Ion Processes 131:355 - 385 (1994).
Until recently, however, the only MS/MS

approach available for laser desorption based analyses
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PSD is capable of providing reasonabl e sequence information for pico e
| evel s of peptides, the overall efficiency of this fragnentation process is
<1 ow, wh¥P ?lned "5 with the poor mass accuracy and sePET/UBW28¥63oft en
denonstrated during this approach, its applicability to analysis of |ow
abundance proteins often found on affinity capture |aser desorption
i oni zati on probes has been greatly limted. Recently, a |aser desorption
10 ioni zation quadrupol e tinme-of-flight_mass spectroneter (LDl Qy-TOF) has
been devel oped that is capable of performng collision induced
di ssociation (CID) M5/M5 analysis. Krutchinksy et al., Rapid Conmun. Mass

Spectrom 12: w§§3p0551§oﬁﬂ@§aﬂec%§ dRELGsi S ﬁ@@fefoﬁﬁb}€yp§§d ;or

apparatus and nethods that woul d increase t e sensit and
accuracy of F3IP#PE§ %Ep@%@@@@é@rr@@%@m@@l%rﬁmgncgpenﬁm:m@thn There i s

a need for ”Efﬁpqél@&ﬁoléppé6é§§sofE?@pﬂ%ﬁ%g |£§ §r8f1p£99fc9¢98§t'°” 20

efficiency and that would permt pe des genera
i nhomogeneousCfi 515 eEragmenbrtior pPracksy i l@m,rEBQMVedmbﬂMede is a need

for apparajus,and il ot et gouldbpoteaseodbe LGl speun of afiini Ly

capture |aser sor ptl on tandem nass rone rTc an 25 SUMVARY OF
THE |NVENH<Jdemoms¢zﬁt©®1@mxlmg th&ﬁFﬂpﬁmnachnvehslmpplncamibytﬁeto

EBol it on o BT ST ot iR FEER Eb¥e PR K ract on macs
30 spectronetaeﬁfmtsys@@mmbtkasa&m desomptigabidniyation psobes Undber
obj ect of the,present. {fyentiando rovide g1 JU, 2005,40 05/ 31491

10 ionization quadrupole time-of-flight mass spectrometer
(LDI Qg-TOF) has been developed that is capable of
performing collision induced dissociation (CID} MS/MS
analysis. Krutchinksy et al., Rapid Commun. Mass
Spectrom. 12:; 508 ~ 518 (1998).

15 There is, therefore, a need for apparatus and
methods that would increase the sensitivity and mass
accuracy of affinity capture laser desorption mass
spectrometry. There is a need for methods and
apparatus that would increase on-probe digestion

20 efficiency and that 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 capture
laser desorption tandem mass spectrometric analysis.

25 SUMMARY OF THE INVENTION

It is an object of the present invention to
provide apparatus and methods that increase the
sensitivity, mass accuracy, mass resolution of existing
affinity capture laser desorption ionization mass

30 spectrometer analyses and to add ms/ms capability. It

is a further object of the present invention to provide
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8 -PCT/ US00/ 28163 mnet hods of bionol ecul e anal ysis that exploit thesejy. 205
| nproved anal ytical capabilities. . The present invention neets these and

ot her ng%%hs and needs in the art by providing, in a first 5 aspect, an
anal ytic W unent. The anal ytical instrunment of the pCEESWRsiIdgNventi on
conprises a | aser desorption ionization source, an affinity capture probe
interface, and a tandem mass spectroneter, in which the affinity capture
10 probe interface is capable of engaging an affinity capture probe and
positioning the probe so that it can bhe dnterrogated by the | aser
desorption source while in communication with the tandem nass
spectroneter, thus permtting ions desorbed fromthe probe to enter the 15

Mass spect r ongéEhodsyPECBE b¥o1 481 & aSEL rot j ani zation source
conprises a |aser exai tation?sour ce anqlgse?%s@iéPgepR Gt (HhESE the | aser
optical trai rtFRhEVEBndrebYticahsearpalkeikitirs photons from the | aser

excitation 20 source torh8e,psodie: i u enbodi s, the
| aser optical trai E’thﬁf‘)i cal a/é del | vigﬁ\gérg@gcﬁ} 11£e8etss %gw%aéﬁgfo&&‘ee% of !
energy per sRRHECH| #ndehesdniin theranyduedbrralsh rayr fiace, fihed aser

excitations sagsect s g€l &ed gk f£0M 5 23 LG4 Oup consisting of a continuous
| aser and a pulsed laser, and in various enbodiments is selected fromthe

group consisting of a nMi% At YEHSHL st aderthe aresehitum YAG | aser,
SoUrce 15 & 30 Bl e e O oG fincs, < he | aser
opti cal traisr?‘%fg%epfrias%sa T ARt mrebse liadred aicegmankie a gr oup
consisting oftdrelee madB IEYErdddte¥¥: in which the affinity capture
10 probe interface is capable of engaging an affinity
capture probe and positioning the probe so that it can
be interrogated by the laser deéorption source while in
communication with the tandem mass spectrometer, thus
permitting ions desorbed from the probe to enter the
15 mass spectrometer.
Typically, the laser desorption ionization
source.comprises a laser excitation source and a'iaser
optical train; the laser optical train functions to
transmit excited photons from the laser excitation
20 source to the probe interface. 1In such embodiments,
the laser optiéal train typically delivers about 20 -
1000 microjoules of energy per square millimeter of
interrogated probe surface.
The laser excitation source is selected from
25 the group consisting of a continuous laser and a pulsed
laser, and in various embodiments is selected from the
group éonsisting of a nitrogen laser, a Nd:YAG laser,
an erbium:YAG laser, and a CO2 .laser. In a presently .
preferred embodiment, the laser excitation source is a
30 pulsed nitrogen laser.
In one set of embodiments, the laser optical
train comprises optical components selected from the
group consisting of lenses, mirrors, prisms,
attenuators, and beam splitters.



" attenuators, and beamsplitters. 41 11 JUL 2005 WO 02/31491 PCT/ U$Q0/g8%

9 In an alternative set of enbodinents, the |aser optical train conprises
an optical fiber having an input end and an output end, and the | aser

exci t at iwoozsuwce i 5 coupled to said optical fiber 5 inpyctRR@esdip; some of
the optical fiber laser optical train enbodinents, the |aser optical train
further conprises an optical attenuator. The attenuator can be positioned
bet ween the | aser excitation source and the 10 input end of the optical
fiber, can serve to couple the |aser excitation source to the input end of
the optical fiber, or can be positioned Between the optical fiber output
end and the probe. In certain of the optical fiber optical train 15

enbodi ments, the optical fiber_output end has a maxi rum dianmeter between
about 200 - 400 pm and £Rearnpdtesnatifgssgtdpinerdodéfebsswesheabout 400

to 1200 dam Thgeanahykea! chBsh WBRBLiCed AhSAOkACkde RLORG (g ng
optics, to permt the probe to be 20 visualized after its engagénent in the
probe interfag®. inPRtcerdaphdeaBollifPbts entdhe andséheopaiseal train can

i nclude a Iasgkcggggggg g%g&cgogglgéggggd E@SEEiEXB%EQE59”f§8§ECG to the

optical fiber 1nput en not e t he coupl er Can~serve as an
optical 25 aimpHbtaeBf. |n other enbodi ments, the coupler can serve to

itertace. In certain of™ RRS PR e Bheskit AREee TRbRs, SrhdCalunrer or
the fiber is bréincembddamdnt8p tpki lasetf optficadt teaiaf fanehgy from said
| aser comprises an optical attenuator. The attenuator can be
positioned between the laser excitation source and the
10 input end of the optical fiber, can serve to couple the
laser excitation source to the input end of the optical
fiber, or can be poéitioned between the optical fiber
output end and the probe.
In certain of the optical fiber optical train
15 embodiments, the optical fiber output end has a maximum
diameter between about 200 - 400 um and the input end
has a diameter of between about 400 to 1200 um.
The analytical instrument can also include
probe viewing optics, to permit the probe to be
20 visualized after its engagement in the probe‘interface.
In certain embodiments, the laser optical
train can include a laser coupler that couples the
laser excitation source to the optical fiber input end.
As noted above, the coupler can serve as an optical
25 attenuator. In other embodiments, the coupler can
serve to promote visualization of the probe after its
engagement in the probe interface.
In certain of these latter embodiments,
either the coupler or the fiber is bifurcated and
30 splits off a fraction of energy from said laéer
excitation source. Alternatively, such bifurcation can
allow introduction of visible light to illuminate the

desorption locus.
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excitation source. Alternatively, such bifurcation can allomrintiamyctlon
of visible light to illunminate the desorption locus. 11 JUL 2005 UL 2005

02/ 31491 Jég CT/USOO/28163 Where visualization optics are included in
t he Optlgmf P41, or where a fiber- contai ning | aser opecealsod/sasn

I ncl udes a blfurcation or trifurcation, the analytical instrunent can
further conprise a CCD 5 canera positioned to detect light reflected from
said probe. In typical enbodinents, the affinity capture probe interface
conprises a probe holder which is capable, of reversibly engaging the
affinity capture 10 probe. The interface also typically conprises a probe

I ntroduction port which is itself capable of reversibly engaging the probe

hol der. In typical enmbogihEsRt Sy nterface_ furt conprises a
probe position,actuat.or asserrbls %g an |ﬁ§é??aéﬁelﬁﬁc£6¢?@c%ﬂon syst ente

Wen the prob&PehGPdd Falst§ﬁ§@ge@rlwhﬁhe anfnbdnetoﬁmbzﬁﬁﬁ 14sés placed

in contact w b th&%lthEQ PQ st act r 03|t|on act uat or,
inturn, is c §ab e no?ab%Clhgggl%lgﬁ%ﬁéc?kboﬁ gﬁ WeFaki9mi cal Iy

with its 20 e SgéﬁagyﬁﬁéﬁlwﬂpﬁtrégséétCbatﬁurthermrémﬁx&seléwcggt|on
source (tyﬁlcahh;rawpbﬁlkgéﬁéattgodgggcka§§&?ﬁ %if ti?cﬁie%%gre:a.rld to the ion

col l ection systegl In typical enbodinents e of
transl ati onal Py°8fd rotationally positioning said probe 25 holder. The

pr obe |nterface typlcaltu @§§9059”@ﬁb§§§mmﬁt ﬁcéﬁgnﬁé?i tlon SIE%EEL
I'c 0

coupled to the gbobe n%roductlon ort
Interrace comprises a probe holder whlch is

capable of reversibly engaging the affinity capture

10 probe. The interface also typically comprises a probe
introduction port which is itself capable of reversibly
engaging the probe holder.

In typical embodiments, the probe interface
further comprises a probe position actuator assembly

15 and an interface ion collection system. When the probe
holder is engaged in the introduction port, it is
placed in contact with the probe position actuator;'the
probe position actuator, in turn, is capablé of movably
positioning the probe holder (typically with its

20 engaged probe) with respect both to the laser
ionization source (typically, with respect to the laser
optical train) and to the ion collection system. ' In
typical embodiments, the actuator is capable of
translationally and rotationally positioning said probe

25 holder.

The probe interface typically also comprises
a vacuum eva;uation system coupled to the probe
introduction port, which allows the probe to be
interrogated by the laser desorption ionization source

30 at subatmospheric pressures.

The analytical instrument of the present
invention comprises a tandem mass spectrometer which,
in various embodiments, is selected from the group
consisting of a QQgTOF MS, an ion trap MS, an ion trap



I nterrogated by the | aser desorption ionization source 30 at subat Epherlc
pressures. The analytical instrunment of the present invention congD JEk 2805
t andem 8%‘§ﬂ§§troneter which, in various enbodinents, is selected from

t he grogg & fsting of a QTOF M5, an ion trap M5, an PER/USHERS14L JUL
2005 WO 02/ 31491 PCT/ US00/ 28163 - 11 TOF M5, a TOR-TOF MS, and a Fourier
transformion cyclotron resonance MsS. Presently preferred for use in the
anal ytical instrument of the present inventionis a QQTOF Ms. 5 In
preferred enbodi ments, the tandem mass_ spectroneter is a QQTO- M5 and the
| aser excitation source is a pulsed nitrogen |aser, |aser fluence at the
probe is about 2 to 4 tinmes the m ninmum desorption threshold, and the
tandem mass spggt meNeRe 0 eLn d accuracy of about
20 - 50 ppm ?he anaFyFPE:FO?ﬂg%ruﬁéﬁ & ?buﬁiéPrgégﬁggégﬁvﬁﬁglon S
designed to eﬁ@ﬁé@tﬁﬁnaﬁﬁﬁﬁﬂﬁpc©ayﬁurePIEasatlﬂegneﬁErnedlﬁorzaseomnprobe
Accordingly, % d n_include an affinity
15 capture prggg g%agggéE?E ? g% P Fﬁ?t$§gg%€qgggéé% lnvﬁ?tf?ﬁce Fhe
affinity capt98€OPr¥Be in these enbodinents will typically have at |east
one sanpl es adsorption r t teryogatable 20 rel ationship
to the Ias%r sour ce, thgﬂs§§8?e99 go? ?%ﬁh&g%%Ta%%Q FREEBEPBm t he group
consi sting ofSp@ﬂtéﬁﬁﬁﬁgraphla quﬁFpM$o@n@utmacbasandebcbﬁmtﬁcnle

affinity surf Typi u aphj ad tion surface is

sel ected fromt fe er%g gaéhzgﬁélgnggé%$ai% %ﬁﬁei%ﬁ%§e§f%§ Roh %Ecﬁ%ﬁge

cation exch&h@@belhﬂnbbDUZea tret 4l tafés nthy mopimuwe Aoso fHikedn
threshold, and the tandem mass spectrometer has an

10 external standard mass accuracy of about 20 - 50 ppm.

The analytical instrument of the present
invention is designéd to engage an affinity capture
laser desorption ionization probe. Accordingly, any of
the above-described embodiments can include an affinity

15 capture probe engaged in the affinity capture probe
interface.

The affinity capture probe in these
embodiments will typically have at least oné sample
adsorption surface positioned in interrogatable

20 relationship to the laser source, the sample adsorption
surface selected from the group consisting of
chromatographic adsorption surfaces and biomolecule
affinity surfaces. Typically, such chromatographic
adsorption surface is selected from the group

25 consisting of reverse phase, anion exchange, cation
exchange, immobilized metal affinity capture and mixed-
mode surfaces and the biomolecule of the biomolecule
affinity suffaces is selected from the group consisting
of antibodies, receptors, nucleic acids, lectins,

30 enzymes, biotin, avidin, streptavidin, Staph protein A
and Staph protein G.

The affinity capture laser desorption
ionization probe can have a plurality of separately

addressable sample adsorption surfaces that can be



node surfaces and the bionol ecule of the bionolecule affinity surfaces is
sel ected fromthe group consisting of antibodies, receptors, nu He“@
acids, |gida3g49:30 enzynmes, biotin, avidin, streptavidin, Staph r ot J00R
and Staph protein G The affinity capture | aser desorpti BOT/US@veszast i on
probe can have a plurality of separately addressable sanple adsorption
surfaces that can be WD 02/31491 - 12 11 JUL 2005 PCT/US00/ 28163
positioned in interrogatable relationship to the |aser source and can
include at |east two different such adsggption surfaces. In other

enbodi nents, the analytical 5 instrunent of the present invention includes
a a digital conputer interfaced wwth a detector of the tandem nass

spectroneter.pbaitmuaednhndiﬁE@&§0géﬁEbléfE%IéHEHHsH%?‘éﬂfﬁﬁglftgg¥ i ncl ude
a software pr oglaaL ﬁé cut abl e the digital conputer, ei er-3%cal to the
10 conputer or conmunfcabfy 2RTELS e JtQ.‘Pscthe“:‘fth:%Uftfearr.entThselQ’:Dftware
program i n sustisenpbdonestsfgess pbe capable of controlling the | aser
desorpt.ion ionization sgurcg% or of controlling at | east one aspect of

B PEhte

data acquisition, by t FTRAEIRSSE S r dhet énalsftisall5 performing at
| east one 8nalystramenbudf nehomrtaient deHEntaGb DO r3aiddandgm mss
hvent on pr S ibeh BN (CSnEAGHA M Gt A SRFECsS pdSEngr of oi h. 20
The nethod coimndenrsnisy sppttrdmedme T8Stomd QioRifleRisOt @hRS on an
of | the toot HErEHE "ol iEY Barse o ioan s cus g EEware progrem
executable by the digital computer, either local to the
10 computer or communicably accessible to the computer. |
The software program in such embodiments can be capable
of controlling the laser desorption ionization source,
or of controlling at least one aspect of data
acquisition by the tandem mass spectrometer, or of
15 performing at least one analytical routine on data
acquired by said tandem mass spectrometer, or ény
subset of these functions.
_ In another aspect, the invéntion provides a
- method for analyzing at least one test pfotein.
20 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 biochip using a
proteolytic agent; and (c) analyzing'at least one
25 protein cleavage product with a tandem mass
spectrometer. In these embodiments of this aspect, the
analyzin step comprises (i) desorbing the protein
cleavage products from the protein biochip into gas .
phase to generate corresponding parent ion peptides,
30 (ii) selecting a parent ion peptide for subsequent
fragmentation with a first mass spectrometer, _
(1ii) fragmenting the selected parent ion peptide under
selected fragmentation conditions in the gas phase to
produce product ion fragments and (iv) generating a
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‘proteolytic agent; and (c) analyzing at |east one 25 protein cleavage
product with a tandem mass spectroneter. In these embodi nents ofl % HUk 2005
aspect, the analyzin step conprises (i) desorbing the protein cleavage
‘product swiormrsidshe protein biochip into gas phase to genepafgsfpi{gspondi ng
parent ion peptides, 30 (ii) selecting a parent ion peptide for subsequent
fragnentation with a first mass spectroneter, (iii) fragnenting the

sel ected parent ion peptide under selected fragnentation conditions in the
gas phase to produce product ion fragnents and (iv) generating a 11 JUL
2005 WO 02/ 31491 PCT/ US00/ 28163 - 13 rhsk3 spectrum of the product ion
fragnments. In this fashion, the mass spectrum provi des an analysis of the
test proteins. In certain enbodinents of this aspect of the 5 invention,

. the method fuP2Rér SPEALIHEs ofn thedipriosivat ioned radentst er imitigisat | east

one protein idaRhijbn, Gadi sesﬁa%_rct%\ﬁneﬁro&'ri@te%i 2y yalfédfgﬂ%ilt% I dyfie mass

spectrumto a protein database mning protocol whic I'es at | east
. one protein i&efAti PFotaddisdate for 10 the test protein in the database

based on a measure of ci&lo%‘ae'}%%ihOfehfbiotdiQ%é‘e%egé %irgasassféac%ftorf'j rgojlfengf

t heoretical mass spectra of proteins in the database.” I'mparticu
t hese enbofi méAventirap (tie megholefussieri doclages tar rapditdamesls of the

test 15 protei nd 4t he | .af . Qi gi f e rotein..to the
protocol. In g?ﬁg(qgﬁﬁog%ﬁgg?gilt e%ﬁegﬁgégfS%Ehééﬁﬁ%%ﬁ%r¥§%§”fé§ conpari ng
the identity candidate fort lse tesgsprotetai bybpubfiit tyerertdtd mmss mass

ot ot un BpSEFESOE B ShBRNa AMELE T pdddded UL O 11
' identifies at least one protein identity candidate for
10 the test proﬁein in the database based on a measure of
closeness-of-fit between the mass spectrum and
theoretical mass spectra of proteins in the database.
In particular of these embodiments, step (d)
further comprises submitting the mass of the test
15 protein and the species of origin of the test protein
to the protocol.

. In other embodiments, the method further
comprises (e) comparing the identity candidate to the
test protein by: (i) generating a mass spectrum of the

20 protein cleavage products of (b); (ii) submitting the
mass spectrum of the protein cleavage products to a
computer protocol that determines a measure of
closeness-of-fit between the theoretical mass spectrum
of cleavage products of the identity candidate

25 predicted to be generated by using the proteolytic
agent, and the mass spectrum of the protein cleavage
products, whereby the measure indicates protein
cleavage products on the protein biochip that
correspond to the test protein.

30 Yet other embodiments of the method include
the further steps of (f), repeating step (c) wherein
the selected parent ion peptide does not correspond to

a protein cleavage product predicted from the identity



conmputer protocol that determ nes a neasure of closeness-of-fit between

the theoretical mass spectrum of cleavage products of the identifty jyL 2005

candi daWe 02814medi cted to be generated by using the protgghmg? s189ent, and
eny

t he mass spectrum of the protein cleavage products, wher

€ neasure

I ndi cates protein cleavage products on the protein biochip that

correspond to the test protein. 30 Yet other enbodi nents of the nethod
include the further steps of (f), repeating step (c) wherein the selected
parent ion peptide does not correspond-té4 a protein cleavage product
predicted fromthe identity WO 02/31491 - 14 11 JUL 2005 PCT/ US00/ 28163

candi dat e;

of (f). In tRPEGIGFES’

and then (Q9) r%feating (d) for the selected parent ion peptide
; @R

that is diffgég@ﬂﬁﬂﬂdhf%é?g{ 3§p bstween first and second bi ol ogi ca
odi me

sanpl es.

I n" sone of these e nt's, the first and second bi ol ogi cal

sanpl es are derived frol rfdrismlasmact et mi'le)g:lcmaéntsmﬁ,cet.sne. Itr‘e%z; t gl rd
aspect, the j§ t: O | de : t hod. of , characterizjng binding
: e ’Eaa‘i‘f ?)\@ 3 %alﬁ)c]:e]l% i Cglsecqﬁg‘fe’fﬁrhﬁ"r Yartner. In this

i nt eracti ons bet ween

I rst second no

sepcct. 1 PEBRSa“oopetosert Ty e s s o i e 1151
i ndi ng par r r S n
g partfgr somahee i %lmgnodlmseﬁﬁjsdn%%bfg::rstf i GaRf

a surface

of a l'aser desorption 1 0oniza t he second

bi ndi ng par théplogigatlhsrmpdetse atriengleati verh iramenafmd headd agnent s by a
t andem nasspggﬁggg 8" JRgudement, whereby the mass spectrum of the

detected f

ragnents characterizes 't he
In a third aspect, the invention provides a

10 method of characterizing binding interactions between a

15

20

25

30

first and second molecular binding partnér.

In this aspect, the method comprises binding
a second binding partner to a first binding partner,
where the said first binding partner is immobilized to
a surface of a laser desorption ionization probe;
fragmenting the second binding partner; and then
dete;ting at least one of the fragments by a tandem
mass~specfrometer measuremént, whereby the mass
spettrum of the detected fragments characterizes the
binding interactions.

In certain embodiments of this aspect of the
invention, the first binding partner is first
immobilized to a surface of an affinity capture probe
before the second binding partner is bound to the first
binding partner.

Such immobilizing can be by direct binding of
the first partner to the affinity capture probe, such
as a covalent bonding. Typical covalent bonding
embodiments include covalent bonding between an amine
of the first binding partner and a carbonyldiimidazole
moiety of said probe surface and between an amino or
thiol group of said first binding partner and an epoxy
group of the probe surface.

Heemveht ixapeating esd) footthe seledeed protein |

v



20 binding interactions. In certain enbodi nents of this aspect of the
invention, the first binding partner is first immobilized to a $yrjgceysf
an affinity capture probe before the second binding partner is bound to

the firswo2B1diindi rig partner. Such i mobilizing can be ﬁ&ng§%%§h3bi”di”9
of the first partner to the affinity capture probe, suc as a coval ent
bondi ng.. Typical coval ent bondi ng enbodi nents include coval ent bondi ng
bet ween an am ne 30 of the first binding partner and a carbonyl diim dazol e
noi ety of said probe surface and between an am no or thiol group of said
first binding partner and an epoxy groupg>of the probe surface. 11 JUL 2005
WO 02/ 31491 PCT/ US00/ 28163 - 15 The immobilizing can also be by direct
noncoval ent bondi ng, such as a coordinate or dative bonding between the

first binding partner anf®alWBPALliziREncas gbfd be BYadireat of the probe

surface. The hoh&BRBlkhzi BEnEaRgR! SAcRCabYai BOSFALLLLY Of dig Jd rst
bi ndi ng partner to a chronmat ographic adsorption surface selected fromthe

group consi st PRGIGRIr BEVEER pRABeL 1 ahi bindiRepaptnent anh axtaige,
i mobi | i zed ngtigh aaf t;bma_tw;clapaumuﬁgdofd 53@‘16*9@'&5&'15}%@&; 596
Alternatlvgly the,innnnb|I|Z|n9 can be indirect, which can be coval ent,

al beit indPrecTROPAIIZLRGFAR R TERERR PYt ivEeEaBotePedi sthe Ha st st bi ndi ng

partner can bBihﬂmnbithEﬂeEYt@O&aéEB@mQQQQ £§h$$"§H&HEpEEJﬂ'H&y acilich as a

cl eavabl e Iinke;. Lnglrect 5 inmobi lizatjon can al so be noncoval ent, such
as i mobiliz2FTBATEY TR pHihedVPEP CORBLT HiRY i A nteversR iplyasteept avi di n

interaction. anithi exesgegé, ofatien i aXENANGS, idiRodiISied metal
affinity capture and mixed-mode surfaces.

10 - Alternatively, the immmobilizing can be
indirect, which can .be covalent, albeit indirect. 1In
certain of these latter embodiments, the first binding
partner can be immobilized by covalent bonding through
a linker, such as a cleavable linker. Indirect

15 immobilization can also be noncovalent, such as
immobilization to the probe via a biotin/avidin,
biotin/streptavidin interaction.

In this aspect of the invention, the first
molecular binding partner can be selected from the

20 group consisting of protein, nucleic acid,
carbohydrate, and lipid. Typically, the first binding
partner will be a protein, which can be a naturally
occurring protein from an organism selected from the
group consisting of multicellular eukaryote, single.

25 cell eukaryote,'prokarybte, and virus, or can be a
nonnaturally occurring protein, such as a'recombinaﬁt
fusion protein.

In embodiments in which the first binding
partner is a protein, the protein can be selected from

30 the group consisting of antibody, receptor,
transcription factor, cytoskeletal protein, cell cycle
protein, and ribosomal protein, among others.

Binding of the second binding partner to the
immobilized first binding partner is, in typical



nol ecul ar bi nding partner can be selected fromthe 20 group consisting of
protein, nucleic acid, carbohydrate, and lipid. Typically, the flifrgoL 2008
bindinﬁl &@aner will be a protein, which can be a naturally occurring

pf ot ei 9 #Hn or gani sm sel ected fromthe group. conIcrida28ks

mul ticel lul ar eukaryote, single. 25 cell eukaryote, prokaryote, and virus,
or can be a nonnaturally occurring protein, such as a reconbinant fusion
protein.. In enbodinments in which the first binding partner is a protein,
the protein can be selected from 30 t g group consi sting of antibody,
receptor, transcription factor, cytosk etal protein, cell cycle protein,
and ri bosomal protein, anong others Bi ndi ng of the second bi ndi ng partner

to the I mMmegibbdaeddds s Jad ip typica 1 JUL 2005 WO
02/ 31491 - 16 _PCT/ Ss?osr /%5563 e:%é’?a ﬁ%ﬁt@é‘ﬁ?%?eg?%dgbﬁ}sg ’g\'%aéwﬁg the first
bi ndi ng paPPAERes vtk Bi&L&§@@l§aﬁpmelethéheaEEMpleaaaheb@ afluid

rurd, synogial 1o e ep ol Bt YRR e BliSeacs humor ! micus

fluid, syno&lal fluid, 5 k, sali r éou us hunor,
and senen, 'c@FFnﬁys§P§Eb§p5§®nélsﬁhpi@,|mymmm1abrf1ﬁpan1 I n various

oct ot snitng edingapiediaBNLonuhd: MhaD.LNE LSt Dinding partner fs a
e e

protein, the 10 second bindin artner can %tlvely
t he second ﬁﬁﬁﬁpngoﬁaﬁtﬁeﬂlcéﬁsééea Oéowymunﬂhmpbsehm afloth€epnbi nat ori al
l'i brary, wheéesem.bi nding of the second binding partner to the first binding

partner is effected b¥ contacting the first 15 binding partner wth an
ali quot of a chenical t§ various embodiments, including embodiments

in which the flrst’blndlng partner is a protein, the

10 second binding partner can be a protein.
Alternatively, the second binding partner can be a
compound present in a combinatorial library, where
binding of the second binding partner to the first
binding partner is effected by contacting the first

15 binding partner with an aliquot of a chemically
synthesized combinatorial library. 1In yet other
alternatives( the second binding partner can be a
component of biélbgically displayed combinatorial
library, such as a phage-displayed library.

20 In certain typical embodiments, fragmenting
is effected by contacting the second binding partner
with an enzyme; where the second binding partner is a
protein, the enzyme is typically a specific
endoprotease, such as trypsin, Glu-Cc (v8) pProtease,

25 endoproteinase Arg-C (serine protease), endoproteinase
Arg-C (cysteine protease), Asn-N protease, and Lys-C
protease. Alternatively, fragmenting can be effected
by contacting said second binding partner with a liquid
phase chemical, such as CNBr.

30 In some embodiments, the method further
cqmprises, after binding of the second binding partner
to said first binding partner, and before fragmenting
the second binding partner, of denaturing the second
binding partner.
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synt hesi zed conbinatorial library. In yet other alternatives, the second
bi ndi ng partner can be a conponent of biologically displayed coquggthkal
i brary, such as a phage-displayed library. 20 In certain typical

enbodi nwo e2/319Bgnenting is effected by contacting t he pg@RRNLsENdI NY
partner wth an enzyne; where the second binding partner is a protein,
the enzyne is typically a specific endoprotease, such as trypsin, Qu-C
(V8) protease, 25 endoproteinase Arg-C (serine protease), endoproteinase
Arg-C (cysteine protease), Asn-N protease, and Lys-C protease.

Al ternatively, fragnenting can be ef f ectle ~ by contacting said second

bi nding partner with a liquid phase chem cal, such as CNBr. 30 In sone

enbodi nents, the nmethod.further conprjses, after binding of the second
bi ndi ng partner to saithfi3stoH GLBERSer thanBebBPEr Burthghenting the

second bi ndi nprgarises , thd seept Wiy thagnepaendg bhadsegopartner. 11 JUL
Further comptiEbed (RESEAT " 1% MRS VRGNSAE] RGOPROVSEEORGE LB Rai ng par t ner.
of washing tldyamibe andh =t fiimds, & yeebndaeduaat,t itABSsedoggcond el uant,
et on_ oftar SetEi 4 LY A Bt At sk pERER. indefeteRnt eBFongt h
and hydr ophoteileittion Ighaneuiteatismiodisent as phe wehhedstdehsdpes, conpri ses,
Bi ndi ng. par t ABESh P B P G YeREP By Ba6557bi g mol ecul 65 fo. the
probe. In preferred erbodivmdas, embedpmehesi sthbene eRgagOE #Het he
affinity Cap%%ﬂ§ﬂ¥§g§3iigﬁagqﬁ%g%%n%@%gagggyggggke detecting the
10 fragments of the second binding partner, the step of
applying energy absorbing molecules to the probe. Iﬁ
preferred embodiments, the probe is then engaged in the
affinity capture probe interface of the analytical
instrument of the present invention, and fragments of
15 the second binding partner ionized and desorbed from
the probe using the instrument's laser source.
The instrument can be used to make several
types of useful measurements in this-method,-including
a measurement of all ion masses, a measurement of
20 masses of a subset of fragments, and a single ion
monitoring measurement.
Usefully; embodiments of the method include
the step, after mass spectrometric measurement of
fragments of the second binding partner, of comparing
25 the fragment measurements with those predicted by
applying cleavage rules of the fragmenting enzyme to
the primary amino acid sequence of the second binding
partner, whereby such comparison characterizes the
intermolecular interactions.
30 If the identity of the second binding partner
is not known, the method can further comprise, before
such comparison, identifying the second binding partner
through ms/ms analysis. such MS/MS analysis can

include the steps of mass spectrometrically selecting a
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instrument of the present invention, and fragments of 15 the second binding
partner ionized and desorbed from the probe using the instrument!t JUhs2h

source ¢ﬁ54ﬂstrunent can be used.to make several types of usefu
measur e this met hod, including a neasurenent etralshoigfs nasses, a

measur enent of 20 masses of a subset of fragnents, and a single ion

noni toring nmeasurenent. Usefully, enbodi nents of the nethod include the
step, after nass spectrometric neasurenent of fragnents of the second
bi ndi ng partner, of conparing 25 the fr?gnent measurenents with those
predicted by applying cleavage rules of the fragmenting enzyne to the
primary amno acid sequence of the second binding partner, whereby such

conpari son Ghasacweagm%httbg that @eBBhEC t 30 1f the
identity of ,the sec ndi ng partner ?%ﬁﬁlhgkﬁééfﬂé?he met hod can

further HSPF§BClBgPBﬁeth§u§ﬁ°€8ﬁp§%ﬂ@b®g paebméer yfhyst hersgeemtd bi ndi ng
part ner thnnughengégsEﬁagbysmgas§y§§gh@%éf%fg@%%éfvi§%€yﬁlnclyde the steps

of nmmss speﬁéronetrl Se ectlng a
PCT/ US00/ 28188 PFFeRAs PARALRE BRrERer sEhowl f)rmengtpaammetmen di ssoci ati ng

t he secoid bomﬁaﬁgnﬁathéefrébﬁéﬁtfEﬁ&@@ﬂhn ?ﬁEEQ %&%g measuring the
ner tTir

fragment spect t he second bi'nding par and then 5

LU
conparing the® ??gtﬁgnFrQBeEF%ﬁﬁ1§6l¢r%&ﬁﬁ#n0%pdﬁﬂaeprxnthcted from am no

aci d sequensecelssbopediofn acgesshoaed 'Thé’éﬁﬁﬁgmﬁ%i &gﬂ'“D aci d
sequence dg%gacan e selfcted fromthe group con5|s |ng 0 enplrlc and
predi ct ed QR PReSTreched at ol they ampuny mangistienb ol nents, s

col l'i sion iempicetlc and predicted data, and the dissociating, in
10 typically embodiments, is collision induced
dissociation.

In some embodiments of the method, the first
binding partner is selected from the group consisting
of an antibody, a T cell receptor, and an MHC molecule.

15 In other embodiments, the first binding paftner is a
receptor and the second binding partner is selected
| from the group consisting of an agonlst of the
.receptor, a partial agonlst of the receptor, an
antagonist of said receptor, and a partial antagonist
20 of said receptor. 1In other embodiments, the first
binding partner is a glycoprotein receptor and the
second binding partner is a lectin.

In a fourth aspect, the invention provides a
method of detecting an analyte, the method comprising

25 engaging a affinity capture probe in the affinity
capture probe interface of the analytical instrument of
the present iqvention, the affinity capture probe
having an analyte bound thereto; desorbing and ionizing
the analyte or fragments thereof from the probe using

30 the instrument's laser source; and then detecting the
analyte_by a tandem mass spectrometer measurement on
the desorbed ions.

In this aspéct, the method can further
comprise, after the desorbing and ionizing step and
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" di-ssoci ation. In some enbodi nents of the nethod, the first binding partner
is selected fromthe group consisting of an antibody, a T cell retefilo?lgs
and an MHC nol ecule. 15 I n other enbodinments, the first binding partner is
~a’ recep¥8mM2@h31t he ‘second binding partner is selected poramsi/haegr oup
consi sting of an agonist of the .receptor, a partial.agonist of the
receptor, an antagonist of said receptor, and a partial antagonist 20 of
said receptor. In other enbodinents, the first binding partner is a

gl ycoprotein receptor and the second biq%Lng partner is a lectin. In a
fourth aspect, the invention provides a fhod of detecting an anal yte,
the nmethod conprising 25 engaging a affinity capture probe in the affinity

capture probe_j f of .the apalytical ipstrument of the present

i nventi on, tﬁ%é§§?%n$§§esngﬁreegf%%tln%ag?ﬂgl%ho%an9P§e§ound t her et o;
desor bi ng anddissociagiohhefasaiyt@essrbeaoidnts tHeesel Lhem the probe
using 30 the instruneg%és | aser source; .and then detecting the analyte by

a tandem massSsPeRTOMEOBt HRASOPRNERPOHNEREE YeSBPBRE PANONENCRRI S

aspect, the rie¢ hoelleabeliutdbhetol TOSDENSE, dBédSEisbEodesor bing and ioni zing
step and JUL 2005 WO_02/ 31491 PCT/ US00/ 28163 - 19 before detecting,
effecting Tol i sion i ndtReACLEF SEPRPGINIRMEDF e ;rrkeserdenti ohep Safore

such di ssocilsé i per £bAme8NEf caRDSEH Sar@a eEOOEhéQ?ﬁoB@P apg sgl ected
for collisional, dissociation, 5 In other enbodi nents, e antecedent step

can be perfofted HrehdSBR e HELRI |2 S ERP RN fro eer Sodméd afeer ot her

er:bgd: Hengzi, d@dﬁ:ﬁ:gi?%nazbsl@@éf&wﬁ&r?& oo &UPLEPA Y A0 ¥E&@ngprior to
gaging sigé)probe,interface, of adherently contacting said

10 probe and said analyte with energy absorbing molecules.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

FIG. 1 schematizes an embodiment of the
analytical instrument of the present invention;

20 FIG. 2 shows in greater detail the elements
of an orthogonal QgTOF tandem mass spectrometer
preferred for use in the analytical instrument of the
present invention;

FIG. 3 displays the seminal fluid protein

25 profiles of a single BPH and prostate cancer patient;

FIG. 4 shows results of on-probe isolation of
one of the upregulated proteins detectable in FIG. 3;

FIG. 5 shows peptides detected by a single
phase of MS analysis after the enriched biomarker

30 candidate was exposed to in situ digestion using
trypsin;
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sai d probe, interface, of adherently contacting said 10 probe and said
analyte with energy absorbing nol ecul es. BRI EF DESCRI PTI ON OF THE DRAVINGS
The ab@wsoandopt her objects and advantages of the present invention wll
be apparent upon consideration of the followi ng detail &§Ta58¢/p41p3i on 15
taken in conjunction wth the acconpanying drawings, in which |ike
characters refer to like parts throughout, and in which: FIG 1
schemati zes an enbodi nent of the analytical instrunment of the present

i nvention; 20 FIG 2 shows in greater -dgpail the elenments of an orthogonal
QTOF tandem mass spectroneter preferred for use in the anal ytica

I nstrunent of the present invention; FIG 3 displays t he seninal fluid
protein 25 profiles oFI@. sé r@h@n@%ﬁ"@hﬁf@ﬁt P FIG 4
shows results of on- Réqﬁf |sola1|on of one of t e up gu?a ed ?otelns :
det ect abl e i &5 L1184 @reteipvRepeidsdan dheamal vyicaksidgyece phase of

MS analySISdﬁtﬁﬁetﬁk@gﬁﬁt(&ﬁﬁ%ﬁ&f@@f&ﬁ{ 30 candi date was exposed to in
situ digestion using trypsin; 1 JuL 2005 WO 02/ 31491 PCT/ US00/ 28163 - 20 -

FIG 6 shows LD Q- T an%h%)’ﬁ MM e swldre ﬁ:mmfthaei protein peptides
on the amal ymla(lthldﬁ\m Cd%v:.Qfe tde e elhrﬂ;VEi e‘}ﬂi 06}2 };' G 7 shows M5/ M5
en Ve

results fronlhhe éf al tlcal devi ce "of the pres tfon of a
sel ected dofFf Ioh Grangrd difn efedhs @narikered daiiaigter DETAI LED

DESCRIPTICNCQEdIHEthVENTICN | . Definitions

DETAILED DESCRIPTION OF THE INVENTION

I. Definitions

10 As used herein, the terms set forth with
particularity below have the following definitions. 1If
not otherwise defined, all terms used herein have the
meaning commonly understood by a berson skilled in the
arFs to which this invention belongs.

15 "Analyte" refers to any comﬁonent of a sample
that is de51red to be detected. The term can refer to
a single component or a plurality of components in the
sample.

"Probe" refers to a device that, when

20 positionally engaged in interrogatable relationship to
a laser desorption ionization source and in concurrent
communication at atmospheric or subatmospheric pressure
with a gas phase ion spectrometer, can be used to
introduce ions derived from an analyte into the

25 spectrometer. As used herein, the "probe" is typically
reversibly engageable by a probe interface.

"Affinity capture probe" refers to a Probe
that binds analyte through an interaction that is
sufficient to permit the probe to extract and

30 concentrate the analyte from an inhomogeneous mixture.



- 10 As used herein, the terms set forth with particularity belom1h€¥
followng definitions. If not otherw se defined, all ternms used h efUk 2005

have the neaning commonly understood by a person skilled in the arts to

- which thWO 82M#tion bel ongs. 15 "Analyte" refers to any manpaiemn;of a
sanple that is desired to be detected. The termcan refer to a single
conponent or a plurality of conponents.in the sanple. "Probe" refers to a
device that, when 20 positionally engaged in interrogatable relationship to
a | aser desorptlon i oni zation source and in concurrent comunication at

at mospheric or subatnospheric pressure “wiha gas phase ion spectroneter,
can be used to introduce ions derived froman analyte into the 25

spectroneter. rei t he ." praobe” |s typically reversibly
engageabl e by a E;ég]b%arkﬁto@r &&@un ¥ it PP teaFiiE egh-obdhe Siledingo a probe
that bi nds anahjztee'atdmmngfisartylpﬁtcell&qi meAikkal b a%lléfoffpcﬂlﬁ)?lt o0 permt the

probe to extr concentrate the analy rom an onbgeneous

m xture. %@%lggéﬁ F§%ﬁ§f&lcﬁlsupé?FGSO@/ZQEGPrcﬁﬁcenﬂhat|on to

purity is notteemque&eiﬂmhﬂw”m&fﬁw r&&@%@cﬁéogfﬁfnﬁyp'ggéﬁy gﬁdlated by
e

adsorptlon of r Ea yEﬁg%o an adsorption_surfac e pr term
ProtelnChlp(r? APr8y efS St GORPEFRiiey l¥aplaiéablpr bem Clhphezgen
comercially Byasyabbﬁsfrmﬁbo pFQéﬂ@ﬁt,Btg§¥§B§H%8 I@gF keggfépg t

Sor pti & o]

California, for use_in the  present invention
det ect abl e noﬁE%§ﬁPEn9nV5Pﬁ&Pﬁg of an analyte to an adsorbent 10

"Adsorbent” refers to anydgBEBEi8h"CARABLE L detectable noncovalent
binding of an analyte to an adsorbent.

10 "Adsorbent" refers to any material capable of
adsorbing an analyte. The term "adsorbent" is used
herein to refer both to a Ssingle material ("monoplex
adsorbent") (e.g., a compound or a functional group)
and to a plurality of different materials ("multiplex

15 adsorbent"). The adsorbent materials in a multiplex
adsorbent are referred to as "adsorbent species." For
example, a laser-addressable adsorption surface on a
probe substrate can comprise a multiplex adsorbent
Characterized by many different adsorbent species

20 (e.g., anion exchange materials, metal chelators, or
antibodies) having different binding characteristics.

"Adsorption surface" refers to a surface
having an adsorbent.
"Chromatographic adsorption surface" refers

25 to a surface having an adsorbent capable of
chromatographic discrimination among or separation of
analytes. The phrase thus includes surfaces having
anion exchange moieties, cation exchange moieties,
reverse phase moieties, metal affinity capture

30 moieties, and mixed-mode adsorbents, as such terms are
understood in the chromatographic arts.
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adsorbing an analyte. The term "adsorbent” is used herein to reftn hat bhto
a single material ("nonoplex adsorbent”) (e.g., a conpound or a functional

group) wawgziwia plurality of different materials ("nultiplex 15
adsorbent"). The adsorbent materials in a nultiplex addéTHes02816@ referred
to as "adsorbent species."” For exanple, a |aser-addressabl e adsorption
surface on a probe substrate can conprise a nultiplex adsorbent
characterized by many different adsorbent species 20 (e.g., anion exchange
materials, nmetal chelators, or antibedi2es) having different binding
characteristics. "Adsorption surface" refers to a surface having an

adsor bent. " Chronmat ographi c adsorption surface" refers 25 to a surface

havi ng an adsor bent cabBbbmoDécuEérQﬂﬁiﬁﬂﬁﬁpBﬁEfgﬁéﬁr%g%n%%ig@.anong or
separation of énalytes. The phrase thus includes sur ac&5°h |ﬁg ani on
exchange i Bty e3CC LRVHRY o3B3 haRgeraen bt cemprisingr beopbaseuneiset i es, met al

affinity captapabBd &Di speesriandighxed; node adsorbents, as such terns are
understood in the chromatographic arts 1 1 J UL 2005 WD 02/31491 - 22 ’

PCT/ US00/ 28163 " Bi ol $3RA@LEF¢ i bingingl foetdrs e’f@rﬁhzéoaﬁil.i'égf adge having
o0 S ool b SURLEGY e GRS SRECLTLE BNONS.
concur rent | PIRAERSANGIHS (HRAGRQIRIEDLS) (SatpIOgEnEisd SaMERE 1O bind to
ot anokheraer sidall g U b UG SIS, TR 2 Shect s {0 L he
advent i t i ouSP&CHESHg- 1 Fhentsamcld onsTypiddiel y eagt s byl @tpi R4sh gt wo-fol d,
nore interaction will discriminate over adventitious binding
10 interactions in the reaction by at least two-fold, more
typically more than 10- to 100-fold, When used to
detect analyte, specific binding is éufficiently
discriminatory when determinative of the bresence of
the analyte in a heterogeneous (inhomogeneous) sample.
15 Typically, the affinity or avidity of a specific
binding reaction is least about 1077 M, with specific
binding reactions of greater'specificity typically |
haying affinity or avidity of at least 10 M to at
least about 10-° M. |
20 "Energy absorbing molecules" and the
equivalent acronym "EAM" refer to molecules that are
capable, when adhered to a probe, of absorbing energy
from a laser desorption ionization sourCe.and
thereafter contributing to the desorption and
25 ionization of analyte in contact therewith. The phrase
includes all molecules so called in U.S. Patent Nos.
5,719,060, 5, 894,063, 6, 020,'208, and 6,027,942, the
disclosures of which are incorporated herein by
reference in their entireties. The phrase explicitly
30 includes cinnamic acid derivatives, sinapinic acid
("SPA"), cyano hydroxy cinnamic acid ("CHCA") and
dihydroxybenzoic acid.



"typically nore than 10- to 100-fold. Wen used to detect anal yte, 13pggi f}
binding is sufficiently discrimnatory when determ native of the presen
of the analyte in a heterogeneous (inhonogeneous) sanple. 15 Typically,

- the af f iwih b331Q51 avidity of a specific binding reaction béThﬁ@ﬁ&nﬁfOUt 10
M with specific binding reactions of greater specificity typically

having affinity or avidity of at |east 10-8 Mto at |east about 1009 M 20
"Ener gy absorbing nol ecul es” and the equival ent acronym"EAM refer to

nol ecul es that are capable, when adhered to a probe, of absorbing energy
froma | aser desorption ionization sourcé€3and thereafter contributing to
the desorption and 25 ionization of analyte in contact therewith. The
phrase includes all nolecules so called in U S. Patent Nos. 5, 719, 060,

5, 894, 063, 6,020,208, "tanudén NaA3s Sp@ctrometer¥clrosfarestof anhi ghsare

I ncor por at ed | n; n in_their entireties, The_phrase

expl i ot y 36&}%% uld(ge)%s{ %ﬁ%ﬁﬁ&gggg# dt%%fib%t%%%?i%i ﬂﬁpPﬁFEg’él&%Hg ("SPA"),
cyano hydr oxytwd remcessivd §EaHEA" N/ arita s dd hytls oxyhenaei 6naskdiods 1l JUL
2005 WO 02/ 31491 PCI/USOO/%@lGB - §3 "Tanden1n§s$ spectroneter” refers to
any gas phast iBh tPRTHEHEFEr t FRE PRTASPabielBfepefPRFRFAGet RS

successi Ve5 stiepeingn gwbaseds dassl yrenata9nwelli 88SthbBe aRatvORAgMaxt ure. The
phrase includes spectroneters 5 hayij two nmass anal yzers as well as those
havi ng a siHﬁ“ﬁiﬁiéga%ia??§g¥z?ﬁa?h%EeaE%p%%P%bg? QE| 88LPGBLIVACqui si ti on
or retention adquiEst ponh odrt Pet@ABiomNet yobss Jheophtasgatbus explicitly

I ncl udes QQTOF __nmass qug%roneters, I on trap, npss spectroneter ion 10

trap- TOF masSpetitdnet Bre, PRERS§FRIgsexplicitly Includes Qq%bF

mass spectrometers, ion trap mass spectrometers, ion
10 trap-TOF mass spectrometers, TOF-TOF mass
spectrometers, and Fourier transform ion cyclotron
resonance mass spectrometers.
"Eluant" refers to an agent, typically a
solution, that is used to affect or modify adsorption
15 of an analyte to an adsorbent of an adsorption surface.
Eluants also are referred to herein as "selectivity
threshold modifiers."
"Elution characteristic" refers to a physical
or chemical characteristic of an eluant that
20 contributes to its ability to affect or modify
adsorption of an analyte to an adsorbent of an
adsorption surface. Two eluants have different elution
chafacteristics if, when put in contact with an analyte
and adsorbent, the degree of affinity of the analyte
25 for the adsorbent differs. Elution characteristics
include, for example, pH, ionic strength, degree of
chaotropism, detergent strength, and temperature.
"Biologic sample” and "biological sample"
identically refer to a sample derived from at least a
30 portion of an organism capable of replication. As used
herein, a biologic sample can be derived from any of
the known taxonomic kingdoms, including virus,

prokaryote, single celled eukaryote and multicellular




spectrometers, and Fourier transformion cyclotron resonance mas$ 1 jy_ 7008
spectroneters. "Eluant" refers to an agent, typically a solution, tﬁat I'S
used tqvgfgéﬁé or nodify adsorption 15 of an analyte to an adsorbent of an
adsor pt'l i face. Eluants also are referred to herein pas/isiehemsi vi ty
threshold nodifiers.” "Elution characteristic" refers to a physical or
chem cal characteristic of an eluant that 20 contributes to its ability to
affect or nodify adsorption of an analyte to an adsorbent of an

adsorption surface. Two eluants have QJgifngnt elution characteristics if,
when put in contact with an anal yte and adsorbent, the degree of affinity
of the analyte 25 for the adsorbent differs. Elution characteristics

i ncl ude, foreexappPhee . PHrLEORE cen degree ,of , chaotropi sm detergent
strength, and teggergturebé" %g%égﬁg géﬂ%ﬁs"gaﬁddeﬁFBFogF€§lt§§np|e" .
i dentical |y ¢¥e¥ety afsthpl erdenismdofranpertieasthared@, portion of an

or gani sm capghl epligalion sed_herein, a biologic sanple can be
deri ved fron1angugin&tﬁtbﬁnémﬁu%EgiﬁgnPerE?ﬂﬁdshﬁFePﬁcIu LA§OUiLEus,
ST S s sy mantont et Wbt 410

5 aryote, | | ' i v
fromthe entf%ety of tée %ﬁg%ﬁ#é%?%?n%tﬁbr?PBﬁe%%g%%Effrachépudtng froma
cul tured porkysate me@ofluBiol ogic sanples can be in any physical form

appropriate to the 5 f ext, including honpgenate, subcellular _
fractionate, |ysate %?T?ﬁ%‘?urf%i O’Fﬁﬁg%’éﬁl@ # Felecube athat ecahe 't hat can

be found i nbebutoursdmotbuiecess@mdy Neves PLEM JHI¥Edeen derived
from, a biologic sample.

10 "Organic biomolecule" refers to an organic
molecule that can be found in, but need not necessarily
have been derived from, a biologic sample, such as
steroids, amino acids, nucleotides, sugars,
polypeptides, polynucleotides, complex carbohydrates

15 and lipids.

"Small organic molecule" refers to organic
molecules of a size comparable to those organic
molecules generally used in pharmaceuticals. The term
excludes organic biopolymers (e.g., proteins, nucleic

20 acids, etc.). Small organic molecules as used herein
typically range in size up to about 5000 Da, up to
about 2500 Da, up to about 2000 Da, or up to about 1000
Da.

"Biopolymer" refers to a polymer that can be

25 found in, but need not necessarily have been derived
from, a biologic sample, such as polypeptides,
polynucleotides, polysaccharides and polyglycerides
(e.g., di- or tri-glycerides).

"Fragment” refers to the products of the

30 chemical, enzymatic, or physical breakdown of an
analyte. Fragments may be in a neutral or ionic state.

The terms "polypeptide™, "peptide", and
"protein" are used interchangeably herein to refer to a
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" from a biologic sanple. 10 "Organic bionol ecul e" refers
nol ecul e that can be found in, but need not necessarily
from a biologic sanple, such as steroids, am no acids,

have bobn Bk 2

nucl eoti des,

© sugars, Wped/3igeipt i des, pol ynucl eoti des, conpl ex car bohydpetesonkgiand
lipids. "Small organic nolecule" refers to organic nolecules of a size
conparabl e to those organic nolecul es generally used in pharmaceuti cal s.

The term excludes organic biopolyners (e.g., proteins,

nucl eic 20 aci ds,

etc.). Small organic nol ecul es as used herein typically range in size up
to about 5000 Da, up to about 2500 Da; aé To about 2000 Da, or up to about

1000 Da. "Biopolyner" refers to a polyner that can be

need not necessarily, have been derived from a bjologic

25 found in, but
sanpl e, such as

pol ypept i des @ TROFHHESRYI pof ySXR e 1 RO B E HoFgmp yeindes (e. g.

di- or tri-glaterd des)d MENGPSES! (rE&{@ISsE O WA O AUCS
chem cal, enzymatic, .or physical breakdown of an anal yt

sa@fqthe 30
e. Fragnents nmay be

in a neutral IHH DeF At FRCiRes RHEIrpbl YTRERUHEING "amibng decidand

"protei n" ar eatanth i Ni-escharsead! anhes eid d st 8ierut ) &

L 2005, VO

02/ 31491 PCT/ US0Q/ 28163 - 25 naturally-occurring or synthetic ‘pol'yner
conprising S¥YSeHS MMTRRFRr 3k b ey intheara kegotizt cereronomer here

i ncl udes nat lga@dm@(@ygggpgi@fg@@i@ézi%,peméﬁ ddygocecurring amno acid

structural variants, and 5 synthetic non-naturally occur

ring anal ogs that

are capabl e FelypaRtideattary be pepifird bonds., ol ipepmddiesiaambe

modified, €. Garddhyda@dddidd to form glycoproteins

. The terms

“polypeptide,” “peptide” and “protein” include

10 glycoproteins as well as non-glycoproteins.

"Polynucleotide" and "nucleic acid"

equivalently refer to a naturally-occurring

or

synthetic polymer comprising nucleotide monomers

(bases). Polynucleotides include naturally-occurring

15 nucleic acids, such as deoxyribonucleic acid ("DNA")

and ribonucleic acid ("RNA"), as well as nucleic acid

analogs. Nucleic acid analogs include those which

include non-naturally dccurring bases, and those in
which nucleotide monomers are linked other than by the

20 naturally-occurring phosphodiester bond. Nucleotide

| analogs include, for example and without limitation,

phosphorothioates, phosphorodithioates,

phosphorotriesters, phosphoramidates, boranophosphates,
methylphosphonates, chiral-methyl phosphonates, 2-0-

25 methyl ribonucleotides, peptide-nucleic acids (PNAs) ,

and the like.

As used herein, "molecular binding

partners" — and equivalently, "specific binding

partners"™ — refer to pairs of molecules, typically
30 pairs of biomolecules, that exhibit specific binding.

Nonlimiting examples are receptor and ligand, antibody

and antigen, biotin and avidin, and biotin and

streptavidin.
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carbohydrate residues to formglycoproteins. The terms "pol ypeptitdgy." 2005
“peptide” and "protein” include 10 glycoproteins as meLI as
non-gIX¥8Q5ﬁisgns. "Pol ynucl eoti de" and "nucleic acid equi valently refer

to a natura

nononers (bases).

aci ds, such

i ncl ude non-naturally occurring bases,. %%d_those in which nucl eotide
nmononers are |inked other than by the 20 n

y-occurring or synthetic polymer conprisi RgTAiISYHR8K6B de

Pol ynucl eoti des include naturally-occurring 15 nucleic

as deoxyribonucleic acid ("DNA") and ribonucleic acid ("RNA"),
as well as nucleic acid analogs. Nucleic acid anal ogs include those which

atural l y-occurring phosphodi ester

bond. Nucl eoti de anﬁlogg ing!ggg, ;or exaﬂpgehapgtméégggﬁslinitation,

phosphor ot hi oat es, phosRAQL | pakes, +pho ,

phosphor ani dat es, boranopﬁoép%ates, n%tEyIph@%gﬁgﬂg?eS,yEEFFii?gft?gkAs)

phosphonate§¥aQerQ5€ﬂnlhy!tmabou?nlb?tfdﬁgid?ﬁptbdgrﬁﬁgégggt o e ,
[ " ula [ -
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equi val ently, "specitl
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an clhgts ﬁﬁgn‘é"‘eﬁgﬁ‘g’é’i@%’f d’r‘lhgﬂpgﬁsi G¥RIDSVES VERd2/ 31491 - 26
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"Ligand" refers to any compound that can
participate in specific binding with a designated
receptor or antibody.

"Antibody" refers to a polypeptide
substantially encoded by at least one immunoglobulin
gene or fragments of at least one immunoglobulin gene,
that can participate in specific'binding with a ligand.
The term includes naturally-occurring forms, as well as
fragments and derivatives. Fragments within the scope
of the term as used herein include those produced by
digestion with various peptidases, such as Fab, Fab'
and F(ab)'2 fragments, those produced by chemical
dissociation, by chemical cleavage, and recombinantly,
so long as the fragment remains capable of specific
binding to a target molecule. Typical recombinant
fragments, as are produced, €.g., by phage display,
include single chain Fab and scFv ("single chain
variable region") fragments. Derivatives within the
scope of the term include antibodies (or fragments
thereof) that have been modified in sequence, but
remain capable 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 harvest from cell
culture of native B lymphocytes, hybridomas,

QLA jn, but need not necessarily have been derived from a
gﬁ {héﬁmlthat can participate in specific binding with a
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‘5-1igand. The termfurther includes fragnents and derivatives that remain
capabl e of specific ligand - binding. "Ligand" refers to any conpo ld I 24005
can participate in specific binding with a designated 10 receptor or
-ant i bodywo'nanstigdody" refers to a pol ypeptide substanti aldoredeesed by at

| east one inmunogl obulin gene or fragments of at |east one inmmnoglobulin
gene, that can participate in specific binding with a ligand. 15 The term
i ncludes naturally-occurring forms, as well as fragnments and derivatives.
Fragnments within the scope of the termas used herein include. those
produced by digestion with various peﬁtﬂﬂa§€s, such as Fab, Fab' and
F(ab)'2 fragnents, those produced by chem cal 20 dissociation, by chem cal
cl eavage, and recophi nantly so . long as the fragnent remai ns capabl e of
specific bindPRE 6n§nFaF§€Feﬁ§P88uF§St¢?5vCBV pPBagrbrAspLayir &nents, as
are produced, tBeglikly phage dlsplay, i ncl ude single chain Fab and scFv
("single chain 25 variable region") fragnments. Derivatives within the
scope of the terminclud@niigepldresersr tor aghibaend theteckn bieat have been

modi T ed Th SBEHRRCEy BU! anteEBLY. CaRADLE:PLAPRGLL fORI BYI NG Lo @ tar gel

nmol ecul e, inclu |ng nterspeci es chi merrc hurma 50 anti bodi es. As.
used herelﬁ dmnppedeadccanThe pestdond ofythayaktdgent ehbrmi quade i ncl udi ng

U0 01 31401 PCIP RO 2AFRs theo 3ty Boly, KRR REHER nalt e, 65 RRe ", phage

~display, or the I|_ke "'Rmuegea'" refers to 8hki gaadgihakleaarke peeund by
an antibody. éﬂi%ngl ?eggtgggogated image.

II. Affinity Capture Probe Tandem Mass Spectrometer

10 - In a first aspect, the present invention
provides an analytical instrument that combines the
advantages of affinity capture laser deSorption
ionization sample introduction with the advantages of
high accuracy, high mass resolution, tandem mass

15 spectrometers. The. combination provides significant
advantages over exiéting devices for performing known
techniques. Furthermore, the new instrument makes
possible new methods of protein discovery and makes
possible new methods of identifying and characterizing

20 molecular interactions between and among specific
binding partners that are more at once more efficient
and more sensitive than existing approaches. The
instrument will first briefly be described as a whole;
thereafter, features of the affinity capture probe

25 1interface will be described in greater detail.

Briefly, with reference to FIG. 1, instrument
100 comprises laser desorption/ionization source 13;
affinity capture probe interface 10, and tandem mass
spectrometer 14. Shown in FIG. 1 is a preferred

30 embodiment in which laser source 12 is a pulsed

nitrogen laser and tandem mass spectrometer 14 is an
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5 simmunogeni c. The portions of the antigen that nake contact with. tIJng005

anti body are denom nated "epitopes”. "Fluence" refers to the energy
deliverﬁg) Snit area of interrogated inage. Il. Affinity Capture Probe
Tandem Mass épectroﬁeter 10 In a first aspect, the preseR€TIUSV&IHIEDN

provi des an anal ytical instrunent that conbines the advantages of affinity
capture | aser desorption ionization sanple introduction with the advant ages
of high accuracy, high mass resol ution, tandem rmass 15 spectroneters. The
conbi nation provides significant advaotages over existing devices for
perform ng known techniques. Furthernore, the new instrument nakes
possi bl e new met hods of protein discovery and nmekes possible new nethods
of |dent|fy|@gﬁwubdﬁﬁﬂ R did 20; ol Seut t t bet ween and
anong speci fi @ d|n aﬁértﬁ?ﬁs thafﬁgre nﬁ?% ﬁ? @%%% %ggétE??gg?Ent and
more sensiti w&@% &™d¥3pproaches. The instrument will first briefly
be described as a mhole thereafter, features of the affinity capture
probe 25 interface wll be described in greater detail. Briefly, with
reference to FIG Tooitat B8 e desor ption/ioni zation
source 13; afflnlty capture probe |nterface 10, and tandem nass
spectroneter 14. Shown in FIG 1 is a preferred 30 enbodi nent in which

| aser source 12 is a pdHa®fy desompgseiod/dseri zud dransleit s@Ss3 spect roneter 14

is an 11 3UL,2005 - \MQ SQ0/ 28163 of thogonal quadr upol e

ti me- of - fllgﬁt MRSS s%%étr %ﬁt P% Qﬁﬁ%ﬁ#{qanﬁﬁﬁﬁﬁf Y as@pditioned

desor pti on/ i 8RHz diir@es tesur de sioake mrdk samyitzeo Pt o | /Y SOree 13
analytes adherent to affinity capture probe 16. Laser

desorption/ionization source 13 comprises laser source
12, laser optical train 11, and, optionally, probe

10 wviewing optics 18.

Laser desorption/ionization source 13

produces pulsed laser energy either through use of a
pulsed laser 12 or, alternatively, by mechanically or
electronically chopping the beam from a contlnuous

15 laser 12. Typically, pulsed lasers are preferred.
Preferred pulsed laser sources include nitrogen lasers)
Nd:YAG lasers, erbium:YAG lasers, and CO; lasers.
Presently preferred is a pulsed nitrogen laser, due to
simple footprint and relatively low cost.

20 Photons emitted from laser 12 are directed to
strike the surface of probe 16 by laser optical
train 11. Optical train 11 can consist of an
arrangement of lenses, mirrors, prisms, attenuators,
and/or beam splitters that function to collect, direct,

25 focus, sub—drvide, and control the intensity of each
laser pulse so that an appropriate desorption fluence
in the form of a focused spot of desorption energy is
delivered to probe 16.

Alternatively, optical train 11 can consist

30 of a fiber optic array that functions to collect,

direct, and sub-divide the energy of each laser pulse.
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5 produces energetic photons that, properly conditioned and dirggtag,
desorb and ionize proteins and other analytes adherent to affinity cagpﬁre
probe 16. Laser desorption/ionization source 13 conprises |aser source

12, |asewoopsi®al train 11, and, optionally, probe 10 Vig¥néeRRi5CS 18.
Laser desorption/ionization source 13 produces pul sed | aser energy either
t hrough use of a pulsed |aser 12 or, alternatively, by nechanically or

el ectronically chopping the beamfroma conti nuous 15 | aser 12. Typically,
pul sed {1 asers are preferred. Preferred gulsed | aser sources include
nitrogen lasers, Nd:YAG |asers, erbium¥AG|asers, and OO2 | asers.
Presently preferred is a pulsed nitrogen | aser, due to sinple footprint
and relatively | ow cost Photons emtted fromlaser 12 are directed to

2 .
strike the surface of pFBbghié BOOPALRE N opt F % OvkREt afl lagey d& dain 11

can consi st otoapledrtangheenhpef LeASESE 4N EPF ScalPl# UH, u%ﬁ&ﬁﬁ%ﬁfors’
and/ or beanlsﬁéLtte s that function to col|ect, direct, 25 focus,

sub-di vi de, aRB“tEAtr GPUPHETF nERASFPYPIRL eb ht YR ieatl p s achat an
appropri ate desbepsi ehobkugbeel lengte dd raDimé:docus e SRRYrigfdesor ption
energy is delivegﬁd to Aiternatively optical train 11 can

consist 30 of%h Sefn8§%?583%$%§a MRREF UM i Ohsth® Bde%ct, direct, and
sub-di vide the energy ofheaahoumisest peh&mryy ldngd4iP 0 NG 1323141

PCT/ US00/ 28163 - 2 In.this enmbodi ment,, the output of laser 12 is coupled
to the input é?d%ogFr%ﬂlﬁgtgga?r?gﬁ% %EQQEfgﬁPtcﬂéiQQQ I&\pl er; the

coupl er is typoshtignceiphi sespeit o lens miwse; fucatnienaidtamd,di anet er
's appropriate,g £oLLNS EORYE DUIBTdcal, argriye of the fiber.

10 attenuator. 1In another preferred arrangement, the
total output energy of the laser is coupled into the
fiber and an attenuator is placed between the output
side of the optical fiber and the desorption spot
focusing elements of the optical train. 1In yet another

15 preferred arrangement, an optical attenuator is placed
between the laser and the optical fiber coupler. Inﬁ
all instancés,'optical attenuation is employed to

.insure .the delivery of appropriate laser fluence to the
surface of probe 16 independent of the output energy of

20 laser 12. Typical laser fluences are on the order of
20 - 1000 pjoules/square millimeter.

As 1t is well established that fiber optic
components can often be damaged when accepting focused
energy from lasers, it is advantageous to maximize the

25 acceptance area of the input side of the fiber so that
the fluence of the incident laser energy is below the
damage threshold of the fiber. The latter also
simplifies alignment of the laser beam with the optical
fiber when adjusting the relative position of the

30 optical coupler with respect of the laser and optical
fiber. However, in order to obtain reasonable
desorption fluence levels at probe 16, a maximum exit
side fiber diameter of 400 pm (microns) should not be
exceeded when used with typical nitrogen lasers
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The anpunt of energy entering the fiber can be controlled by prud q}

adj ustnent of the lens position with respect to the fiber; in thi UL 2005
instancwo02 F fi ber optical coupler can double as an optical 10
attenuator. In"another preferred arrangenent, the totalP@uUUpwzsmier gy of
the |l aser is coupled into the fiber and an attenuator is placed between
the output side of the optical fiber and the desorption spot focusing

el enents of the optical train. In yet another 15 preferred arrangenent., an
optical attenuator is placed between thgylaser and the optical fiber
coupler. In all instances, optical attenuation is enployed to .insure the
delivery of appropriate' |aser fluence to the surface of probe 16

i ndependent @kltke ramaPut HBRE K l.as . pical. | aser fluences
are on the order of 20 - 1000 pjogbggﬁgdﬁgrg%ﬁﬁﬁlFﬁété&?%&?%ﬁ is well
est abl i shed PHafefi bér Sggtité oncsapshést probienf lérsbdndamged when
accepting fogHsgepoeRerg 0 g ol dyant ageous tqQ maxi m ze the
25 acceptance,aregoof %hé F%pglkgﬁggggfb@ﬁééﬁﬁbiﬁg§5 Wﬁ&?e £REYY uence of
t he inci dent Std8eP2agnar gjametssl ow the oddemgert Boeshel d20b wherbirker. The

latter also gsinmelikbi18SsakkIRTEN 3 aser am w the optical fiber
when adjusti%g t he ?elaf?ég gggi%ig%a%P%erggozggtFEaﬁ%BoHﬁFéPnﬁ-th r espect
of the laser and opticarPifebéy. tbeedesprphiondepotosabhiagnpeeasonabl e

of 400 (i cr oaeShot a not “Be 8% B8 HbH ARen  NEcaSRFFR LL GBI A1 1APer ogen
lasers 1 1 JERTr 2686h\VPnd2e3bYointeBAogRETAYSORL2§263td8kI ¥ekNgra Maxi mum

ener gy of ahorne0Ps! ihil8SRLinPil REng ST PELE QR 1@y LIS PLObLem i es in
desorption and ionization. While using typical
nitrogen lasers delivering a maximum energy of about
200 pJ/pulse in a laser desorption/ionization soﬁrce
coupled to a quadrupole-quadrupole time-of-flight
tandem mass spectrometer, an optimum laser spot area

15 has been determined to range between 0.4 and 0.2 square
millimeters;

: - Laser desorption/ionization source 13 can
iﬁc;ude, tyﬁically as an inﬁégral part of optical
train 11, probe viewing optics 18. Viewing optics 18

20 can contain an illumination source, lenses, mirrors,
prisms, dichroic mirrors, band-pass filters, and a CCD
camera to allow the illumination and viewing of the
desorption locus, i.e., the region of probe 16 to be
interrogated by laser.

25 Where laser optical train 11 comprises an
optical fiber, viewing optics 18 can take advantage of
light from the optical fiber itself.

For example, the fiber optic coupler can be
bifurcated to split off a small fraction of the laser

30 excitation energy to be used as a means of monitoring
the applied laser energy, or it can be bifurcated to
allow the introduction of visible light to illuminate
the desorption locus.
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| icorporation of a tapered optical fiber whose input side has a @Haggt%gg
on the order of 400 to 1200 mcrons 5 and out put side has a dianeter o# 0
to 400 mcrons. Typically, the desorption spot should be focused to a

si ze t hatwowexdimeizes 't he generation of ions for each pul ' rogating
the greatest area of probe 16 while maintaining suffici2§?R¥P%§%§% to

I nduce 10 desorption and ionization. Wile using typical nitrogen |asers
delivering a maxi mum energy of about 200 pJ/pulse in a |aser
desorption/ionization source coupled to a quadrupol e-quadrupol e
time-of-flight tandem mass spectroneter,3lamr opti num | aser spot area 15 has
been determ ned to range between 0.4 and 0.2 square mllineters. Laser
desorption/ionization squrce 13 can include, typically as an integral part
of optical train 11, probéRf dESE Gft thesestwo embaglopntss 48 20 can

contain an il lswaEllatfrer 9o &F thene&ed tikhbar §ner8?i $85q3 dLEPLQi gom rrors,
band-pass filters, and a CCD canera to allow the iTlum natron and view ng

of the desorptFInIPOn & Photonsetegten 6hapr ébeansinbegrali nt err ogat ed

by | aser. 25 %h&@@nb@&ebfoﬁtH%%brt@%EBP%lFESEPEF?%%%?ﬁEaggé!gg: ;:Bg;,
| |

Vi ewi ng opti cs can . take advantage o .

itsel f. Fo ef&#ﬁ@&% Fﬁ@ A 06F38n5085|é?seaneaergbid@ teeredtbospl it

off a small fpaobeonéof Thethaseecodd exBbhahbRR, SHEE Y1 Olgﬁ?ysfg as a
|

means of nonit,ering the applied |aser energy, or it_can be urcated to
al l ow t he intgﬁaﬁggﬁgn%8fl@#EWBP@%Fi§HF gésPFPEhP%a%%Cu$H@abﬁ@®rption

locus. 11 JULv2e@3nYOo@2tB149teBLInUDERE2B1E3 ciBler | thibiggfigst of these
two enbodi nents, _a ,
separate set of photo optics coupled to a CCD camera or
10 by the employment of a prism or dichroic mirror,
between the optical. fiber and the laser excitation
source, that directs light reflected up the main branch
of the optical fiber towards a CCD camera.
Alternatively, a prism or dichroic mirror can be placed
15 in line between the illuminating fiber branch of the
optical fiber and the illumination source to allow any
back reflected images that couple into this branch to
" be directed to impinge upon a CCD camera. In yet
another embodiment, the fiber can be trifurcated so
20 that one branch delivers desorption /ionization laser
pulses, the second branch delivers visible light for
illuminating the desorption locus, and the third branch
transmits reflected light from the desorption locus to
a CCD camera. For each of these viewing schemes, an
25 appropriate band-pass filter should be deployed between
the CCD camera and viewing optical train to prevent the
transmission of possibly damaging high energy photons
that arise as the direct reflection of the incident
laser pulse upon the probe surface or are secondary
30 photons emitted from the probe surface as a direct
consequence of electronic excitation by the incident
laser pulse.

Probe interface



small fraction of the excitation energy is directed to inpinge ugon ﬁ
phot o-detector that is an integral conponent of a |aser energy circd }2&5
calibrataﬂ}to 5 reflect the actual anmount of |aser energy delivered to
probe 16. {34 second enbodi ment, visible light is dipesigah/isiss

i 1lum nate the desorption | ocus making view ng of this region possible,
either through a separate set of photo optics coupled to a CCD canera or
10 by the enploynent of a prismor dichroic mrror, between the optical..
fiber and the | aser excitation source,_ %Eag directs light reflected up the
main branch of the optical fiber towards™ CCD canera. Alternatively, a
prismor dichroic mrror can be placed 15 in line between the illum nating
fiber branch of the opti ek b t | L1 um nation urce to all ow any
back reflected imges thggq%égglgapﬁpgetﬁfgﬁ%rgﬁﬁgr%%cebi8d+§ected to ,
i npi nge upon &£28EBleardr Zevensibil vaangheingnbbfimeny , capienté ber can be
trifurcated sgroR@ flaat ; Lye sorption /ignjzation |aser

pul ses, the sgk nd,erngﬁggg ngﬁg g?é#%l£§I$§h¥nﬁéﬁr°???%ﬁi%ating t he
desorption | o&§s2taRAShAR tRi Laspramehrce rbhsmd scordleedeeily i ght from the

desor ptionsl ogdfimbhAicat C6R GapEr ég se view ng schenes, an 25
appropriate band-ﬁass filter shou?ﬁgéglﬁg%?o(ﬁ#éEEWﬁﬁﬁFViﬂ@ canera and
vi ewi ng opti cGPPRRETREESOPr BVBRET tHeatnosphvenissitm afbanssigier Hamagi ng
hi gh energy ppeéestrethat arise as the direct reflection of the incident

| aser pul se upon the probe surface or are secondary 30 photons enmitted from
the probe surface as a OffPeetinkentaer el caprssas rommiexdidladéwn by the

incident |asprolpel setr&8ebeibRtSEERC & Idhe Yo AA05 VQ Q4({ 32491 - 32
10 assembly, vacuum and pneumatic assembly, and an
interface ion collection systemn.

The probe holder is a component of probe
interface.lQ shaped to conform to the form factor of
probe 16. Where probe 16 is a ProteinChip® Array

15 (Ciphergen Biosystems, Inc., Fremont, CA USA), the
probe holder conforms to.the form factor of the
Proteinghip® Array. .

~ The probe holder can hold a single probe 16
or a plurality of probes 16. The holder positions each

20 probe 16 in proper orientation to be in;errogated by
laser desorption/ionization source 13 and with respect
to_the interface ion collection system.

N The probe holder makes intimate contact with
a position actuator assembly.

25 The actuator assembly moves the relative
position of probe 16 with respect to laser
.desorption/ipnization source 13 and the interface ion
collection system so that different regions of the
probe can be interrogated and ions resulting from éuch

30 irradiation collected for introduction into tandem mass
spectrometer 14.

The actuator consists of electro-mechanical
devices that support translational and/or rotational
movement of probe 16 while maintaining the probe's
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PCT/ USO0/ 28163 Affinity capture probe interface 10 is capable of 11
reversi bly engaging affinity capture probe 16, positioning probe 16

i pterrogatable relationship to |aser source 12 and concurrently in 5
comuni Iy th tandem nmass spectroneter 14; the on supports
atnnsphg$P09?o Subat nospheric pressure. Probe |nterfacgnﬁgb%§héygses a
probe hol der, probe introduction port, probe position actuator

assenbly, vacuum and pneumati c assenbly, and an interface ion coIIection
system The probe holder is a conponent of probe interface.10 shaped to
conformto the formfactor of probe 16. 3Bhere probe 16 is a Protei nChip(r)
Array 15 (G phergen Biosystens, Inc., Frenont, CA USA), the probe hol der
conforms to.-the formfactor of the ProteinChip(r) Array. The probe hol der
can hold a sipgkétprobwitB respecpl ioatheéylaseprobes 16. The hol der
positions eac p e t te d by

| aser desorpt !ﬁ%ﬁ%gg%ﬂgg %éﬁlggtgég %éugé% gm&?hiér}gsépogl ect'tﬂ: sé%}?%lgrface

i on coll ecti oncegserm. TEecprebecbnbdmechakésalrdevmﬂ&s(mnukude hith a

2005

posi tion actug;g gs gﬁk¥ed2§o ?8?ﬁ§$9859r09 §¥%tggerelat|ve
position of probe respec aser so 79°0Hi Zat i on source
13 and the5|nsenSace,lsnlenohﬁectsbap§qstmmt@xsirﬁﬂ mhﬁ*brent r egi ons of
the probe ca o] a o] u (.ifyadiation
col | ect.ed forgyﬁgro %oﬁg%ﬁg ?H% e%?%%%é éff%ﬁﬁ {HE‘%%éyactuator

consi sts of etemmuoinethawnthllld@&rc@@txhaiagtmqkﬂKSArkmﬁﬂ&nuwmal and/ or
rotational ”EY?EEEEr%oQEBReg&?d&hféElgﬁ' LA 09 B4e PP S

axles.

10 A probe introduction port allows the probe
holder, containing loaded probes 16, to be placed onto
the probe position actuator assembly without
introducing undue levels of atmospheric gas into the
probe interface 10 and tandem mass spectrometer 14.

15 In orxder to éccomplish the latter, the probe
introduction port uses a vacuum evacuation system (the
probe introduction port evacuation system) to pump out
atmospheric gas, aéhieving a target port pressure prior
to moving the chip into the working position. During

20 - probe exchange, the probe actuator assembly moves the
probes from the working pOSltlon (that position in
alignment with laser desorption source 13 and the ion
collection system) to an exchange position.  In doing
so, the actuator can provide a seal between the

25 exchange port that is soon to be raised to atmospheric
pressure, and the inlet of the mass spectrometer.
After sealing off the mass spectrometer inlet,
atmospheric gas is introduced into the probe
introduction port by a probe introduction port

30 pressurization system. This eliminates the pressure
difference between the atmospheric surface of the probe
holder and the introduction port, allowing the probe
holder to be removed from the probe position actuator
assembly.
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11 JUL 2005 . WD 02/31491 PCT/ US00/ 28163 - 33 position with respeFL to the
| aser . desorption/ionization source and ion collection system co slUhn2005
Such eL&g%r 1§$chanical devices include but are not limted to nmechanica
or opti 2§b ftion 5 sensors, solenoids, stepper notorBCT/DSARBIEC
synchronous notors that either directly or indirectly comrunicate with

| i near notion actuators, linear or circular notion guide rails, ginbals,
bearings, or axles. 10 A probe introduction port allows the probe holder,
contai ning | oaded probes 16, to be placgg onto the probe position actuator
assenbly wi thout introducing undue |evels of atnospheric gas into the
probe interface 10 and tandem nmass spectroneter 14. 15 In order to

acconplish the latter, FoéhBopi®petrhd NESnECT DN i
evacuati on system (

e rope | ntroduction port evacuyation system to punp’
out atnosp ’f?leeﬁai? ﬁﬁﬁi ER® njgn%tt?ﬂf on pftf'rotneﬁ? F&ahes préorthe o novi ng
the chip intprobe WOLEERDLPOBEH]HFed DHING 2D Hyahe X changsort hgdr obe
actuat or assgnbl noxes the, probes frqomthe working position (that
position in E?iéﬁﬂg £ WREALR s%‘f%%%%%ﬁqw s oY PEEFV ER1F 1dhe i on

coll ectiop syssembeq, athexshsvgei Posddidtiion [pbA0iduh 1590 purfpefct uat or can
provi de a sq&l beémeenblhe 25 excha%ﬁ%éxwt hat is soon to be raised to
at mospheri ¢ SP¥RsEQr BYP A FRAG I Bt §HE MG IMHRETREGR  After

sealing of f shetemss Spest scbdeing el taRidO AL Gas-dFdtitdpduced
into the probe _introduction port by a probe introduction port 30
pressuri zat i DA IV Bm Hhi RE¥HS rﬁcf‘l%%/%tsmft‘?é’ T JAVES F%IRS Jrfc 37t ween t he
at mospheri ¢ she fexehafigé heopitohen teltdey wrdkiidte goditahict i port ,
allomﬁngléhgdggg eso opens the seal to the mass spectrometer inlet.
Where, alternatively, ions are generated in a
desorption chamber held at atmospheric pressure and
ultimately directed to an ion optic assembly that
introduces the ions to the mass spectrometer inlet, it
15 1is not necessary to evacuate and pressurize the probe
 introduction port since it will be maintained at
atmospheric pressure. _ N
| Thgfprobe intfodqc;ion port evacuation system
consists of a Vaéuum pump, pfessure sensor, vacuum
20 compatible tubing and connecting fittings, as well as
vacuum compatible valves that, when acting in concert,
allow the controlled evacuation of atmospherié gas
contained within the introduction port following sample
exchange so that probes 16 can be moved into the
25 working position. The vacuum pump can be, but is not
limited to, a single stage or multi-stage oil
mechanical pump, a scroll pump, or oil-free diaphragm
pump. In a preferred embodiment, the vacuum compatible
valves are electrically controlled solenoid valves. 1In
30 the same embodiment, the pressure sensor is an
electronic sensor capable of operating in pressure
domains ranging from atmospheric pressure to 1
millitorr. Such pressure sensors include but are not
limited to thermocouple gauges and pirani gauges. 1In
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hdl der to be renpbved fromthe probe position actuator assenbly.
02/ 31491 PCT/ US00/ 28163 34 1 | JUL 2005 Fol | owi ng the renoval of T JUL 2005
previously analyzed probes 16 and the installation of new probes 16, the

probe helless1s6 replaced into its position actuator and | e | oading
procesthegrns As previously 5 described, the probe |an%Eh@Vﬁ‘ port can

be punped down to sub-atnospheric pressure by the evacuation system Upon
achieving the target sanple introduction pressure, the probe actuator
system noves probe 16 from the exchange position to the working position,
and in 10 doing so opens the seal to. th&5mass spectroneter inlet. \Were,
alternatively, ions are generated in a desorption chanber held at

at nospheric pressure and ultimtely directed to an ion optic assenbly that
i ntroduces t 4 orne enbrdimesy: /s mesaegrheck operlagtioni pf18his apstemcessary

to evacuate and DNHESSHLA zlﬁj&éleslgjrl?ql&e c_?h't:go q%%t #’%@P’@@S@t ;Bgngg it wll be

mai ntai ned at”  atnospheric pre € probe n“port evacuation
system consiaftaslaf P Ve utimqiitp orpdégsdad séasoprocassam 2Ratonpat i bl e

tubi ng and coeatdimed ifd £ |l i bl e val ves that,
BT TR B resle de B

when acting in concert, t he cont I on~of atnospheric gas
cont ai ned i FIsi tirnahtsenaeas 69 pdlove (ﬂdrowwt@manpl evaexghaogeos$o t hat

probes 16 carrhe Jmiac id:d e R vaikicdd BY% De, ¥agpum punp can

b asf
be, but is not |imtedto, a single stage or age oi mechani ca
punp, a scroldPSFaFLoror oil-free draphragnt punp. In a preferred

erbodi ment | the vacuumamatil ancralies a6t pBkechibealy, gonbaol | od
sol enoi d valves In 30 the sane enb i ment sSsure sensor
system consists of a gas source, pressure sensor, gas

10 conducting tubing and fittings, and gas compatible
valves that, when acting in concert, allow the
controlled introduction of gas that pressurizes the
exchange port, thus allowing-removal of the probe
holder from the actuator assembly.

15 In one embodiment, the gas source is
untreated atmospheric gas. In another embodiment, the
gas source is atmospheric gas that is first directed
through a moisture absorbent trap and eptionally
secondly through a particulate filter prior to

20 introduction to the pressurization system. In another
embodiment, pressurizing gas is supplied by a purified
source of dry inert gas such as nitrogen or any of the
cost-effective noble gases in lieu of using atmospheric
gas.

25 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 evacuation system. 1In the same embodiment,
concerted operation of this system is achieved under

30 logic control provided by an analog logic circuit or
digital microprocessor that utilizes inputs from the
pressure gauge and positional sensors to allow for
automated pressurizing of the sample port as part of
the overall instrument operation.
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electroni c sensor capable of operating in pressure donains rangiﬁg from
at nospheric pressure to 1 mllitorr. Such pressure sensors inclu Bl 2006 e
not limted to thernocouple gauges and pirani gauges. In | 1 JUL 2005 WO

02/ 3149V PRI1¥H00/ 28163 - 35 the same enbodi ment, -concechagegpagati on of
this system is achieved under |ogic controlled provided by an anal og
logic circuit or digital mcroprocessor that reconciles inputs fromthe
pressure gauge and 5 positional sensors to allow for autonated evacuation
of the sanple port as part of the ovejﬁ4é i nstrument operation. The probe
I ntroduction port pressurization syste onsi sts of a gas source, pressure
sensor, gas 10 conducting tubing and fittings, and gas conpatible val ves

that, when acting in c ert | .ow the contralled introduction of gas
that pressurizes the gg% ﬁﬁ%%b&ngr R3S BFFSRFRG Fe&Ratien the probe

hol der from (36 bRt st izgsertdol providenseneceibedbaeRbrollg gag source is
et mospher i o et (2 rres Bei3Retien” CRAPBRE thakorst AFe ABSEPBEN: ¢ rap
and optional [the se&mdl preseatghga (pdsbirpuiehe bukEekePbEoprbBe296

b esaur | 21 ng s T SiorLad ehy S Y FFFBy | B6RRELABEedRpSPRBFLOBAS such as
nitrogen or & ?méﬁrt@§esﬁ@$e-eﬁheesiestanblErgmseambgphggycof usi ng

Do Condesp R, 0, L BBl BE R Bl nnd, o 17
system are t RE58ndSedrom 1t herevhcuatmbhliystem thetpgosame enbodi nent,
interface pressure regulation system consists of a gas

10 source, gas conducting tubing and fittings, a gas flow
regulator, and a pressure sensor. The gas source can
be untreated atmospheric gas. In another embodiment:,
the gas source is atmospheric gas that is first
directed through a moisture absorbent trap and

15 optionally secondly through a particulate filter prior
to introduction to the regulation system. In anothef
gmbodiment, regulation gas is supplied by a purified
source of dry inert .gas such as nitrogen or any of the
cost-effective noble gases. The gas flow regulator may

20 be a manually controlled flow restrictor.:
Alternatively, gas flow regulation may be achieved by.
using an electronically controlled flow restrictor. 1In
a pre?grred embodiment, close loop control of preferred
desorption chamber pressure is achieved in an automated

25 fashion under logic control provided by an analog logic
circuit or digital microprocessor that actively
interacts with an automated gas flow regulator to
achieve a pre;estabiished reading from the pressure
gauge.

30 The interface ion collection system consists
of electrostatic ion collection assembly, an optional
pneumatic ion collection assembly, and an electrostatic
or RF ion guide. The electrostatic ion collection
assembly consists of an arrangement of DC electrostatic



concerted operation of this systemis achieved under 30 | ogic CO”““PUULZWS
provi ded by an analog logic circuit or digital m croprocessor that
utilizes inputs fromthe pressure gauge and positional sensors to allow

for awy@@Bsa@: pressurizing of the sanple port as part @ e ral
instrunent operation. 1 1 JUL 2005 WO 02/31491 - 36 PCT%B%%O/?@%%S The

probe interface pressure regulation systemfunctions to provide selective
background gas pressure in the desorption chanber that exists between the
sanpl e presenting (adsorption) surface of probe 16 5 and the ion collection
system Acceptabl e desorption chanber grlessure ranges extend from

at nospheric pressure to 0.1 mcrotorr. A preferred pressure range extends
from1l torr to 1 millitorr. The probe interface pressure regulation system
consi sts of &aepaselemsoliscéhagafunohdant tagcolbenty aondsf desonhsd a gas fl ow

regul at or, aﬂgtﬁiprﬁﬁéupﬁsﬁggﬁgéai%gﬁpgg§t%ﬂar8§rggg tggﬁggé%ﬁgégﬂeric gas

at nospheri c gas. [n anothe € gas sodrce
that is firsthdi messedpebtovopkternvhietire absorbent trap and 15 optionally

secondly through a parti.c t Lyt rigr. _to_ introduction to tge
regul ati on system In gho hgr%m%hg%géﬁght?B%SggFiFF%EYgSSDF}E%Euﬁ lied by a
purified S5sotiwceedkctirgsintit elgmensach Fbentfiregealemeanyisf the
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achi eved by sesondg am eheektoactat| yensntrUhbedxtraptoestenstos. In a
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provi ded by sumréaakogfl tjecarray. The extractor lens contains an
10 aperture ranging from 2 mm to 20 mm in diameter that is
concentrically located about a normal axis that extends
from the center of the desorption locus to the center
of the mass spectrometer inlet. Independent DC
potentials are applied to each element of this
15 assembly.
In a preferred embodiment, the extractor lens
contains a 10 mm diameter aperture and is located 1 mm
away from the array surface. In tle same preferred
embodiment, a ten volt potential difference is
20 established between the extractor and array.
The pneumatic ion collection assembly
consists of a gas source, conducting tubing, tubing
connectors, gas flow regulators, gas pressure sensors,
and a gas emission port so that a predetermined flow of
25 gas can be created to assist the bulk transfer of
desorbed ions within the desorption chamber into the
mass spectrometer inlet.
The gas source can be untreated atmospheric
gas. In another embodiment, the gas source is
30 atmospheric gas that is first directed through a
moisture absorbent trap and optionally secondly through
a particulate filter prior to introduction to the

system. In another embodiment, ion collection gas is
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circuit or digital mcroprocessor that actively interacts with gn
automated gas flow regul ator to achieve a pre-established readi 391 b ndhe
pressure auge. 30 The interface ion collection systemconsists of
eIectﬁﬁQﬂBgFﬂ"ion col l ection assenbly, an optional pnertRUSG/2ERE
col l ection assenbly, and an electrostatic or RF ion guide. The

el ectrostatic ion collection assenbly consists of an arrangenent of DC

el ectrostatic 11 JUL 2005 WD 02/ 31491 PCT/ US00/ 28163 - 37 lens elenents
that function to collect ions desorbed ithin the desorption chanber and
direct themtowards the nass spectroﬁmﬁéﬂ’inlet. I n one enbodi nent, this
assenbly consists of 5 two electrostatic elenents. The first elenent is

conpri sed of .proobe hol der, .and, probe surface and the second is an
extractor | gHg’.gﬁ'f‘ﬁ Xt raa&utﬁlfﬁ'&?s SN CE PG et masvearin.as to 4 nm .

away from t hétrogehace ehyt bE aedsosthe IO NdHRANS LA ns an 10

aperture ranging fron& mmto ﬁg mmin _dianeter that 1s” concentrically
| ocat ed about a nor nal 985t f4Ove Xegvda torr eant e @emamuadilyt he desor pti on

| ocus to theonerbal edofflohe rré@%&.im&t.r-Omtt%&nia&'i%lg,%%e%%w DC
potentials are ﬁngied to each el enent of this 15 asse y. Tna preferred
enbodi nent , TEABEXPRCCEP Pen&ChigTes By Asipomandiedesttaondsedtlyr e and i s

located 1 nonaweylbsomlbhe raktay cteif acenel Blhe S peherred
enbodi nent, . _a, ten volt _potenti al differencg ?g 20 estab Fgﬁe a%’%ﬁ%en t he

extractor aRBtarFaPot FABLSREURR: therdacosplec thsyess sawbpyirandnsi sts of a
gas source, gaageect i Mhet gRisNGmik8BbRIpoTRNAGCH RSt IR HiQY Fegul ators, gas

pressure sensors, ,
probe 16 to induce bulk gas flow around the probes and
10 down the normal axis centrally located between the
desorption locus and the mass spectrometer inlet.

In a preferred embodiment the flow of gas is
under automatic closed loop control by the use of
analog or digital control circuitry so that an adequate

15 ion-sweeping flow is generated without over-
pressurizing the desorption chamber.

The final component of the interface ion
collection system is the ion .guide. The ion guide
functions to transfer the collected ions into mass

20 spectrometer 14. It can be of the electrostatic or RF
variety. A preferred embodiment is a multipolar RF ion
guide. An example of the latter is a quadrupole or
hexapole ion guide. 1In the preferred Qg-TOF instrument
described in greater detail below, the ion guide is a

25 quadrupole RF ion guide. 1Ions are directed into the
ion guide by electrostatic and pneumatic accelerative
forces, respe;tively created by the electrostatic and
pneumatic ion collection systems. 1In a preferred
embodiment the DC electrostatic potential of the ion

30 guide is less than that of the extractor lens by
typically 10 to 20 volts.

Tandem Mass Spectrometer
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- anfd a gas emi ssion port so that a predeterm ned flow of 25 gas can b@
created to assist the bulk transfer of desorbed ions within the dé pﬁnbn
chanber into the mass spectroneter inlet. The gas source can be untreated

at nosphgpigg/;z1gas. | n anot her enbodi ment, the gas source lj(f”@%o/z%]g?spheri C
gas that is first directed through a noisture absorbent tra

optionally secondly through a particulate filter prior to introduction to
the system In another enbodinent, ion collection gas is 1 1 JUL 2005 WD
02/ 31491 - 38 PCT/US00/ 28163 supplied by a purified source of dry inert
gas such as nitrogen or any of the cost3®ffective noble gases. The gas
flow regulator can be a manually controlled flow restrictor
Alternatively, gas flow 5 regulation can be achieved by using an

el ectronically control ITa¢ fanadwdstarli dnert.rifites tproes Siivee prasert can be  but

Is not limt her l.e . a | rani auges._Th as em ssion
port is Iocafe"gg%%gwli%gld@élro erié'q}adg%ﬁe&uc%%r&ﬁ“knﬁégfﬁp%ﬁiﬁ%‘@%&qﬁ Te "pr obes
and 10 downTehdemomams @pestrentataid | 4 cant addiRiligebd ] daser ption

| ocus and th S pectr. er. i.nlet.. In a preferred enpodi ment the flow
of gas is u%égﬁl z:&%o%qu%”%%@éce&ch&ge&ﬁrﬁc cgRRadh & UWPLenal og or
digital cént tohecofediltimntsa QordiOFRIn ddaquatae 1T T)on-iwteeiapg tfiew i s
generated w fhout . e g ri zi.ng _the desorpti.on c er. The final
conponent ofg?hg&ﬁﬁﬁgrﬂggé i%ﬁ' E&F%e8gi5ﬂl gﬁﬂg§4£¥£l%§?tgdﬂ5€?'The i on
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14. It can be of the e%%%%%% ati% r RFd varbgt . A preferred enmhodi nent
is a multipolar RF ion Y prelerred, an rther described in

detail below, is an orthogonal.Qg-TOF MS.

10 The major strengths of the QQTOF MS are
outstanding mass accuracy and resolving power; enhanced
sensitivity in the peptide and low mw range; and
superior ms/ms performance by employing low energy
collision induced dissociation (CID). An orthogonal

15 QqTOF with electrospray ionization source is available
commercially from AB/MDS Sciex (QSTAR™; AB/MDS-Sciex,
Foster City, California, USA). _

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

20 lons are created in a desorption chamber
prior to the first quadrupole lens "gO". Pressure
within g0 is typically maintained at about 0.01 to 1
torr, but can also be maintained at atmospheric
pressure. In this manner, desorbed ions are rapidly

25 cooled by collisions with the background gas shortly
after their formation.

This cooling or damping of the ion population
provides th;ee major advantages.
First, the cooling eliminates the initial

30 energy distributions of the desorbed ions and reduces
their total energy down to a point that approximates
their thermal energy. This simplifies the orthogonal
extraction requirement, compensating for variations in
ion position and energy, thus improving ultimate

35 resolving power. A direct conseqguence of this improved
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gui de. An exanple of the latter is a quadrupole or hexapole ion g | 2*@
the preferred Q-TOF instrunment described in greater detail belom/ n
QUidiuk g ég quadrupol e RF ion guide. lons are directed into the ion

gui d §” Hettrostatic and pneunmati c accel erative foPEISOVIpRCctively
created by the electrostatic and pneumatic ion collection systens. In a
preferred enbodi nent the DC el ectrostatic potential of the ion 30 guide is
| ess than that of the extractor lens by typically 10 to 20 volts. Tandem
Mass Spectroneter 1 1 JUL 2005 WO 02/%%491 PCT/ US00/ 28163 - 39 The

anal ytical instrunment of the present ‘nvention further includes tandem
mass. spectroneter 14. Tandem mass spectroneter 14 can usefully be

sel ect ed iégmabﬁoarQgpehﬂaﬁcrba%gg%aeéﬁPQ na@ﬂﬁ@%ﬁ%}ﬁ@m (1 T- TOF)

time-of-fli I on
ti me- of - f | PRt ?Vﬁéaof flight (TOF- TOF), and ion cyclotron resonance (ICR)

varieties. .Presentl yhgrgéebhadmageel Ea{raﬁeégéeéﬁrbé?cdlls@ongﬁt ail below is

an orthogo stren t OF M5 are
outstandlﬁggéass accu?ggyégﬁg Eggg#vgﬁﬁ ﬁ%ﬁg ﬁ@nﬁﬁ%@eﬂ 1@ﬁ§|t|V|ty in the
pept i ded anEe¥Bwiaw AaAgy; afds sgbénsuonasretapemhbenaaae by enpl oying | ow

energy cobkéstanibAdusadigdhssosi EhéogtéﬁﬁtyABfOPEP‘E?ﬁ %\ ng> QQTOF with

el ectrospr i onji zation sQurce |S a conme rom AB/ MDS Sci ex
( QSTARS" ; 9%9%@%98& PER; B%Fe?£€P%¥le%9l?€Fﬁ?5 aEBQ?rSvFPhbﬁeference to
FIG 2, theagpinbeegl wbennionseatar eseatedhen QqAiEFpyikknbe bEi ef |y out ! i ned.

fgn's"”so-‘-” Sheaiedobp BrdESOLR' b NnEORIPSnaPELE! Heblif LhigE auadrupol e
fb published by others have indicated that losses of small
groups and background fragmentation can be practically
eliminated, improving the transmission of high mw
proteins and other labile biopolymers (i.e. glyco-
conjugates, DNA, etc.). Faster decay mechanisms

15 (prompt and in-source type decay) still occur.

The final advantage of g0 collisional conling
is in the creation of a pseudo-continuous flow of ions
into the mass analyzer. Ion collisions in g0 cause the
desorption cloud to spread out along the axis of gO0.

20 This spreading creates a situation in which ions from
various desorption events begin to overlap, creating an
electrospray-like continuous introduction of ions into
the analyzer.

After passing through g0, ions enter a second

25 quadrupole 22 ("Q1"). This quadrupole functions as
either an ion guide or as a mass filter. It is here
that ion selection is created for ms/ms or single ion
monitoring (SIM) experiments.

After exiting Ql, ions enter a third

30 quadrupole 24 ("q2") positioned in collision cell 26.
During simple experiments, g2 is operated as a simple
rf ion guide. For ms/ms experiments, g2 is filled with
collision gas at a pressure of about 1072 torr to
promote low energy CID.

35 After exiting g2, ions are slightly
accelerated by a DC potential difference applied
between the exit of g2 and focusing grid 28. This



within qOis typically maintained at about 0.01 to 1 torr, but cgq ﬁhfgmge
mai nt ai ned at atnospheric pressure. In this manner, desorbed ions'a
rapidly 25 cooled by collisions with the background gas shortly after
their Jormation. This cooling or danping of the ion population provides
three may80%3W0hnt ages. First, the cooling elininates thecimustiaies 30
energy distributions of the desorbed ions and reduces their total energy
down to a point that approximtes their thermal energy. This sinplifies
the orthogonal extraction requirenment, conpensating for variations in ion
position and energy, thus inproving ultiggate 35 resol ving power. A direct
consequence of this inproved 1 1 JUL 2005 WO 02/31491 - 40 PCT/US00/ 28163
resolution is enhanced mass accuracy down to the low ppmlevel. The second

mej or- advant ageceieeathibsi 0pahse§00khaIOrd Soditsi abidd tohd O flecrigasg,d he rate
of long 5 te¥3%§$9 8C$ﬁ' G?ﬁ cgll%flons.relax I nternal excltation and
i mprove the staBitTtyCot BEptRaE” ahtlOph bi et FiOMOY ACeste | i zi ng ef f ect
mp ) . 1
appears to berehakedi tedthmeaqians woet weadtlsii mAtie mMesenasstofbe about 1
torr pressur casolprkenoandroas: 16es e feddpubld shad dy Alhgrs have
I ndi cat ed ha% Iﬁﬁsgs gf S #I %r€$%%3a d background fragnmentation can be
ractical | Pe fREEEHOT | fpFOYi Rah RSP diFefv  prot ei ns
p \ ., . :
and ot her |abf}&ghtepol§neush (biasimy yico-natorgamatds sHIW, itk )of Fast er
decay mechani eiiprdSef 0Pl and Lt SOUIRE dutiddlitaY)edlidde agour. The
final advantqge fg q&%foI{|5|onal‘§poIanr Is I'n the creation of a
pseudo- cont i HUIECT | G Bf honiame Y-axis Velocity.
' As always in time-of-flight, ions of lower
10 m/z will strike the detector before ions of greater
m/z. The absolute degree of displacement in the Y-axis
will be a product of an ion’s flight time in the Z-axis
and an ion's Y-axis velocity. If the detector is
placed at some location optimized for intermediate mw
15 ions, lighter ions will "undershoot" the detector
arriving to the right side of the detector in FIG. 2.
Conversely, ions of greater m/z will "overshoot" the
detector and arrive at the left side of the detector in
FIG. 2. Consequently, it is necessary for all ions to
20 -maintgin a constant ratio of Z- and Y-axis velocities
if all ions are to strike a common detection point.
The previously described grid biasing method
accomplishes this.
After passing through focusing grid 28, ions
25 arrive in modulator region 30 of the orthogonal
extraction elements. Modulator 30 is pulsed at rates
approaching 10,000 pulses/second (10 kHz). 1Ions are
pushed into accelerator column 32 of the ion optic and
exXit out into free flight region 34 of the orthogonal
30 time-of-flight (O-TOF). Energy correction is achieved
when the ions enter ion mirror 36. 'In the mirror, iomns
are turned around and are directed to strike fast
response, chevron array microchannel plate detector 38.
Alternatives to this prototypical arrangement
35 can be used.
For example, the geometry presented above
presents the difficulty of performing O-TOF at high
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isolation on simple ion optic elements at such

potentials are well known. To safely and reliably

float a plurality of elements at such potentials is

difficult. One solution is the employment of post- .

15 acceleration technology. o

Unlike the device described above, such an
alternative device employs a detector post accelerator
(not shown). 1Ions are accelerated to about 4 keV of
energy after leaving the orthogonal extraction elements

20 and the free flight region is floated at - 4 kv,
Further acceleration is achieved as ions enter a post-
accelerator detector assembly. In this assembly, ions
pass through a field-retaining grid held at liner

. potential. Ions then receive additional acceleration

25 in a field established between the field-retaining grid
and the primary ion conversion surface of the detector.
Such acceleration fields are on the order of 10 to 20
kKV over 4 to 10 mm distances.

Because the orthogonal design uncouples the

30 time of flight measurement from ion formation, a number
of advantages are realized.

Laser fluence related problems, such as peak
broadening due to ion shielding and ion acceleration
field collapse, are eliminated because ions of the

35 desorption plume have an extended period of time
(typically a few milliseconds) to expand and cool prior
to orthogonal extraction and acceleration into the TOF
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and an ion's Y-axis velocity. If the detector is placed at sone,l ocation
optimzed for internediate nw 15 ions, lighter ions wll "undersﬁdoUULng
detector arriving to the right side of the detector in FIG 2.

Conversely, .ions of greater mz will "overshoot” the detector and arrive
at the ivedvusidge of the detector in FIG 2. Consequent!pgr/i§onizgigaecessary
for all ions to 20 maintain a constant ratio of Z- and Y-axis velocities
if all ions are to strike a commobn detection point. The previously
described grid biasing nmethod acconplishes this. After passing through
focusing grid 28, ions 25 arrive in nodylator region 30 of the orthogonal
extraction el ements. Mdul ator 30 is pul 8d”at rates approachi ng 10, 000
pul ses/second (10 kkt) lons are pushed into accel erator colum 32 of the
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ions are These factors allow the use of laser fluences
10 that are 2 - 3 times greater than those normally
employed during parallel continuous or delayed ion
extraction approaches. The net result is an almost
complete elimination of the need to hunt and search for
"sweet spots" even in the presence of poor sample-EAM
15 homogeneity, as well as improved external standard mass
accuracy determination (typical errors are between-20 -
50 ppm), improved quantitative reproducibility, and
improved signal to noise. An additional benefit is the
elimination of the need to perform low and high laser
20 energy scans to analyze ions of a broad m/z range. A
single laser fluence can now be employed to see both
low and high mw ions, greatly simplifying the analysis
of unknown mixtures.
Perhaps one of the most impressive advantages
25 of this device when compared to conventional .parallel
extraction approaches lies in its ability to obviate
the need for rigid sample positioning requirements.
Because the TOF measurement is substantially removed
from the ion formation process, the original position
30 of the ion is no longer important. Furthermore, since
ion formation is accomplished in a high-pressure
environment without concomitant application of high
voltage extraction fields, the design requirements of
solid-state. sample inlet systems are greatly relieved.
35 Simple approaches can be taken to employ 2-dimensional
sample manipulators while maintaining excellent,
external-standard mass accuracy performance.
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difficult. One solution is the enploynent of post-. 15 acceleration
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about 4 keV of energy after |eaving the orthogonal extraction elenments 20
and the free flight region is floated at - 4 kV. Further acceleration is
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; proved quantitative
ability through the use of TDC technology and laser
fluences 2 -~ 4 times above minimum desorption
threshold; (6) reduced requirements for 2-dimension
sample actuators; (7) potential for using plastic
15 components for sample presenting probe surfaces
(injection molded two dimensional probe arrays, for
example); (8) reduced chemical noise by using single
ion monitoring and enhanced ability to measure for ions
in the EAM chemical noise domain.
20 - The laser desorption ionization (LDI) Qg-TOF
MS has the following advantages over existing MALDI-PSD
approaches in protein characterization and
identification.
The LDI-QQTOF provides higher mass resolving
25 power and mass accuracy; in database mining approaches,
this increased capability reduces the number of false
positive database hits, simplifying identification.
Furthermore, the QQTOF also provides greater than an
order of magnitude greater sensitivity than can be
30 obtained with PSD MS/MS.
The analytical instrument of the present
invention demonstrates impressive MS/MS capability and
less than 20 ppm mass assignment error for single MS
analysis. The latter has allowed the identification of
35 a number of proteins simultaneously retained on the
surface of a single affinity capture probe.
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nanlpulatorSEMn l.e nmaint |n|ngI§xceIIent,
¢ the computer. or example, the computer can have a
connection to the internet permitting use of analytical
packages such as Protein Prospector, PROWL, or the
Mascot Search Engine, which are available on the world
15 wide web. The analysis software can also be remotely

resident on a LAN or WAN server.

Affinity Capture Probes

To conduct analyses, such as those described
in detail in sections herein below, at least one -

20 affinity capture probe 16 having adsorbed analyte is
engaged in probe interface 10 in position to be
interrogated by laser desorption/ionization source 13
and to deliver desorbed ions into tandem mass
spectrometer 14.

25 Probes 16 typically have one or more

. adsorption surfaces 18, which surfaces can differ from
one another. (18a, 18b, 18c, 18d). Typically, if there
are a plurality of adsorption surfaces 18, all are
exposed on a common face of probe 16.

30 Adsorption surfaces 18 are typically either
chromatographic adsorption surfaces or biomolecule
affinity surfaces.

Chromatographic affinity surfaces have an
adsorbent capable of chromatographic discrimination
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PCT/ US00/ 28163 Addi tionally, sanple presenting surfaces no Ionger1negﬂ_ahg
be made of netals or other conductive nmedia. To sunmarize, the | aser

desor YO BR#Yni zation (LD) Q- TOF M5 has the fol | owi pgraseaniages over 5
exi sting LD -TOF M5 technol ogy: (1) increased external standard nmass
accuracy (20 - 50 ppmtypical); (2) enhanced resolution; (3) inproved ns/ns
efficiency; (4) inproved ease of signal production using a single high
| aser energy level that elimnates the geed for 10 high and | ow energy
scans; (5) inproved quantitative abr | f y "t hrough the use of TDC technol ogy
‘and |l aser fluences 2 - 4 tines above m ni num desorption threshold; (6)
reduced requi ts for_ 2-dinmension _ sanple actuators; (7) potential for
usi ng pl as%@%%cr}o@peg’r?eﬁﬁ%sl%ro aarﬂﬂjey’b?ngserﬁli‘% prebacear fades .
(inj ecti on thsisdégalwsialiansdngi enathquobenaistayss, foatiexaBRERRNGE8) reduced
chem cal ngj Si Wpls] | | g ngd epbanced ability to
os@ e syl d0lhad O 16| N AR gBbance

nmeasure for em cal "norse ¥aser desorption .

ions in
ionizationcFP%PFqQ$- lags 1B kg dbimasnis rafseivkenbgesasvencexi sting
MALDI - PSD tapmsoactee sindexteice nirc htiacdtefdiatd @ragigde beeptification. The
LDl - QTOF Bk awi i : r Vi 25 power ,and nass accuracy; in
dat abase mﬂﬁgﬁgg'%%gp%%?efsl@ﬁhisgﬁfén%éé;%s}éaa'ecaﬁféb??w #R8uces the nunber

OL fég?gF Eggp §én@az§@@g;qqq%gifganﬁhhqﬂz§%3phnﬁfi¢phigdmng.Furthernnre,
the QUTOF shsh pueriades @aeAtdhd Nakane Of i%f@gn'£g Epghedt er
sensitivi tXuEE%EcC%%i%%,3(1e%p:tizli'llsn,edenvgy}rrpesF:SI%iI\éBt/in,' ax’ridin,p g’
10 streptavidin, Staph protein A and Staph protein G.
Adsorbent surfaces are further described in a section
below.
Interface 10 positions probe 16 in
interrogatable relationship to laser desorption/
15 ionization source 13. Typically, it is desired that
the laser interrogate probe adsorption surfaces 18.
Accordingly, interface 10 positions probe 16 adsorption
surfaces 18 in interrogatable relatibnship to laser
desorption/ionization source 13. If adsorption
20 surfaces 18 are positioned on only one face of probe
16, probe 16 and/or the probe holder of interface 10
can be asymmetrically dimensioned, thus obligating
insertion of probe 16 in the orientation that presents
adsorption surfaces 18 to laser desorption source 13.
25 Where probe 16 has a plurality of adsorption
surfaces 18, it will be desired that laser source 12 be
able discretely to address each adsorption surface 18.
This can be accomplished by optics interposed between
laser source 12 and interface 10, by rendering laser
30 source 12 and/or interface 10 movable, or by a
combination thereof.
Probe 16 can be an affinity capture probe as
presently used in single MS analysis (e.g., those

commercially available from Ciphergen Biosystems, Inc.,
35 Fremont, CA USA).
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MS/ M5 capability and |ess than 20 ppm nass assi gnnent error for14iJigl 805
analysiamuﬁgﬁshatter has allowed the identification of 35 a nunber of
prot ei n% Os1’itaneousl y retained on the surface of a si PGIESUYBIE ty
capture probe. 11 JUL 2005 WD 02/ 31491 - 45 O her Conponents

PCT/ USO0/ 28163 Affinity capture probe tandem MsS instrunent 100 typically
further conprises a digital conputer interfaced with the tandem nass
spectronmeter detector. 5 The digital cemputer is typically further
interfaced wth | aser desorption source 12, permitting the conputer both
to control ion generation and to participate in data acquisition and

anal ysis. Analsi sl i e oo Hechd Rt £ tep b ofpiti&h M§ can be
renote, but conmunj cab accessi ble to the conputer. For exanple, the
conput er can have B2 ion to the internet permtting use of
anal yti cal packages such as Protein Prospector, PROAL, or the Mascot

Search Engi ne, which ar.ﬂ,l?\e/%c!@é)_lc?egen%@%%v%{{%ﬁ%c?am%%gf@g?g i??nal ysi s

software can al so be reno f esl inity
Capt ur e Probd3eT@LSIRME t1 RN iy PERdides 3ol deant i ddvantagdsetail in
2ds0r bed andl e, | & Sreaacd i pE e Tt e e, S To be
?ﬁfg”)gga?ggl ;S oééeer?fnesorelpc%éfr{(}:npﬁlgﬁe?la?? g?fugoﬁ%)cetll% IOand to deliver
desor bed i onsharas temidkalt s oL sheteraciiens ke tweePrsthesifibct ypi cal |y
have one or MakRling pairs, which will now be described in turn.
In general, the advantages of the above-
10 described analytical instrument include: the ability to
do high mass accuracy measurements in single mass MS
and tandem MS mode combined with affinity capture probe

technology, especially with a specific receptor binding
system.

15 A, Protein Discovery and Identification

1. Advantages of the Methods of the
Invention '

One related set of problems that protein
biologists attempt to solve is protein discovery,

20 identification, and assay development. Protein
discovery is the process of finding proteins in a
system that are biologically interesting because, for
example, they function as diagnostic markers or carry
out critical cell functions. Protein identification is

25 the process of determining the identify of a discovered
protein. Assay development is the process of
developing a reliable assay to detect the protein. The
methods of this invention provides advantages for the
practitioner in carrying out these processes compared

30 with previous technologies.

A primary advantage of this invention is that
it provides a single platform on which to carry out
process steps from protein discovery to protein
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affinity surfaces. Chronmatographic affinity surfaces have an adsor zgt
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i nclude ani on exchange noieties, cation gxchange nvieties, reverse phase
noieties, metal affinity capture noieties, and m xed-node adsorben}s, as
such 5 terns are understood in the chromatographic arts. Bionolecule
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adsor pt Lo 20ey obt 53ube 2suBTEEy ER°BRESREY she mansuimantme 16
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di mensi oned,antdlst ®pl tigat pA8sent methods can perform the same
10 experiments with picomoles of analyte. This overcomes
a significant hurdle when sample is scarce or scale-up
is difficult.
Previously, protein discovery and isclation
was accomplished using 2D gels or Western Blots.
15 However, comparison of gels to each other to detect
differentially expressed proteins is a difficult
procedure,

The discovered protein might now be
identified using mass spectrometry methods. Important
20 proteins could be isolated and ultimately fragmented in
the gel with proteases and the peptide fragments could
be analyzed by a mass spectrometer and appropriate
bioinformatics methods. However, gels are not
compatible with present mass spectrometry methods, and
25 peptide fragments have to be removed from the gel.
Because the latter process inevitably resulted sample
loss, this approach required large quantities of
starting protein and material. When the protein was
rare, as important proteins can be, this increased the
30 difficulty of the process.

Once identified, the practitioner needs to
develop a reliable assay to detect the protein.
Typically, this involves developing an ELISA assay.
This technology, in turn, required the production of

35 antibodies. This can be a time consuming task,
especially if the protein of interest if difficult to
produce in quantity for immunization.
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The methods of this invention for protein
discovery, identification and assay development involve
10 preparing a difference map to discover a protein or
proteins of interest, identifying the protein by
affinity capture probe tandem MS, and validating using
an affinity capture probe laser desorption ionization
chromatographic surface assay or affinity capture probe
15 laser desorption ionization biospecific surface assay.
The process can proceed as follows. A
protein of interest is provided or is discovered by,
for example, using difference mapping of retentate
studies. These methods are described in, for example,
20 WO 98/59362 (Hutchens and Yip). Briefly, two
biological samples that differ in some important
respect (e.g., normal v. diseased; functional v. non-
functional) are examined by retentate chromatography
methods. The methods involve exposing the samples to a
25 plurality of different chromatographic affinity and
wash conditions, followed by examination of the
“retained proteins” by affinity capture probe laser
desorption ionization. Proteins that are
differentially expressed between the two samples are
30 candidates for further examination. Because they have
been examined on a mass spectrometer, the molecular
weights of these candidate proteins are known.
Normally, scores of proteins in addition to
the proteins of interest will be retained on the chip.
35 Therefore a next optional step is to refine the
affinity and wash conditions under which the protein or
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study. Dlgestlon by specific endoproteases such as
trypsin is advantageous because the cleavage pattern is
known and is compatible with bioinformatics methods
involving in silico cleavage of proteins stored in a
15 database. The resulting peptides are then analyzed by
high resolution, high accuracy MS-Ms (e. g., having a
mass assignment error of less than 20 parts per million
and resolving power of approximately 10,000). At this
point, it may not be clear whether a particular peptide
20 fragment is a cleavage product of the protein of
interest or of one of the other retained proteins.
Nevertheless, the analysis proceeds by selecting one of
the peptide fragments (possibly at random, possibly
based on information that it corresponds to the protein
25 of interest) and subjecting the peptide to gas phase
fragmentation. One such method is collision-induced
dissociation (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
30 spectrometer. This will generate a further
fragmentation pattern of the selected peptide fragment.
Using methods already established in the art,
such as database mining protocols, information from the
fragmentation pattern is used to interrogate a protein
35 database to generate one or more putative identify
candidates for the protein from which the peptide
fragment is derived. The protocols generally perform a
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Then, the putative identity of the protein
from which the peptide fragment was generated is
verified. Using knowledge from the database of the
primary sequence of the putative identity candidate and
the cleavage pattern of the'proteolytic agent used, one

15 can predict the peptide fragments and, in particular,
their molecular weights, that should be generated from
the cleavage of the identity candidate by the
proteolytic agent. This predicted set of fragments is
then compared with the actual set of fragments

20 generated after proteolytic cleavage of the proteins
retained on the chip based on their masses. If the
predicted fragments are accounted for, then one is
confident that the putative identity candidate actually
corresponds to the identify of one of the proteins

25 retained on the chip. If not, then one must test other
putative identity candidates through a process of
elimination until the protein from which the fragment
is generated is identified. At this point, the
generated fragments that correspond to the identified

30 protein can be eliminated from the total set of
fragments generated as having been accounted for.

If only one protein was retained after
refining the affinity and wash conditions, then all the
peptide fragments will have been accounted for and the

35 process is complete. However, if more than one protein
has been retained, the situation may be more
complicated. For example, the fragment used in the
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ionization methods using either chromatographic surface
already determined to retain the protein or a
biospecific surface can be developed for use in an
affinity capture probe laser desorption ionization

15 assay. Creation of biospecific surfaces involves
providing a binding partner for the identified protein,
such as an antibody, or a receptor if a receptor is
known, and attaching this to the chip surface. Then,
the protein of interest can be assayed by SELDI as

20 already described.

B. Characterization of Molecular Interactions

The analytical instrument of the present
invention makes possible, for the first time, a
sensitive, efficient, single-platform approach to the

25 study of interactions between specific binding
partners.

Specific binding partner interactions are at
the core of a wide spectrum of biological processes.
Accordingly, the ability to measure and to characterize

30 such interactions is a necessary prerequisite to a full
understanding such processes; at the clinical level,
the ability to measure and to characterize such
interactions is important to an understanding of
pathologic aberrations in those processes, and to the
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the mechanism of signaling pathologies, and for the

rational design of agents that palliate such signaling

patheclogies, agents useful for treatment of diseases

15 ranging from Parkinson's disease to schizophrenia, from

obsessive compulsive disorder to epilepsy.

At the circulatory level, for example,
interaction of B cell receptors with circulating
antigen is required to trigger B cell clonal'expansion,

20 -differentiation, and antigen-specific humoral immune
response. An understanding of the antigenic epitopes
that contribute to antigen recognition is critical to a
full understanding of immune responsiveness. At the
clinical level, such understanding is important to the

25 design of vaccines that confer more robust humoral
immunity. Analogously, interaction of T cell receptors
with peptide displayed in association with MHC on
antigen-presenting cells is critical to the triggering
of cellular immunity. An understanding of the T cell

30 epitopes that contribute to antigen recognition is
important to the design of vaccines that confer more
robust cellular immunity.

At the level of individual cells, phenotypic
response to extracellular signals is mediated by at

35 ~least one, most often a cascade of intermolecular
interactions, from the initial interaction of a cell
surface receptor with ligand, to intracytoplasmic
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on the chip B¥Bedtde Ehdierathgsadsteris tdi gﬁ@émﬁ*ﬂ@ggﬁﬂ%ﬁt are i date
accounted foreatha i Jd heleat £ ve identity candidate
actual ly gorrggponngFetﬁﬁz ide:%ifyfﬁﬁéﬁﬁﬁgé}cﬁgégﬁé%ﬁﬁtns 25 retained on
the chip.”If not, then®Gfe KPPt stditdminatisg eilndbmgi e candi dat es

t hrough a pregtsegeh aeﬁi?nugésﬂenuﬁéIbyivﬁ%?igﬁﬂdbjléneﬁﬁgg ipgdf:ﬁg?ent
i s generat edehs | kfied. | It ,. e ner at e agnment s a
cor?espond tgbfhggﬁ?ié%% |°Qd%%%%lgﬁodn&c%{lgoeofe% PRERCHI B t he total
set of fraghehitegehePdnednss infanartiens duimearedstaroid | iopmbyeone

protein vas retepoedsabher teehidtnittnd ha gaidd idy A yiReh, gogdi Ligns. then
oLl the 90t £ephoaaeBbaNl] ek eon scqdunted Tor and TR 357proess
is conplete. WeVer, "l t ai ned, the
situation ne§leeRbFeinoiplei garete, Fan ehanplthen,hd § riagsertansetoin t he

an understanding of the hormonal response. Such

understanding, in turn, is important for an

understanding of infertility, and for the rational

15 design of agents — such as RU486 — that are intended to

abrogate ovulation, implantation, and/or fetal

viability.

Such interactions are found not only in

eukaryotic systems, but in prokaryotic systems and in

20 the interaction of prokaryotes with eukaryotes. For
example, certain gram negative bacteria elaborate a
pilus that is required for invasion of the eukaryotic
eurethra; and understanding of such interaction is
important to full comprehension of the pathologic

25 process, and for the rational design of agents that can
prevent such invasion.

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

30 disadvantages.

In a first 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 structure of the second (free)

35 binding partner that makes contact with the first
(bound) binding partner, the second (free) partner is
cleaved. Typically, such cleavage is by specific
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WO 02/31491 11 JUL 2005 PCT/ US00/28163 - 52 anal ysis may have been
generated fromthe protein of interest, or it may have been gendéfadléid 2606 a
protein that was retained on the chip, but that is not the protein of
interes&,(b%]knls case, it is useful to 5 repeat the steEs of anal yzing the
pepti de"r8GhEnts not accounted for by the M5 MB met ho&STHEA¥#IERd unti |
the protein of interest is identified or all the retained proteins have
been identified. Finally, the protein of interest can be 10 assayed by
affinity capture probe |aser desorption ionization nmethods using either
chromat ographi c surface already determamg&t 410 retain the protein or a

bi ospecific surface can be devel oped for use in an affinity capture probe
| aser desorption ionization 15 assay. Creation of biospecific surfaces

i nvol ves pr@ﬂqﬁaqjytiﬁrmnzmmqmnakthonM’spheifdenthhmadaﬂraﬂebnagesuch as

an antibody, @ A [ FRG] o:.a SREEHS e%lfﬁeom’emTEQIatn& Q19a.h s Lo

the chip surfac terest can be as SELDI as
20 al ready désdy sedlons. ChTé}P%Rﬁébfr’qezrat ithe SLIRBtedsl @laslsﬁ@epé(@ﬁ /€ The
anal yti cal imﬁ]mnmartto Gindetpyss gurtionsentti @henBkedndoSFirkleg, for the

Lt tl I nt Z:I’ actilons %ﬁ% ;{{iflﬁr}{c} t%l %gll fREgttf qr Egmggqu % 3t P oS

study of ween specitic bi nd|n rs I fic binding
partner intePa&5Hs are at the core of a mnde spectrun1of bi ol ogi ca

processes. Accor di ngl VThé heepthiddd o ft cm@a@ubada@drtt@e&h&&-@ctt@@hze 30 such
i nteractions Jy oa;&a#é/]r&q{&q}a % ts%lttooq. Ew graléﬂ st arﬁ%i ng such

processes; at- t
i entlfled, typically by introducing the peptldes into

10 a mass spectrometer using by MALDI or electrospray
ionization.

This approach has several well known, and
significant, .problems. First, a large quantity of
purified first binding partner is required in order to

15 create the specific adsorbent. Second, a large
quantity of second binding partner, typically purified,
is required for digestion, adsorption, and elution,
since each of these stages is attended by dilution -
effects and analyte loss. Furthermore, although the

20 subsequent mass spectrometric analysis can be highly
sensitive, interfacing the fluid phase analysis to MS
can also occasion analyte loss.

Perhaps a more fundamental disadvantage is
that, by cleaving the second binding partner before

25 binding to the first partner, only those molecular
structures on the second binding partner that are
properly maintained in the peptide fragments will bind,
and thereafter be detected. 1If, for example, an
antibody binds antigen at disdontinuous, rather than

30 linear, epitopes, such discontinuous epitopes can be
destroyed by fragmentation; unable to support binding
to the immobilized antibody, such antigenic epitopes
cannot be detected.

A second typical approach in the art is to

35 use point mutations to map, within a protein binding
partner, those residues that contribute to
intermolecular binding.
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the ability to neasure and to characterize such interactions | S1iqnper tygat
to an understandi ng of pathol ogic aberrations in those processes, and

the 1 Iwdldy2935 WO 02/ 31491 PCT/ USO0/ 28163 - 53 rational design of agents
that can be used to nodulate, or even abrogate, such inPETALSVDR8IS3 . At
the | evel of organized eukaryotic tissues, for exanple, intercellular
signaling in the mammalian 5 nervous systemis nedi ated through

i nteractions of neurotransmtters with their cognate receptors. An
under st andi ng of the nol ecul ar nature ofsguch binding interactions is
necessary for a full understanding of such signaling nmechanisnms. At the
clinical level, an 10 understandi ng. of the nol ecular nature of such binding

interactions is requir@hifsorlattied lappiéRic Ao &L+ be ﬁﬁ hani sm of
I gn d¥ age that palliate-

si gnal i ng pa € $ort I e _rational des
such signali%éahgthgﬁgﬁﬁggeﬁﬁé &F (YRRt G e Ienthefcrestases 15
rangi ng fronPPaFREnEEHIFed Rodod o tadhionsnh astiamb 11 omt ORSLESEYEn

conpul si ve dofotHer all@eeRid eReif, R GhGW; v evel , for exanple,
3 L th %H%gﬁéﬁﬁyﬁﬁéiEﬂﬁ#?%grequired to

i nteractign regceptor.s with gircu
trigger Bsce?$e§F%%gFréx§§ﬁs%&Hglﬁﬁ k3petdcanttioattiben, o tivelr apa Ftper speci fi ¢

humoral i rm@e thespbhssedapronednsiandeaguaied o Mt em e '%opes that
contri bute tefpettoen oghiikt ' |.tical .to a_.full understandi ng of
968 tREOHNRLER &gsgphFe§§lF%§U&W§ﬁﬁﬂﬁ%ﬁQNAﬁ%g s 9

I mune requﬂf%ygne s. At the <clinica
| nportant to e 2% ﬁggrgn of vaccines that confer nore robust hunoral

1 S ay e | Mo o L0t B D e aoE8 hAtBER Snd\ ddh @Rl C7 1 cal
to Fheytri9%%§£¥%1f5$§§£f§'§? LﬂﬁgbLE23 %ﬁ 8&§€ﬁ e !
‘ : partners. This technique
is highly effective, and provides atomic level
resolution, but requires that each binding partner be
highly purified, and further requires that suitable co-
15 crystals be formed.

The affinity capture tandem mass spectrometry
instrument of the present invention provides an
improved approach. that requires far less starting
material, obviates point mutational analysis,

20 .crystallization, and substantially reduces the purity
requirement.

The first step is to immobilize one of the
binding partners on an affinity capture probe.

Either partner can be immobilized; it is the

25 free partner, however, for which structural information
about the binding contacts will be obtained. Using
receptor/ligand interactions as exemplary of the
approach, immobilizing the ligand on the probe will
permit the identification of regions of the receptor

30 that participate in binding the ligand; immobilizing
the receptor on the probe will pernit the
identification of regions of the ligand that
participate in its binding to the receptor. Where the
ligand is a protein — for example a protein hormone,

35 cytokine, or chemokine — separate experiments, using
each partner in turn, will yield a bilateral
understanding of the intermolecular contacts.
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30 epitopes that contribute to antigen recognition is inportant to t he
design of vaccines that confer nore robust cellular imunity. hﬁyel
of individual cells, phenotypic response to extracellular S|gna

medi ated by. at 35 Ieast one, nost often a cascade of internnlecul a
|nteraﬁ4ﬁ%#g fromthe initial interaction of a cell SHFFQ§3"P38%ptor with
ligand, to |ntracytoplasnic 11 JUL 2005" -- WO 02/31491 - 54

PCT/ US00/ 28163 interactions that transduce the signal to the nucleus, to
interaction of protein transcription factors with DNA the altered
patterns of gene expression then |eadigg to the observed phenotypic
response. 5 For exanple, discrimnative binding of estrogen and
progesterone by ovarian cells is required for ovulation. An understanding

of the nolecular nat ufgs g§ r&bé‘%d\ﬂ’xd rﬁﬂ@%f%&nbﬁév\@ﬁﬂoﬁﬁ.ﬁﬁebd hor none
receptors and the horq&gﬁbl on the on

hand n receptor
with steroi &SR %m@qqyf}%nbe}'%ﬁgras ﬁg‘ﬁ
i mport ant f@mounelwmﬂﬂsnepmhdmppﬂnttﬁekﬁﬁ&ﬁﬁ&blletponﬁesuSMeble

under st andi rl%' dihJir o%ﬁ | P }éérﬁaf@f{e@r‘to Qeiﬁﬁléﬂ.d}.'l'lgeaf anf @t ility,
esi gn o

and for the Taiona ents - _suc ﬁ U486 - that are
i nt ended 3t o thgrSRREC DY BBETH, OF nptrarnt R Tare dFBF PéPQF viability.
Such int era@pmﬂraeté mmanmm:m yaren welkkakyowncinyshens, but in

prokaryotica%y§5§g§ éi] 20 the interaction of prokaryotes with
eukaryot es or “exanpl e, certaln gram negative bacteria elaborate a pi | us
that is required for |ﬂ®%§¢%ﬁﬂk#etH%h%ﬂ%aFQ%tbéndéHHePﬁF5ne5n&°

under st andi Rgmfp SUCHed b 2§ aftéO&NamBno groups, covalent bonds can
10 Dbe formed between the free amino groups of the binding
partner and a carbonyldiimidazole moiety of the probe
surface. Analogously, free amino or thiol groups of
the binding. partner can be used covalently to bind the
partner to a probe surface having epoxy groups. Strong
15 coordinate or dative bonds can be formed between free
sulfhydryl groups of the binding partner and gold or
platinum on the probe surface.

Optionally, remaining reactive sites on the

probe surface can then be blocked to reduce nonspecific
20 binding to the activated probe surface.

The second (free) binding partner is then
contacted to the affinity capture chip and allowed to
bind to the first (immdbilized) binding partner.

The second (free) binding partner can be

25 present pure in solution, if known and available, or,
more typically, will be captured from a heterogeneous
mixture, such as a biological sample suspected to
contain the second binding partner. The bioclogical
sample, as in biomarker discovery approaches described

30 earlier, can be a biological fluid, such as blood,
sera, plasma, lymph, interstitial fluid, urine,
exudates, can be a cell lysate, a cellular secretion,
or a partially fractionated and purified portion
thereof. :

35 The probe is then washed with one or more
eluants having defined elution characteristics. These



|

inportant to full conprehension of the pathol ogic 25 process, and for the
rational design of agents that can prevent such invasion. A nunbet J¥& 2005

techni @u@eysyse; used in the art to study and map such internol ecul ar

i nteractions between specific binding partners. Each haRCEU§NiBI@ant 30

di sadvantages. In a first such nethod, one nenber of a specific binding
pair is imobilized on an adsorbent which is packed in chromatographic
colum. To map the location within the structure of the second (free) 35
bi ndi ng partner that makes contact w th gge first (bound) binding partner,
the second (free) partner is cleaved. Typically, such cleavage is by
specific 11 JUL 2005 WO 02/ 31491 PCT/ US00/ 28163 - 55 proteolytic enzyne,

al t hough spétishies cherveato credauegetheentmbeby cENB ) queseﬁr}l@%lzgaeci fic

chemi cal hygd{4$d S n Thereafter, the digest is pass over the
columm to bind%ﬁ%é&f%éﬁ%?%nggoﬁh?hgrg Eond (free) partner that still bind

to the }‘i rst (inmobi | :’%%F;gyp@bscnebin¢hmomepuuggsaaé thense Qe}f@_ﬂrgner are
Lyplcall g Eg‘imﬁ?&?@ﬁ%ﬁ%ﬁ%ﬁ;?ﬁ%@ig?? Thacstibued to Bt er using by
MALDI or el ectrospray i oni ZXt1h. 2TRPECAREr BaéRCHAEssdweedifawtldd known,
and si gni fildarihe JRmDImmerFiast fon baLgeinyankiky o8l aepupiiiiyed first
Second. b | e et AR EEa A esvS | JRTBhergepur 11 cd,
s required ﬁ%ﬁy(:ﬁc{geéfﬁri CqdSOTReRE, Ghd USBii ane usedceepatiyyof these
stages is ambsodddny miillethilys are applied according to

10 manufacturer instructions. '

Species that are noncovalently bound to the
affinity capture probe — €.d., second binding partners
specifically bound to the first (immobilized) binding
partners, molecules nonspecifically bound to the probe

15 surface, molecules nonspecifically bound to the first
binding partners — are fhen detected in a first phasé
of laser desorption ionization mass spectrometry.

The mass spectrometer can be a single stage
affinity capture LDI-MS device, such as the PBS II from

20" Ciphergen Biosystems, Inc. (Fremont, CA UsAa). However,
the affinity capture tandem MS of the present invention
provides higher mass accuracy and higher mass
resolution and is preferred.

Typically, the second (free) binding partner

25 will be known from earlier studies, and its presence or
absence readily confirmable by mass spectrometry. If
the second (free) binding partner is unknown, each of
the species bound to the probe can be investigated in
turn. If the number of detectable species is too high,

30 the affinity_capture probe can be washed with eluants
having different elution characteristics (typically,
increased stringency), to reduce the number of species
present for analysis.

Once binding of the second ("free") binding

35 partner to the first (immobilized) binding partner is
confirmed, the second binding partner is fragmented.

This is typically accomplished by contacting the second
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effects and analyte | oss. Furthernore, although the 20 subsequent nass
spectronetric analysis can be highly sensitive, interfacing the1ﬁ|y@p2u5
phase analysis to M5 can al so occasion analyte | oss. Perhaps a nore

f undarenyglgadigpdvantage is that, by cleaving the secon |.odi part ner
before 25 binding to the first partner, only those nnlegﬂpgg%ggﬂﬁctures on

the second binding partner that are properly nmaintained in the peptide
fragnents will bind, and thereafter be detected. If, for exanple, an
anti body binds antigen at discontinuous, rather than 30 |inear, epitopes,
such di sconti nuous epitopes can be desti®8yed by fragnentation; unable to
support binding to the imobilized anti body, such antigenic epitopes
cannot be detected. A second typical approach in the art is to 35 use
poi nt mut at i oRsREbRgeRartnesi iwaighol et nabi bl sigeoimal ¢ meencavrmsEnt ki dues
that contribubettopkpieisBl BpUbGLNAI BEi BB £idst i 2005 W 0231491 - 56
PCT/ US00/ 2816, g@ﬁs.%attgr aggroach %e uirgs th@% t he rotel n bi nding
partner have Léen ctohed Fhe%er 2ERPRATL B89, PR %i?%ﬁpéiﬁ?ﬁf%ﬁﬁbiions,
recombi nant exbtlsspepifsbt endoprobeadepr osech, amndrypsid, aztu-ah t hereof. 5

Thereafters tlespipebhgakeNebhasptOteifa 0k NEEGPET IO he Oty %@é%&é ed
protein is ne sg%ed to_de effect of the nutated residue on the

ter e the
i nt er nol ecul |%?%?a%fi8¥§g%g2§ BFPEREER A ITheSMEMS )l ASAHE cont act s
10 between biPEREREPew t perbysa® brokeéaseédated by X-ray ™ crystal | ography of

the bound partners. Thigrteshaiguestibs, hbobtyasd f 864 1 ¥e o andh REPVi des
atomc level ..o spectrometry. '

10 If all fragments of the second binding
partner are to be identified — e.g., to confirm the
identity of the second binding partner by peptide mass
fingerprint analysis — energy absorbing molecules can
be applied and the probe used to introduce the peptides

15 into a mass spectrometry by laser desorption
ionization. For this purpose, the Ciphergen PBS II
single acceleration stage linear TOF MS can be used;
the tandem MS of the present invention, which provides
superior mass accuracy and mass resolution is

20 preferred, since the increased resolution and accuracy
reduces the number of putative "hits" returned at any
given confidence level in any given database query.

More typically, however, it is desired to
analyze those fragments of the second binding partner

25 that bind most tightly to the immobilized first binding
partner. In such case, the probe is washed with one or
more eluants prior to addition of energy absorbing
molecules.

At this point, the probe is inserted into the

30 interface of the tandem MS of the present invention,
and fragments (typically peptides) of the second
binding partner detected. _

If the identify of the second (free) binding
partner is known, the masses of the detected fragments

35 can be compared with those predicted by applying the
known cleavage rules of the fragmenting enzyme to the
primary amino acid sequence of the second binding
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resol ution, but requires that each binding partner be highly puqifkﬁg,ﬂﬂpd
further requires that suitable co- 15 crystals be forned. The affinit

capt ur ayhpAe e mass spectronetry instrunent of the present invention
provides an 1 nproved approach. that requires far |ess sParmismgsignteri al,
obvi ates point nutational analysis, 20 crystallization, and substantially
reduces the purity requirenent. The first step is to immobilize one of the
bi ndi ng partners on an affinity capture probe. Either partner can be
imobilized; it is the 25 free partneI,G@qmever, for which structural

I nformati on about the binding contacts wll be obtained. Using
receptor/ligand interactions as exenplary of the approach, immbilizing

the |igand oparbeepr.obgnwithlis EaisHilont,he disheif j oan of, regi ons of the
tlork N ack! @fagﬁ“?tﬂu +iBbi®S zi ng  t he

receptor 30 .t i,ci pate i.n _binding the |
receptor on %ﬁghﬁggééaw Eﬁuﬁe}ﬁFﬁtﬂﬁg %Fﬁéﬁpiﬁ' sitenatfure g dnshef t he
| i gand t hat 5Eé@ﬂﬁcbp&déngnphrxnbknﬁhbgetpo&&qohgcggggbngggyéa be ligand

is a protei nbin8Qhge¥8MPhe @i t el r e...35 cytoki ne, or chenokine -
separate xperinen?s, uiing:lggghgﬁgggﬁggggﬁ 1, will yield a bilateral
under st andi ng of the ifitEh HEcuPartbéﬁFXets.51nbléUbt%yBSM@DéEM£8491

PCT/ US00/ 281680 -b&7usdlip pnopeabeiind perbRehtSaBLRe J TR l4zed. using
' The — ch i 1} sbeEpend upon

Cheaua 1 by TSR SO B LS, SEbEEL oalinerc s 15 b
i nmobi | i zed RIRFEYAC5 ¢orienedical snahuapadysibe spefasa tafrdhe probe.
Appropri at e et 51 {¢£61 6 einethe kBOURL! BakBetnglabybl @l AES. o

10 high mass resolution and mass accuracy of the
instrument of the present invention, and further often
benefits from ms/ms analysis.

If the second (free) binding partner is not
known, the partner can be identified by ms/ms analysis.

15 Typically, such analysis takes the form of
selecting a first parent peptide in a first stage of
MS, fragmenting the selected peptide, and then
generating a fragment mass spectrum in a second stage
of MS analysis. Fragmentation is done in the gas

20 phase, preferably by collision-induced dissociation.

In the preferred embodiment of the affinity capture
tandem mass spectrometer of the present invention, CID
is effected in g2 by collision with nitrogen gas at
about 1072 Torr.

25 The fragment spectrum is then used to query
sequence databases using known algorithms, such as that
disclosed in Yates et al., U.S. Patent Nes. 5,538,897
and 6,017,693, and that employed in Protein Prospector
MS-TAG (http://prospector.ucsf/edu) module.

30 Putative identifications can be further
verified by selecting a second parent peptide and
repeating the approach, as necessary to confirm that
all peptides derive from an identifiable parent.

Thereafter, once the second binding partner

35 1is identified, the nature of the intermolecular
interaction can be studied as set forth above. The
known cleavage rules of the fragmenting enzyme (or
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For exanple, where the binding partner to be immobilized has free am no
groups, coval ent bonds can 10 be forned between the free am no gﬂdu#@-&NS
the binding partner and a carbonyldiinida?olehnDLeté_of t he Probe suLface.
Anal ogo J,ee am no or thiol groups o the binding. partner can be
used gova ?éz’r/]:stlﬁ{; to bind the partner to a probe surface P§IVWIE2&68xy
groups. Strong 15 coordinate or dative bonds can be fornmed between free
sul f hydryl groups of the binding partner and gold or platinumon the probe
surface. Optionally, remaining reactive sites on the probe surface can

t hen be bl ocked to reduce nonspecific - 26 hinding to the activated probe
surface. The second (free) binding partner is then contacted to the
affinity capture chip and allowed to bind to the first (inmobilized)

bi ndi ng partnhemifhﬂ,sennﬂﬁzﬁimnﬁ%ﬁbﬁ@dhpglmaat&@r;ﬁ@P md%% pLesenttprgg
I n solution, d val |l al lew r pically, w e captu
froma heterglsgﬁggg\s@n Oanqq.%lﬁer Z%Jfﬁﬁnégf%eﬁrgfﬁaﬁ‘?aﬁé‘ epﬁfg‘ﬁ’&&'eq to
contain the $88of@epieMiing pdrivh&easmredopebsgres napmegl entas tihe bi omar ker
di scovery apmheacrhﬂcde_s;aiigta@et,_ &?ﬁaEhbﬁtf.leiﬂgg%h@- Ebﬁ'ﬂgiis%al}giaﬁg' déaﬁugg
as bl ood, se hnterstitia LUl rine, Xu ,

a cell Iyghté?dagégﬁﬁﬁﬁﬁ?yEQQ%éfﬁgq}% S%eanﬁ FfFaPP;eFPEStiqnated and
purified por EPBATibHELedO. tB PHaddnEbEC sthRehmmabhéd zwidt ficse or nore

el uants havi bgndehigned reinld .on 2elEaEACEBEVE, | 6he LRBESi1hbnIULa2002 WO
02/ 31491 - 5§e gg{é SQQ/ 8 §§ washes sgrve to reduyce tge nunber qQf species

t hat bind nongpeC| i calty grfﬁglﬂﬁoﬁ ringency ot wash to identify
those peptides most tightly bound.

10 Other perturbations can be performed to
elucidate further the nature of the intermolecular
binding.

The elution characteristics of the eluant to
wash the probe following fragmentation of the second

15 binding partner can be altered to identify the
fragments that contribute most strongly to the

interaction, or to identify pH-dependent or salt-
dependent contacts that contribute to binding.
The principle is of course Well—known in the

20 chromatographic and molecular bioclogical arts: with
increased stringency of wash (e.g., increased salt
concentration, higher temperafﬁre), those fragments
less tightly bound to the immobilized first binding
will be eluted off the first binding partner. In the

25 present geometry, such poorly binding fragments will
elute off the probe and be lost from the subsequeﬁt '
mass spectrometric analysis. A series of experiments
can thus be performed in which the probe, or identical
counterpart probes, are washed at increasing

30 stringency, .thus creating a graded series of subsets of
fragments of the second binding partner, in which each
successive subset has a smaller subset of more tightly
binding fragments.

As noted above, the first (immobilized) and

35 second (free) binding partners can be interchanged,

allowing the other partner's binding contacts to be
elucidated.




Ener gy absorbing nol ecul es are then applied, typically in the liquid
phase, and allowed to dry. 5 Application of energy absorbing nol ectlgs g5
ef f ect ewo d2yB1idie sane manner as for existing uses of affinig& caPture
probes; where ProteinChip(r) Arrays (G phergen Biosyst eRET/¥$/2816¢; enpnt |
CA, USA) are used, energy absorbing nolecules are applied according to 10
manuf acturer instructions. Species that are noncovalently bound to the
affinity capture probe - e.g., second binding partners specifically bound
to the first (immbilized) binding part®éers, nolecul es nonspecifically
bound to the probe 15 surface, nol ecul es nonspecifically bound to the first
bi nding partners - are then detected in a first phase of |aser desorption
i oni zati on mass spectr dhefusthdheusmbsl speetnopetebncag bemvailnge stage

affinity ca v ' - BS Il .trom, 20, G phergen )
Biosystgns,p%%?%ﬂiggﬁﬁﬁgsﬁ%%ﬁbﬁs. iE%E%€$?51ﬂgdéFFFﬁ£%9n€aBPu£€etgndenlNB
of the preseflf i Qg RARGHRI Paftrenass Botuedempard hifghtwe mass
rzgso! Iu][ i gn Edfdlrisﬂ:f Wmfﬁﬁ@Fbazﬂ’fé%?déYa @gy¢§§gaeéiﬁiféféa%e NG RAY € ng.rl

Wi rlier. studies, and its, presence.or absence rea
confirmable Eggﬂgg;%g%§2f+éﬁé§¢%é19¥ n??&?%%%ghg ?iY€@§1§?ﬁ6§n§réQ¢tner isy
unknown, eachPof anHOLspdtiars bomding efietlpe obecond benHangspagahesd i n
turn. 1f thewhuaberelef ékﬁd%&éﬂéftH%“%Bﬂ%&iﬁuE?@nh&??suéggtQ?sgkg%gity

erent efati

capture probg_c be . hed with eluants having di
characterist?gs@?Fygaﬁﬁiﬂﬂ' I ncreased stringency), to reduce the nunber of

species present for aﬁ@é&ﬂqngslnxaWhemhrqn@fofhEhéeﬁgﬁgigéfrge") bi ndi ng
Second bindi b paen i SUEIRLC ckatl e el 0B L PnuE TR RS FERE by
contacti ng tggngéggngartner d%?% nuclease after binding of the

other binding partner can help identify critical

binding residues. '

The above-described approach to

15 characterizing intermolecular interactions replaces the
multi-platform, labor-intensive, insensitive techniques
of the prior art with a single platform, streamlined,
sensitive approach. The approach is applicable to a
wide variety of different biological systems and

20 problems.

As suggested above, the methods of the
present invention can be used to for epitope mapping -
that is, to identify the contacts within an antigen
that contribute to binding to antibody, T cell

25 receptor, or MHC. The methods can be used to elucidate
the nature of binding of biological ligands to their
receptors, of transcription factors to nucleic acid, of
transcription factors to other transcription factors in
a multiprotein complex.

30 Although particularly discussed above with
respect to protein/protein interactions, the methods of
the present invention can be practiced to elucidate the
binding interactions between lectins and glycoproteins,
protein and nucleic acid, and small molecules and

35 receptors.



!

1°1 JUL 2005 - WO 02/31491 - PCT/ US00/28163 - 59 bi nding partner1(%@}ch
s, at -\;',Bi0§/3p_g§ilnt , .noncoval ently but specifically bound_to the first UL 2005
bi ndi ng paftner, which is, in turn, inmmobilized on the PFENENRIFhce)

wi th specific endoproteases, such as trypsin, Gu-C 5 (V8) protease,
endoprotei nase Arg-C (either the serine protease or cysteine protease
Arg-C enzyne), Asn-N protease, or Lys-C protease. After digestion,
peptides are detected by mass spectroreé3y= 10 If all fragments of the
second binding partner are to be identified - e.g., to confirmthe
identity of the second binding partner by peptide mass fingerprint

anal ysis - energy absormfainig audleediyt ed tharespeappts eshalll hdbe@ibbe used to

i ntroduce thes i.de | S ctro ; S deso i on

i oni zati on. E(%?S?Eiss' %&%ggghﬁﬁe%ﬁﬁggge?%@é%g%iéncgl g%c@%?%&ét i on
stage |inearofORIRBIEHS FEdFET:2IaNE tisamderkiBDIre¢rRPERES Nt | Nventi on,
whi ch provides superi QuaratheldRISTARK cRIME , MBSScHIES@dH 1194w Spddn preferred,

since thegin resol ut | . curacy _reduces the nunber. of putative
"hits" re%urﬁéggggggﬁy%gﬁi6%%&3%%%4¥;%; “(gﬁﬁéﬁéiﬁﬂﬂr%ﬁﬁﬂﬁl?Eﬁgﬁﬁie query.
‘More typical P§, smaddvacleaqulies @ogi for tseremmding esudioswolecghent snof the
second bi ndi fgrpatkNabomoderiddils Rindd 1MR% dd1ahtd ys 4 tHsr | POPL 1 i zed first
bi ndi ng partngt .gn ucgﬁ%gs%é t he probe i ,w%§hed wth one or nore
el uants pri ofPty+addit GF6C ﬁEberéH§Gﬁb%H§ MOt EUIREOCeESeHi s poi nt
the probe i sFonsexagplient homogenzdusntserinddd laft idre groxtoni P assape
present {gvegbhohe udlth HAYEYh oiliGal ot RO A8%, Pls 1 HEy SecONd
bi ndi ng partner detected. o
binding to a known receptor; digital image-based
cellular assays can be used to screen compounds from
combinatorial libraries for downstream effects, such as
cytoplasmic/nuclear transport of receptors, changes in
15 ‘intracellular calcium distribution, changes in cell
motility. _
Once such a lead compound is identified,
however, a detailed understanding of the interaction of
. the small molecule with its receptor will facilitate
20 intelligent design of molecules with improved
pharmacokinetics and therapeutic index. The techniques
of the present invention are well suited for such use.
If the small molecule provides a signal near
that provided by the energy absorbing molecules, MS is
25 performed with single ion monitoring looking only for
the known mass for the combinatorial library component.

, EXAMPLE 1
Identification of Prostate Cancer Biomarker

Traditionally, prostatic carcinoma is
30 diagnosed via biopsy after discovery of elevated blood
levels of prostate specific antigen (PSA). In normal
males, PSA is present at levels of less than 1 ng/ml.
For both BPH and prostatic carcinoma, PSA levels may be



f i i i ndi i s known, the nasses
dentify of the second (free) binding partner is n,
L; Eﬂg hetecteé fragnments 35 can be conpared with those predictdd bUL,ﬂn5

YWHDD0 [ to the prinmary
known cl eavage rules of the fragmenting enzyne
anplno. acizzijlg)elquencé of the second binding 1 1 JUL 2005 PCI/USO0R¥I682/ 31491 -

28163 partner. In this fashion, each fragment can be
?genff?{gg?oihus Iogating within the structure of the sgcondbb|SQ|ng
partner those portions responsible for binding to the first Ln |ngd -
partner. 5 Although, in theory, a sinAgbe stage M5 device canb_edys ,
practice fragnments other than those arising fromthe second binding
partner will be present, confounding such analysis. Definitive.

i dentii i caglenated e ysudl repe £ hichdenef 145, f rom bpe1dgyhi gh mass -
i t instrument of the present invention,

o ﬁnlgﬁ?tzg%%sﬁgglg];bir ta@éfg?’grﬁ 2@7% natysi €118 tGeemecond (free)
Bi i NG pafBndbols 4SO (ei.. t ST NElOWRIE O A R IHOLr PYL IR/ 1B
anal ysis. adbivypigaldlvavaueh aanalpes :VC%E%ﬁ%&gﬁ%%ﬂ%%’ggﬁﬁ@hngegt i |dres
B thed THRNEH BB ng O aF Sdent s opechariom 4 3 I8 o0 b o 2ge?) bf | N5
and then @ I'ng T ; b
anal ysis. Fragnent at Seminaldeie sima tﬂl@ng%t%(érpé'%%&;ﬁ)%ﬁdfgneg#]f@% hy Ke
P ety e BOCELaER Bk sl BB I St e | on, 1
S 01§ obt CETH-GITB, VEBF| ABALNZAR: NSARD e wprhrrquagmt 10-2 Torf 25
The fragmePtospinChip?i¢ifhepreneedlt @igpeny, S%ﬂ%?”%edﬁ%%ﬁg%%ﬁﬁﬂﬂf'”g novin
a'90rii@”sseﬁfﬁglaflﬁgatprotein profiles of a single BPH and

prostate cancer patient. A virtual gel display is used

to enhance visual comparison between samples. A

difference plot for the protein profiles of prostate

cancer minus BPH is displayed beneath the gel view

15 plots. Positively displaced signals of the difference

plot indicate proteins that are upregulated in prostate

cancer, while negative peaks represent prostate cancer

downward protein regulation. Several uniquely

upregulated signals, indicating possible prostate

20 cancer biomarkers, were detected.

On-chip isolation of one of these upregulated
proteins was achieved by using a mixed mode surface and
neutral pH buffer wash (see FIG. 4). In this case, the
protein was enriched to near homogeneity. The enriched

25 biomarker candidate was then exposed to in-situ
digestion using trypsin. After incubation, a saturated
solution of CHCA (matrix) was added and the subsequent
digest products analyzed by SELDI-TOF.

Several peptides were detected (see FIG. 5).

30 The resultant peptide signals were submitted for
protein database analysis and a preliminary
identification of human semenogellin I was made. This
identification was somewhat perplexing, since the
biomarker had a molecular weight of about 5751 Da, far

35 less than that of semenogellin I (MW 52,131 Da).

The same purified protein was submitted for
ProteinChip LDI Qg-TOF MS detection (see FIG. 6).



disclosed in Yates et al., US. Patent Nps. 5,538,897 and 6,017, é?S and
that enployed in Protein Prospector Ms-TAG (http://prospector.u h&@u
modul e. 30 Putative identifications can be further verified by selectlng a
second arent eptide and repeating the approach, as necessary to confirm
t hat I“f)des derive froman identifiable parent. TPEF/E¥28163 once t he
second blndlng partner 35 is identified, the nature of the internol ecul ar

i nteraction can be studied as set forth above. The known cl eavage rul es of
the fragnenting enzyne (or 1 1 JUL 2005 WD 02/ 31491 PCT/ US00/ 28163 - 61
chem cal, such as CNBr) is applied to thegsprimary sequence of the
now-identified second binding partner, and the enpirically measured

pepti des napped onto the theoretical digest, thus identifying the peptides

that 5 had b@erhuas t&féjﬁﬁ?lﬂ ndheanagrye m@{@&ylﬁeﬁlﬁﬂggﬁg gf/g tfhtehe

bi ndi to, | 7 irs

e;gelrlngrent cé’ﬁh beerm}r)gr%)ea Pjgl r#%?rfggs&gg“o@% ﬁ#@%c@nﬁyﬁ\h%h %Q)Wdentlfy
those pepti dé¥ ziostthe giﬂ‘-llyl.‘bcnh&rqa@ rhevapearded hédr onED aes/s per f or ned
to elucidat %efqtﬁéﬁ@_rnd hPsél@tM(? of thepj ot ey %e pro%elﬁ@?wgre-rhe

elution c aract i,stics t he eluant to . was
f r agment aEI omS§A (5 pseerc]%?ﬁ“ E%Pi‘?ﬁarméa#ﬂ%e al ¥ P Bdthe %@Ient ify
t he fragnenﬂ&/ﬂhauanﬁﬂmappﬂdabank =t rlongyy demidel Hdd £F astdO8inor to

ntrlbute to
L?ﬁgfh;y ?E;qggﬁﬂgeq:#¥2§€§fé%urs Qigé nownlépéégg %% chronatographlc
and nDIecuIaFQ&QHQQ% EﬂtRFOW&Q#Pg|¢ﬁ§%ﬁkﬁkﬁ%t#d¢@ﬁ#ﬁ36@ﬁlmasmf(e g.
i ncreased salthis candidate biomarker.
10 While initial studies such as these quickly
reveal potential biomarkers, complete validation of any
biomarker requires analysis of dozens or even hundreds
of relevant samples to obtain statistically significant
information regarding expression and prevalence.

15 v All patents, patent publications, and other
published references mentioned herein are hereby
incorporated by reference in their entireties as if
each had been individually and specifically
.incorporated by reference herein. By their citation of

20 various references in this document, applicants do not
admit that any particular reference is "prior art" to
their invention.

While specific examples have been provided,
the above description is illustrative and not

25 restrictive. Any one or more of the features of the
previously described embodiments can be combined in any
manner with one or more features of any other
embodiments in the present invention. Furthermore,
many variations of the invention will become apparent

30 to those skilled 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 claims along with their

35 full scope of equivalents.



concentration, higher tenperature), those fragnents less tightly bound to
the immobilized first binding wll be eluted off the first binding UL 2005
partner. In the 25 present geonetry, such poorly binding fragnentS'm{ f
elute off the probe and be | ost fromthe subsequent mnass spectronetric
anal ysis. A series of experinents can qus be performed in which the
probe, or identical counterpart probes, are washed at increasing 30
stringency,. thus creating a graded series of subsets of fragnents of the
second bi ndMHADES CheYIMED Ivhi ch each successive subset has a smaller
subset of nore tightly binding fragnents. As noted above, the first
(immobilized) and 35 second (free) binding partners can be interchanged,
allowing the other partner's binding contacts to be el ucidated. WO

02/31491 - Q2 A} ahalyillal Z2BOMeRCEoMSRNAZB163 A further useful perturbation

is renoval or altefation of post-translational nodifications on one or

both of the hindi rt. R xanple, if the first binding partner is
a gl ycoprot gﬁ%ﬁergg%ﬁ%ﬁ?ﬁ%&%%%hgcﬁé or nore specific or nonspecific

gl ycosi dases prjor to, and/or after, binding of the second binding partner
wiil held elandssh Bas R FHatY on of sugar residues to the binding.
Anal ogously, where one of the bindin %0 partmar is. nucleic acid b
treat ment ofa lages dpseeptigndonigpigon I?}'Ph‘?jl"?@ a5& dispesed therpDeh\YE Jdigrely pald PIOBg i ng

of the other binding partner can help identify critical binding residues.
The above- ddsgrfadeid capiguredto positibs adaser desosption inpizatianeprabt-ecul ar
interactions replaces the

wherein said laser desorption ionization source comprises a laser optical train

comprising a tapered optical fiber having an input end and an output end, the fiber

10  input end diameter being greater than the fiber output end diameter,

wherein said laser desorption ionization source is configured to provide a desorption

spot having a size of about between 0.2 and 0.4 square millimeters on said probe so

positioned, and

wherein said probe interface is configured to maintain an elevated background gas

15  pressure on said probe so positioned.

2. The analytical instrument of claim 1, wherein said laser desorption ionization source
comprises a laser excitation source, wherein said laser optical train capable of

transmitting excited photons from said laser excitation source to said probe interface.

20
3. The analytical instrument of claim 2, wherein said laser optical train delivers from

said laser excitation source between about 20 microjoules and 1000 microjoules of

energy per square millimeter of interrogated probe surface.



mul ti-platform |abor-intensive, insensitive techniques of the prior art
wth a single platform streamined, sensitive approach. The apgrggFgaks
applicable to a w de variety of different biological systens an

probl ens. As suggested above, the nethods of the present invention can be
used to for epitope mapping - that is, to identify the contacts within an
antigen that contribute to binding to anti body, T cell 25 receptor, or
MHC. The met hods can be used to_elucidate  the nature of binding of

bi ol ogi cal 4.iTwraslytiealtinsument afelpimy2.whessingsid Jaser p¥fitaBan POHI IS SEBE e e e
acid, of transcription factors to other transcription factors in a

nul ti pr ot ei fromahpexp cdsidingtud agoniharous dasermandya phlsedlassed above with
respect to protein/protein interactions, the methods of the present

i nvention can be practiced to elucidate the binding interactions between
| ectins and gl ycoproteins, protein and nucleic acid, and small nol ecul es

and 35 recept ﬂ{etsaﬁlaﬁgcglziﬁgtﬂu%?&n of 1#%2 200 cinRGb 1heP 4 A 816 sourbSis selected

Particularly w spect to sma mol ecul e |igands, the nethods can al so

be applied to the design. of onj st ; i tors.
Over the’ pagff)“b‘gﬁ SHRP cﬁ@%ﬁtmgq‘ﬁ%smh%% 1 %g’naaﬁé{% é%%%ﬁ%ﬂé@ﬁ%A ?%%tg orially
generating | arge nunbers of small nol ecul es and for screening such

nol ecul es i and ¥ &0 B honpgeneous and |ive cell assays for their ability
to affect one or nore biological processes. For exanple, honbgeneous
scintillation proximty assays 10 can be used to screen conbinatori al
libraries for binding to a known receptor; digital inmage-based cellular
assays can pgeThsaljtRabite@netofphinmdswhemin said laser excitation source is a pulsed

nitrogen laser.

10

7. The analytical instrument of claim 1 or 2, wherein said laser optical train comprises
optical components selected from the group consisting of lenses, mirrors, prisms,

attenuators, and beam splitters.

15 8. The analytical instrument of claim 2, wherein said laser excitation source is coupled

to said optical fiber input end.

9. The analytical instrument of claim 8, wherein said laser optical train further
comprises an optical attenuator.

20

10. The analytical instrument of claim 9, wherein said attenuator is positioned between

said laser excitation source and said optical fiber input end.
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conbinatorial libraries for downstreameffects, such as
cytopl asm c/ nucl ear transport of receptors, changes in 15 i ntracel,lwbgtr 005
calciumdistribution, changes in cell notility. Once such a | ead corrpoun(g
is identified, however, a detailed understanding of the interaction of
the small nolecule with its receptor mﬁl% facilitate 20 intelligent design
of nolecules with inproved pharnmacokinetics and therapeutic index. The
techniques of the present invention are well suited fqr such use. |If the
smal | nol ecll.@horoslytiesl instrsmentof dainy 9, whesgin spid giteruatasys ameptisabeqpipler,
absorbing nol ecules, M5 is 25 perfornmed with single ion nonitoring |Iooking
only for thgikoswlerrasplifgsaid lagererdititioatsonticato saidoptiopl fbergopusend. EXAMPLE 1
I dentification of Prostate Cancer Bionmarker Traditionally, prostatic
carcinoma i s 30 diagnosed via biopsy after discovery of elevated bl ood
| evel s of prostate specific antigen (PSA). In normal males, PSA is present
at |l evels of,l h [ ; tLabbGticdYetdsn, PSA
| evel s may E)ze %%é@?%é&ﬁﬁ{rﬂ?gt Ogﬁ%h}]%ﬁmfégglglalg% /e %%8%/ 28363 el evated to
4-10 ng/m . Chen.et .al., J. Urol 157: 2166 -2170 (1997) ; Qan et al.,
Clin. Che&m S%@?E@‘ﬁ‘ﬁ f‘%%%@t}?‘itg@@}f’?é)%é%pp “known to have chynotryptic
activity, cleaving at the Ctermnus of tyrosine and 5 | eucine. Q an et
al., din. Chem 43:352 - 359 (1997). Sem nal plasma from patients
di agnosed with BPH as well as patients diagnosed with prostatic carcinoma
wer e anal yzedl Tisi anglytioal insoimming afclaiim 8 Prvhereinsaidi qptiey! fiher peipuhenddas@i spl ay.
FIG 3 displays the 10 semnal fluid protein profiles of a single BPH and
maximum diameter between about 200-400 pm.

10 14. The analytical instrument of claim 13, wherein said optical fiber input end has a

diameter of between about 400 to 1200 um.

15. The analytical instrument of claim 2, wherein said laser desorption ionization source
further comprises probe viewing optics.

15
16, The analytical instrument of claim 8, further comprising an optical coupler, said

coupler coupling said laser excitation source to said optical fiber input end.

17. The analytical instrument of claim 16, wherein said coupler or said fiber is

20  bifurcated and splits off a fraction of energy from said laser excitation source.

18. The analytical instrument of claim 17, wherein said coupler or said optical fiber is

bifurcated and allows introduction of visible light to illuminate the desorption locus.
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prostate cancer patient. A virtual gel display is used to enhance visual
conpari son between sanples. A difference plot for the protein dr bfJUL W0
prostate cancer mnus BPH is displayed beneath the gel view 15 plots.
Positively displaced signals of the difference plot indicate proteins that
are upregul ated in prostate cancer, V\/niége negati ve peaks represent
prostate cancer downward protein regulation. Several uniquely upregul ated
signals, indicating possible prostate 20 cancer bionmarkers, were detected.
On-chi p i sol&tThermnalytioalanssfumentefanymmediiclensl 15 pr b8.dishersampasing el by
using a m xed node surface and neutral pH buffer wash (see FIG 4). In
this case, tdigerapsait €CD ssmmrepositiined té detoa dighhefloged omysaidiprobenri ched 25
bi omar ker candi date was then exposed to in-situ digestion using trypsin.
After incubation, a saturated solution of CHCA (matrix) was added and the
subsequent di gest products anal yzed by SELDI - TOF. Several peptides were

det ect ed (sgg fﬂe%na@%cal RSt -Egk%t {)Ieélﬂirﬁ ?%h&@iﬂtshglecaﬁdegpﬁﬁbﬁ EtforidtBist ted for

prot ei n dat dbase an Sis and a prelininary ent | catl n of human

ineo The | Brestd oM tﬁsaro&gkﬁp%%mgﬁf%@ﬁ% RPN R PP TOR

t han t hat of semeno&el lin | (MAV52,131 Da). The sanme purifi e(g protein was

subni tted f &S, aFQFiGROMSy andr Foyrierdranpigradencexci ipnireiamantedSe) . | 1 JuL
2005 WO 02/ 31491 PCT/ USO0/ 28163 - 65 Because. the parent ion at 5751 Da
was beyond the current mass limt for LD Q-TOF M5/ M5 anal ysis (3000

M z), the doubly charged ion was used for CID M5/ M5 sequencing (see FIG

7). fThehCI DoWVBf MraBtichl ifisti@hiént Of bRl 20 owhereihGaid taidziremasspeatbaneenis ai ng.
15 of the 26
QqTOF MS.

10

22. The analytical instrument of claim 2, wherein said tandem mass spectrometer is a

QqTOF MS and said laser excitation source is a pulsed nitrogen laser.

23. The analytical instrument of claim 1, wherein said tandem mass spectrometer has an

15  external standard mass accuracy of 20-50 ppm.

24. The analytical instrument of claim 1, wherein the laser fluence at said probe is about

2 to 4 times the minimum desorption threshold.

20  25. The analytical instrument of claim 1, further comprising: an affinity capture probe,
wherein said affinity capture probe is engaged in said probe interface and is positioned
in interrogatable relationship to said laser source and concurrently in communication

with said tandem mass spectrometer.



ms/ ms i ons mapped back to human sem nal basic protein (SBP), a
proteolytically derived fragnent of senenogelin I, providing definibb!ﬁ@%
identification of this candidate biomarker. 10 Wiile initial stuJies S

as these quickly reveal potential bionmarkers, conplete validation of any
bi omar ker requires anal ysis of dozens or,even hundreds of relevant sanples
to obtain statistically significant information regardi ng expression and
preval ence. 15 Al patents, patent publications, apnd other published

ref erences P@ritieamelytibalrinstrumentohelpianyS, whesdip s8¢ AEEHYARPIES BYOSREES M t hei r
entireties as if each had been individually and specifically .incorporated
by ref er enciastipishmpleByséiption suficapositiondd in 2itenagatahlsrelasionskindesaidn t his
docunent, applicants do not admt that any particular reference is "prior
art” to thejg dogwention. Wile specific exanples have been provided, the
above description is illustrative and not 25 restrictive. Any one or nore
of the features of the previously described enbodi nents can be conbined in
any nmanner with one or nore features of any other enbodinents in the

present inventjon. Furthernore, n arj at.i on [ t il
becone aﬁ)pai@ni‘hes@ icpgstErmaent of ‘érrlg"%( %g’t‘ﬁléergptsalu ;?gilea%tgo\%ees\%% §P¢ %d%%p%ﬁ
specification.. The scope of the inventjon _shoul d, theréafore, bef

det er mi ned mwtfacgiis sclecéepcgfremdbe group Kansiing L chomatogsRRhihadsgIRoN SUHACES shoul d

be determned wth reference to the appended clains along with their 35
full scope ahd bipmoledubnaféinitg durfddes.2005 66 WHAT IS CLAIMED I S: 1. An
anal ytical instrunent, conprising: a |aser desorption ionization source;

28. The analytical instrument of claim 27, wherein said at least one sample adsorption

10 surface is a chromatographic adsorption surface.

29, The analytical instrument of claim 28, wherein said chromatographic adsorption
surface is selected from the group consisting of reverse phase, anion exchange, cation
exchange, immobilized metal affinity capture and mixed-mode surfaces.

15

30. The analytical instrument of claim 27, wherein said at least one sample adsorption

surface is a biomolecule affinity surface.

31. The analytical instrument of claim 30, wherein said biomolecule is selected from the
20  group consisting of antibodies, receptors, nucleic acids, lectins, enzymes, biotin, avidin,

streptavidin, Staph protein A and Staph protein G.



5 a tandem nmass spectroneter; and a | aser desorption ionization probe
interface disposed therebetween, wherein said probe interface i JUL .2
configured to position a | aser desorption ionization probe, wherein saig,5

| aser desorption ionization source conprises a laser optical train
conprising a tapered optical fiber having an input end and an output end,
the fiber 10 input end dianeter being greater than the fiber output end

di ameter, wherein said | aser desorption ionization source is %o figured to
provi de a da2dFhstanglyticalinstrument ahclaing 23.evherein syid affibiv genire pwby asg. 4
square mllineters on said probe so positioned, and wherein said probe

i nterface i plucaity ofjsaparhtdly addressable samplesidearptienisusfeckypasitined s 15 pressure
on said probe so positioned. 2. The anal ytical instrument of claiml,

wher ei n sai chiéasRtablieeitidhslap td sid Bsdrisoresour ce  conprises a | aser
excitation source, wherein said | aser optical train capable of

transmtting excited photons fromsaid | aser excitation source to said
probe interface. 20 3. The anal ytical instrunent of claim?2, wherein said

| aser optic rain,deli.vers fr [ Cl i en
about 20° m arol el e ST BB LRk oBtor Bid BRSO ERRASUETT,
of interrogated probe.surfgge“ 1 qu 200% 67 4. The %QQJ%%iC%% i nst runent
of claim 2, sipRleefsprpionsurirses s slestedfropiihe SIUp&LOPLSNG ULPHESE B3 t he
group consisting of a continuous |aser and a pul sed laser, 5 The

anal ytical ihotrategsaphiofdsotpsiomsprfac, anieh axewnge ehigmptographicadserptiobur ce i s
selected 5 fromthe group consisting of a nitrogen |aser, a Nd: YAG | aser,
an erbi um YAGrfase&dtion extithnge ChidnlatspeaphiGadsdiptioasalfydel mahobilis¢d mewht  of
claim2, wherein said |aser excitation source is a pulsed nitrogen | aser.
10 7. The. ap@li¥tdapaire ERFSMatIFRIPhiOddseipBbA A, Rixedifod dhrérabidglaphier

optical train conprises optical conponents selected fromthe group

consi sting aof | enses L rr ¥ t t : pfters. 15
6" The. dhar ey SibPhibboi b aY Ryriel (pECHR Pk ARRERTRO |
source is coypled to said opti.cal fiber input.end. 9. The apal.ytical

i nst runent @?f?rl'}?ya?“ﬁﬁgsep Gate “i‘\‘tys%?{?c‘FﬁgéYmgﬁ{qn R hloﬁﬂlaﬁ?f@%' TORBYi ses

an optical attenuator. . ) ) .
avidin affinity surface, streptavidin affinity surface, Staph protein A affinity surface and

Staph protein G affinity surface.

15  34. The analytical instrument of claim 32, wherein said plurality of separately
addressable sample adsorption surfaces includes at least two different adsorption

surfaces.

35. The analytical instrument of claim 1, further comprising: a digital computer,
20  wherein said digital computer is interfaced with a detector of said tandem mass

spectrometer.

36. The analytical instrument of claim 35, further comprising a software program, said

software program executable by said digital computer.



20 10. The analytical instrument of claim9, wherein said attenuator is
positioned between said |aser excitation source and said optical ,fiber
iput end. 1 1 JUL 2005 68 11. The anal ytical instrument of claifnloJUL 2005
wherein said attenuator is an optical coupler, said coupler coupling said
| aser excitation source to said optical fjber input end. 12. The anal yti cal
instrunment of claim9, wherein said attenuator is positioned between 5
said optical fiber output end and said probe. 13. The anal ytical instrunent
of claim8, wherein said optical fiber output end has a nmaxi num di anet er
bet ween about 200-400 m 10 14. The anal ytical instrunent of claim 13,
wher ei n sai 37.0peiavalytitaldestrumestiof eain Basvherein spid sefiware nsegramdp lagabigrsaltoo t o
1200 m 15. The anal ytical instrunent of claim2, wherein said |aser

desor ption tempwet.i on source further conprises probe viewi ng optics. 15 16.
The anal ytical instrunment of claim8, further conprising an optical

coupler, said coupler coupling said | aser excitation source to said
optical fiber input end. 17. The analytical instrunment of claim 16, wherein

sai d coupl ehg OfyeSbhiRinten: PciBinl 98 A En 3 sBlcTrOkhnAs hbmgtaIon. of

energy from sal er excitation source. 18. e anal ytical 1nstrunment of
claim17, V\,Berei n_sai lcogqpl elr%1 or s&i d o]]ﬁti cal fiber is bifurcated and

al | ows i nt r SHUAATBENIEFON, PeR e 19 Tt COBPYF umi nate t he desorption |ocus. 11
JUL 2005 69 19. The anal ytical instrunent of any one of clains 15 or 18,
further conprising a CCD canera, said CCD canmera positioned to detect

light reflected fromsaid probe. 20. The analytical instrunment of claiml,
wher ei n sai @91 Eirdemalytigslsinstpeoent ofrelaim 36 switereisiseidtsefiwhrenrogiam igcapable of
consisting of a QQTOF M5, an ion trap M5, an ion trap TOF M, a TOF- TOF
M5, and a Foutittdlling shd fsor desoption yuliztivnsouresonance M5, 21. The anal yti ca
instrunment of claim 20, wherein said tandem mass spectroneter is a QQTOF

M5. 10 3g. The analytical instrument of claim2, wherein said tandem nass
spectroneter is a QQTOF M5 and said | aser excitation source is a pul sed

ni trogen | ai@;&@%@{é@r ARRIN s GRL1al b WHEEHh sfa SRt frogifis Shphotdb

t andem mass as an

controlling at least one aspect of data acquisition by said tandem mass spectrometer.

41. The analytical instrument of claim 36, wherein said software program is capable of
15 performing at least one analytical routine on data acquired by said tandem mass

spectrometer.

42. The analytical instrument of claim 36, wherein said software program is capable of
controlling said laser desorption ionization source, of controlling at least one aspect of
20  data acquisition by said tandem mass spectrometer, and of performing at least one

analytical routine on data acquired by said tandem mass spectrometer.

43. A method for analyzing at least one test protein comprising :

(a) capturing the test protein or proteins on an affinity capture protein biochip;



!

15 external standard mass accuracy of 20-50 ppm 24. The anal yti cal
instrunment of claim1, wherein the |laser fluence at said probe i§1agﬂyng
t'to 4 times the m ni num desorption threshold. 20 25. The anal yti cal
instrunment of claiml1, further conprising: an affinity capture probe,
wherein said affinity capture probe is engaged in said probe interface and
is positioned in interrogatable relationship to said |aser source and
concurrentl¥ in communjcation wth said tandem mass. spect onefer. 11 JUL
2005 70 26(b)pRalyang|a) leastaneicagtired et Prigin o Rrqigipswi ARy tca; SUYmen; ¢ v
capture probe has at |east one sanple adsorption surface positioned in

i nt errogat abfelairellati onship to said |aser source. 5 27. The anal yti cal

i nstrunment of claim26, wherein said at | east one sanpl e adsorption
surface is selected fromthe group consisting of chromatographic adsorption
surfaces and bionolecule affinity surfaces. 28. The anal ytical instrunent

of claim 2744Rei&hdl SBietbcfthg b andlyte e SRMRIdCoREbYRITR! EAgH) aSptobafifthe s a

chromat ographi ¢ adsorption surface. 29. The analytical 1nstrument of claim

28, wherein, ig c%Pfu? B R HG o?ﬂ‘?e%gh)tigﬂ iﬂs?Hfrﬁé?l?Sf 15inS ¢! &fd .ﬁﬂnft{rom the
group conhsi sting of reverse phase, anion exchange, cation ~exchange,

i mmobi lized netal affinity ca re a m xed- node surfaces. 15 30. The

anal yti cal F?@’t‘ﬁﬂ‘@?ﬁ hqy@%@rﬁ:}rﬁi}%@ﬁowﬁgpgpﬁ ’sdﬁi“?fg'e‘['g atngé%qlzlggga@gﬁ%yge or
adsorption surface is a bionolecule affinity surface. 31. The anal yti cal

i nstrunent drageentshezeot fygne sai prabgiugingi saiddnses spwce:and dheadetsgting &3t he 20
group consisting of antibodies, receptors, nucleic acids, |ectins, enzynes,
bi otin, avi dhalyte tyta mpdean ndsnspeSrapetepmetssirement andaidtdapitbed ionsi n G 11 JUL
2005 71 32. The analytical instrunment of claim25, wherein said affinity
capture probe has a plurality of separately addressabl e sanpl e adsorption
surfaces positioned in interrogatable relationship to said |aser source. 5

33. The “a'@ﬂTﬁ@{ne{hegto%Hﬁﬁﬁ'u4%nﬁbﬂom§%ingvm@5@%,mf@a§£d @bsoPihgl an@par at el y
addressabl e sanple adsorption surfaces is selected fromthe group

cxchange. chreliaRbgR R Soai i ERERERY B aralRgpRIER AR soi"

chr omat ogr aphi ¢ %dso ption surface, inmobilized netal
of said desorbed ions.

46. The method of claim 45, further comprising, after the step of desorbing and ionizing
15  and prior to the step of effecting collision induced dissociation of said desorbed ions, of

selecting a subset of ions to be collisionally dissociated.

47. The method of claim 46, further comprising the step, prior to engaging said probe in
said probe interface, of adsorbing said analyte to said probe.

20
48. The method of claim 47, further comprising the step, after the step of adsorbing said
analyte to said probe and prior to engaging said probe in said probe interface, of

adherently contacting said probe and said analyte with energy absorbing molecules.



affinity capture chromatographi c adsorption surface, m xed-node
chromat ographi c 10 adsorption surface, antibody affinity surfacest ¥ goerjg
affinity surface, nucleic acid affinity surface, lectin affinity surface,
enzynme affinity surface, biotin affinity surface, avidin affinity surface,
streptavidin affinity surface, Staph pro%pin A affinity surface and Staph
protein G affinity surface. 15 34. The analytical instrunment of claim 32,
wherein said plurality of separately addressable sanple adsorption
surfaces includes at |east two different adsorption surfaces. 35. The
anal ytical instrunment of claiml1, further conprising: a digital computer,
20 wherein said digital conputer is interfaced with a detector of said
tandem mass spectroneter. 36. The anal ytical instrunent of claim 35,
further conmd, Theenethadlaffichrmet3fuherammpsiaing thostepaf genpratipg proteinedeavagd e by
said digital conputer. 11 JUL 2005 72 37. The anal ytical instrunment of
claim 36, WRRIALR FcteRSURIS HIAGEREIA BiokRibaking® fraicdlyioapertAWherbin3s.

i ca :

The anal yt Instrument of cllaim 3 erein said software programis
nonl ocal _but, communi | ' [ Lcal
ot et S S SR BF B8R Bheeh prd i Rl Shmpres LB p B b
controlling said |.aser desorption ionization source. 10 40. The anal yti cal

i nst runent Gpeeﬁﬁ?ﬁfgﬁyaQWRﬁ’ % said software programis capabl e of
controlling at | east one aspect of data acquisition by said tandem nass
spectronmeter. 41. The analytical instrunment of claim 36, wherein said
software programis capable of 15 perfornming at |east one anal ytical
routi ne on datAhamgthoded claym 48; wheramdberaradyaing sippeemprissser . 42. The

anal ytical instrunment of claim 36, wherein said software programis capabl e
of  control l(j)res&Bing thapoteis eleavapt ipprlucBiichattieqioeinbicehip ofto ganplrast td ng at
| east one aspect of 20 data acquisition by said tandem mass spectroneter,
and of r f 1 ii&al routine on data acquired by said
tanden1ﬂ§ss eg%% ;%hg%ﬁ??ﬁﬁggﬁﬂtﬁg@%%ﬁ“%%r anal yzing at |east one test
protein conp

affinity Caé{ih?eié&gipgtagqaaﬁeng? &%&B&gﬁr %S%ﬁ&%grrggégﬁtguﬂ with Qtfﬁgtr}ﬁasgn an
spectrometer,

(iii) fragmenting the selected parent ion peptide under selected fragmentation conditions
in the gas phase to produce product ion fragments and

15 (iv) generating a mass spectrum of the product ion fragments.

51. The analytical instrument of claim 1, wherein the elevated pressure is from about

atmospheric pressure to about 0.1 microtorr.

20  52. The analytical instrument of claim 51, wherein the elevated pressure is from about 1

torr to about 1 millitorr.
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(b) analyzing at |east one captured test protein or proteins with the

anal ytical instrument of claiml. 44. A nethod of detecting anfahaluytmgs
t’he net hod conprising: engaging a probe inthe 5 affinity capture probe
interface of the analytical instrument of claiml, said affinity capture
probe having an anal yte bound thereto ; dgsorbing and ionizing said analyte
or fragnents thereof from said probe using said | aser source; and then
detecting said_ analyte by a_tandem nass., spectroneter neasurenent on said
desor bed ioﬁ%:T@UmQQQd?ﬁ@aﬁﬁﬁﬂd§“§?“€PgFﬁVWﬂ, further conprising the step,
after said desorbing and ionizing step and before said detecting step, of
ef fecting cdd) dessrmining duleast oue prosein identity capdidatsifar dtesipraein PHAPMILNE The
nmet hod of claim45, further conprising, after the step of desorbing and
ioni zing 1%hewmasspe@runt @ 4 Pt databdse efifimgtprotgeal ovHictsidentifiasct baast one

di ssoci ation of said desorbed ions, of selecting a subset of ions to be
col I'i si onal lynginS8QfitRtafdidafe’ for TtQestRihteid iR theCdatdbaretbased uh hivdsaswempr i si ng

the step, prior to engaging said probe in said probe interface, of

adsor bi ng sai d I i ) . i ;

Fur ther - QomgleTAG o e kRS TR ARGl A e IR LB, 1o
sai d probe d,prior to engaging said probe in said probe interface, of
adherently 2@%@5@%?%9 sai d probe and said analyte with energy absorbing

nol ecul es. 11 JUL 2005 74 49. The method of claim43 further conprising the
step of generating protein cleavage products of the test protein(s) on the
protein biochip using a proteolytic agent, wherein 5 the step of anal yzing
the at | east540iike trettodmfotaimrs3pwhenetn (d) fistheoeqmprises submaitting the mess pEhist  one
protein cl eavage product. 50. The nethod of claim49, wherein the anal yzing
step conpri §eg prdtkih 2@ 8RS dPetigs bhstigi of tenest brasiagetherpoctucdls from t he
protein biochip into gas phase to 10 generate correspondi ng parent ion
peptides, (ii) selecting a parent ion peptide for subsequent fragnmentation
with a first nass spectroneter, (iii) fragmenting the sel ected parent ion

pepti de unde | ect.ed fr tat] §Q jons in the gas phase to
produce pro c?ﬁFB}?h?o%aO&r?g%&?gaﬁH{h%gc%q@ III(};ééner.ati ng a mass spectrum of the
product ion fragnents. 51. The g‘galtyti}c@l insttr.uge_nt of claim1, wherein
the el evat edehsEBRAIING the1deptiincapBaite &2 MBI Wessure to about 0.1

m crotorr. .
1) generating a mass spectrum of the protein cleavage products of (b),

(ii) submitting the mass spectrum of the protein cleavage products to a
15 computer protocol that determines a measure of closeness-of-fit between the
theoretical mass spectrum of cleavage products of the identity candidate
predicted to be generated by using the proteolytic agent, and the mass spectrum
of the protein cleavage products, whereby the measure indicates protein
cleavage products on the protein biochip that correspond to the test protein.
20
56. The method of claim 55, further comprising:
(f) repeating (c) wherein the selected parent ion peptide does not correspond to a protein
cleavage product predicted from the identity candidate; and

(g) repeating (d) for the selected parent ion peptide of (f).
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20 52. The analytical instrument of claim51, wherein the el evated pressure
is fromabout 1 torn to about 1 mllitorr. r 1 1 JUL 2005 75 5?1 ﬁ@?zmn
net hod of claimb50, further conprising: (d) determ ning at |eas

protein identity candidate for a test protein by submtting the mass
spectrumto a protein database m ning pregfocol which identifies at |east
one protein identity candidate for the test protein in the database based
on a neasure of 5 closeness-of-fit between the nass spectrum and
theoretical mass spectra of proteins in the database. 54. The method of
claim53, wherein (d) further conprises submtting the nmas ?f t he test

prot ei n and 57 hEhespedipdof elping 50 giherein theriest peajein by %)P’é’itfﬁn that istﬂé fereatiglbol .

55. The nethod of claim53, further conprising: (e) conparing the |dent|ty
candi date t expﬂassetlcbstwq@ndﬁrﬁiand sgcond ibjologicad samplegy a nass spectrum of the
protein cl eavage products of (b), (ii) submtting the nmass spectrum of the
protein cleavage products to a 15 conputer protocol that determ nes a
measure of closeness-of-fit between the theoretical nmass spectrum of

cl eavagepr %@U’?ltlfmg{hoh Reclafif @V'&}ﬁé{&@ﬂfé'fﬁéﬁﬁld s@&ﬁﬁ'tﬁ&l@%e&l%a&%léﬂ%ﬂ@ﬁ&k@d by

usi ng the proteol ytic agent, and the mass spectrum of the protein cleavage
pr oduct s, ereby the re es protein cleavage products on the
protein bio ﬁmbn rmftla (gqucgl %lr%lst Ct%%e test protein. 20 56. The method of
claimb55, further conmprising: (f) repeating (c) wherein the sel ected parent
i on peptide does not correspond to a protein cleavage product predicted
fromthe identity candidate; and (g) repeating (d) for the sel ected parent
ion peptide of (f). 11 JUL 2006 76 57. The nmethod of claim50 wherein the
test protein is a protein that is differentially expressed between first
and second biol ogical sanples. 5 58. The nethod of claim57 wherein the
first and second biol ogi cal sanples are derived fromnormal and

pat hol ogi cal sources.



