WD 2012/ 0268871PCT/ SG2011/ 000298 PEPTI DE LI BRARI ES FOR SCREENI NG AND OTHER
APPLI CATI ONS RELATED APPLI CATI ONS This application clains the
benefit oloApizobés; 201006269-3, filed AUgust 27, 52010pcemscroii@dod®Pept i de
Li braries for Screening and O her Applications,” by Lee, et al.

i ncorporated herein by reference. FIELD OF | NVENTI ON The pr esent

i nvention generally relates to various peptides and particles, for exanple,
for use in screening of art| cl e- based pept i de I|brar| es. 1OBACKGRC1JND
Screeni ng of @ERIXINnd z e FOR Bt R P )

power ful and effectlve met hod for the rapid |dent|f|cat|on of synthetic
| i gands agai nst nol ecular or cellular targets. In pursuit of high

t hroughput screening of OBCC pRELATHD APPLIEATIONSt arget nol ecules, a few
exi sting problens need to be addressed. 150n-bead screeni ng of the OBOC

library is of t enThislapplicasion clagms thedrepefiterfcplf Nord HOR62G%2: fP‘é:Abghﬁﬂﬂgs

b h
scr eeni g | P15 SRR bl LR e U OBLASBIGREM BurBert®ena o
bi nd to t heinpefpotatabhezeintbai rofefghca. nunber of positively charged am no acids.

Anong those, such as arginine ( iﬂ)ﬁhﬁm newgve&gand hi stidine (H), the

occurrence of Ris the nost 20ra N prior studies on
profiling the se mai ns
have found that  LPopEren SRRAIL Eoldy ﬁ{%l%%“%%%‘ R e, 1T
are rich i nexpagileifuehsy iohaegedg afipartcladiagsl pdgoide libesics.ng, however, it was

shown that the positively charged i ds_residues contribute
mi ni mal} , if not none at all, to ggé?ﬁﬂ%ﬁ@%png Thi's phenonenon was

largely attribut g&e&ﬁngeﬁoﬁmtcmeooegéloﬂ& b g,gmg%o%%w PgbREVREN the
target and the lig De novo sequencing o des an proteins is a
wel | - est abl pewatul ralml hffdctwetrhetho@forahn:mpahlxdentifmanhe ot sygghatic 1endeaprinsy
peptides, the in str edlsto bt ai.n the mass a of 2
er e o pRBIoFer pf et ke gRE omT, Sk B bl e bR pEBBAK el
Sequenci ng [isratiBeRitH et RASIBELISN a R eﬂisﬁ{l%bﬁibfe%é ﬁbemse ¥@lrbgsd.of 30
fragment ed peptides from M5/ M5 spectra nce ficiency and accuracy
depend X gni fi caﬁnfgﬁa@ﬁcmmng}gﬁﬂhﬁw(é@ 1tbh@ywm @r}e@ablato intesfasenpedram so a
few other c n ciat Qni zat i.on eff|C| nc d_range
of parent rrlg(ggggp cootfn(ﬁngd§§§llg%nn% (?l‘(”mtlv\(ﬁi Elh %f bﬁgtan}H li\/%ﬁ‘?\?sy Jin
MALDI - TOF/ Tﬁﬁs&@ﬁehﬂi@ﬁﬁﬁ)r@ﬁ@orﬁiﬂdef@lsv&It)ébdil@:ncas Wabst protein targets tend to bind
2012/ 026887- PCT/ SG011/ 000298 and unpredictable. The signal intensity for
MALDI - gener ®ttBRIPERSIsles P%nt@}nfngr?c@%bﬁr@f peglj¥slyrcharged prioaCiso panensthoss
pepti de seq .(e.g.,
guani di ne |%ﬁg%g|§rr%1%g§® %gt e(kt) g%%ﬁé% Ctﬂg[)g&é&gl%%:on Eisre@%s ‘r?sucture of
a part i2ul aranmpept i Kbe example, prior studles on profiling the sequences specific to Src homology

2 (SH2) and PDZ domains have found that protein domains tend to pick out many hit
sequences that are rich in positively charged amino acids. Upon testing, however, it was
shown that the positively charged amino acids residues contribute minimally, if not none
at all, to overall binding. This phenomenon was largely attributed to non-specific

25  interactions occurring between the target and the ligand.

De novo sequencing of peptides and proteins is a well-established method with
high accuracy. In the case of sequencing peptides, the main strategy employed is to
obtain the mass spectra of a series of peptide fragment ions of a peptide with a known
parent mass. Sequencing is then done based on the difference in mass values of

30  fragmented peptides from MS/MS spectra. Hence, the efficiency and accuracy depend
significantly on the quality of the MS/MS spectra. There are also a few other common
problems associated with ionization efficiency and range of parent mass. The peptide

signal intensities of MS and MS/MS in MALDI-TOF/TOF experiments are often varying



50ne of the nost serious problens associated with MALDI - TOF/ TOF- based
sequencing of OBOC library is that the peptide fragnents containing acidic
resi dues wendi#messave | ow signal intensities. The negat ipcglsg2echaneesl gr oups
reduce ionization efficiency and in turn cause | ow signal-to-noise rati os.
There are existing nethods to inprove the peak intensities of peptide
fragnments containing such groups, for exanple, 10 enhanci ng MALDI - TOF M5
signals of a peptide 20- to 35-fold upon picolinam dination.

Pi col i nani dansegnipsedieeblgmilhe sighaliptensity fos MAEPE-cenwatedionsiis pifunstipniohi dat e

tetrafl uorobhQr [: i ' [ i ' .de:

triethyl oxo%?’ﬁ%tl Fné%%rﬁ é‘fcpﬁ)gf%%%%rggpgﬂd%%gq%n? é(;gr ﬁ‘lfh%gésbljgﬁ %’%gln%g%teicgaergg r?gf}he and
the epsi | onresidiue Ce.gl guamidifie irysigtitne)i lehgthigeigshoblittyahveosiiatrpaadnieaghi on.
O her approaches include the addition 15 of coumarin tags on the N-term nus
of peptide PHHFHAr RERtER coul d potential |y enhance the signal intensity by
up to 4Q-fold. T qugg% el i et b f the
N-term Elkus of th@ﬂgggﬁé e c%al ns.p@%glﬁsssbﬁéﬁgﬁiﬂlgﬁéém rﬁa)g{a]?lit ggs i gand-
or capture sgeatcingbd®BOCapirhaiciathatis peptidg fra@ents icbiitainyhgaaidit rastduds ednd

nodi fications m ght ,ch%glge t.he Iigand-sul?st{late bi ndi ng nodes. .

20Accor di ngloyhave i S\gBAIRIeRSiIES. s EhcRagp Y b Fhasged ZIoYRRIeHEOBR81Ub pound)

conbi nat ori j } i . ded R :
@i{ﬁcle'nlp{' ahd BSA! &usd low m?l%ﬁ ds: %lsgik‘l%femé ;fﬁlgre are eﬁ(%ﬁg?@@@%?é teoxarrpl .

invention generally relates to var S pept parti
for use in Bupreenihegealf intensitics lo€ peptgledragepnisdentaiking suchsgrodse fs whamptle,

mat t er 25 the pr i t.ion ipnvolves, .in cases, ..nterrel.ated
roduct ) afthepriae REE DR YR s o pentas Par PoRoRTL ARorob BRI | 1y
of differenpicHifamidina@Be oPEmiTRY BodSih PePBti @R &Y ety tpicIBfnidate I'n one
aspect, the present invention is direCted to an article. In accordance with

one set of wibBdmbenats whikk issynthekiged Groprniedmamignand twiethyhaonivg a pept i de

attached 30t heret o, havi str.uct . _where, Mis net hi oni ne residue; Q
s oroup. teirasorgoeR T8 R of i edtiie Suffb e el &85 of
spect r onmet r Wisin¥ v NRAEEE $hedatveimahtidnéd @€actibh.N Ot afprogted URpuderthé dditioV\D
2012/ 0268873PCT/ SG2011/ 000298 positive integer; J 1s an endgroup; and Z is

a spacel | of eymariatpgiomiba Nstermpingg of aepfidesdeins whichygruldepotsnitialiy eplepsice i ve
| nteger greglef ntaf]i%'ﬂengﬁ gg;dﬁlto HQ-nglga r%ihgseaé?xﬂtaﬂc%heﬁ%asg%g:sagggwaet qts, the

article conprises a co on o Icl es having ached
t hereto. At moddRutieoRtheN-teh@inus of el feptidayhaimn Sites isasasdnt uralkesiyabdd fopne type
of peptide. The collection of ggrticles may, includipat | east 20

di sti ngui shH&ine- Py ARsuTs pEpRipelatrd appligations pHee PAQG dbesy ansinichialpept i des
have a strughuf aﬁ&&%fg'h%mfgé/h@%ﬁé:s&é%Bfﬂaiﬁgm?odegt.o. where Mis a

nmet hi onine residue; Q1s a group to enhance i ntensity and/or
sensiti2lty of nAssordimett imopevementz'to sgeaingefOROC0wat-badd-oncbmopowmds pacer
t hat does not cont ai ;2 natural.ﬁé- %c urring amno acid residue, where nis
a positive PRRgRrg} et arg sl pge Sé'ual to 2 when Z is a spacer; Xl, X2,
X3, X4, and X5 areeach independent!|y qmin@ARGt d resi dues excl udi ng
arginine; and J is an endgroup.

The present invention generally relates to various peptides and particles, for

example, for use in screening of particle-based peptide libraries. The subject matter of
25  the present invention involves, in some cases, interrelated products, alternative solutions
to a particular problem, and/or a plurality of different uses of one or more systems and/or
articles.
In one aspect, the present invention is directed to an article. In accordance with
one set of embodiments, the article comprises a particle having a peptide attached
30 thereto, having a structure:
(particle)-M-Q-Z,-X-1I,
where M is a methionine residue; Q is a group able to enhance intensity and/or

sensitivity of mass spectrometry; X comprises a plurality of amino acid residues; n is a



15The article, in yet another set of enbodi nents, includes a particle

havi ng a peptide attached thereto, having a structure:

(parti cl eyelhR/BassXl - X2- X3- X4- X5- J, whére Mis a net bicosicneessiue; R
is an arginine residue; X1, X2, X3, X4, and Xsare each i ndependently am no
acid residues excluding arginine; J is an endgroup; and Z is a 20 spacer.
In one set of enbodinents, Z nmay have a structure: O The article, in
still another set of enbodi nents, includes a particle having a peptide
attached t hpositivg integef;dgs an sndaneupyaed Z(ipaspacet. elp-somélemdddBend-Zbase Q- J, 25
where Mis a _nethionine residue; X, X2, X3, X4, and X5 are each

i ndependent F?/'uc no aci d residues excl udi ng arginine and cysteine; ZT, is
either a coval ent bond Qr @ spacer that does not contain a
natural |l y-occurring a ﬁ hd residue, where n is a positive integer when
Zis a spacer; Qis eFPth majcoval ent bond between Z,, and J. or a group
able to enhance intensity and/or sensitivity of nass spectronetry; and J is
an endgr oupwhert 1\ 2 AN G2IBRFFPETASDAN b 6NGP AB3. I n anot her set of
enbodi mepts, the _article conprises a parti.cle having a peptide attached

t her et 0, havi ng 5“%‘Nﬂlﬁﬁsﬁ“r(ggp‘(bﬁg%‘?‘?rﬁ?’él}e-‘I\W@?f-o%é’-r‘ﬁ%s-%ﬁl{%%mﬂ9 payticigher e M

I's a cl eavaphng h&tRles hRahed Sieretd . Alleastdme’stih@Piiicles AhE c6RGH essential%yl i

i ndependent lé Samno acid residues excluding arginine and cysteine;
ei t her a covhbrmtypbohpepoide.a Thpaatactiomaf paiticlss may imadbwmdesit heaat 20 distinguishable

natural l y-ogcurring. .amng acid residue, wherein n is ositive integer
when Z ig ayé’ﬁ%lg%?‘?%t%e?’é”q’c?fe[t;l?gpmilck&?ﬁ?g}ﬁp%’gﬂﬁ’ }l?gf"\ﬂégﬂa ™ and J, orga
group abl e to enhancepafi@esM-@-BoR-XF-3gexsixPijvity of nmass spectronetry;

and J is an endgroup. 10l n another aspect, the present invention
enconpak®eswheteldds 2 stethiering iesistve: Qris argrasipaiblet taenbarise diteasitysindéscr i bed

herein. In idd. the_present i.nventi.on_enconpasses t hods
of using ongéngirdvrlﬁgggg%sg g%é&%ﬁn%%i rf'el?lg léheagscc?y?lﬁléﬁmﬁ’groéf‘ﬁr.’acffnﬁﬁ aool‘?fvrg?ﬁt ages
and novel f eattsih@mafralirecquieseahinoni¢éRivesidie, Wieke B acopmiaRAlget grbdteim t he
follow ng detailed description of various non-linmting enbodi ments of 15

the invent i BRNWAHERAE Eh VER &dis PAPRSSHjUnet i dn Xn el Xhare sedoingerpnpiderilyf i gur es.
I n cases whgte |t %EE@P%CW%%%?;& Qﬁldg&cgnaenq%%gpgnt i ncor porat ed by

reference include con I nconsi sten cl osure, the present
speci fitation shdh¢ agiolt iroyet ahbthéneet of embrdimems Linelndss 4 peeicip bavingd by

reference incl %‘ge conflicti {}l??é,and/or i nconsi stent di sclosure with respect
to each ot hBYPUdERERhef thegeie avime HsiHYCt he | ater effective date

(particle)-M-R-Z,-X'-X2-X3-X*- X5,
where M is a methionine residue; R is an arginine residue; X!, X2, X3 , X%, and X’ are
each independently amino acid residues excluding arginine; J is an endgroup; and Z is a

20  spacer. In one set of embodiments, Z may have a structure:

The article, in still another set of embodiments, includes a particle having a
peptide attached thereto, having a structure:
(particle)-M-X'-X2-X3-X*-X5-7,-Q-J,

25  where M is a methionine residue; Xl, Xz, X3 , X4, and X’ are each independently amino
acid residues excluding arginine and cysteine; Z, is either a covalent bond or a spacer
that does not contain a naturally-occurring amino acid residue, where n is a positive
integer when Z is a spacer; Q is either a covalent bond between Z, and J. or a group able

to enhance intensity and/or sensitivity of mass spectrometry; and J is an endgroup.



20shal | control. BRI EF DESCRI PTI ON OF THE DRAW NGS Non-limting
enbodi nents of the present invention will be described by way of exanple

w th ref ewenoe/hessthe acconpanyi ng figuré%j whi ch are sebewezon/cands are not
intended to be drawn to scale. In the figures, each identical or nearly

i dentical 25conponent illustrated is typically represented by a single
nunmer al . For purposes of clarity, not every conponent is |abeled in every
figure, nor is every conponent of each enbodi nent of the invention shown
where i |l ustrati bnadoshenset af edboduments. sheadrtioly compsisesaf pastielt havipg siieptidé n t he

art to under t |n In the figures: Fig 1

i |lustrates? g&glwr VE‘f@%%ﬁE ed by a ball) conprising a peptide
sequence. 30 in one e(ﬁmléyem SoExd- b(é_x“nxézp.uRop, Figs. 2A-2B
illustrate mass spectronetry data for gﬁptgdg co gi3|g§1FLVFK (SEQ I D
NO 2), in wkesMabacioivabledinkeriepdus:nentK oX - theandrsereicash indggsndently

data for a AR RS BoNar SeRRRR TRRTCRE TR Lol AL ARAERRF G4 T

anot her enmbgglicarethht dfes hbeconmie Bhhwrlly- occurrEig%qméAcﬂBesldideU sthefdi®n @5 S
spectronetry data for a %bitlde conprising FYWDP (S % D NG _4),

accor dance RPYHVEBicZehyheif 153 ERMETIENS cHheia RO Valepbbanddietwem %rsandSIADBB
| | ustrat F EQID
No 1) ot BRRD ARRAGRATEL iediR) And Rt sdhsRER 5 SOl S AR (5

Fi gs. 6A- 6Benddragtrate various font histogranms for certain am no aC|ds in
accordapce with yarioqus enbodi nents of the invention

illust rg(fe cert atth®|9 eﬁaﬁﬂeggdlgﬁorffﬁﬁqng}l}l(ﬁn%b?r}caglpggaﬁ,gﬁép SPB“@E{ngI@eé’ﬁot her
embodi ment  gford HEht BYBHEILRRIs described e, M'tﬁlBam'o{He}'% el ﬁleﬁP &b thvERtion

blots, respectively, of peptides in accordance with certain enbodi ments of
the inventi gmconmasBang:th(@ls of hsisg ppe esmareraddlee ervbodivieatselesmibed heresty nt hesi ze
certain structur n ac ordance h varl s enbodi ments of .the invention.
15BRI EF DESCR PTG A vep(gEe %{{E‘N& a‘é’é@‘l’ AhR pFeSa RV aRGops T I e¢Gnent of a
pepti de; SE@ﬁaEédN@onﬂthh $olﬁi»ME§deﬁllEd AG0R orpéf rRaP ho sl miiERhbbd¥dend dfs
W.WKW a fragnment of a peptide; SEQ ID is FYWDP, a fragnent of a
pepti delS 2@edE@nfipn Nben som%dem:m\qqnmcﬁmawbﬁhe gicomppeying ﬁeureSEQn ¢DENO. 6

S LYFRRM/ nment of a
pepti de; h%%acﬁﬁﬂ%gen? aé‘,‘ ggd ?rﬁg%rr%en tll\ll%f)rporat%d % ?’deeeregﬁednlch%%a 9is
KFRFRdY, a f cagliaitg oid/or ifwpbisdat diaﬁ&ﬁ@ lthe ﬁi@senlepdosﬁc@t?ﬁﬁhﬂr’all éntrofgIfeRb of a
pepti de;

or more documents incorporated by reference include conflicting and/or inconsistent
disclosure with respect to each other, then the document having the later effective date
20  shall control.
BRIEF DESCRIPTION OF THE DRAWINGS
Non-limiting embodiments of the present invention will be described by way of
example with reference to the accompanying figures, which are schematic and are not
intended to be drawn to scale. In the figures, each identical or nearly identical
25  component illustrated is typically represented by a single numeral. For purposes of
clarity, not every component is labeled in every figure, nor is every component of each
embodiment of the invention shown where illustration is not necessary to allow those of
ordinary skill in the art to understand the invention. In the figures:
Fig. 1 illustrates a particle (represented by a ball) comprising a peptide sequence,
30 in one embodiment of the invention;
Figs. 2A-2B illustrate mass spectrometry data for a peptide comprising FLVFK

(SEQ ID NO: 2), in accordance with one embodiment of the invention;



SEQ ID NO 11 is YRRWR a fragnent of a peptide; SEQID NO 12 is LYFYKR
a fragnent of a peptide; and SEQ ID NO 13 is GRFRLF, a fragnent of a
pepti de. WBBMABRESDESCRI PTI ON 30The preseht invention geaersahp/onehat es to
vari ous peptides and particles, for exanple, for use in screening of
particle- or bead-based pepti de libraries. In one aspect, the present
invention is generally directed to articles including peptides attached to
one or nore particles, which may have structures such as

(particle) - M Q 4FisI3 AN lubtcdte nass M@cﬁ@ﬂaﬁﬂrﬁ)ﬂﬁtﬁ&?ﬁﬁ@ﬁéﬁtiﬁ&ﬁﬂ@ﬁ@m@MBWKw

(particle)- 2: X3- X4- X5- ], article)-MXl - X3- X4- X5-Zn- Q J,
(particle)- kﬁ@ﬁ%@é WAL Zﬁceﬂwjh&g‘{ ere ngeryof ?’eamﬁ%‘f Y9ni ne resi due,
M is a cleavabl gidsi nkey ﬂl%%ﬁé‘ﬁlasgﬂeﬁtr&nglr&ﬁ&aefpﬂ @péﬁld@@gﬁi@ﬁﬁngm%# y
and/or sensitivity of mass spectronetry, X ctonprises one or amno acid

resi dues, n(SEQID3Ydshit inascondaregevith yetianother emhbdintenbofitie mveatispacer, and J

SO F SRR s AR OGRS (T RO R e R °

nmet hods of (BE@EDNG )aintdcebidincetwith stilPn KRR BMIh&R o ke ifl&ntion; a tar get
mol ecul e such as_a protein, for exanple, for use in 10 screening of

particl e-based pEigsi @-6B Wustrate variaysifpnt histagrams fpeesraindminhacidses ent
i nvention gﬁ&l‘t:ﬂ@alnk:é/ tﬁlvﬁh s{&n%rﬁggg oﬁher{gkémlgpsuch articles, methods of

pronoting su S 1 nvolving suc icles, or the I|ike.

In one aspect, tE%sp?&-ﬂ@hﬂlul;tfe\teaértaﬁiﬂpaﬁlcggBellhghbmg@b}ﬁtﬁlétseéuérﬁe JAankt cl es
conpri SL&Q one, or rg()?re pept| des attached thereto. It should be understood
t hat . us &RPthRreaIgediment oF e r}PY"d’é‘mi s not to be linmted to only sequences

for ed from onl y et 4l MnQERUSPR AN BRI vBRdof HBRSPH lEo e al so

i ncl ude unnatural "am no aci or ot ehen € 1 ncorpor 4t ed
within a pewﬁﬂmtertamembpdeﬂlmmasﬁthempmmlanq an -NH2 noi ety and a - COCH

noi ety that can orated Vvia tid bonds into the peptide. e.g.,
in a linear fashP’@nbnﬁ tisia reackign sc‘%?{) g SH@;?FF%I‘@§‘”WB“F#&SS

spectrometr X&coﬁlaﬂ@@%&hwﬁgﬁsaénﬂﬁﬁuﬂ@ﬁg o?ﬂl@llﬂ\;én'ﬁgnsucr‘ particles, for
exanpl e, in screening of particle-based peptide |libraries, my be enhanced.

In one Eet of enbodi nentBRIEEé)EzﬁibRIEIEIQNt(bEﬂ“HESEQIhENmEﬂ ein may include
a cl eavabl e |i nkggresi;due. s methioni.ne), .a group able to enhance
intensity and/ orgggr@%@ ?fwmsasge%’é??%ﬁ@%?@ff or exanpl e. arginine or
an - NH2 i ety) SEQMH NOPD W BILVEK, eraéﬁibﬂt%ﬁ%e%nﬂ@s' dues. In some cases,

t he peptide may al so 25i ncl ude one, nor e (g%acers In somne

enbodi nent s, t heSEQAPANG: dés W&Wmtaafr@graem@farpapm occurring amno acid
(gt due 10 one s eherbah IR L SRATSTIBMRY § SLIUCUTS
i's ganm@ 30 ami nSEQUDYNOES @SIYMKFR)YKGI\Bégment of a peptide;
SEQ ID NO: 6 is LYFRRW, a fragment of a peptide;
SEQ ID NO: 7 is LRLKYR, a fragment of a peptide;
SEQ ID NO: 8 is LYRRFY, a fragment of a peptide;
SEQ ID NO: 9 is KFRFRY, a fragment of a peptide;
25 SEQ ID NO: 10 is GRFRLK., a fragment of a peptide;
SEQ ID NO: 11 is YRRWFR. a fragment of a peptide;
SEQID NO: 12 is LYFYKR, a fragment of a peptide; and
SEQ ID NO: 13 is GRFRLF, a fragment of a peptide.
DETAILED DESCRIPTION

30 The present invention generally relates to various peptides and particles, for

example, for use in screening of particle- or bead-based peptide libraries. In one aspect,
the present invention is generally directed to articles including peptides attached to one

or more particles, which may have structures such as (particle)-M-Q-Z,-X-J, (particle)-



7 wo 2012/ 026887PCT/ SG2011/ 000298 In sone enbodi nents, the peptide may

i nclude a cl eavable |inker residue, a gr ép able to enhance intensity
and/ or seN®I201Mi268870f mass spectronetry,” an optional spRCESG20W1H06298
plurality of am no acid residues, in any suitable order. For exanple, the
pepti de may include (extending away fromthe surface of a particle) a

cl eavabl e |inker 5Sresidue, a group able to enhance intensity and/or
sensitivity of mass spectrometry, one or nore cers, and a plurality of

am no aci d MeQr&u¥sX SfdXa o thprttip); MtReop¥ pii 513% Xa% 1Jn(13|amfée)d\’1&1(erabl e

| i nker resigu ralit MTPL €& acers, a
group able g gqen’?aﬁ’té Ja "’éﬁ%lg“}’? %o?gsg éﬁeﬁ %?’yet%f Sp%g{eﬁg?r%'fl?y
and an endgfegidae, M istd\@epaplel itkerBeyidubal) e g@dup |a6ﬁ\t@|éhl§hn|cé eedsityenidue, a
group able to engf}nge 10i nténsg&ind/ or sensitivity of m%;s l;pectromstry,
a plurali tyse@ﬁltlé( AHMAES PeFean CRIABIIEHIONY OT FOFLABIQESITesidhes. ans 2
9T OURs it AEeRRZAL 8B eRERPa kol B8 s LB RlR TN syl 0L e
conprise a @hb@ﬁmeﬁﬂﬁﬂﬂlerspai:epﬁiayI?mepSllsI@;lilst@Sctlﬁl@syﬂi &yl ene, pol ystyrene,
silicone, polyfiuoroethylene, polyacrylic acid, a polyam de 15(e.g.,

nyl on), pol ycarbonate, ol ysul fone, pol yurethane, polybutadiene,

pol ybut yl ene, pol yeth e, polyetherimde, polyphenyl ene oxide,
polynethylpentene ponvinWI hl ori de, ponvinyIidene chl ori de,

pol ypht hal Ien | £1de I h t her ket one,
pol yi m de, a&qe?%e}fg mg} @qnafné’%%tﬁo ernegglly l? %)egty Inéeglg()&é Otf gmgesugh %rggf%

plurality oé fr%xpd@fg tﬁaﬁrttwe ws@euargeaﬁmdcmessum aSapRAein 208 6xdpI6Y for use in
substant i aIIy a of the particles may be the same. For exanple, at | east

about 10b sereangngsel napiRle-bawdpeptidg lé%r%eSab%dk otheraspegts P%%preé%uw%w at
| east about
000 ar | ooy Bbialstif the AR B1 oflihe Boh R, ARAMS BP Blonftiine A% aBORLL

the sane shiipeinvaivitigsuchayiclyer theéiksane conposition. 25The particles may

al so have any shape or siz For i.nstance, the partlcles may, have an
aver age di anet erﬂbqnq asBeCL+he ATes ey dRVeRtigh pgensralindirspted & parfiRles corpBRISNg  nm

or less thag, ea&%ére%gglldi@s%ﬁ%}ﬁed th&e®, tlh%u?&jpé‘ﬁrrd%%odg BEORSuseli feReif han

about 100 m crons t han about 60 m crons ess than about 50 m crons.
| ess t hidn atpeptidellis mbtiodredimiteb® dnlaseqabmes f@Medifomonsly Hagsslly- becrunaing)ut 25

| ess. t han, ab less th 0 about , 3 |
han about  MGEE, Aee PO EROTko S6DRkRuel SR Pektsont OB AP oas

than about @@t é’HﬁlbeQEcdrﬁéxﬁteHhﬁﬂuﬁla% tidd e elaiﬁ@np@&ﬁpﬁdlﬁ%sarmsJHbﬁl&ap@ﬁa cal
or non-spherical. The average di aneter of a non- spherical particle is the

di anet er ofa aCORB VIR G2688TBPOTIBOoRtadlyio PEPSR heads inve themeptide.Iszaviing t he

same vol ung,. as no herical, particl nbodi nment e.particle
o5 spher i fBfis”  SRE R oy e penleS Wi TS SRR e Sl
parti cl®s hebthingd p&ph batdsziag bashheetidlae fateample, iit@sdenipne patticidhbadedar e

different fromother particles in the collection. For 5exanple, there may

be a col | ecPanyde bibrasigstmey baserhaaeed dnsne setif cabodimenss. [the Reptide attache tof
pepti de, \'\hffl%g)r(;t@l?x I{?@Pﬁlbﬁﬁé F%L%v%é Lﬁk Hosi B %ﬁ&f sg{l t:hﬁgl?ﬁaei)soé%uﬁfabltqu

particles rary suc as a sone
cases, for ehamy @tentineamisbd seatitioiny of mpsy dpectr@setrpifon example aagminea;san 10, at
| east 20, at._Jeast 30. at |east 50, at .| east 10 | east, 300,. at | east

1, 000, at aﬁ&éljgfnoset@b@n d g plugplity of amingacid sesifuss ﬁgﬁﬂrfsﬂr@a?seﬂteﬁ@é dgymay also
pept i dess 1i‘ﬁcﬂ3ﬁ9%ﬁe szvooéth&%r a&fd. 'ﬂn donetéﬁ?ocﬂ'iﬁleM@ lthe %ﬁc@ﬁ@@ﬁ%o@gorﬁéihtaabl €

techni ques for produci ng an afray of peptides and attaching the peptides
ont o parti chassrallywccering amimsndnd reseiues In vhesq ep emtedingntsbe spactamhe davem a

particle using a..
H @]
ey
m >

where m is a positive integer. For example. when m is 3, then the structure is gamma-

30  amino butyric acid, or GABA.



cl eavabl e li nker residue. Methionine is one exanple of a cleavable |inker
resi due, although in other enbodi nents, qther cleavable |inker residues nmay
be used. WwomesIcases, the cl eavabl e imker residue PETSGREMAISS upon
exposure to cyanogen brom de. OQther non-limting exanples of cleavable

| i nker residues and correspondi ng cl eaving agents that can be used to

cl eave the cl eavable |inker residues include, but are not limted to,

BNPS- skat ol e or 2-(2'-nitrophenyl sul fenyl)-3-nethyl-3-bronoi nol eni ne, which
cl eaves at tryptngoae qnibqolimenss.i theipeptide onayi incladé d cleapdbdhliokes agsadueas

t d- pr ol 20 Pr o b d | ch
Cl baves at HOPRAAGIHEERGE MR BY B R REERy ecl O B Spriot ©
2-nitro-5- tiﬂa@&yﬁMﬂmhy oﬁ&hmo(albﬁm&lduw hp&hyCduﬁaM%rcacrr By s&Qintie, (KY'S)

resi dues. I n sone enbodi nents, the peptide may include a ?roup abl e

to enhance paptidasiayyinelndy (extendingiawayifrm gfe svefeee efyepariclaba eigavableylinker or

d f f th d I E
excampl o> ¢ 5 QR AR e T Ao o SRS e L DB AR B obP e

herein. As mbftegpa@efarﬂahas}almhh@ chamiﬁo aEy résaimsanwaw@nyg@hp,rtge@eptme BHNPri se
a positively charged residue, e.g. Iy5| ne (K) or the group nmay be any
sui tabl e gridalnde palcavahle linker’ rB~°r1€1>1F15! A@IurAlity &if anyingpoid resihies ONE OF BITRe t her ei n
(-Ad). Ins riqti.c
Coaks i s TP 25 2up bHE OLAMACIRNGRRy HRBL LA Gic, O BlakRbRbAEFE Tl
satel lite parlgtoupt or thé paplidd maf rmgimm&embitaamhemsmne, aeroup alﬂe cmermagcml ne
or other sujtable groups.. Brom ne nay be useful certain egbod ments due

to the Whar WDty ang/er %S’PSIBVE}%PE%WWC%H?}FX g’l&ur@ ofjaingpcid sesiqussands 79

and 81 anu Y ah Qxfc%trblf cation of fragnents. Chlorine may be
simlarly %&Om%qg‘gl%f?%é%g@ PCT. szjill 000298 useful because chlorine
conpri ses two si Thd partipler(bi ‘Gread’ Ofma%beaﬁmned?oﬁmy éuﬁablemweﬁab,rdepa@@ing on
identificatjon of frag cont ai ni brom ne

Eent ul? sui t abl e y

andlor - cht ol ABPHEOpar HLB I e paieSBrs COBPETh AR AN B & PRy mEh S
sensi tivi tyas%ow@ﬁyae&do%ryrs@@kr Mlicdre, y@&n@%e&mﬁélmﬁcm&bm aQuBabhgd not
al|) enbodi ments, the peptide may include one or acers. I'n sone
cases, the @]@OMQH)V\MMC?{I})@%&]mOIYﬁ’alfOIt@elels(mthaneimy i¢ngepelybutlenease t he

f th d
formi e di Bl BbuaHRoPR eBma o he PR Sk askistPuy ety psBiPermy "2l so be
connect ed, pcﬂyﬁhmhlo@ﬁbqsbly«aﬁylﬁdenbyhlana@\p@hmthmﬂﬂe ;ﬂdwprmeﬁgeﬁe anﬂ@al nents,

the spacer may be chosen to be conmpatible with am no acids ?p
conpri si ng BalyestgnRPotietherptherketane, mhum%mﬂynetbﬂmqﬂaacyliafe% The

:.”CC” porate olﬁfn%pgl%Ré Hleso%“c%'s&gagaﬁuhﬁg o%ﬁérfncf%g {xﬁ]alg%e%é’& 'aﬂS)m S(gn seb N @

i near fash wever, In certafrn 1nstances, acer e ¢hogen to

i ncl ude2unngnil, @k substandiakky altlsofalndpaticlaoman bp ke Men@oaemmpleemgea,st dtouavoi d
conf usi on vvlth ot her am no acid 15resi g ues present w pepti de. For

th
exanpl e, i nlGReatdeast groubABGarieat aboyt Hl”s ghle tah%‘ 5&#%}5‘1‘ Peé%t ago'étt Qfetdire: o
where mis Eaa%ﬁb&ﬂm a'i'le%%r bout §09% Ol Be SRR 96‘%! at 1&59%& 95"% blnétqg&'f

greater than or equal For exanple, mmay be 4,5, a
speci fi ¢ exabpk 89%iaf tipardeles oy have the same shape, and/or may have the same

composition.

25 The particles may also have any shape or size. For instance, the particles may
have an average diameter of less than about 5 mm or 2 mm. or less than about 1 mm, or
less than about 500 microns, less than about 200 microns, less than about 100 microns,
less than about 60 microns, less than about 50 microns, less than about 40 microns, less
than about 30 microns, less than about 25 microns, less than about 10 microns, less than

30 about 3 microns, less than about 1 micron, less than about 300 nm, less than about 100
nm, less than about 30 nm, or less than about 10 nm. The particles may be spherical or

non-spherical. The average diameter of a non-spherical particle is the diameter of a



20 enbodi nents, mmay be 3, i.e., the spacer may be gamra-am no butyric
acid ("GABA"): 0O However, the use of GABA as a spacer is by way of exanple
only, andwprotwr®ess’enbodi nents, no spacer® nmay be presenPCT&GANIAN0ERISpacer
may be used that does not 25contain a naturally-occurring amno acid
residue. Other non-limting exanples of spacers include an aromatic group
(e.g., having a benzene ring). For exanple, in one enbodi nent, the spacer
conprises ortho, meta, or para am nobenzoic acid., . There may be 0, 1,
2, 3, 4, orbfsst mhﬁé%haym&@w@nﬁw@me asfthepecanhsrigglaagiele. Infongpre than one

spacer is p&%ﬁ&ﬂhreg%ﬂ?eﬁ?ﬁzﬁ@fssa gri%gﬂ%g&ndently be the sane or different.

30The spacers nmay positioned next to each other in the peptide, and/or
positioned in 1 M2y, BR6EMEy P TOER DL bf PARIRAS hdiing eeptideslagaeiedons i n
the peptide. In some cases, identical spacers are used to sinplify analysis

of the resufberaiy aiisasksqme .l dnehsare differentirpm gthst pardicies inhg <qllecsionh For
particl e m 1 i ] i d: | | e,
Phe popt el e bge ph o Syl ifoeRioiRa0Y oA inf GSLelR, of e |SHEGE
16, 17, 18, pdideawbkirothe2fptides ate diferémrbetxanyat kastt domepd i phetictay elpavte 5 or

6 ami no acid resj.dues. wever, . i.n ot her enbodi ts, the peptide nay have
more of § wEFHEERSUSH 5 EEFRAsAID R 1 HEPSAEE. ISR D ER e 4 and
10 am no achgirRes hdyesciidea §ist A1) at REstROPLI 1855 30NE 1811 510 affehd 108S4dLiRs MaY
be naturally occurring or non-naturally occurring. 10 The

"nat ur al | y- 3& at leastd .G atdeast B0 orat laastel). ) dstmguasheble igpe20f peptivesaci ds

commonly, found in nature,.typically.in the L-i .. l..e.,.alanine ("A a"
or Ay 10 o Yfte ol opdghy Siifh ih e 1t Wil e e, o syt beelpiabg T PRdHGRe PR aci
("Asp" or "y o@e)pﬁ@ésrb@ld_(a{h%ﬁgﬁfep'egiaes dikdipatitiee ("An" or "Q'), glutamc
acid ("Gu" or "E"), glycine ("Ay" or "G'), histidine ("H s" or "H'),

i sol euci ne ("1 eln ¢artam embodimgatsfae pentislg mays be'attarhed tp pratiqle ugisg a150r " K")
met hi oni ne ({" ! "M p J al ai. (" Phe} “E" roline ("Pro" or
"oy Oaer nelle Bl Mslaus PREROBLE 1DShd exaliple o qlgvublcBet Bfidke 1 5 27 o,
"W), tyrosaldugh Ty stheogmbodithentssthatalléaveble 1iMRer refiués\iay bd iised0MEs@ASES. an
am no acid that can be_either asparagine or aspartic acid is referred to as
"Asx" of> " Beaseiing deayablerinker weidye ivfdeavabls upen xpasere gicyeRagFREreRidgl ut ani ¢
acid s 1 ef i lod iniine atmpl&l ok HAvaBle HnRBL Gl SHERGB U AACT O

as used herein, Is an amno acid or an imno acid that s not “one of the
nat ural am agenscthatscan [Homsed twi didang tlexdegable lmketmesidtier iatludenbuoa@aiodiniited! ude

al | oi sol euci ne, . al | ot hreoni ne,. honmophenyl al ani ne,. honoseri ne, hanocystei ne,
5. hydr oxy |yt BPSSRRK s o GRS GOk R BroRErEpIBe OO Eh aci
cycl ohexyl aljajNene; tr%tﬁ%ﬂé&'((g?%)r}@si%ﬁét%{fo%ﬁd R8d, VAREY BlehN8 at ApafficRRIUENIhE

aci d, 25beta-am no aci eta-al anine), N-nethylated am no acids
such as2(N-  @sphBroy bgmidadonds: impdioyly kaamd., vdichNleasteh gl asphiagime-gij-anet (AEnt@LYI ne.

N- et hyl i sol i N- et hyl J in. N:-net - 2= am ngbut yri i d
N et byl - 2- BRSO RbF @ qpiogy o Benzbic irq WLCBRaMET Ueies &t Sl
natural am poyspedsieé W th the exception of glycine, which is identical to

its L-isoner). 30ln sone cases, am no acids may be selected to form _
pepti des where ahyjomawmbagiments, the peptide may include a group able to enhance intensity

and/or sensitivity of mass spectrometry, e.g.. for identification of the peptide during mass

25  spectrometry analysis. For example, the group may comprise an arginine (R) residue
such as described herein. As other examples, the group may be positively charged. or
comprise a positively charged residue, e.g., lysine (K), or the group may be any suitable
group that includes bromine therein (-Br), and/or chlorine therein (-Cl). In some cases,
the group may be modifiable to give characteristic peaks in a MS/MS spectrum, such as

30  the loss of ammonia other to have satellite peaks of -17 amu in fragments containing it,
e.g., from arginine or other suitable groups. Bromine may be useful in certain
embodiments due to the characteristic of bromine that comprises two similar portions of

79 and 81 amu isotopes for easy identification of fragments. Chlorine may be similarly



excluded. In certain enbodi nents, arginine and cystei ne may be excl uded,
and in sone instances, arginine, cysteinQ)r and net hi oni ne may be excl uded.
For exanple,20i/0288873, 4. 5. 6, or all of the plurality etTswm/aesl
residues within the peptide may exclude - WO 2012/026887-

11PCT/ SG2011/ 000298 argi ni ne; may exclude arginine and cysteine; or may
excl ude arginine, cysteine, and nethionine. The peptide nmay termnate with

any suitabl e endgroup. Far exanple, the endgroup b n acetyl. O her
endgr oups ovsefH deprise pieripe sorapidses e 9’Im1ﬁé§"°ﬁ@n§ §g§¥ Bn‘f%?G?Hé?OtéWééﬂli nent s,

for exanpl eeasz 'fhe%iﬁé%ﬂ_(gn@fﬁ hidits, %Q,eangrsuﬁ%ﬂrlrggrﬂigﬁﬁfaﬁﬁng Blonlil€ahd/ke- The

endgroup is relatively uninportant 1n sone nts, so long as 1t does
not adver sethiofimd e be asddmspraumpibis icserdfantiatepsipy ander sensipaity bfnass

As specific non-limting. exanpl es of the above described peptides, in one
set of enbotHeREPMSIY. 4N NaHeYS {8eHed to a particle may have a structure:

10(partigl e) - M Qfsainé (‘ﬂ)u} M%ﬁ?e%&&inﬁﬁ{sbﬁﬁ'ﬂeﬁﬁd%a%}l%%ﬂ% loné lo8 ROk Sackisnker

residue.” Qis a group able to enhance intensity an sensitivity of mass
spect r omret r in foher casesathel spacea, whan present, naayybeotsed in the phpigdectopneticassibs mass
herein). X ¢ rise plurality of amng.acid residues.(e.qg.,..5. 6, or any
ot her suit aBﬁO'ggﬁ r?r,l SME §as5S FRPAEST IR ORNaL &pd 1 uhﬁ’“@ﬂ%ﬁ rdéif_blss(efior
exanpl e acehybinOfwo eldREhls cBinedtd Wt WacsUsdy AsObPcslinesiugSedieerein), and Z
is a spacer. See above for a fullér discussion of each of these. For

exanpl e. Z embodimeatsabse conalent bond where mis a positive integer

(e.g., eater than or ual to ..ar Z h a e j.scussed
herein. 1f nis g‘%?ﬁnwe%,ﬁ?lﬁ@ﬁ’ tﬁ%é‘l’ﬂ?cgrp%% ”r%é’ ﬁ%(%\élgﬁ%ge;s)%({nrgéaﬁ%{l?wgg aﬂ-lﬁlz&sane
200r differgnls %e@, @A HXNM) Roidihendi FOOUH gokddy, sbehat it can be
(particle)-MQ Z"-XI x2-x3-x4-x54, where Mis nethionine or another

cl eavabl e | insRenoratedsvigpeptids bandinege supreainfehe pertidphide ip AtBR3Y BB§highd/ or
sensitivity ];veggrs ﬁlt SREG 159[&1?&:@%}:1? Soacet Elaf bt Qﬁ“&seﬁ‘ 1§ ﬂl\éﬁldg %nQH%‘i' aﬂlﬁn spacer
nt ai ura yp I'ng ue

25t hat does not Co n a na occur amno acid resi eren
IS a positi¥&d$ Mdeaion-Aplgh amiho alids.3.g.Oto avoideconfdséon ¥ith sthar smpaweacid X1,
)(2, x3, <>4, A and X5 are each . )

15 residues present within the peptide. For example, in one set of embodiments, the spacer

may comprise a structure:
H O
ey

m ?
where m is a positive integer. In some cases, m is a positive integer greater than or equal
to 3. For example, m may be 3, 4, 5, 6, etc. As a specific example, in one set of

20 embodiments, m may be 3, i.e., the spacer may be gamma-amino butyric acid

(“GABA”):

H
A
However, the use of GABA as a spacer is by way of example only, and in other
embodiments, no spacer may be present. and/or a spacer may be used that does not
25  contain a naturally-occurring amino acid residue. Other non-limiting examples of
spacers include an aromatic group (e.g., having a benzene ring). For example, in one
embodiment, the spacer comprises ortho, meta, or para aminobenzoic acid.
There may be 0, 1, 2, 3, 4, or any other suitable number of spacers present. If
more than one spacer is present, the spacers may independently be the same or different.

30  The spacers may be positioned next to each other in the peptide, and/or positioned in



i ndependently am no acid residues excluding arginine, and J is an endgroup.
Again, see above for a fuller discussion_qof each of these. As yet another
exanpl e, wbeostnessture may be: 30(parti Cllg)'-MR- Z2- X1- X2CXBGKér1X6b0298 Wher e
Mis a nethionine or another cleavable |inker residue. Ris an arginine
residue or group able to enhance intensity and/or sensitivity of mass
spectrometry. X . X2, X3. X4, -12 WD 2012/026887PCT/ S&2011/ 000298 and X5
areeach independently am no acid residues excluding arginine, J is an
endgr oup, adidfecent hocations in theppaptide. Theomgeases. sdemtigalispacensars aged wrsimplifier ent .

For exanpl e ne bot h,..Z' be a BA residue, or any other spacer
de;cri bed h%?a sﬁs.gég%re%%\%iftgaﬂegs‘frﬁ?@g? di scussi on of each of these. 5As
still another exFAPp&tideAGacHet U6 tHerRartldy md§ also include a plurality of amino acid
(particle)-M X -X2-X-X4-X5-4-Q J, where MIs a nethionine or another

cl eavabl e | rasidues. ragiegaiaplexthe prptidex@ay kave bhid 3% Safe’.dalhl@.ridepanidents v

cavabl e | 1o aple . “abelcaéhldrk |
coval ent> bott g8 1 Ep e Ol 2 TR o PR IE e Pl ik A g am o

aci d r esi dugcid Odsvhies.eHowe Serainpbértemtdirméreg ehe péptidle maly, ha?e niore of faware, when
Zis a spacer). Qis either a coval ent bond between Z,, and J. or a group
abl e to enhBwBkers Af eisduesy Lgrantancscihsiernay bybesvermd and p@ amyirmadid yesidiky J i s
an endgroup ve, f:ar a fuller discussion of each of these. As another
exanpl e, thgregiéﬁgg?%r%pfﬁgé be: 15 where M is a nethionine or another

cl eavabl e | i nker Thesmithoesciditsidaes mXBbe HdturadiyccXsming oe aoh-natutd pesudaridgy

am no agjd sj.dues excl udi ng argi nj ne and st el ne iSs either a
coval enfd boﬁge i)‘?at'éragbﬂe(é’r“"c‘% 1P Sn oS ‘l?Bﬁimg CHL arefhe é&&mn}"- FHE TR i no

aci d resi dug,Wheh&uR, typiRIID S el L Bohidt 8§ @C Talarndd Al ordA™S,; ar%i'hid%'i{“ﬁrg’%le” Z
is a spacer), QiIs e!fher a 20 coval ent’ bond between Z" and J. or a group
abl e t o enhdRteaspatagiei (' xsminat/ “N”) sspartit iavidt(YAef” ord$y’) speeinedi€ys yor ‘€Hd. J is
an endgroup., See a e, for full er di,scussion.of each t.hese.,. As

o evi ous! y. BHEEUREERIR; e Q) GRSt APy - SO0V CPL Fodl ded by way
of exanpl e BRtifine &HisSHOUY, REleubiBe CIRSOF HEY, 1ascihd (MLleliNBr “I)NEEine (“Lys™
arrangenents of 25elenments within the peptide attached to the protein are
al so coht enpt ‘dt Odmetheoniest €¥letben/'éM”), phenylatpiae (‘Ghedwr G dpreline (itPsoape P”),

L0 P12 B R TR PGP by M L
Appl i cat i ongTyrbyr ‘1Y, andtvatihe {“\aldor ‘TN’5r NAatdrA8 dhseRainemiindppiditEatcan Be NO.
30PCT/ S&010/ 000266. filed July 15, 2010. entitled "Method for the | nproved
Scr eeni ng either asparagine or aspartic acid is referred to as “Asx” or “B,” while an amino acid that
can be either glutamine or glutamic acid is referred to as “Glx” or “Z.”
20 A “non-naturally-occurring amino acid,” as used herein, is an amino acid or an
imino acid that is not one of the natural amino acids. Non-limiting examples of
unnatural amino acids include alloisoleucine, allothreonine, homophenylalanine,
homoserine, homocysteine, 5-hydroxylysine, 4-hydroxyproline, 4-carboxyglutamic acid.
cysteic acid, cyclohexylalanine, ethylglycine, norleucine, norvaline, 3-aminobutyric acid,
25  beta-amino acids (e.g., beta-alanine), N-methylated amino acids such as N-
methylglycine, N-methylalanine, N-methylvaline, N-methylleucine, N-methylisoleucine,
N-methylnorleucin, N-methyl-2-aminobutyric acid, N-methyl-2-aminopentanoic acid.
etc., as well as the D-isomers of the natural amino acids (with the exception of giycine,
which is identical to its L-isomer).
30 In some cases, amino acids may be selected to form peptides where arginine is
excluded. In certain embodiments, arginine and cysteine may be excluded. and in some
instances, arginine, cysteine, and methionine may be excluded. For example, 1. 2. 3, 4

-

5, 6, or all of the plurality of amino acid residues within the peptide may exclude



of Bead-Based Peptide and Peptide Mnetic Libraries Using Partially

Cl eavabl e Peptides,"” by Heath. et al. WD 2012/026887- 13

- PCT/ SQ04:d/200026837 The fol | owi ng exhnpl es are int ecdsd20m/0bidsist r at e
certain enbodi ments of the present invention, but do not exenplify the full
scope of the invention. EXAMPLE 1 This exanple illustrates that by adding
functionalities that enhance Ms signals, 5such as arginine (R), at or near
the C-term nus of the peptide chain, there nmay be significant enhancenent
of si gnal - t orgindies mayaxclde arginiBe andiciB/ing oaorpyi exiclude arginine.j aysiguteeanst t hy
that Ris not . included in the variable region of the peptide library.
Theref ore, PEMPUN:i de fragnent peaks can be identified by sinply tracking

the Y ions, for g p@itideReRtte#RinaRaWEN&itBIeaHderoah. F&é)@ﬁgﬂé}@l‘{@ one
positively charged %ﬁgmsnt. If the M5 10 signal e%ha%cer used is R the

| oss of amendigeouprioay briamactiyle Qihergpdgiotps onEIeNBPEd besidesaeetyk meyibe ysddn t he
generation of peak .pairs wiih a nmass. diff nce.of 17 . repetitive
otf?er embg) t%)fob erxgmrr?e, }Pé)r .(ﬁﬁ%lqlgtg%b%l‘gimv\ég)%l%\é\%oieﬁgs, or .

. 11
y-am no Dbutklrl caci ups”’were inser he™vari abl e

regi on, so thBaike RTaS eadgrogsistral@tively uhispdtantinsdoais enhoditnéits, J0ilo64 Mgit Sbése,
which is desirable for ligand-related applications. 15Another common
probl em i s Rotadpereey peerfere inMhanaghysinef the prptidos oppafickescl ust ers peaks of

A Ty esul t S SRR A (el Y ALl b AAH8E BEIRETn pRE AT 500
am no aci dsgmbpadimehtsj@peptide atthehelVifo 8 paticicemaylaNe d arucafre:anmoni um phosphat e

or nitrjlotriacetic acid.into npl e solutions during the sanple
pr epar atd ons can supp?%l?)d\’lné%nrggsel usters of CHCA and inprove

si gnal -t o- n@hgﬁ M3 fn@tgli(;rﬂn@@pﬁfoﬁ{er cRAPIE finkdr '?ggiﬂ]%. OSis ta@%upt e RALBAhcSTBSS

of the releas peptide can be i1 ncreased to exceed that "of 'the matrix
cl ust er s byintemsay amdjoasensitivay of masdspectodmsipatfer sxampmé aaginineamany othet yudhc

id (GABA t C-term f the peptid in., Thi | e al
Gononst ot v&ou b ethesiy: Kaamplra yuiia Shang ebn st e upr g s O
applied to saEegNapE rﬁlhﬁ)eﬂlﬁli‘sﬁééimetil)ﬁte%é‘ﬁg%ﬁl aggm[\l%f rexGmpRadcetyl 8r —

protein (CRP). CGeneral et hyl pyrrolidone ( di et hyl et'her,
di chl or et @&k er ¢mCNher seh gfanpadiscusied-herdi ) GABAY. isve sracplr leabere forarfuller ck.

Non- nat ur al qEme pr te%t(fﬁq am Ro aci dﬁ gmglc-hA@s()iH were pur chased from G-

Bi ochem Lt d4PSREI0Y R4 FahqTi ey Fapo ARG &S iars A8 Y4¥ h was pur chased from
Rapp Pol ynere. Al pha-cwnoﬂl- hydr oxyci nnam ¢ acid (CHCA) was purchased
from Bruker. Unl ess oq/he%s\g specified. chemi cals were purchased from

Al drich. NMALDI - M5 andMs pectra were obtained using UtrafleXtreme

TOF/ TOF (Bruker). The mi crowave-assisted CNBr 14 WO

2012/ 02688 7wherChi BEPHINGO0RES (¢lgegredter thamor ¢qual Wed. gref fray hede bytracture

nousehol 6 MLERIRLS VSR () 55 200 2450 AL LA LB 7o
20  or different.
As another example, the structure may be:
(particle)-M-Q-Z,-X'-X*-X>-X*-X°-J.
- where M is methionine or another cleavable linker residue, Q is a group able to enhance
intensity and/or sensitivity of mass spectrometry, Z, is either a covalent bond or a spacer
25  that does not contain a naturally-occurring amino acid residue (where n is a positive
integer, e.g., 1, 2, 3, or more, when Z is a spacer), Xl, Xz, X3, X*, and X° are each
independently amino acid residues excluding arginine, and J is an endgroup. Again, see
above for a fuller discussion of each of these.
As yet another example, the structure may be:
30 (particle)-M-R-Z,-X'-X2-X3-X*-X>-1],
where M is a methionine or another cleavable linker residue, R is an arginine residue or

group able to enhance intensity and/or sensitivity of mass spectrometry. X'. X, X3, X4,



synt hesi zed using an automatic synthesizer, Titan 357 (AAPPTEC), via
standard split- 5and-m x nethods on pol yiﬁ hyl ene gl ycol -grafted pol ystyrene
particl eswbberva@sty S-NH2, 90 micronetefss 0.29 mol /g. pRTRG 2011006298
particles/g). Unless otherw se specified, non-natural D stereoisoners were
used at every possible position in the peptide sequence. For all the
coupling steps, a standard solid-phase peptide synthesis nethod with Fnoc
chem stry was used. The resin was swelled in NW for 2 h in the collective
vessel (CV)andi¥’ arpeachongénendersly anpine apidirpsiduas sxclndingianginingt big apyend&i@ipi on
of 2 equival ents, of. TBTU and 5 equi val ent ] r ion
was run for aﬁ? 2.15 ﬂﬁg%ﬁ%rﬁ}e Senc?g‘l'yr\%‘?a gﬁ[{%stﬁ%gl?%é@fnfg{e%?oﬁé}%g %éaﬁ?gél ent
of TBTU, angbth Zesitay 8k @ SBAfrediliiA ovefiEotetigacartdsaibedwettii. oS¢estoie f@ra 30
mn ("double coupling”). Follow ng the coupling step. the particles were

t hor oughl y fndlehdigeysaion ofamh efitbeser eat ed wi th 20% pi peridine in 15 NWP (5

mn and £ hen 15 m.n..\ i rotection solution). The
resin vvasg thorou‘gﬁl%ﬁm&ﬁla%g%déx%%%%’ Wg%g%%g’and divided into multiple

equal - mass al i quots f @artidie-MeXt-Xepel ¥ - 5P-Zauil ing in the reaction vessel
(RV). Wth the caqupling . and Fnoc deprotection conpl ete e_Lesi wer e
conbi ned i nwhere Nbvs a mg lwla%mr\xkﬁﬁa‘ﬁ%b%ﬁféeﬁl f’ﬁ ad’ézraégdgii%néggs 13&Hhgt h

of peptide YRR iRid:gi A4Th RIS S g GhiAiRe 20 BYSRURL A, YCaifePUPS
were then rge&ng\}@&cf&)%({é?‘ﬂgu ation ?ér%ltrik?i(uoro%ce |lceaci§;5( é5°’/<), \Afalt eer
(2.5% , andcdvalensbmidgyd siatarbat(@eSat dontairPa hatufflle-dectmrimgamins acid wessditehen
washed t hor hly. wwth.5 x DCM 5 t hanol , 5 Xx deioni ze ter, 5 X

met hanolY SP"QQ S 3 ROPIH Yffteg el er?'r’ét ﬁ;f’oétn?ng’.W }seasma{:?rggd\?seg{hﬁr fas
dried under KARMUBARILREH E0arl ], 4r & arAp @R toEnRA_IReAityRPRIdr d85sithFifaf
single particles. A single particle was transferred to a mcro sized vial
cont ai ni ng m@ssupectodrinetey, andf itk owlgrag. Wet eboveTiora fidier disgussiaasefefachas
purged by argon for 15 min and then CNBr (10 mcroliters. 0.50 Min 0.2 N
HCl sol uti offf*was added into the vessel. After additional purging by argon

for 15 mn, the MkahothasSe 2thetdRturéhay®save for 1 mn. The resulting
solution was 30 concentrated un ugal vacuumfor 10 min at 45 C

_ der, %&Et4ri
and thel for 50 nmin afpagirlo-M -X'-X"-RARDrXG-Bnll MS/ M5 anal ysis of peptides

cl eaved fro i.ngl e p i cles. ial I 82a %ﬂ%s
mcroliter s‘,%%.ez\%) gso rﬁ%tlmc?gm}enoréggtthgﬁlag ¢ |allbge/ l\lfxlg{ere}rlgkdl'%’\:lgo% ’%ﬁ’?@f en b
acetoni t ri | edchahdspehdentily Gitthd heid 3esidifes 3kclading atgining afd dyéding, I, uoeidreeat i C
WD 2012/ 026887- 15 - PCT/ S&011/000298 acid (v/v) and 1 pM anmoni.ym .
phosphat e neM@kas bend o spaserthatdops petcopisinprpatyfallyrpechiring grung a‘Flae‘?%ﬂ-Pewas
taken up to . | - | - géne% L - als dto
stand for 1%%@18? %)5 g&)}%&? he%gflgévye LBM%@I%%I S II\/S‘IIS@%/%P%H\%% ﬁ%édt}?gg Wt h
ul t r af | 20Xt r esveledt MddbetivelH T Okndh o5 a gpeiptabbmeteaharfoe omte iy tykead/ dDatsativitysof
5Li brary screening. For screening,. the P protein s first |abeled.using
The ALexa FIRGST PAOBE Y G FLBLIdRPE: e ABDES: & IR iUl SEBe8 B ng <o
the suppliefyese protocol. First, a 2 ng/nL solution of CRP was dissolved in
0.1 M sodi um bi carbonate (pH - 8.3). Then 0.5 nL of this CRP sol ution was
transferred int oAsipeewously discussasl, theasttuctueesdymedidiely wbave st pravagasidyy wax

inverted a few tines .to fully .dissolved the . 10, The reactiqgn m xture
was stirred®f GEIPIHoNY: ?’&&hhoﬁﬁé‘r}lé’zﬁ%f?ﬂsg‘“a ﬁeﬁ%?}g}gkq%%ﬁr&rﬁn %Ig.erﬂ’?ﬁfen Al exa
Fl uor 6757- | glbplef viatiitn WRSpepHd httREed foom Fﬂﬁeiﬁiaﬁ MEE@cdifémplatel Cassiot@l

exclusion purification resin in the labeling kit. Purified and | abel ed CRP
was charact @pdvged by UWis spectroscopy and SDS-PAGE. For the screen, 100

DY et ncubat od”i n- ARG RO e il Sy niei b iR EnctoRalapBin Apl,, o
BSA i n PBS tudf 2@r006p69-3, filed AugustR702010, antdfdd ‘Peplidy Libkars {63 Scheanitidrfder

solution was drained by vacuum and then 5 nL of 10 nM dye-I| abel ed CRP
diluted in OUEEKARGCEHING: ibyi-srad %hdandintgnayenat Rgienteprrlicaiion Nepe resul ting

m xt ure SpLREUDHAS = 360 sh& |4 oldsn S
dr ai ne (El; ggcuum lgﬁ)c?b gé%;fg%dgﬁp?éZﬁo;lob%gﬁﬁﬁp@%ﬁ%&ﬁgﬁgpﬁ\%&%at egl%?
washi ng t hr eEBeddaBased Pepiiddrartl Reapkide §lisetioLilarienidsihp Pexiatly fdsavableh 0. 1%
Tween 20 in_PBS byff equentially. Last, the resin was washed six tines
with PBS buPfRides, Wg%eagbgf?/;ent washi ng, 200 ng of the assayed library
resin was transferred into a sanple vessel of COPAS Pl us (Union



Bi onetrica) and diluted with 200 nL of PBS buffer (pH 7.4). Two-step
sorting was applied. In the second sorting, positive particles were
directly WOr0ERM268870 a 96 titer well ZS'B?éte Wi t h conePSH&GR0 1000298, CNBr
cl eavage and MALDI - MS and MS/ M5 fol l owed. Synthesis of peptides with
acetylene nodification at Gtermnus in bulk. Bulk synthesis of hit

pepti des was perforned on Fnoc-Ri nk am de MBHA resins (0.58 mmol/g) on a
typical resin scale of Q.2 g per sequence. Wth the desired, sequence of
pepti de attai nedh¢ frilopmaag exagples are atepded o tliysiraig sepaiRsmbodipsms plthey |

wat er (2.59 L i 9 . he cl eavage
cocktail wa reg%%g%%é%@é@%ﬂﬁ%g%ﬁ ???ﬁ%l&s%u}?{%o\ﬁfe%?ﬂ% 19?%“3‘2&; and the crude
peptides were precipitated in diethy[EXAMPLE The resulting white solid then
purified to >95% by HPLC aon a Cl8 reversed-phase WO 2012/026887-. 16

- PCT/ SG2011/ oooz@glsmlaakdﬂw@%hﬁ adging fapctionglitiss tﬁ%tsenﬁ@}c@?ﬁ% StEnplsy

affinitys m%’ﬁfa%ﬁﬁé{lf;iﬁe wyl a%xgxgeiaiﬁ{e @-k%rﬁﬁm{s‘%ﬁ%é (e Vcﬂaiﬁ.ﬁﬁeﬂéing&gj Bk group for

dot bl ot experine synthesis of biotin wth azi
nmodi f i cat i osigaific@tteahmoement &idignabyorhbies iaiosin MSoandMKAES peqdisitioedIton

Frnoc- R nk am de HA resins (0. 58 |/ n a.typical 5 resin scale.of 0.2
e T o uoRuEwothy et B3t Ay ihley FRe et isini hpoatidf Bahe Thug e
Then, sel ectd i ; : 1 i,on of
Ihy ;S iSRSl Lyl SRR AL 0 e glogsy

For the nexpeptidiapequegciordpcaust all iYnion-HSawei anig pobiEAclvbargdd elgment kitlee MiSxt ur e

was stiftred for, 2 hours. ‘Afte oupl.in the resin was treated,i

trit1 ol baceeRd Brtel Busgy® kolhe s aBijoria BRIt B MM 2. 504
for 2 h. ThendiaeagRseecikitR bendPfiod OTHEIK pAfsasith AnfsEaifferand®us 17 haw of
ni trogen, and the crude peptides were precipitated in diethyl ether. The

resul ti ng WAMOSCRGILIVE ViagaRo pupriciaeld (CABABgkoBDs MRIednssited betyep &/andsthe- phase
o i Pr ot biofi . A .
Peantt on. -1 AFIRsioR & BEER B Al Plo s ESEE RERE KRl Bt SR hiorc

pepti de | i gdesirabledohligmdduled spplicitmasissed above) were prepared in 500
mcroliters of tert-butanol:water (1:1) m xture. in m crocentrifuge

ina 1.5 m
tube. 1 ni crol i fepthepsoramen prebsip s the presgacs of sigh nEsinMALDH@ER i ter s of

0.5 M sodi uppgsfPeaRt & aialyane-4 &\%El]?%@@&’c'& ClAGn freaah ekt S«zﬁée' in
t he presence g‘? Q{egon an@{aa‘Haovxe ’tcr) shake on 611 ?L?ol QhaLer o%/er n?(’g t.
Af t er react behand900 &g oThiemesults m diffecul taderitifeatiore sSdlorvpepede(dapdr abmd usi ng

a centri fugalqéoncentrat.or GﬁbeVac EZ% Pl.us gnd di ssolved. in
acet oni tri | 87(RIPEFCIATIEELIENE B> SRTFIE i CALTIGR COAMTBLEN PRYBPLEET phase
prepar at i vepgRloWiRetic acid irfth %Mbl%)éo%@ﬁ%ﬂtﬁrﬁ%ﬂh@ sarfplb 'pEEptgbéti%‘@@éH KIPpRLs were

performed using a Biacore T100 system and research grade CVb senSor chips

( GE Heathcamajrix dihgers g GH{pds and wapro2s signalrte chovsietratiodBB-gereral Gndthertiingdange)

buffer. Flowgel]l 1 (or 3 s used .as a . reference tq subtract nepspecific
i ndi g, dr 10a the BerbRimalh of B sERaS o fid SoBSRi Rl Bk BPRRP 5 e
i nmobi | i zedmatrbhclGEEsbeliboitp @ ceftan hantbePoOspaAELEE Sch A vlandinibtydicacif 0.4 M
EDC and 0.1 M NHS was used to activate flowcell 2 (or 4). and 0.1 ng/nL

CRP sol ut i of S4B iegrupcat e CprourysRf the pemtide c#ini ni ng activated groups was
done with a 1 M This example also demonstrates a new OBOC peptide library that has been

25  successfully applied to screening the high-affinity capture agents for C-reactive protein
(CRP).

General. N-methylpyrrolidone (NMP), diethylether, dichloromethane (DCM),
and fmoc-y-Abu-OH (GABA) were purchased from Merck. Non-natural Fmoc-protected
amino acids (Fmoc-AAs) were purchased from GL Biochem Ltd (Shanghai, China).

30  TentaGel S amino resin was purchased from Rapp Polymere. Alpha-cyano-4-
hydroxycinnamic acid (CHCA) was purchased from Bruker. Unless otherwise specified,
chemicals were purchased from Aldrich. MALDI-MS and MS/MS spectra were
obtained using UltrafleXtreme TOF/TOF (Bruker). The microwave-assisted CNBr



30 solution of ethanolam ne (pH 8.5). CRP was inmobilized onto the sensor
chip surface by approximately 5000 response units (RU). The instrunment was

t hen prinRe Wedegsyunni ng buffer (HBS- EPY - Each of t he pe1/Sehot1jogdag
candi dates identified were dissolved in HBS-EP+ buffer to produce 5

m cronol ar peptide stock solutions for each WD 2012/026887- 17

- PCT/ SG2011/ 000298 peptide, which were serially diluted by a factor of 2 to
produce a concentration series down to 2 nlyl. For a given affinity

measur enent ¢leavags ecaseon was pérfgrastibyre msdtdl%mcrgwwfe@\sﬁn\(moﬁelv%ﬂéﬁ f08ct ed

into flow cgll f 3 mn of contact tine, 5 mn of dissociation
time, and 3) 5_2ﬁ591f\@%z)ﬁoé%%??aﬁcon time using a flowrate of 100
Smicroliter/nmn @bnstfuckeon 6t pptiaelibradief. ORatonVBOBOE peitRIcaibesdiddyvegdé yci ne 2. 5
(CGE Heal thcare) after injection of each peptide sol ution. Dot bl ot

sel ecti vi t yyoghesized using am gatapatic aynsbesiger. Tikpa 327 F(ANRRIESD, viastapdadgalit
t ts_f d {rat . of |
exper | ot samshmetites 8 Bol SRS R Ghe R BAS et aficRs PRl N 1y

KC1. 0.5% To@gicrdMefcpd1000 BmB)/y.. 2.883F 100paititlesIgWaSnipsephdradseapedifiedniont

stocks in PBS buffer (pH 7.4). A dilution series of CRP solution was
appl i ed to eatwiel Poteepisemers Waseited b every ppesible positiary imige PERfiHe AN e ogr ans

to 2 ng per t K : h in
596 pont at -l 1o bR SR el e e b R A REREHBI Sl
bi ot i nyl at echenistey waohselli dihe wesén paepaclied iatNMP forc? bimtharcollectbeovesset EEVL5

m | k/ TBS-T and inc,uba%ed over_ the nenbrane for g h ag room t enperat.ure.
Af ter weshi hee eaupbiae of kpecvpethions wespjiated bijadditipn 958 Gauivrispisyi 1 T HRp
(Abeam pr eﬁﬁff%ﬂgﬂaﬂ&t?%ﬁm&/ THocduts rAH6H viQ riuh for BB HRRA NG of ncubat ed

for 2 h. After ng three tines TBS-T for 10 mn, the nenbrane was

treated w téquivedents afif mes-aetitionieageerusvalehtref $BAM, BQL 5 shuisalddtstod DHERB werei ng

detection re nts, . GE al t hcar and .2Q .t hen.i i at el evel agped on

o o et e Mg nlged o e Tl § oo FranEer Fopiins BEEP Ut vt oy o

used in thigeeXAEMN Qv ARG REsHeR4 glﬁwpb @mtrﬁﬁé@@nh nooPbipBadihé ¢l e- based
ro

peptide libraries by solving these p ens: weak ionization of certain
types of5 pePpMRi6smiroanskthepp? min withpereshtaligasisd depiotagtipmselpow) Udeaeyn and

occurrence of hits e to non- ifi interactions. A.peptide chain with
Che st ruct ures Bithetoished 4% 5EP e ARk P mPERb s
structure, gfquReshy theGeRti® cleAs)conplind intthO@eHacesh AdssdiHR&N NMWilsthefcotipiengoept i de

chain in the structure. To avoid overl apping of parent nasses with matrix
cl uster peaf Frpog derspteetiorecampletsd.ghe resyarvrie sompiged in il -atheiprocednys
spacer were_jns 1 301 g I j: £ 1 was
i ncor porati ‘c’)vjﬁl%or? f)ﬁt:%?egis&ngﬂ%% ‘%‘%ﬁﬁfeﬁ%‘% hh)g g@&%§%§e€ h(Far f #ﬁdcgdg%s{gb@;%éﬁn
met hi on(ne. profeetipe gidupy eleie thbaregaaled bainaibatorin tRflrenvaenivaiit 95 %) watetr on
efficiency durin rrea%r erreﬂ_ti_ ggi ch shoul d increase signal

i hBf BEEE

intensiti es(%-%%bgé‘ﬁa/sﬁéigglg?ll;géiw}?gﬁﬁ?-ts dotot b Y (Y HRYBRUEAEIENn the WO
2012/ 026887fho}(§1ghgfq;(t§§%%él(/ggqg&§thanol, 5 x deionized water, 5 x methanol, 5 x DCM,
and then 5 x diethyl ether. The resulting resin was dried under vacuum and stored at 4
°C.
25 CNBr cleavage of peptides from single particles. A single particle was
transferred to a microsized vial containing 10 microliters of deionized water. The
reaction vessel was purged by argon for 15 min and then CNBr (10 microliters, 0.50 M
in 0.2 N HCI solution) was added into the vessel. After additional purging by argon for
15 min, the vial was placed under microwave for 1 min. The resulting solution was
30  concentrated under centrifugal vacuum for 10 min at 45 °C and then for 50 min at 60 °C.
MALDI-MS and MS/MS analysis of peptides cleaved from single particles. To
each vial or well were added CHCA (7 microliters, 0.4% solution in acetonitrile/water

(70:30)) and then acetonitrile/water (7 microliters, 70:30 containing 0.1% trifluoroacetic



sequence of peptide involved. For exanple. in a sequence FYWDP (SEQ I D NG
1) shown in Figs. 4A and 4B, the signal enhancenent provided by R was

al nost  10wbabrh/o2Bksmas not included in dirérsity el ement ecofschina/opepsi de
library to reduce non-specific interactions between peptides and the target
protein during the screening. Wth this 5 structure in OBCC |ibrary, all
fragnmented Y ions in M5/ MS spectra contained just one R between GABA and
honoserine | actone. This resulted in the formation of pairs of peaks for
key Y ions dcid (v/o) atb] hid smpfonsunmphosph@telifomahadicy.r AR Imamroliieneolgneugs thd R

during the fr. tion for MS/ i ments. Co tly, the hit
et et e oo B stk O 1o B e P & P4y I e whiphrvAst | on
of the desi gneedBRXarndiBf 8 Wi & drf GaftoNB. %Mﬂlﬁ%%%ﬁ%ﬂmg V\ie{r:é Q\A%lsd%@teﬁ hows

a typical Ms/ M5 spectrum obtained froma designed particle.
st r ai ght f or wathdiltraflaXgremda MM ARDIKF/YOFonsssapestainheterstrarh drukevdddl waiqseak s

around the parent..peak with reasonabl i ignal intensity. All ions in
the MS/ NS spect r%lbgﬁlglﬂmé?eglgﬁp i%sﬁrifé]f’y%ﬂg@{g@?&@@nwﬁ&%ﬂﬁaﬁée%Bﬁﬁg ne

| act one t halsl&alfanse 7tpisieikabeling &l (20073, ahlitbeagmRAding! B tRAdiphlions the Y
ions could be identified due to the 1 oss of ammonia (-17 anu) fromR, which

resul ted i nPip&eqos bistpedree/mésehition§f (P waydissadeedialOed! scivm dinarbogatcoul d
e P Loc et MRERAN AL R (RE RPN b dlas e BRReBlbHELIG G o

di fference the peaks as i ows an

MB/ M5 spect rdaoniaf dyz. hetviial evdslopped(abE@hvdpell@ few)tinddd 16 oy digsd1v&i e dke.pai rs
of the key Eeptide fragnments. Fig. 2B shows an M5/ MS spectrum of a peptide

[
FLVFK (BEQ IThs reertion meuss; was stirsd farelgh ahopmgiemparapae yaderslaneepnsitiansk Thg t he
mass differ r ?cﬂ?ﬁ? r es. of this spacer
al so ensur e%ﬁk{aﬁa@?{%ﬁrﬁqgg}%{ll cle- tﬁiaé g&“ﬁf@?@%&% 51?11 L‘%@ﬁ%ﬁé ?}%ds §%eoeX§ %)ug%:olnf iC

| i gands or penpficatien agpiminsthe Hbeling kieaPursfiatard labelghORR-wRchateerized yy iLov-aci d

(GABA) had minimal inter i i.th. protein binding sites in general.
Fur t her mor e VStSREFHOSEAMY| aé‘g%i&%ﬁgg‘é‘gfc H:oééhft $r&esn o} Bgrof ibsHY g¢siRMa5 e al |

carried outhelMeeNnf RS ﬁi@dAm“eém&@él%dgﬁeig%ﬁJ tddans b@@&ir\lﬁt Dfuttenl pro%%“is to

mnimze nodification-protein interactio urther show that placing R
next t oliret NelnithEornayeen&0i anpll.1 @riBSA mn 8BSitgifiien (pIB0.4a foi bhamya 360° shaker e,

known sequen e sypt hesji.zed wi.th bet ween BA apd nefhionine. In
gener al ,qt h& Yuati V%&Hﬂfﬁ@uﬁ@gﬁﬁd’i@@e Y REE R %‘?ﬂ@ﬂ“ Rgtdﬂ%ft‘yyﬁmd Wi th
the same MAabkled/BRFOMCitéd RBiocki® sdlitforSRakRIacs td WO (I§ERsID ﬂ@rﬁgﬁltiné he

e

peak intensities near the parent mass were too | ow, which made the
sequenci ng Mbxtare wastigcubaingd 00191 8 hewerisdT sleke02a120EH 2Di8: liqrad Man grained hi s

findi Fi g5 134 and 3B : . The key Y. i K
n Fi g, 3a veratn o MARPecikieity odtnd BibuelRs BF, SRIRRLE by mlRpRlrsd gy P

recogni 20 onwitsdiuekilgl splutio phi dase t@ws dithed. IPBIRvRaS0iN PBSMIETRE eshushiifllt he
new y designed |ibrary. This observation is also evident by conparing Figs.

4A and 4B, Wii-dhe MBwaepbed sixdjaes wish BBShwiiep A8eGuimeaowaghingdi0meei zed
e h two di fftﬁ% %%%r%d}’)l@ﬁ%ﬂ%giﬁ Mol el Brred Irfo o SamBRVSePBr CBPIR BRECLAL OF 2
Biometrica) and diluted with 200 mL of PBS buffer (pH 7.4). Two-step sorting was
applied. In the second sorting, positive particles were directly sorted into a 96 titer well
25  plate with cone-shaped wells. CNBr cleavage and MALDI-MS and MS/MS followed.
Synthesis of peptides with acetylene modification at C-terminus in bulk. Bulk
synthesis of hit peptides was performed on Fmoc-Rink amide MBHA resins (0.58
mmol/g) on a typical resin scale of 0.2 g per sequence. With the desired sequence of
peptide attained, the resin was treated in trifluoroacetic acid (95%), water (2.5%). and
30 triisopropylsilane (2.5%) for 2 h. The cleavage cocktail was concentrated in a

continuous flow of nitrogen. and the crude peptides were precipitated in diethyl ether.

The resulting white solid then purified to >95% by HPLC on a C ;3 reversed-phase



hi gh intensity peaks for all key mass values, wth clear peaks near the
parent mass as highlighted in the circle. Fig. 3B shows an M5/ M5 spectrum
of .a peptWOe0A02887 ( SEQ ID NO 3) with Ad®R in the chai RCTRGakg/0nEas par ent
mass showed very low 10intensities as highlighted in the circle. Fig. 4A
shows an MS/ M5 spectrum (2000 | aser shots) of a peptide FYWDP (SEQ I D NO
4) with Rin the chain, with peaks near parent nass show ng reasonabl e
intensity. Fig. 4B shows an MS/ M5 spectrum (10, 000 | aser shots) of a

pepti de FYWrpastyy ¢aume Thy pura pepHidesRvens ust fagtadfimitymingdsurapeantodnd diso for

peptide fra s lq? L Lani £ t | intensities. 15This structure
al so wor kedglwe g?t%?%%%szoﬂ)%ﬁ{d%éﬁ@goﬁt%t %ﬁ)\rqlax%eé%?’i%el y charged am no

aci ds, such as gButkasynthesisiof bidth veifttdaispmotifizatén g CBrminud. HIgk byRBEHEHCE.
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25  interactions. A peptide chain with the structure shown in Fig. 1 was synthesized and

rom

tested.

In this structure, an acetyl group (Ac) was introduced at N-terminus of the
peptide chain in the structure. To avoid overlapping of parent masses with matrix cluster
peaks. 2 repetitive units of a gamma-amino butyric acid (GABA) spacer were inserted to

30  increase the parent mass. In addition, there was incorporation of R as a MS signal
enhancer next to the CNBr-cleavable methionine. The positively charged guanidine of R
may enhance ionization efficiency during MS and MS/MS measurements, which should

increase signal intensities in general. The magnitude of increase was dependent on the
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sequence of peptide involved. For example. in a sequence FYWDP (SEQ ID NO: 1)
shown in Figs. 4A and 4B, the signal enhancement provided by R was almost 10-fold. R
was not included in diversity elements of the peptide library to reduce non-specific
interactions between peptides and the target protein during the screening. With this

5  structure in OBOC library, all fragmented Y ions in MS/MS spectra contained just one R
between GABA and homoserine lactone. This resulted in the formation of pairs of peaks
for key Y ions due to the loss of ammonia (-17 amu) from guanidine group of R during
the fragmentation for MS/MS experiments. Consequently, the hit peptides could be
sequenced with enhanced accuracy and ease.

10 Evaluation of the designed OBOC library for de novo peptide sequencing. Fig.
2A shows a typical MS/MS spectrum obtained from a designed particle. It was
straightforward to identify the key Y ions as well as the unwanted peaks around the
parent peak with reasonably high signal intensity. All Y ions in the MS/MS spectra
should contain just one R between GABA and homoserine lactone that enhances the

15  ionization of all fragments. In addition, the Y ions could be identified due to the loss of
ammonia (-17 amu) from R, which resulted in pairs of peaks occurring for key mass
values. Sequencing could be performed after recognizing peak pairs of Y ions by taking
the mass difference between the peaks as illustrated in Fig. 2B.

Fig. 2A shows an MS/MS spectrum of a peptide FLVFK (SEQ ID NO: 2)

20  showing the peak pairs of the key peptide fragments. Fig. 2B shows an MS/MS
spectrum of a peptide FLVFK (SEQ ID NO: 2) showing that sequencing can be
performed by taking the mass difference between fragments.

The structural advantages of this spacer also ensures that the particle-based
library can be applied to specific ligands or capture agents. The linear spacer of gamma-

25  amino butyric acid (GABA) had minimal interaction with protein binding sites in
general. Furthermore, the modifications such as the incorporation of R are all carried out
between GABA and methionine at positions near the C-terminus to minimize
modification-protein interaction.

To further show that placing R next to methionine may be important in designing

30  alibrary structure, known sequences were synthesized with R between GABA and
methionine. In general, the quality of the MS and MS/MS spectra obtained was not good
with the same MALDI-MS conditions. For the sequence WLWKW (SEQ ID NO: 3), the

peak intensities near the parent mass were too low, which made the sequencing more
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challenging. This finding can be seen when Figs. 3A and 3B are compared. The key Y
jon peaks in Fig. 3A were higher in intensity and occurred in pairs for easy recognition.
Generally, peptides could be more easily sequenced with the newly designed library.
This observation is also evident by comparing Figs. 4A and 4B, which shows MS/MS
spectra of FYWDP (SEQ ID NO: 4) synthesized with two different types of structure.

Fig. 3A shows an MS/MS spectrum of a peptide WLWKW (SEQ ID NO: 3) with
high intensity peaks for all key mass values, with clear peaks near the parent mass as
highlighted in the circle. Fig. 3B shdws an MS/MS spectrum of a peptide WLWKW
(SEQ ID NO: 3) with no R in the chain. Peaks near parent mass showed very low
intensities as highlighted in the circle. Fig. 4A shows an MS/MS spectrum (2000 laser
shots) of a peptide FYWDP (SEQ ID NO: 4) with R in the chain, with peaks near parent
mass showing reasonable intensity. Fig. 4B shows an MS/MS spectrum (10,000 laser
shots) of a peptide FYWDP (SEQ ID NO: 4) with no R in the chain with most of the
peptide fragments showing significantly low intensities.

This structure also worked well for the peptides containing negatively charged
amino acids, such as glutamic acid (E) and aspartic acid (D), in their sequence. Due to
the negative charge, ionization is often inefficient and intensities of key peaks for
sequencing are often very low. With the signal enhancer R, the spectra for these peptides
were clear as well. An example of the MS/MS spectrum obtained from such a peptide is
shown in Fig. 4A. Fig. 4B shows the peptide with no R in the chain. The spectrum was
almost flat for most key mass values. Fig. 4A was obtained with 2000 laser shots while
Fig. 4B was obtained with 10,000 laser shots on MALDI-MS experiments. Without R,
ionization was extremely weak, resulting in low intensity of peaks. Signal-to-noise ratio
can increase by 5- to 10-folds with the incorporation of R for these acidic peptides.

The addition of GABA spacers shifted the parent mass to a range which did not
overlap with the CHCA matrix cluster peaks. Moreover, 1 mM solution of ammonium
phosphate added during the sample preparation suppressed the matrix cluster peaks.
With these factors combined, clear MS spectrum could be obtained to identify the parent
mass. This may be seen by comparing the spectra. For instance, Fig. 5A shows a MS
spectrum of a peptide FYWDP (SEQ ID NO: 1) without R between GABA and
methionine. The matrix clusters appeared clear due to the low intensity of parent mass
of peptide. While the actual mass of 1022 amu was not observed. only the sodium

adduct peak of 1044 amu was observed. The actual peak was not observed possibly due
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to weak ionization, instead favoring formation of the sodium adduct as it is a negatively
charged peptide.

Fig. 5B shows that with R present between GABA and methionine, the spectrum
was clearer, with the same sequence showing only one prominent peak at 1178 amu.

5  The intensity of the parent peak in Fig. 5B was considerably high even though it came
out of an acidic peptide. Hence, with the positively charged R inserted, the intensity of
parent masses maybe greatly enhanced.

Thus, based on the results obtained above, the newly designed OBOC library
worked well for efficient de novo sequencing. The quality of spectra was sufficient to
10  identify most types of peptides, even including acidic peptides which are typically more
problematic.
Application of the novel OBOC library to real screening. Using the novel library,
screening was carried out for C-reactive protein (CRP) labeled with Alexa Fluor 647
fluorescence dye. The particle-based peptides interacted at equilibrium with a target
15  protein to give a reasonable fluorescence level during the automated sorting of hit
particles by running COPAS Plus. The aim of the screening exercise was to identify 6-
mer ligands via two generations of screens. Firstly, CRP was screened employing the
novel 5-mer comprehensive library, of which details are shown in Fig. 1. Issues
occurring in the screening were also taken into consideration for the design of the 5-mer
20  comprehensive library shown in Fig. 1. To reduce the size of the comprehensive library,
a 5-mer library was used instead of the corresponding 6-mer. A library of about 800 mg
in size was synthesized with one copy per each sequence. About half of the library was
used for the initial screen. The screening of a portion of a whole library produced more
reliable and comprehensive screening results. In each of the amino acid positions, R was
25  not included to reduce nonspecific interactions. To avoid overlapping of parent masses
with matrix peaks, 2 units of GABA spacer were added to increase the parent mass.
Desirably, this moiety had minimal interaction with the target protein.
The peptides of hit particles from the comprehensive S-mer library were analyzed
using a semi-automatic sequencing method. In the initial screening of the
30  comprehensive 5-mer peptide library, the sequencing results showed a good homology
with repeating motif sequences, such as KF. KY, KW, and KFY. To further analyze the
results, the hit sequences were divided into two groups based upon the nature of amino

acids at N-terminus, in terms of being hydrophilic or hydrophobic, respectively. The
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relative dominance of amino acids in each position is highlighted in the font histograms
shown in Fig. 6A (hydrophilic amino acids at the N-terminus) and Fig. 6B (hydrophobic
amino acids at the N-terminus).

Based on the occurrence of amino acids in screening the initial general library,
two 5-mer focused libraries were proposed from the two groups. For enhanced binding
affinity, the 5-mer focused library was elongated by adding one more amino acid as the
sixth diversity element at the N-terminus of the both libraries. This new position had a
diversity of 18 d-amino acids. Then, the two focused 6-mer OBOC peptide library, as
illustrated in Figs. 7A and 7B, were proposed from the positive 5-mer peptides from the
first-generation screen. In the focused libraries, R was included as a diversity element
for all positions containing K as one of dominant amino acids.

Fig. 7A shows the structure of the 6-mer focused library A, used in screening,
with hydrophilic amino acids at as of the peptide. Fig. 7B shows the structure of the 6-
mer focused library B, used in screening. with hydrophobic amino acids at as of the
peptide _

Next. screening for CRP was conducted with using the entire synthesized 6-mer
focused library. Table 1 shows the conditions used for screening. Sequences occurring
more than once are selected and synthesized for validation by surface plasmon resonance
(SPR) and dot blot experiments. Table 2 shows the sequences selected via the focused

library screening.

Table 1. Conditions used for screening

Screening Conditions

Type of Library | Concentration | Number of runs | Size of Library | Temperature
used of CRP * Mass of
particles used
5-mer 10 nM 2 * 100mg 800mg 25°C
Comprehensive 1 * 200mg
6-mer Focused 10 nM 2 * 200mg 400mg 25°C
Library A
6-mer Focused 10 nM 2 *200mg 400mg 25°C
Library B
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Figs. §A and 8B show the results from the two validation studies, respectively. Fig. 8A

shows SPR results of the 8 peptide candidates. Fig. 8B is a dot bolt of the results of the 7

peptide candidates.

From the SPR and dot blot results, all peptide candidates derived showed good
binding affinity to CRP. Among them, the peptides WKFRYK (SEQ ID NO: 5) and
LYFRRW (SEQ ID NO: 6) showed the highest response both in dot blot study and SPR.

Therefore, the new screening strategy with the library structure in this example proved to

be successfully employed for actual screening against target proteins.

In this example, an OBOC peptide library was designed for more efficient

screening of OBOC peptide libraries. This newly-designed OBOC library also aimed to

solve several problems, such as non-specific interactions, weak ionization of certain

peptides and peptide fragments. and overlap of parent masses with matrix clusters. To

minimize non-specific interactions, R was excluded for the construction of peptide

libraries. To enhance ionization of peptides and peptide fragments, one R was

incorporated at between GABA and methionine, so that all the Y ions have one R for

ith

er
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meani ngs of t def.in terns inite arti "
o hsed her BEREY AOTIHE T8 pRiq acidat iteaminisn AlHbe G FERgdes spiaged Eermaha y

i ndi cated t QrtdignLOMthE %aase@mwl@k Q@w‘éﬁ'%85&?&9&15%91%@%g@%@@%&i Angpr  The
phrase "and/or," as used herein in the sSpecification and”in the clains,
shoul d LDbeanthdwrdeteagerimentean "ei t her or both" of the el enents so
conjoined, i.e., elements that are conjunctively present in sonme cases and
di Sj uncti vely present in other cases. Miultiple elements listed with

"and/ or" shoul d WhikaeSirELUEEbIdIMERS of B réseiinOéhtion Hve beddNs@ibdding- Of
the el enents so conjoined. Gther elenents may optionally be present other
than the el Blvstiated bereiy thosapf grdingenskifl jimtheipyt wﬂlerea@bdetrmsxoma Harsasy Oﬁ\,hélteher
rel ated or I I i.dentifie
a non-lini t%%g&(’a a%éi?otr%gu&ﬁrets QQI‘ZP%I‘%H%H{@QBE K?n%ﬁ Cd%).r mng& rgsq hs anH/Llor

conj unc2d onond éﬁtn&ﬁeif{l&fuiﬁdnﬂagéhgiba@ﬁ)eﬂﬂﬁfblm&nd(é@mﬂ sichgarigivns bed/6f , 1 N one
enbodi ment, tqQ. A only (optionally including elenents other than B); in

anot her enb@&ﬂﬁ@ﬁtlon&lé defrpgd §p b@dﬂfhl@ﬂmcgm wgarqsaltén@%ﬁ@slv&rhgenqrﬁbh NE
in yet anot

206! errent s)ﬁ"%%et SIRAATRObre vl 101D afbrBlitheHnd ! pd PORLY, SARLUGLO hlr l'gh%

cl ai ms, " or 4ndst¢vmiiigdraiensidaterisdddateih ardravant tdibe s;eamlar@ramdmgnalse acaumﬂ/ or as
defi ned above. For ﬁxa | e, when sep rating itens IH alist, "or"

“and/ or" shBYPMEE"S A joas-dpateaalpandor coptigreations will dependypop thg %RGFB‘I? of at
| east opge, icAtitPor dpplitiiond FSPISCH R RAfres BF 1R PrNEREvtion! i§/hreQlsed.

el enents, and. o ' _
Those skilled in the art will recognize, or be able to ascertain using no more than routine

experimentation, many equivalents to the specific embodiments of the invention
described herein. It is, therefore, to be understood that the foregoing embodiments are
presented by way of example only and that, within the scope of the appended claims and

30  equivalents thereto, the invention may be practiced otherwise than as specifically
described and claimed. The present invention is directed to each individual feature,
system, article, material, kit, and/or method described herein. In addition, any

combination of two or more such features, systems, articles, materials, kits, and/or



25 optionally, additional unlisted itens. Only terns clearly indicated to
the contrary, such as "only one of" or "exactly one of," or, when used in
the cl ai nyo 0893885t i ng of ," will refer -28-t he i ncl usi opcefsc¥aBhdNs ONE

el ement of a nunber or |ist of elenents. In general, the term"or" as used
herein shall only be interpreted as indicating exclusive alternatives (i.e
"one or the other but not both") when preceded by terns of exclusivity,
such as 30"either,"” "one of," "only one of," or "exactly one of"

" Consi st i ngnesiges}if ahdhyfeatives, sybemsiaeidies, mitBeals, laisnEnd/shadthodyaire nbtt S
ordinary meaning as used in the field of patent |law. As used herein in the
speci ficati 8 Ingpngisient igingided Wéthght,h%@pea)[fthleeggﬁen@ﬁ@enthm reference to

a list of one or a st _one
WO 2012/ 026887- gpdeggﬁ}o‘é% d%ﬂ}%g%&e?%e}é%g%fs]@lec eég?gggn&]g)n‘%/on(lgn %% more
of the el endiztionarp defimitibhs tdefifiitioheimeducamehidindodporaed &s sefeichye. iafdloddi ng at
| east o 5e of each and. eve t\ﬁ elteme t specifically listed within the |ist of
el enent s° anff &?&P’&&?ﬂé §GIREHEMRt i ons of el enent s in the list of

el ements. This d all h [ .
present ot her thgnir}é Eﬁr?fgﬂﬁfge %lng%tsanétl sﬂgea%l ?%Scug%: té‘entl f| 1\%{%}% Aln%étlﬁghel i st
of el ement sclaonsyuinkehs ¢lhalpindiasted tathel c@aa*aryosimuldbé emderstwdatbhﬁeanr‘at Ragd or
unrel ated to those elenents specifically identified. Thus, as a
non-1imitind™&xanple, "at |east one of A and B" (or, equivalently, "at

| east one of A OMhBphra& san@bi\4aSsH hefeindh tHe%?@&ﬁ@ﬁﬁ)n%dAn R 8sBshou
refer, |n one enbodinent, to at |east one, ionally including nore t an
one. A, 1 the H@de@twda@emm( @ﬁherdptmﬁn eqfltlye qlemnxms sl pmgombé,nwnteéermmeﬁlat han

B); in another o at lea nal | udi ng nore than
o)ne B. wit e "OS”%‘gt?Ve e ’ies‘? ;ﬁrblsoc%? f%ﬁ ((/]CEFJHB&}JV&? %"%& g GtHer than A);
in yet anot MeiltisigbReiciBIlisted Witlatandaas sh@Ul®be 6RistAB@IH the sahé #Rhidg, MO ©rechan
one, A, and at |east one, optionall y i ncludi ng nore than one, B {and
optional |y PHEPEJiOhgeismenteserrmeiasd. Qiher clementsgnpioptioaniobbpreserd other ood
that, unles | s hod cI ai med
herei n that 1'?hlair}ult: éﬁeﬁtggﬁe%ﬁk%ﬂ%%%n{slpgd Bgmeacg1 Hﬁo{ héla%%\gﬁﬁth?r iy f?é FSY eps or
acts ofl% heumetatudcto |tlsosaetemwmeaﬁcélw idemdifiedld THus!e nd@hiting ewimele. &k he

steps or ac%:i of the msthordBa1 recited. In the clainms, as well as |n t he
speci fi cat i BATTEHEVE, "Agnd/qr B wihen Bsed) in GARIYRGIONCM OB~ g@ﬁééﬁ%ﬂa&q fghas

"1 ncl udi N, 4conGRfsb Ren refer BYbiCmbodiAlt oM Bty ng. "
" conposed ofCO ar?d he re f<e are toobe %gdgrétlaggo(oﬁl&ﬁae%ﬁégﬁdle feégJ,eq:ts. e.,
mean i ncl udothgr them Bmotl ahouhert gubddimednto/B tohky (bpammlltvumiadhnpbrems other
"consi sting,of" .and "co |sti n essen shal | he cl osed or

seni - cl osed P AlsTOELER] Qﬁ gnel?égg?sgl f‘\?@g ' (opuonally tneJpdigg iofher he Uni t ed
St at es Rat egbmehik); eR. Manual of Pat ent Exam ni ng 75Pr ocedures, Section
2111.03. What is clained is: 26 WO 2012/ 026887--PCT/ SG2011/ 000298 CLAI N5
1. An article, cofpbssihegein in the specification and én thgrcldimb & ovastiontyl ke wejotstolsd

attached thghet oAyl rflgeamnsgte{sl"‘%}lé%re’ as defined above. For example, when separating

items in a list, “or” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion

to

of at least one, but also including more than one, of a number or list of elements, and,
25  optionally, additional unlisted items. Only terms clearly indicated to the contrary, such
as “only one of” or “exactly one of,” or, when used in the claims, “consisting of,” will
refer to the inclusion of exactly one element of a number or list of elements. In general,
the term “or” as used herein shall only be interpreted as indicating exclusive alternatives
(i.e. “one or the other but not both™) when preceded by terms of exclusivity. such as
30 “either,” “one of,” “only one of.” or “exactly one of.” “Consisting essentially of,” when
used in the claims, shall have its ordinary meaning as used in the field of patent law.
As used herein in the specification and in the claims, the phrase “at least one,” in

reference to a list of one or more elements, should be understood to mean at least one



5(particle)-MQ Zn-X-J, wherein: Mis a nethionine residue; Qis a
group able to enhance intensity and/or sensitivity of mass spectronetry;

10X conprweesiznpdstral ity of amino aci d-Residues; n is acRRshbii8ddt eger ;
J is an endgroup; and Z is a spacer having a structure: O 15wherein mis

a positive integer greater than or equal to 3. The article of claiml1,
wherein X conprises between 4 and 10 am no acid residues, inclusively. 20
3. The article of any one of clains 1 or 2, wherein X conprises 5 am no acid
resi dues. A4elethbat ®idcied! feomd inpone MOmfofcﬁ@élameﬂlsﬁlthﬂh'et@ﬁeieﬁﬂaﬁs JAithocl es
have an average dl ameter of |less than about 1 mm The article of any
one of cl ai Aecessanly pRvdmERt sastonsd |et1<ih/@1d;ﬁ"8ﬁ’a‘°rlﬁ‘éﬁm seemﬁﬁfé%lﬁt%wghwhany

one of ¢! a1 8 ofeftmalfiShlbe QAR a R rihRAHE S Frend] iy BF bl any

one of clains erein he article of any one
cl ai ns 1- 4, ThiseleBnitofYatsompiovs dmt alenid)s moi gitional | V\be gzttt ORES 8van tRe
- et/ SC250 1lélgglgr21t285pec1ﬁcally identified within the list of elements to which the phrase “at least
one” refers, whether related or unrelated to those elements specifically identified. Thus,
as a non-limiting example, “at least one of A and B” (or, equivalently, “at least one of A
or B,” or, equivalently “at least one of A and/or B”) can refer, in one embodiment, to at
least one, optionally including more than one, A, with no B present (and optionally
10 including elements other than B); in another embodiment, to at least one, optionally
including more than one, B, with no A present (and optionally including elements other
than A); in yet another embodiment, to at least one, optionally including more than one,
A, and at least one, optionally including more than one, B (and optionally including other
elements); etc.
15 It should also be understood that, unless clearly indicated to the contrary, in any
methods claimed herein that include more than one step or act, the order of the steps or
acts of the method is not necessarily limited to the order in which the steps or acts of the

method are recited.

In the claims, as well as in the specification above, all transitional phrases such as

% & 2% & M 2%

carrying,” “having,

29 & 2% &

20 “comprising,” “including, containing,” “involving.” “holding,”
“composed of,” and the like are to be understood to be open-ended, i.e., to mean
including but not limited to. Only the transitional phrases “consisting of”” and
“consisting essentially of” shall be closed or semi-closed transitional phrases.
respectively, as set forth in the United States Patent Office Manual of Patent Examining

25  Procedures, Section 2111.03.

What is claimed is:



9. The article of any one of clains 1-8, wherein J is acetyl. 10. An
article, conprising: 5a collection of paéél cl es having peptides attached

t her et o, wb 2oeartsssone of the particles nsi sting essepcraiGhyi1®boosne type
of peptide, the collection including at |east 20 distinguishable types of
pepti des, wherein the particles and the peptides have a structure:
(particle)-MQ Zn- X1-x2. x3A4-x54, 10wherein: Mis a nethionine residue;
Qis a group able to enhance intensity and/or sensitivity of mass

spectronetry; Zn is eitherChAIM$al ent bond or a spacer that
does not contain a naturally- 15occurring amno acid residue, wherein n is
a positive integer greater than or equal to 2 when Z is a spacer; X1,

X2, X3. X4,1and Xh adice,@3fprisindependent |y am no acid residues excluding
arginine; and J is an endgrou 20 11. The article of claim 10, wherein J
is acetyl. 12. The ar®p#lig edfavmwmad@ﬁtt%ghaﬁi thereto. havingia StpBIei n zn i s

| i nked to each of R and X1 0 1d§_ ivwkages. 25 13. The article of any
one of clains 10-12, V\here?p\réh§%as 2é’tjralijjéture 0 wherein mis a

positive integerwhd@itd. The article of any one of clains 9-13. wherein Z

conprises an aromati cM%roup 15, The .article of any one of clains 9-14.
wherein Qis an argi niVhis amaethipnae residue;

Q is a group able to enhance intensity and/or sensitivity of mass
spectrometry;
10 X comprises a plurality of amino acid residues;
n is a positive integer;
J is an endgroup; and

Z is a spacer having a structure:

oy

15 wherein m is a positive integer greater than or equal to 3.

1o

The article of claim 1, wherein X comprises between 4 and 10 amino acid

residues, inclusively.

20 3. The article of any one of claims 1 or 2, wherein X comprises 5 amino acid
residues.
4. The article of any one of claims 1-3, wherein the particles have an average

diameter of less than about 1 mm.

25
S. The article of any one of claims 1-4, wherein Q is positively charged.
6. The article of any one of claims 1-4, wherein Q is an arginine residue.
30 7. The article of any one of claims 1-4. wherein Q comprises Br.

8. The article of any one of claims 1-4. wherein Q comprises a -NH> moiety.



WD 2012/ 026887- 28 -PCT/ S&011/000298 16. An article, conprising: a particle
havi ng a peptide attached thereto, having_a structure:

(parti cl eyolbfd/3assXl- X2- X3- X4- X5-. 1, 5whéfein: Mis a nmethisgningosssi due; R
is an arginine residue; X1, X2, X3, X4, and X5 areeach independently
am no acid residues excluding arginine; 10J is an endgroup; and Z has a
structure: 17. An article, conprising: 15a particle having a peptide
attached thereto, having a structure: (particle)-M Xl-X2-X3-X4-X5-2Zn-Q J,
wherein: Mis a nethionine residue; X1, X2, X. X4, and X5

areeach i ndependently am_.no acid.residues 20excl.udi ng argi ni ne and
cysteine; 2~ isd-g}i‘et Flaeé’f@BY/SP%ﬂftClB‘Hffgl'gTwﬁerglﬁ;’Jdéﬁcettﬁat does not contain a

natural ly- occurring am no acid residue. wherein n is a positive integer
when Z is a spacer; Qis either a covalent bond between Z" and J. or a
group abl e tl enhAandeld, compsbing: and/ or sensitivity of nass spectronetry;

o0 2538 20 200 oup. TRl nSh B LIS e O
cysteine. and nefBipaRich®.cond&ing essentially of one type of peptide, the collection including
at least 20 distinguishable types of peptides, wherein the particles and the
peptides have a structure:
(particle)-M-Q-Z,-X'-X2-X>-X*-X-],
10 wherein:
M is a methionine residue;
Q is a group able to enhance intensity and/or sensitivity of mass
spectrometry;
Z, is either a covalent bond or a spacer that does not contain a naturally-
15 occurring amino acid residue, wherein n is a positive integer greater than or equal
to 2 when Z is a spacer;
X!, Xz, x3 \ X4, and X° are each independently amino acid residues
excluding arginine; and

J is an endgroup.

20
11. The article of claim 10, wherein J is acetyl.
12. The article of any one of claims 10 or 11, wherein Z, is linked to each of R and
X! via amide linkages.
25
13. The article of any one of claims 10-12, wherein Z has a structure:
H O
Py
m s
wherein m is a positive integer.
30 14. The article of any one of claims 9-13. wherein Z comprises an aromatic group.

15. The article of any one of claims 9-14, wherein Q is an arginine residue.



WD 2012/ 026887- - PCT/ SG2011/ 000298 19. The article of any one of clainms 17 or
18, wherein Z has a structure: O wherein mis a positive integer.

520. The awbizeiz2eds7any one of clains 17-28- wherein n i pclisc2diiodimesarticle
of any one of clains 17-19, wherein n is 2. 22. The article of any one of
clainms 17-19, wherein mis 3. 10 23. The article of any one of clains
17-22, wherein Z conprises an aronmatic group. 24. The article of any one of
clainms 17-23. wherein Qis an arginine residue. 1525. An article,

conprising: a particle having a peptide attached thereto, having a

structure: articl
linker resi e;.éﬁﬂf‘% %2, . . :
residues excl uding argiRkig 1BRtheCYSdpeil Sitadhtd Bl i ha iV @hRRlebond or a
spacer that does not contain a natur aIIyl- gcgurring amno aci d residue,

wherein n is a positive i ntmgésle)deR-23-X sXa 6 piesr-J, Qis
coval ent ., bond between Z" and J, or a group able to enhance
ty and/gpergghsitivity of mass spectronetry; and J is an endgroup.

26. The article of claMns2ometttRiRiBsilifle;i S et hi oni ne.

ei t her
75i nt ensl

10

15

20

25

-ll\/ll- X1- X2- X3- X4-X5-7"-R-J, wherein: M is a cleavable
Cl&SOMPRISINGA  and X5 are each independently amino acid

R is an arginine residue;

X! X% X3, X, and X are each independently amino acid residues

excluding arginine;

17. An arti

J is an endgroup; and

Z has a structure:
H

cle, comprising:
a particle having a peptide attached thereto, having a structure:
(particle)-M-X'-X*-X3-X*-X*-7,-Q-1,

wherein:

M is a methionine residue;

X!, X2 , X3 s X4, and X’ are each independently amino acid residues

excluding arginine and cysteine;

occurril

Zy 1s either a covalent bond or a spacer that does not contain a naturally-
ng amino acid residue, wherein n is a positive integer when Z is a spacer;

Q is either a covalent bond between Z,, and J, or a group able to enhance

intensity and/or sensitivity of mass spectrometry; and

J is an endgroup.

18. The article of claim 17, wherein X', X2 X3 \ X4, and X" are each independently

amino acid residues excluding arginine, cysteine, and methionine.



3027. The article of claim?25, wherein M is tryptophan. 28. The article of
claim?25, wherein M is aspartic acid-prg#ine 30 WO

2012/ 0268§é20BWhéss2011/ 000298 29. The~arficle of clai pr&Rc20iR0e M is
asparagi ne-glycine. 30. The article of claim25, wherein ML cysteine. 31.
The article of claim25, wherein M is cleavabl e upon exposure to a
cleaving agent. 32. The article of claim31, wherein the cleaving agent
conpri ses cyanogen bromde. 33. The article of claim31, wherein the

cl eavi ng agtht cOhparttiskfBNPSne kb¢laines. 17 @418, Whereint Zihes @ s@ictereai m 31,

wherein the cl eaving agent conprises formc acid. 1535.The article of claim
31, wherein the cleavi a e t conprises hydroxylam ne. 36.The article of
claim 31, wherein the%’ g agent conprises 2-nitro-5- thiocyanobenzoic
acid. 20 37.The article of™ any one of clainms 25-36, wherein Z conprises an
aromatic group. Whmeun§§sa§9§n@§ﬁﬁﬁkﬁ of any one of clains 25-37, wherein Q
conpri ses an arginine resi 39. The artlcle of any one of cl ai ns
25-38. wherein Q conprises a |ysine residue. 40. The article of
any one of 25- 3 wher ei n 41. The article of
any one 5of é'ai ?Sm& f\ﬁiﬂ%f’@?ﬂf%’g&gﬁ ia@‘e&rmné%uz A met hod, conpri sing
exposi ng any of the artlcles of any of the preceding claims to a target

mol ecul e. 43. The nethod of claim42, wherein the target nolecule is a
pr ot ei n. 21.  The article of any one of claims 17-19, wherein n is 2.

22. The article of any one of claims 17-19, wherein m is 3.
10
23.  The article of any one of claims 17-22, wherein Z comprises an aromatic group.

24.  The article of any one of claims 17-23, wherein Q is an arginine residue.

15

[\®]
SJ\

An article, comprising:
a particle having a peptide attached thereto, having a structure:
(particle)-M'-X'-X*-X*-X*-X°-Z,-R-],
wherein:
M is a cleavable linker residue;
20 X!, Xz, X3 , X*, and X° are each independently amino acid residues
excluding arginine and cysteine;
Z., is either a covalent bond or a spacer that does not contain a naturally-
occurring amino acid residue, wherein n is a positive integer when Z is a spacer;
Q is either a covalent bond between Z, and J, or a group able to enhance
25 intensity and/or sensitivity of mass spectrometry; and

J is an endgroup.
26. The article of claim 25, wherein M! is methionine.
30 27.  The article of claim 25, wherein M' is tryptophan.

28. The article of claim 25, wherein M' is aspartic acid-proline.
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29.  The article of claim 25, wherein M' is asparagine-glycine.

30. The article of claim 25, wherein M' cysteine.

31. The article of claim 25, wherein M' is cleavable upon exposure to a cleaving
agent.

32. The article of claim 31, wherein the cleaving agent comprises cyanogen bromide.

33. The article of claim 31, wherein the cleaving agent comprises BNPS-skatole.

34. The article of claim 31, wherein the cleaving agent comprises formic acid.

35. The article of claim 31, wherein the cleaving agent comprises hydroxylamine.

36. The article of claim 31, wherein the cleaving agent comprises 2-nitro-5-
thiocyanobenzoic acid.

37. The article of any one of claims 25-36, wherein Z comprises an aromatic group.

38. The article of any one of claims 25-37, wherein Q comprises an arginine residue.

39. The article of any one of claims 25-38, wherein Q comprises a lysine residue.

40. The article of any one of claims 25-39, wherein Q comprises Br.

41. The article of any one of claims 25-40, wherein Q comprises Cl.

42. A method, comprising exposing any of the articles of any of the preceding claims
to a target molecule.

43. The method of claim 42, wherein the target molecule is a protein.



