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10001) This application is a continuation of U S. Application No.

11/ 036, 707, entitled "SAMPLE PRESENTATI ON DEVI CE" filed on January 13,

2004, which clains the benefit of U S. provisional application No.

60/ 573, 440 entitled "SAMPLE PRESENTATI ON DEVI CE" filed on May 21, 2004,
each of which is incorporated herein by reference in its entirety. FIELD OF
THE | NVENTI ON 100021The present invention relates to sanple presentation
devi ces useful in perform ng anal ytical measurenents. In addition, the
present invention relates to the fabrication and use of sanple presentation
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[0003]  Most scientific fields that involve some kind of chemical and biological analysis
of a sample require researchers to be able to identify and measure compounds or analytes
found 1in aqueous solutions (e.g., the measursment of proteins in blood plasina or the
measurement of pesticides in runoff fron streams). Here, analytes generally refer to
component(s) of a liquid sample that are of interest to an investigator. Typically, fluid
samples containing analytes are presenled to an analytical measurement instrument by means
of a container (e.g., test tube, multiwell plate, or cuvette) or other presentation device (e.g.,
slide or biochip). Because of the overriding interest in measuring a large number of samples
quickly (so called “high throughput™ measurement of samples), much attenlion has been paid
to developing standardized containers and devices that can be used in connection with
automated analytical instruments. For example, in the drug discovery field, researchers
inferested in screening drug candidates frequently screen thousands or even millions of
possible drug candidates using various analytical techniques (e.g., fluorescence polarization
detection), many of which use standard 384 well plates to contain the sample solutions
containing the drug candidates. As such, sample presentation devices constitute a critically
important coinponent of a researcher’s analyticul equipment in a wide range of scientific

fields, ranging from genomics and proteomics, drug development, clinical diagnostics, and



anal ysis of environnental or biological toxins or agents (e.g., assessing
envi ronnent al contam nati on and screening for possible agents used in
bioterrorism. [0004]1n genom cs and proteom cs, for exanple, the focus is
on the identification and study of DNA/ RNA and proteins/peptides,
respectively. These fields collectively refer to the system c study of
chem cal and biological noieties in living organisns, their interactions,
and the anal ytical techniques requited to discern them Understanding
conpl ex living systens, rather than individual cell components, is a major
focus of current biological and bionedical research in both fields.

Speci f i catdalysis ol pamivivenpratal aor n?vldbglg&momm o5 aggnts de.sequentrg aniogemsdat e

| ar ge dat - 5 QL gani,sns. Cenones have been
conpi |l ed ?Dq%ﬁ%g%ﬁ%%mg%g 1’0r stﬁogetad’ etsél?se%r o@%tﬁ‘%l 4, ) and, nost recently,
humans. S[&&ﬂcl]arllya epmrotceanmpm&omms,tﬂoeeﬁhmd;b] tief foatksl is ph okecidnsifexphessed at a
specific ich,is, .ta qbt arti al
protein am acﬁtgﬂgmq Hjé%tgmgﬁ?f]g% ﬁSpo% nb'edrh\?)f’etfﬁk&ﬁ’g 5633’ T‘é%ﬁ‘ﬁg t ool s
to identi iyﬁteﬁuindﬂﬁﬂyl clsiech|am<n:taetnm;c bla&gmﬂpﬂcﬁﬁttr }u@ hmgml@etuﬁhy sxe;g l;l&&fﬁd;tiﬂ:gs a
protein. The, ide on o teins all| ows r. the stu of protein
expr essi off t& qifﬁ?ﬁl %’f ﬁ}ﬂ’iqa%%nfeﬁ pﬁ%&%‘ieﬁ’sﬂ’tcﬁ’at alfl‘é“‘tailq”fl?erc%‘ﬁ]flle’alhi"vg

expr essedswmdlermtﬂaf n‘hem efdivi@anedit m@ana&d i RERE k&S of e aeagfédl%at es) as
wel | as rrF g gﬁlprot n i ntgractl onFs1 Whl ch hel ps devel op picture of the
cel | ar chPPBRPeA syearthhehodt Aol nipeeiHerlly of %‘"E‘prabﬁ‘é‘t%‘i%?ﬁio‘?@s b*r‘Pth‘:‘&'l‘ceto our
under st angidngnhie |lirdé BEtaSNES @1TBs g8 chiQl @F eﬁmélroﬁimﬂsﬂ@ RhIGYIPORRAL Of

bi omatter and performvirtually all critical ogi cal functions, from

regul ati n@omiéla%fqr&ﬁ%tm% geashapaperes: dpsopiilpgan, mast q@wmm@nmwm and
extracel | yloghmih fUGL L 4Gy o Wbibils SSRGS sﬁehfﬁc%{qu% &g, Jgrﬁmapalm
proteom cs has resulted in the generation of information ‘about

pr ot eor ne“bMhigh i sobigie Pé)‘ilh'eIPm@?Dgﬁmll% ARd setanceqiial et b ysefl r’ﬁrl@rd@ﬁﬁﬁ?fw@n is

still inc L

dat abases TP &bty phiied SRR oahsp EER BB E R BRI, | Ui ng
syst ens béheXertidictted of proainsrélews fre torrudy ahpioptrotemation @apcabalstegienw In the
field of C sear r he, fl.cation and
reasur ome P o AT o REBENANE' SRRl SrORihlEph MLt R

t he act ualisghsu gatasa ragl Mdﬁtae sapsiug hro&esn iumztctielse(waitbIlmlpaﬁe\blomalvymthmmvf ket y
studi es coq he extent

t o which ang;%&taglal cﬁés(t"etngmg?lée Slglﬁtok Prﬁ Bﬁ d%cnt;[ca][tﬂ Qur urndgrﬁtlaré g 01tI liviag

Al ternati Vﬁkeyus ﬁshﬁoiai'malayet the @fain adnggoeat ofralpmiaedl zﬁrxdtpeﬁforphylﬁtllﬂ]y@gll @dicalr esponse
to a drug i t he. case of neasur t he resence or
absence oib“’%}‘% §f)ﬁ6?t£ﬂ“§t HE‘PP W%‘P%?PCF@SB‘?“R ?fﬁé%[gé%%?ﬁ@“’lgéﬁ #ons,
Because khﬁtﬁ&ﬁr@ﬂﬁ&dﬁ%u@tﬁﬁ: hARpPet afiomiidd, tiRebgandy Bad olfQﬂb’t&ﬁlllﬂ@sI han of
cells, a high l.evel of ]Jcinase activit is.obser d in Lents suffering
from di seé@g‘éﬂd IR R R Rt MO TR b B HTRT P& 0 %‘H‘H]ér“g?"t Brtgs P rat

resul t i nag Whaeusd nfimafionks BASRcARHLY, Hth A @hié MUGNPOSSE BlewNelstancer
t herapeutics, and anal ytical met hodls of detecti ng the efficacy of such drug

candi dat ed? $iabates dabexRshterdis Dvrihef qun e sudmeedine offeumsasters wildtsyt es i n

the form ofudkicnase, GE YRt kBt NGLS: These and other kinds of
direct and indirect neasurenents of analLytes of inportance |n clinical

di agnost i d¥0%hd dt thy BRd of shreH ey TBRAThRES d33Us BB IsrifiREeY Fdcal

techni quesmARLtSANDE £ WMLt At dnapre@l e\rh&@mttésaat ih@kkt kLt RQLAI drug

measur enent , 00061The i nportance of sanple presentation devices is by no
nmeans ||m0ﬁr@§ aes §URB 85 3] O Pge EFEnle @%h‘?@%t'abﬂ%rSf‘%n@Pé“m‘rde@e‘Q? Eprapegof

i nt er est eqyhif dahiemid: thna hRe.@nt @Nvhiek aeMYE AR &l eRht ArduBRsd @ (Oor
remedi ation) need to be able to screen environmental sanples of all kinds,

i ncl udi ng oveapiem; Alternatyiply. B6idneliernpliesresivamy redecitnlARtaLIPel EEHONTee i ques
used to a'@iﬂlgyc%ﬁdlézifé Quéﬁ&ﬁh%é &‘é@&f}’x@ca@ﬂﬂu'g)iﬁé ﬁre%cé h%s&c@%ﬁﬁlo%ﬁmr ds the
case of water quality studies or in the casé of soil sanples that have been
ext r act ed réngtieh producksepfikinagy gramine raasither Beavyedandse crompe Aednaytaasinitee r enove
various c entahi i ces ol ui d
sanpl es f%r ang{??g?péégl?}g&fﬁg ?o?eh?gtalnlg?brlrg)g\r{flga% a&m l?f]b %Bg\%gﬁgrﬁagiltﬂg t hese
ki nds of anﬁe}ry@f@m dinmassuinevigeit growth is abnormal (e.g., cancers). Drugs that result in a



[ 000711 n the post-Septenber 11 world, governnents are confronted with the
need for platforns and anal ytical techniques to facilitate the detection of
chemi cal and biological agents in both mlitary and civil scenari os,
Chal | enges for biowarfare detection include sanple collection and

di stingui shing between innocuous versus toxic organi snms. The current

battl efield technique for bioagents utilizes pyrolysis to convert

bi ol ogi cal compounds to snmall nol ecul es that can be nore easily detected by
mass spectonetry (MS). Devel opment of techniques that rely upon protein or
peptide biomarkers is anticipated, however, because it would be nore

speci fi c redvaioncafkines ficyvviksnmum@Shtbttsaptxamtec@gdapbub@, eisbahatytcad etedodd ne

potenti al [, rf tion [ eat h tests,

uri nal ysi sf%@&ﬁ%t %ﬁagggvﬁf%g% cﬁﬁ#gﬁiggsgs %? norﬁleéa\gké&g £ord a8’ al erting
devi ces ateenad tsfcnnglﬁ'tegureém formnt eftlastse élmymﬂ$@lcﬁrm mrbmlcbatltlﬂe&faudlcﬁleaﬁmdel | as in
Bol 1 ot | o5 esdbt iadieqt AER G 20 duftves Poim Sy tasa B0t Gt G2 Ret and.

[01) 08] A dmgj&vvlapmeﬁyie;ﬁhﬁld analleydxistoate tfemARticHl eshliawe ahe ermmleyelapash t o
identify r’[ﬁagi A tCC}{TTgOU”dS of interest in liquid sanples, such as DNA,
RNA, prot'® ﬁ%s g%f)f SEIYEHPhod sera, environmental toxins and agent s

in envi rqnmvpt alﬂﬁ&ﬂ‘iﬂb@@ce \WisdiBple pedier@hiioh hRSiGesaRalyyAd GRbnst1gehNAl Guas 1S
ach is at least partially dependent upon the type

usef ul gjlts own ﬁ
of sanpl t“%‘ﬂtF’ﬁn %er}taé“Ptl%afﬁsePr§hf’é?r}31P‘6fﬁgﬁj “’I’H‘ﬁ@“‘“ﬁ% batsisns of nher ent

to such dﬂ.@%xﬁ%ﬁmﬁ&bﬁntﬁﬁiﬁ@ﬁ el _ihEt@fton) REIRASUERERAL scifen CANRANNLSR: Of
i nterest using these anal ytical techniques. [0009] Moreover, nany anal yti cal

t echni qué@npkawééfdﬂ bids. déﬁwmguvﬁ&r 715 ot 30l SBIPI9re a &y RS tmaangiydas! i n
liquid sagphfsed &dutd ﬁmfyﬁ@&ucﬁ Q%ﬁ@mbﬁe Hﬁ%ﬂﬁ@&r IRGRALALRS, I%E‘?s L Q&L NY
steps - i.e., processing of the sanple before it is exposed to a particular
anal yti ca‘f’atheE‘HIPﬁ’dU@iBFDl éethércﬁ’i‘-r&f sph samytlessibpiceva hepnambetivshofilunaliyt es of

i nterest. g ¢ SR RloBraniTBBY e RE & KB rdnfthb vﬁ%ﬁu’é%&ﬁl Rtk e§£lﬂ;51ﬂ:h%§en¥dh§ﬁ d

conpl ex protein mxtures and incorporate detergehts and t ha

i nt er f er edewiceththrhisen spsewtt lghidasraipyselsr eirdysinrst thieforeapvebortant trol o

anal ysi s E&Eontsl{}ghlg (a;e l{]ﬁds o@&ﬁaﬁﬁﬂﬁl nq@&hé)g tﬁ?f fractionation and purification
are tinme- % rcation me ods, such as liquid

chr omat ogitaptly dndhgedst- Shlﬂmhhﬁemphorcem gowgsakntsoarp apiffoptep notheihmsged but | nel y

|nvolves Iere vol u ar t er i.t.at.i ng

addi ti onat™” rrg chaﬂ %E{?%ﬁf) Iﬁ; hrppuey 3 gﬁ%«%ﬁle 95601131? |°6ﬁ{§é”pl°§t“£ﬁ%“é%%“éaéu on
t echni quesgefte g bothMALliry MEJ mllhc.&emhﬁnandmalmgcsufmemﬁdvgarfmo&mecamamcmeal

t echni ques - esent ati.on devi ces used in conpection with

R “ﬂgtﬁ‘ﬁt‘l [REDBY L AMSPL TS P PEATSTES np &Rt

pr epar at i @ijcfigMdt iRl fHabRa@agUitBizts pRolysndo aumftakh@ldg1daat@u@ea{dyaes
[0010] For exanp e npst commpon anquBref erred t mass spectronetry

le, th ] pe
used in tﬂ'éﬂlf’PQF‘a’?fiﬁfth%F%i{ BorPESanly deiREiRT XY FEE %}F@ﬂm@s@g S dESFIpPTEH
i oni zat i OfF IRREREARA kel FBd protein o Abglakie MadnaridWilis Edticiiteh SiodeValteddisoR Of

standard | aser desorption tinme-of-flight nass spectronetry wher ei n pr ot ei ns

of rel atiVeny beippe rﬁaw‘éfurhan cHuely dreva dpdiideetidorpull Bomecdcle derrniie

presence QfiedaVEh¥sk@tIGIRE AbcnBXiG QS HoRihti FNwAR ol tedd/ 1@1'@@9&“1@'09 Giehen cal
matrix (for exanple, nicotinic acid). This technique allows for desorption

of these WRYHE tPBIgNSarSANddmE DIOSABPT &5 HAIPE ABYIEE reedsd of HReNITEhEr st at e.
Mass spechd.QuRhd thike1aRg GRITEs ANpdoB elatANtaredtahest hiedldd Sedend dhaldn@tcam C
efforts because it provides mass accuracy, sensitive detection, and rapid
anal yS| s o llesioguanirFaure. B rrataties Oféﬁmﬂﬂfﬁé‘? ¥ %Dst . 100111However ,
MALDI - pmﬁﬁ jer saf mméas%o%fsf Q?M%h&qua@aﬁa% %&rﬁﬂéxbélo%écpféﬂ mtl@saﬁec' at ed
Wi th sanple preparation i vel resent da npl e supports
suffer fr @ﬁasarcscémeqa@déaﬁweéeswllwé snmpﬁ:q achan DINA. (AR Prdieys, a%lﬂeiph@f@rrpatu bl e
W th sanmple, JB&I éHPE??nwfbn?rﬁﬁ%F%x a%da ents Moéuvﬂaﬁuma ) 2y 3E& drouti nely
utilized and afford dri roplets having a dianeter of froml1l mMmto 2 nmm
(Karas, Mhuesgrrdalpital enkmaagss isuseinhialits o@nevey, 0B, at 6@st Yy gg@ndent wroar por at ed

herein b I S tion of
the dri ea B g SOaRy pREGRURE dElG: (ASEeghlsb AL, PR At Cul TRl o BER | 02
acquisition, there is no guarantee that all proteins in a sanple will be

detected. In addition, the sanple volunme (up to 2 piL) is significantly
smal | er than the volunme in which 3



sanples are routinely recovered after purification necessitating their
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[ 0015] An alternative technique to MALDI - M5 has been devel oped for protein
profiling of serum sanples. This technique is called surface enhanced | aser
desorption ionization mass spectronetry (SELDI-MS), and it has produced
results with respect to the discovery of biomarkers for ovarian cancer and
for differentiation of prostate cancer and beni gn prostate hyperpl asi a.
During SELDI - M5, anal ytes are first selectively retained on a sanple
support having a functionalized surface that acts as an affinity capture
device. The retained analytes are then ionized by | aser desorption at The
poi nt of capture to enable their detection without the need to effect their
recovery sumoks twerondtebnickyerduaiica geridation néegubiigdhéio furtieh esnchyptienat ed
liquid chromato - s spectronet.ry approaches. SELD.-NMS.is . described
1 U odef o oS REST R SRaTeih SPaht B0 BB S im0 30 B0 b iy 04,

6, 124, 137hrdnalidpapBit/indadietnpliélic th@ho@! dre FEQEIP Qe add e vehmebYrdhRf er ence.
Despite the ses uls recently reported, the SELDI-M5 approach is often

pr obl emat P& Qﬂl r &6t Edlheu LﬁWﬁ@éE%]?ecﬁ‘ﬂg?lém%‘ﬁﬁrﬁfﬂi’wfttﬂ_%%BEMS- to
retenti onyely HiupheQGiseabn@naded8sisCAR e ihielBS SyithARss APLALMRRES Or mance
with respect to anal yte presentai on during |aser desportion ionization,

[ 0016] St i 1erespanag thels epivaglmer tsMALPEMS ol at e and purify analytes, such as
pr ot el NS, (e DG SR bedOks AP MABSLURNALLR s SBEIPHEL LAY On
approaches for biological sanples via the time consum ng techniqués of 2D
gel el ect Epholuask es smrdl and wli cai mevesirerahatici cquiatoshmplrat opeapity whee wel |
known, as,ar i ' sensitivity technigue b bl e

col urms- e oo opndo S SRS ekl SENMILE CSrillp Vol REBRERIL T

whi ch ser@2<.4 @ separtatly whedend dritd whicbsfiocahebdrapidhieving natipuctdrwd

di nensional . I1n 1D .gel electrophoresis, also kn as S- Agﬁ? di um
dodecyl sﬁ?rfla]tlgl-nptgl ]Er:nr'yh(gaﬁ%bdgpgaélfl?'g“lleélg%llla%;[ﬁd‘}r?]ézs;@f’fl bgr'%gt g':in“‘ 3(%? res are
separ at edinbyipdrived heraialbecetesancee Cgikeqeaily, .onlym 2ib3tegettioal of dier djplidresr s, al so

known as 2D- PACE, m xt ase separated, by their isoel.eciric pajnt

o I'owed B0 s =fho e hfiE Bcs SRR o et O et BTl Febflifhue 1 s
that the Urbhetiddgseraotmileselites off 0i5-20, pjpagd kesel ¥edespoin \Whghle t
contain npre than i)gere] gtrpt ei n. Anot her gi s’{f\dv ntage is that the dyes used
to see t hBITRESAFHt (B RefefORUECET dEPRSIUAN oAl hpY BTk IBHES TEF (R ynilicant

chr omat og{aptivhs (& akd preskit@WilteAsity, Ris@ttiddenf ofpReRaty GdndoeRin@nR Rer aphy”
(14PLC) or "nulti-dinensional Iiquid chromatography,” if npore than one
chr omat ogPagifFienigesionelihe disaroprheiamide kgas of-: DtlepkangeReiral /iidass he

avai | abi | 65.¥nQf g YE88.CODUNT | CRETHSESESS. L MaC@Rl BSE 481 884 1996,
el ectrophdresis, which cannot efficiently separate the smaller peptides, LC

can be usé¥3id7sagdmeade, Haptli deomingueariasSahinnnivemeynid. iCe: Idingeseisia, ol i d

phase ext § Aghha Kl 8RR OYhASS Ml Bpkep WY 187, RUT 1479353 O @Ahibif kS Lsed

in many aréas, from or]éanl c synthesis to envifonnmental Sanple co f'écti on.

11 i s fastmserpoiata htieguivdefeiegen).d Thost pharbinewn ©fdeHRtcCssaivtthecoriseltepcdtos s

sol vent ang,can.b t £ A qui.d | es. The

Fechni queooy B PeiRfihul & Rl A 26 L BIRMAGRr 00 Rl be L SORR Y e

col ums, perhnplae$herafod, Agdavied hupkalsewplet canrtershalpredagpef o pef B6MVHdrh dr ug

di scovery er.saml e present gtc{ on devi ces have been devel oped for
H{())H(Bsdigien udecl.

use in kn%\l/ﬁgﬁ;u Jr?][flltig?%}%ﬁquﬁe EoT exanpl e, ADVET (Absorption

Di stri but (3] Meitalbs| besmideowettiaed Tihxi thel mghidiat efdsaasiles hergivbeEitparedar d
mimmized as the spot diameter falls to the order of the laser diameter. In that case, a large
portion of the sample can be imadiated simultaneously, improving sensilivity and
reproducibility (Little, D. P.; Coxnish, T. J.; ODonnell, M. J; Braun, A.; Cotter, R. I.; Koster,
H. Proc. Natl. Acad Sci. TUJS.4. 1997, 69, 4540-4546; and Gobom, J.; Nordhoff, E,;
Mirgorodskaya, E.; Ekman, R.; Roepstorff, P. J Mass Specirom. 1999, 34, 105-116,
incorporated herein by reference). The sample supporis described in United States Patent
No. 6,287,872 are further described (Schuerenberg, M.; Lubbert, C.; Eickhoff, H.; Kalkun,

M.; Lehrach, H; Nordhoff, E. dnal. Cherm 2000, 72, 3436-3442, incorporated herein by

b}



(littp://ww. 3m confenpore), a Cl8 RP (reverse phase) sorbcnt enbedded in a
menbrane, are touted as capabl e of reducing the nunber of steps in sanple
purification and the potential for archiving and concentrati ng because the
| oaded sanples are kept dry. Sanple purification requires three steps:

| oadi ng of sanples on to the card, transferring the card to the eluter, and
eluting 100% of the sanple directly into a nass spectroneter. The Ennore
card could be used to | oad peptide digest sanples on a MsSif the elution
vol unes are kept as | ow as possible, otherw se | ow concentration peptides
are below the imt of detection. [0018] Therefore, a need exists for sanple
pr esent at ickrendgy whesint hat slesm fhe wsdoing rhec dspostdd oh amdiftls vad kA sgnal yti cal

nmet hods to _detec i th, hi gh .sensitivity.piological and chenical nmieties.
Mbr eover , 8%%?@# g’\ﬁ% r Wé'@?f%l’%bﬁen%sawcg esg‘églesﬁ?lﬁgih(?tﬁm&%?ﬁ%ege@“ plaresyisdn
conpat i bl esighifitunt heresiplsensiiolty bRdetdcast. | TRl dtawieel vehado bb@im this Qeidd

chr omat ogra&)hi c and el ectrophoreti.c separations and ot her kinds of

separ at i ofHPpUFH WT&P%RY%W%S%W&E@Pce@ﬁ%}tefsdﬁ”e%k&a liquid sanple containing
anal ytes o014 Conf ioNGeorAd S QuAfle tWBlufeNkld g@ukt}ep%@ms,e%eaé&%ﬁ%f%ed Wi th

sanpl e heterogeneity, that result in an increase In sensitivity o
det ect i onempteEd spmplcapipprisy dastened, oth mémirpplusnp ek it atcioresfesAnpds. woul d

enabl e au;)g.g@fee&k sem! %a@;egaﬁgﬁ If's?conﬁ&qgflgyf aval@le SX AP Geno i]‘STgfﬁil'"nL. fe

science in try's sta we € processors an handl i ng
robots, Mruber Pdonicamimbl]. TheynchbshigH phidacts hepcive d3HALIEEVB setsitoity apd

subsequen - analysis of cF t aphi ¢ _cild ates.  Furthernore,
hese capdBi T Bo gt R et VERRLARRR RE sk Bl Hhrmlin SRR
det ect i onclandgwateasunenehtbioinasriel heiceales andrrghehvaableryiephilis spesd. g t he

various apal vtijgcal .techni S, wn to those of.skill in the art. These and
ot her bene I}C%/psa hg 1aha af)srogfsa%ééﬁt“'tllﬁﬁ AN Cﬁ%@’@@ri e ireﬁu%w%]?@gi ®F1 bel ow,
SUMVARY  ColilttrEofl INMENEIDN {pphddod Bheh el lbe lipiited enfirah 060 pdavidogd. ©Ofo. t he

present invention provide attractive glternatives to kno anpl e

pr esent at P%ﬁaﬁﬁg{}i gg er%ljsgé‘lﬁsnlf%ag?‘&ﬂg glr?BTli}tfcillcé’l'l %élf%gglpﬁmgeimg‘%’ e

i denti fi cahthrClgfm™c he&hg@by,aﬂéivﬁgm IQ‘?i Baﬂil(celennah?]rﬁ@s .Gnhl:ll’ﬂ, asleiehiban,20bd) e
present invention provides _netho o] ing t sanpl e presentation

devi ces a¥CHBPReG SRR Wé’déﬁf"é?m&? %@ﬁtq@ﬁ P@Vﬂsf? fbdrﬂagdneeﬁ@@w%n@eﬂ*@f

anal yti calofRes UtRRtE1eh by tigsd GaRpiaidRgdvdiind ickiing: 5.a7Rl £3.0 dihe uni que

properties of the sanple_ presentation devices of the present invention
addr ess nai{hgf lipigiognsr hetoheth gaalyige sef | BEMHITES 5aiits daEieartad ot Betk nown

anal yti calod &b Gyas 1és\eldintaﬁﬁm§ﬁ£§bﬁ PRESERL Bhip@R nHEVASER REEPMaANer s
them [0020]In fi

used in connection wth e el ds such as genom cs,

pr ot eomi ceonceptiaggddis gotielip, @l Simblaramuiicalyrostandte PEPHSETs 67véce Bl et ecti on
of envi " ORKRBLitl, hRhAS AGAGRM A BB APECHLOMRN ol @i BRANMANE used
to identi ?@c%erlriocal J[lnancfﬁ I gﬁ’og?c‘gfp rm?g?ll%s’es, v?/h.ér ei'n of t(eﬁﬁgﬁl 'y very snal |
quanti ti edy dilliphe Graprphre gnigroecobais [fadamploasvdconiiaiaa and dapiltohetinroeg hput  of
| ar ge ”“"B&rk%éo!ma%a L ti|p§ iy 'rév%@%ﬁjhasg F&ﬁ[m@t@ aé%@ A8tLCtkpn, fethods,
such as fFuoréscencé pol ari zat on, munol T Uor eSeence specttoscopy,” gel
chr omat ogSeptiisr, §.6v1.; Boshan e teckHpiond.ofgmaphhey. 4998, At 304eHP Bhatcogoapdy, can
al so be uged. f i gh + hroughput, detectjon of, bial ogic nd chenmcal
o ot i 0. 1aRA S pgeD A HRE thec i HeBlsPlac o il AL TGRS
present at iamiiahlevz,_'ipﬁss@oﬁs tive Emesent. iddyenbiidembld 002 1hahproganpiféeult to
presentation devi Gesadf s RLESFlle P EQLERD B QM HE BRELACt NG fore,
AnchorChips™ suffer many of the same limitations associated with other present day
MALDI-MS sample supports.
[0015]  An alternative technique to MALDI-MS has been developed for protein profiling
of serum samples, This technique is called surface enhanced laser desorption ionization mass
specteoetry (SELDI-MS), and it has produced results with respect to the discovery of
biomarkers for ovariam cancer and for differentiation af prostate cancer and benign prostate

hyperplasia. During SELDI-MS, analytes are first selectively retained on a sample support
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alternatives to known sanple presentation devices used in various

anal yti cal nethods. For exanple, the present invention allows for anal ytes
to be selectively retained and concentrated on the surface of the biochip
in volumes up to 100 tit,. hi addition, because analytes are detected from
a portion of the sanple presentation device that is designed to be
substantially non-binding or binding resistant, they may be detected at

hi gh sensitivity as conpared |o direct detection on the surface of a

bi ochi p-based affinity capture device, or other sanple presentation devices
hi which the surfaces of the devices have significant affinity for the

anal yt es. h2f0@2Zjkhengbieeabanicd that@nt kom dflﬁnm)h@tpnmd dﬁvm'ez g%c rdvengucinadptes al

| osses assogl ns anal m.one. sur.f ac anot her
because tané)ﬁl ‘?téog\glﬁwbimsgﬁ&s%ese%?%t”b BT cez0 enlaneéhe“r% ee? r%ﬁeﬁécwgodl ment ,
require oht¢ yeea tesefifegt thext 1eqonecbr fiern dputtaitive surfabl bsis rapjoiigal tédo‘om:ﬂﬂyplﬁdnasa

anal yt e- re31 t.ant erties of the sanple pr tation devi.ce surfaces,
resul ts ith ?}é\(&ﬂ]%(g 8‘% MR ﬁEWFBIE%‘}'o?prn%éheénaﬁggﬁ%fls E?Ff”gl?e@s'f‘ Q}é@%s t he
case in kmmpmthmss 7190600 318088483; tegquEbDléw 9412hem:r esertob oyenhd on does

not i nvol orption of hound an tes fram int of capture by an
affinity %Qﬁdﬁs 8\9?‘@8‘“6831‘“9“&?31 Cas 1eap et ggﬁfft“%ﬁ”iydﬁp‘a’é@:l Bes

wher ei n t $RLIHEFIOaphiiogdN 1@f0ft@rﬂ§1loﬂc§1§t15 [1%&1(:5 FY: L@%emmmgwn&rmm gghabl e
affinity or bindi n% of the analytes to that surface. [0023]in addition, the

i quid saRFECOCEANR i ol ey e FEVEE 16h TR OP YRR PaRsERIENCY et sanpl e

present atjle%ctC{%ﬁﬂﬁe%px@&n{a% REES R désﬁ}bﬁ%@ﬁ {Rakidh. @ controlled fashion. This
allows for the sarTE es to be concentrated to an anal ysis zone where there

is no sub@f]%ﬁit i attilbpthei tpeieispesaysad it solels an puslyranalgiss.olick RepeEing kave
present at jQp 4@V thee‘«:zul}@l eQMEbnatibN A 1?9%@11%9&0&51@9 ¥t ﬁof&@f&&l%:ﬂhl@:gxf anpl es

to be noved to different zones on t surfaces, each zoné havi i fferent
propert i e dinehcrsypiostiegpioaes aﬁapygeé ﬁlﬁ\mmillfifeallsl?@@/slmﬁlﬁrdlmn&lffqﬂbéﬂm@)n

i sol ati on, andfi @ an: gljfgt o] y d x td I n
addi tion, mﬂe tp‘Tla slglrjlt el {r\fvlgr%\tn?\grrl\ ?sn EIH \aggﬁlslatrjrp esg%#ggtén%g?rﬁ%ﬁg g\g}l{]éiés in
whi ch theuqnmmtetqoé\m@for\paqeit@ms Pk tiromstoghpliheds ufﬁla@eslonlm}esaﬁha-hgb in

response §39ve¥6}5| L?ﬂﬁ %%ﬁﬁl G AlixQes PENSHE Blmef Yl ¢ ggdélgél’l&l{}ﬁﬁ n ec%dt o

radi ation)’, Such properties o Such - suit

anal | 3rt e@ec@zaphdnwmimoplmoamed HDE-PadgiEs arpluen Hadecyli n@hte&oq,alac@hmmgega in

surface PLop erties.may, be designed to vers reyv

[ 0024] Thod SRt SR B R T Sened i B kSR e e e % e

present i ﬂycmra.plhmmsa@so desed bHED-PAGEIBiRuRte i dephektow (Heisgesrdoidt nvent i on
met hod

compri ses, el & BLesenLald on devlces, JELNOds of R0 SaRL S ofceo

Sanpl e PrgsenbadcbaidaeVé. C&8h resolved spot might contain more than one protein. Another
disadvantage is that the dyes used to see the separation de nol stain all of the proteins.
Liquid chromatography (LC) is known as “high performance liquid chromatography™
(HPLC) or “multi-dimetnisional liquid chromatography,” if more than one clhromatographic
columa is used. The advantage of LC in general is the avaifability of diverse column
chemistries. In contrast to gel electrophoresis, which cannot efficiently separate the smaller
peptides, LC can be used to separate peptide mixtures from enzymatic digests. Solid phase
extraction (SPE) provides a fast way of purification and it is used in many areas, from
organic syntliesis to environmental sample collection. 1t is faster than liquid-liquid extraction
or HPLC, it consumes iess solvent and can be used to extract analytes from gas or liquid
samples. The technique of SPE is offered in a variety of devices, such as pipette tips,
columns, membranes, and 384-well plates, to mention o few.
[0017]  In drug discovery, still other sample presentatien devices have been developed for

use in konown analytical methods, For example, ADMET {Absorption Distribution
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[ 00251The present invention relates to sanple presentation devices that are
useful in performng analytical neasurenents, in one enbodi nent, the
present invention involves sanple presentation devices having surfaces with
one or nore zones of differing wettability with respect to Various sanpl es
to be analyzed. These zones of differing wettability result in zonesbf
differing abilities to retain, concentrate, and nove analytes M liquid
sanpl es. These zones nay be of various shapes and sizes, and may be

conti nuous or discontinuous with respect to each other. [0026] The sanpl e
presentation devices of the present invention may be conprised of distinct
zones, onkciabolishi chExcsetiopt | NBdxistildgly) r espeiet t asinfe rted entE]'mpnreof éard | qui d

sanpl e. |.e resent ti vices of the present vention may

fint her C@ﬁ%?wg@ ci“i‘ H%Porg)oﬁggg Vtelsélgf”fsf&sortgcﬁee e}f’ ¥ '?]%mlbtﬁ'i‘er mal with
respect t ;Qe tuugh aS eipshlt b¥ietycigtehe alihign opa‘tepaﬁtaéaﬁp&%auuﬁreﬂm hildn e $aER L

present at evi ces, of the present |nvent ébcorrp se, t wo-.

di mensi o F E‘(‘3 g @ad FoReIEREIRa P e‘“s’*Eﬁ‘:fQ’Ee?a t néa”@% or nore

zones of glidffglohnequiyes iady Jtéﬁsﬂoatﬁ;@@gﬁs]aﬂﬂ!%s %am)he cBfie HeNkRiA Ol daMiiges of
the present invention cog(})rl se a substrate, which can be nmade froma

variety ofeghicerangeltng ABI% o the Buplerectlyi IHO3emas SPeciiameisk ati BIPYE asses”
seni condughPESud mrs@d & JoROLYIBY Sedse Hhles Bh am £ el AR VBLORE af a?X’QﬁtQ\ yl at ed

materials, e.g., SI02 on S|I|con on alum num etc. Preferab t he
snbst r at elorvvsmao&s@ieabfhelmﬂmagorg@mdtwmpcp@@ﬁ%@t@ﬂtvﬂlehmltsxﬁdﬁefal@ns| | i con

[ 0029] Theg}%i’ﬂ&'ﬁ %k&?&&@”&%h gxlgt‘évfbxc%?np?sf Bltetl:'%t @51? ﬂ%;ﬂﬂ%@g%o%gu oHTif her

conpri se strate that een sur y neth nown to
t hose of @mdéatian witbkiaribud malHisalamethéds torddieet with bizbasewsitvatyi loelszizdmed on t he

surface OEheHi‘c%l %llae?ig. atﬁm‘eMLCﬂer‘é qp%snegg\f&' Qainfpflee Elieg'gltajfign devices that are

compatible with the sample volumes routinely recovered from liquid chromatographic and
electrophoretic separations and other kinds of separation/purification techniques, that direct a
liquid sample containing analytes to a confined area so as to minimize the problems
associated with sample heterogeneity, that result in an increase in seusitivity of detection.
The availability of such sample presentation devices would enable automated sample
processing, such as, for example, on the life science industry’s standard multi-well plate
processors and liquid handling robots. More importantly, they also enable the direct
collection and subsequent MALDI-MS analysis of chromatographic eluates. Furthermore,
these capabilities would collectively enhance the throughput of the detection and
measurement of biological and chemical moieties using the various analytical techmiques
known to those of skill in the art. These and other benefits of the present invention are

described in more detail below,

SUMMARY OF THE INVENTION

[0019]  The sample presentation devices of the present invention provide atiractive
alternatives to known sample presentation devices used in various apalytical methods used
for the identification of chemical and biological entities. In addition, the present invention
provides methods of making the sample presentation devices as well as methods of nsing
them to perform a wide range of analytical measurements of analytes contained in liquid
samples. The unique propeities of the sample presentation devices of the present invention
address many of the shortcomings (described above) associated with known analytical

techniques and the sample presentation devices or containers used in connection with them.



properties with respect to wettability. Such surface nodifications include
but are not limted to the addition of self-assenbled nonol ayers (SAMs),
polymers (linear and branched), and Langnuir-Bl odgett assenblies to the
substrate. Using SAMs as an exanple, when added to the substrate, the SAMs
create a surface of the sanple presentation devices to which |iquid sanples
may be exposed. Depending on the conposition of the particular SAMs used,
the surfaces of the sanple presentation devices of the present invention
may have different properties in ternms of wettability, and in terns of
affinity (or lack thereof) for analytes in liquid sanples. The SAMs may be
added to t0Isanpl Beldy sadnaeinonieviatesmief drugedipnosgentlinien) alignesici.n a
manner thBﬁBseﬁEOFr‘?}ta‘?‘aﬁ éﬂét%%i R m}éﬂpg&filﬁr AReL RS nlES lsﬁe(\c{rm&p@ %“%"5 used
in a particular zone. er surface nodification techni ques knowi to those
of skill fephridve vagd wriderdillys cheimal erteliclopictlheoigiegsererein nfiemonipvery 0QB0] Wt h
respect to e Kki-nds ones t t he .sur f aces t h Tl e presentation
devi ces r’r%lila%lﬁtrlleg Ikdlgg}ge S%]eeé/ Bt %Va%:l?ﬁbg‘%’aag SPFFL ARy ithn%[%}fpy?gff/%\l/né% rlfugg’ eleO?t hei r

di f f er i ngséPyddstinldedinably. Vrthdr anelspredrtection trathodsanpdhenst ftvobecamapylzédiomhi ch in
turn results in zones thatt have differi ng abli lities 19 rehrai n or bind

anal yt es [T POQUYE E8ptrasiosqHrgs &L SHESAHREPEr JuI T BF ety B G r y

zones, " " hiiﬁqilﬂjf diudetepiapon ﬁz:oml@@ be u@fﬂcfoi]: ai@altm-sm@pmoﬂ:?ﬁtiiin Eh&omigﬁﬁieemﬁh

i nvention only reqguires. the presence of, two types qf ,zones, althou

i ncl usi ondB“‘f"'%‘/'i‘ﬁimé’l A e fthgbéléo g? “%eﬂri%§°‘?]§méﬁ}§ow‘ﬁbvﬁéf'r‘ﬁl’latpéﬁ?mal‘\‘i’g present
i nventi ond&myes af BOpichiGt mdetioRr e t han one zone of each kind - e.g., the
sanpl e presentatjon devices may conprise nmultiple liquid retention zones,
each of wfrﬂﬂgﬂ may 2 AFEP g F e RN g?"(b‘"ﬁéroc i 188 FRTSEH PRER tPreHde Aftegiiled sanpl e
and/ or t hgiranahyd 8%n6 @A bahAS drebdheiiioh Reviéd Qdek] ify vEdidtanhiyie afctaanerds termed
a "boundary zone' and involves a substantially non- wettable zone with

respect t B Bigppisent iRy cpion Ay e gualsieido Botirehys)y Eiierdiad eoiecainitd wit h

the hi ghegf ncont@&! oABObR D 6 vEIRSPEGRS td oot ie ﬁﬁﬁﬂ?ﬁtﬁmi DecaMAPARIySPRt O the
ot her zones. 100321A second type of zone, terned the "liquid retention

zone, " i sdvetieghFompporisr of hestranle erepantatignprridedn it dssigprd bdandiaptizdlgne wit h
respect t ﬂoﬁ-t'iﬁdiﬁ@%tﬂgﬁldrnq lgsgséamaéhx)z Gy ﬁ:@ragﬁegxgd 5‘%?‘2 tséﬁ%ﬁiwit} asSoMildiAR! € than

the anal ysi's zon&, described bel ow). The ui d ention zone has a
cont act arytcé detedtwni anelhy sinéawe of & FaashipHesadoffizsitt capigl devisfe, thethroamgliary zone

(and a cont, angl I e\% m&%@. r ] S an [o) e
anal ysi s ?%g%?atlggggﬁf%gga‘%%%ﬁo ¥-s e§lof gﬁﬁgvzﬁ%&aﬁ? ?%ﬁﬁ{zcglﬁeﬂélgﬁ %’f E[g have
equal or hmiges. contact angle than the analysis zone initially, but because

of chem c physical stimuli, the.liquid retention zone. une a
i ghor cottBel agr eeemieme il Sl du SR B f BRGRY WA B
physi cal sthsfatl df, analyies Hrobesud fisfabn td hAetler Gedadsesihenpleeheamgledirésenti®d t 0 one

zonc preferential ly over another. 0033] The liquid retention zone can be
of b SuBRY ST S SIBETREL SoHes Piahrter sodHeraR bERe The G86ghad <o
oper at e f aithl thejutiath S auaiplagt Frepeetivs iod thepiampleSesentidonl @ viae snghesy bsti@iiaal |y
anal yt e bi ndi n%.re]si starIJt]. Ir] a second sub}%/lFe_,.tIhe liquid retention zone

i s desi gn&dUFE RS IRssRT PheaRs Ees PRt a5 it et Seingowy £ al' I’ Brnd

anal ytes v SBILIDI-RS| the peder aitiehteon RBENGE AivolvB UssoliRioh @F BRGhd AnzlgRPibih éhezone" i N

that it captures the analytes. This secqnd subtype al so inc|lude a
surface t WAVt PECABIBR PAAL [ty captuieyAeRic; P ATy RS SPREF DSERME devices

subst ant i anein@e dBioRioN $f kR RING stk @etRtnd SppedteimeCalinior orftmasigcal
stimuli, su(ih as, for exanple,1JV radiation, electricity, or beat.
of the analytes to that suriace.
[0023] in additior, the liquid sampies can be manipulated and moved on the surfaces of
the samnple presentation devices of the present invention in a controlied fashion. This allows
for the samples to be concentrated to an analysis zone where there is no substantial binding
of analyte to the surface of the sample presentation device. Moreover, this allows the
analyte-containing samples to be moved to different zones on the surfaces, each zone having

different properties with respect to an analyte, which allows for purification, isolation and/or
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[0034)A third type of zone is terned the "analysis zone" and is the zone
that is the nost wettable (and has the | owest contact angle) wth respect
to the sanple in conparison to the other zones. The anal ysis zone is
designed to be analyte binding resistant. The anal ysis zone nay be
optimzed in terns of size, shape, and surface properties to enhance the
sensitivity of the analysis of the desired analytes. [0035] The liquid
capacity of the sanple presentation devices of the present invention is
dependent on the sizes of the zones. For a 3 num di aneter circul ar zone,
the liquid capacity can be up to about 100 1.1. The sanple presentation
devi ces carrdtfraiicn of thé pateesoprine tofiettdiqui dn edtpire thei ﬂrmntt intdagomedivésor

physi cal e var| _
R R o O
t hr oughputchage diresspamse cmvariani o}umalhai pttymcal stiimﬁt(e grrﬁértt,sUszldidmoaﬁ sudtor

exanpl e, ectr i nstrume anot her e nt of the
sanpl e pr esZﬁItle en %fevﬁt ?:‘gcg Sg’fila‘teﬁ E?spée % 19 l?bllﬁs B, bt Aty ?fﬁ‘% uring
presentatmamPHemmﬂmg ématHﬁmg@ﬁﬁedﬁck@f@@ﬂwchmp$sﬂe§@¢dabbee&kﬁﬂﬂmen
where "n" | n¥£er|ca] designation referring to the nunber of distinct
zones on fﬁ&ﬂ?ﬁ? {ce of the sanple presentation device, where "n" can be

any nunber{o624pm Zhet@ hddl bkt YoatulddUSH tHeOfam@leapiRbe@itation Hvicay SieflheC LRuhas two
zones, a T3 t ar get chtgghas three zones, etc. The present invention

cont enpl at"é‘éeng‘ahﬁl‘:edeﬁﬁ Lt ATvRcad PetEs Ebnprssit ﬂgvemycwt%ﬂt AW or 3
zones and pr&efiffon! deMitdsCrhelhBdAR NG hdp@d Tpﬁe@@rﬁatfohqeﬂeé@%td AL AQRESsinNs_the
nunber of zones increases, the overall fect approaches a gradient. Target
chi ps ares§aW6P§$%¥%@%H%%ﬁ$on devi ces conprised of one or nore zones that
are designed to be resistant to analyte binding. [0037] Wth respect to a

T2 target LPrgsgnta 3 the sanple presentation device conprises -two
zones - i.(@e25]2 hOWRAAEY ta%eo&étaesata ARBLYFERnBONL devlRE uSHLfAGeR of the
zone that contacts the |liquid sanple are designed to be analyte binding

resi st ant Rerfprmgng altﬂtﬁéwetnrap%%stegwmfoﬂ@ opg emhedipers. Beriesan neaition drvelvesthe
surfaces Qfmnﬁlté%le%aﬂﬁmtﬂa%c&%k gts&féc&euhtt g g, ﬁ&%&&s 8f E:@ﬁ? Y &hynganf i ne

t he analytes during the drying Step before analysis Wth respect to
a T3 tar gevithciasngct te heloslaﬁ@méeqdp@semﬂﬂmd ohhegeyingeoicbifpinsetathyeesuli ones -

. e. O#H&%?Mlﬂ%ﬂﬂfﬁablﬁéts'ugf'&a% L&lcE a't Qndzﬁ&@“anng eﬁ’ﬂ\l [@ ?i&? %{%Q@ The

surfaces of 'the zones t contdct t |qU|d sa gned to be
anal yte blwdq:sruga}r bs bf vaivus -shdpeg and ik, audqm:m)d b¢ e¢rémtipwsror zbsrentamohst ¥igh

anal ysi s ZQ maggaa @]yte bi ndi ng resistant. The surfaces of the zones that
cont act the a8 | e effectively concentrate the analytes to the

anal ysi s z[tﬂﬁm’:] durTlmg;ambb plesghtaidpnsdempes of the present mvention may be comprised of

distinct zones, one of which is optimal with respect to the retention of a liguid sample. The
sample presentation devices of the present invention may further comprise distinct zones of
wettabilty, one of which is optimal with respect to high sensitivity detection of analytes.
[0027] The sample presentation devices of the present invention may comprise two-
dimensional or three-dimensional surfaces, cach of which having two or more zonss of
differing wettability.

[0028]  The sample presentation devices of the present itivention comnprise a substrate,
which can be made from a variety of materials, including but not limited to, for example,
glasses, , semiconductors, metals, polymers (e.g., plastics), and other hydroxylated materials,
&.g., 8i0, on silicon, Al;Q3 on aluminum, etc. Preferably, the snubstrate is a metal, such as
gold, or semiconductor, such as silicon.

[0029]  The sample presentation devices of the present invention further comprise a
substrate that has been surface-meodified by methods known to those of ordinary skill in the

art in order to create various zones on the surface of the substrate, which zones have differing
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{0039} The sanpl e presentati on devices of the present invention may thus
conprise distinct zones, each of which exhibits a m nimum of adsorption
Wi th respect to analytes. [0040] 1 n another enbodi nent of the sanple
presentation devices of the present invention, the sanple presentation
devi ces can be termed "capture chips" or "capture/concentrate chips,"” and
abbreviated Xn, where "n" is a nunerical designation referring to the
nunber of zones on the surface of the sanple presentation device, where "n
can be any nunber from2 to infinity. Thus; for exanple, an X2 capture chip
has two zones, an X3 capture chip has three zones, etc. The present

i nvent i on PEBFieHHIRIcEEC K sttebihie Supt wrfisrmeiitsatiens indwdedivhimgotrtimisednor e
than 2 or Z9 bk [ r of
rones. As he AP RAbI b0t /Ay, MR (rabRRL b Ral et 1os o
gradi ent . L dogestgssemptieciaphunbiiesn itz Fds ehimpsampk, whenpldded to

pr esent at C I t e.d ed to
D1 - anal §eao tHse S SR raE R sfeop 8P LRg B Bof RSy dAkesth RuL 3B

sanmpl e pr e@msanayohrﬁ teviede Drpapiingsestht wonpeities of the. parijcular Bam(lbacrdythzone and
a capture T, of. the.z n that contact the sarrple
are desi gﬁé%?so fcglgtsﬁ le%ﬁg%maﬂ?n {iemeg ?%ée Pregeﬂemgg O&rrga% ﬁve %f Had t he
anal yt es propbéisen tomst dffewrhb]ﬂmcahd or tetsod foadfig g (opﬂanpemdrtce‘sfo@fancﬂj&e: aur f aces
of the ca turg zone. Th ﬁgrfa es qof ftgg zones t nt.act ghe liquid
sanpl e ef FOEf SRS ISFIHES FRE PR AYES foL° STPY R G ﬁp&eﬁ‘&‘n’sﬁf 15 P e

anal ysi s. Ir[\@ﬂébanwhhnﬁ@ﬂﬁﬁf:rbat&@diamct)@n@aﬂtow gbp@mmaﬂercathe S@J’fllsmsedih@ sanpl e

presentation device rises three zone ' one,
capture z8H8 C‘q%{r‘Faneanggﬁ%‘béfesmﬁ‘gﬁ%amﬁ'ﬁé ‘B%‘ﬁﬁk’é‘}‘vl 'i’éh eogqa'réé‘} F\é](ﬂmteo be
subst ant i ajsh f.chaer welid @bdeay indagocapt ure zone is designed to capture and

bi nd anal anal ysi s, zone i s desig nal yt e bi ndi ng

resi st ant Bf&ﬁﬁ]al y&!g b ESFRECE 1og) h%? 5 a0zYet W@%ﬁetsﬁ act?éﬁ? thee* TR I&?f&‘i“ft@“s zones,
which is dengspidyaficlide, HBRbYSheraOdiRN ridkll e Wialel @uiseiKNEWh aRalifycal
detection ry‘!ﬁt hods. The surface of the analysis zone that contains. the

i quid sarpihaesertde ievanple o hs pirbeed rdichiANyp 6UEUI 2980% et hagg Jffeiipest ep
before anghigisSto E£0n bF BN Saryeds ﬁ1|'!§“qud Sy flesS aMRdse ARQMit heo8BPLHEG ZONe to
the analysis zone may be acconplished by virtue of the properties of the

surface of PIRéAE 4pRdsr e limpHercicnigon zqnes.t pidl Caplytit €onedne Thadraent dwerticdegr ee of
wet tabi 11ty %f]bl@ it Sk B oty ?eelzlltﬂﬁ&fq ﬁaurg@dn otk uERYG fpam the
capture zone t nalysis zo out physical intervention.
Al t er nat i wékapes ihlso eapitropleted-oHlee m@yntble/eelfwl mypyedsog uad et thizge than gnegmonpel t | es
may be ch n Iespo a S eat
radi at i on)aeg@@gﬁle Br ﬂen‘%gl rlggég‘[([)!ﬂrggl t%’gﬁa@{e&ygb %?ﬁgrﬁlg]ggfreglq(t@f 1Q§%t€c%?1abl I ty
t han the amadsytsi:lsofz\@inm mamuaﬂerdu%l@au@pugesnheh fesrgeti td adignd|semplo 2w ehef r om t he
capture zgQne ttoatngmeg %SI s zone. [00431In yet another enbodi nent of the
sanpl e pr SEARFSPEN a8V ¢Es of the pr esent

[0031] A first type of zone is termed a “boundary zone” and involves a substantially non-

wettzble zone with respect to the sarnple to be analyzed. The boundary Zone is the zone with
the highest contact angle with respect to the sample in comparison to the other zones.

[0032] A second type of zone, termed the “liquid retention zone,” is refatively more
wettable in comparison to the boundary zone with respect to the sample 1o be analyzed (and
is relatively less wettable than the analysis zone, described below). The liquid retention zoue
has a contact angle relatively lower than the contact angle of the boundary zone (and a
contact angle relatively higher than the contact angle of the analysis zone, described below).
The liquid retention zone can also have equa! or lower contact angle than the analysis zone
initially, but because of chemical or physical stimuli, the liquid retentior zone may assume a
higher contact angle than the analysis zone prior to the chemical or physical stimmh, which

results in the liquid sample being directed to one zone preferentiaily over anocther.
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invention, the sanple presentation devices can be conbinations of the
above-descri bed target and capture chips. In this enbodi nent, the sanple
presentation devices are conprised of surfaces having different
functionality. These kinds of sanple presentation devices nmay involve the
transfer of a liquid sanple fromone zone to anot her by mechani cal neans
(e.g,, via pipetting)or otherwise (e.g., via the differences in wettability
bet ween zones). As an exanple, a "capture-transfer-concentrate chip,"
abbreviated X2-tr3nsfer-T3; is a sanple presentation device conprised of
both an X2 chip conprised of two zones (i.e., a boundary zone and a capture
zone), as{0WE]| dshedidil mttﬁnpmc@myrciasé:d @ftwphnbtep@onbson(aisubtype Woukigiad y zone,
I|qU|dre tlo ana ) I

ot her wi sef‘% gégﬁae§/l eego %IV\gle% ?aﬁlglec%f (?IE?D pmgt’n% Hlltl%gelggz chip
and the Isuqmmhan;etamyte dnmdz[fgnﬁsmtfmtt hIa aT Scoi let}lpﬁ ’ﬂnddlqhidon&tenﬁd'iﬁz@ﬁﬁﬁ)dl ment s

of the salr presenta ian devjc i 2V, onbi atl on of .capture
zones an i 9 PR %ﬁlq'élﬁ 53183115 5 ﬁrsfﬂﬁ‘g ?Jlg @5‘%&“ iﬁt"’%“‘ég H3ESr i al
manner tOsﬁh:@Ql aldean Geb 6 thnal ze“calﬁttlﬂ’elzfn)&” igihet oyt tAN&a)@sS Thid stdogdi d

sanpl es pr or to their detection. npl e may be
pl aced ont Wae kil C?Pﬁod“"slﬁ‘geha PHERCe t'd?‘i‘{e1b W&?‘iﬂt‘é‘ PPf"lWlé’”Bdéﬂgg“l’%%&‘F ge%’&iﬁf ined in
t he anal yﬁnbﬁmﬁ@gﬁnonmaamsamﬂ RilEybhentdadeticanafarsed stitudRukRsChl p t hat
contai ns a boundary.zone capture zone, and an anal ysis zone. In this
exanpl e, FREPE- Yd‘?‘déat?Bn%‘achYﬁE signed to bind (and thus renove) lipid
noi eties fpgn t he umdqy,%éioﬁamlsemmsme Srfkis WheN ahM R (BAPREL ehat 8 vRARbG ed to
the X3 chip, ‘it noves fromthe boundary Zone to the capture zone (which has
a hi gher Wghbledansthajée QBETticoglyct apse W1¥b1|@épeﬁ‘dpélﬂﬁi wHPinintcRBrEEA Fethpi nd to
the surf agferQbnds NEnEARLHsS 0D Bosi MR iH %naﬁﬁ%fn@!n@ges?s%pl ﬁemﬁﬂgﬁ s 3 t he

anal ysis zone (because it has the highest degree of wettabiti In this
exanpl e, Wby @R@ﬂi@dsam@ﬁ%ﬁc@mq, AcSufAc et HiePeTtES éheihancs il &ehﬂéﬁﬁ-’lﬁﬁh% | i pi ds
are mvedﬂlggnathlggd(@lecdlgé@daﬁgf@gthat the final sanple that is analyzed from
the analysis zone is concentfated and purified of |ipids. Because the
capture zBf¥d cafhedanieepgnied! ths sbinpld pzesenition dedecsof thifidsentdmenmal yt es,

and beca i f sanple
present at SRS PR ANl A Blad ERRIAIDAS IINUREHRRS: 01

i sol ati oncme’mdp matiofri tﬁ@tul oﬁha:szap:ablﬂlesentﬂsm(dvvlsesaalvumtamnéusamnonmrcéIlemdtl yt es)
can be creat gq u{ gtﬁ% X% mﬁ"@%eﬂ Sl Lanster 1‘%“ Tk om%sc”om one
sanpl e pr%gﬂé’net HoSh g as s B &Plh Hr?ave iy tffs S'H‘H’m aE%arrple

t he concemt lpai:edyspomloﬁecf ﬁlomlc]éz iafaciiater errmveabnqmﬁﬂﬂamfmallﬁgh (lﬁnghput by

pi petting) and. Fl aced, on %gr a?e X3 s aﬁ?l e ﬁr esentlatl on devic

Al t er nat i VEPPELORHE ﬁloélﬁdm?@“ AT SR AP Gh G0 E’egmsrf‘a?}’e%émbe%nect ed
by a zonemsthhﬁnwettabl i ty of which may be changed in response to cheni cal

or physic WV radi ation such t hat e co ntrat ed sanpl e
in the anﬁ\ 03 | s ﬁJéO ?1H@d?ﬁe%%ilé sﬁ%"@?eﬁ‘ieé“tnfaélﬂn o‘%\ﬂcﬁse °?§ ¢ i erred to

the capt URe#RAShOfanifiepridtniami &idehen YehemeX pasur @il Adzphievihet ween t hem
to UV radiation results i n a wettability that is Maher titan the analysis

zone of t WESTFINGag| WEehat! ceaenstion w&aamterfatthedmbﬁreoféasaﬂﬂrZ%nez GRdesEfice X3

device, sythe iddhe BRISAGPILEDVRSe F QM Telan F/(ﬁm%(ust FroMPRIinfiMist [Thas, ¥ast
nunber of surfaces (having differem wettabi and anal yte Dhi ndi n

propert i eg’jalllé?#dag@ﬁﬂg@'tﬁhé’c lras g0 Eppe- 0¥ taﬁ%’lllé rBER AR T H@\H“’é’%‘g havi ng
a vast rapgeniRh cBMEhblaGatdnie preRAGEM Jeartcb@cfbmah]ﬁ@ Rhryoere 6 2R Aibhgat i on
capabilities (vis-A-vis one or nore anal ytes) can be created. 100451The
sanpl e pr é‘?eﬁtlé‘tt|héTHTeéé9|561é§”f’dft°tah§33ﬁfé§’éwpeﬁ HVEnes: oﬁ\qftﬁ"r b S FoRde zones
of differgpl.awethakikil Hf@@vapp&agfei hefraidn: STaRes affs Rth@hieSreskasig/xanpl e,
in one enmbodi ment, a sanple presentation device may have zones in the form
of concentiies eeRRrsed of YCORTRREoREbE PreABREE 8 Prrehinent naia)ds Endieme
surr Ounde@hobg] t heyily ﬁ%ﬁ%&gt (21 92t LR0 ZQNGor SUELRUBLC DY hb&shosNdaky zone.
Because the zones can be created using a var fous p% o-patterning
t echni quesomprisgs Becziee |- @mbwnmtz@wmati eeanEbsy 2086 hRkeudacep pOilie denef or
L een 0SBl Yid s LRI EPML BRI LASIE Bip ISR P B VRS Lndi A0 OF
possi bl e shapes, rns, I'gurations 0O he 'vari ous zones.
Mor eover, the varlous propertles of the different zones of wettability
allow for the creation of sanpl e presentation devices capable of directing
analytes to single or multiple specifiied or pre-determ ned |ocations on the
surfaces (e.g., addressable sites, |lanes, or fields). [0046] The sanpl e
presentation devices of the present invention are suitable for the handling
of both bi ol ogi cal and non-biological Iiquid sanples. They are al so
SU|tabIe for appllcatlon |n a wi de range of analyte detectlon nethods for

e s L 1 o o .



flexibility in design and use of sanple presentation devices having
enhanced capability to present analytes for detection and anal ysis over
known met hods. Thus, the sanple presentation devices of the present

i nvention have the capability of directing analytes to an anal ysis zone
designed to enhance high sensitivity detection of anal ytes. The sanple
presentation devices of the present invention thus afford inproved
deposition of analytes. Fabrication of Sanple Presentation Devices

[0048] Still other enmbodi nents of the invention include nethods for creating
or fabricating the sanple presentation devices described above. [0049]1n an
enbodi e ntonie Ns Mﬂ;@hbﬁh‘l&g s&sﬁﬁc@cesha gefaeanynhesate afat sedthctatseimhidednpenol ayer s

( SAMB) mhl rq%? pendi n di fferences between the SAMs
used, the® Hﬁﬁ%c ?%%‘H@vﬂgﬁgw%ﬁ“%HEEﬁ?gg'ﬁF i nvention nmay conprise
vari ous sz]onewlmlhaipean@aqeaaltge&hm tﬂérb@m@e@Mérﬁatlbﬁtde&ircélt@@prtseﬁtﬁlf&ques
Accordingly, the 8 i nvention further cl ud nmet hods of _creating

sanpl e pr &YEHT &fi g@?é@@Bééﬁﬁ¢F§@Hmﬂﬁm§A < “5€§m0ﬂ€e5F3¥%ﬁﬁed

net hod, phetzenda@tdt edfticigic 1§60 RAAMNE dre EHLRO LThamslHe tatEn Oksilhf -subgkr at e of
t he sanple presentation device of the present invention is t plcally

modi fi ed BAUPEEEPHENCE)] RstaRdyds kKe W o yiehadmegesivgt| The pirfess ohfhe” As an

exanpl e, tHes sl4bshtatl e ﬁqﬁ&‘éirﬁﬁ@ eﬁ"@éﬁv@ﬁ/g&ﬂ%&hﬂcﬁteelﬁc% dﬁ@sttwﬁenﬁglygyzaﬁ%ans of
appl yi ng sel f-assenbl ed nonol ayers fy the surface of the

substrated@ﬂ%ﬂhéﬂgﬁaﬂﬁ% presentation deV|ce and whose exposed surfaces may
I mpar t pa"[dds?]u' a"rh& Q:ﬁﬁﬂ@iﬁés@rﬁaﬂoﬂ iRes Hp%r ﬁ’rEs%m ROLAR fn' REY 9{;15 VBhbQHS SAMS,

i ncl udi ng 10, g&g tions, a particu strate prOV|des
the surf adetiest zqnh% eaalilss pibighexhiptiha uiigye 0%@#%@@ ‘Ewalrea@pbtp astlytess and

properti ezo 6‘?][1 P#f tahngtﬂéragmb@dﬂmedtc@i{ BN sl éanc”gle&ér}?étﬁns ef eo?“t‘h% Srbsnit he

patt erni n he substrate so that It ¢ ns a plurality of zones, each
zone havi mygediohf ethentsapie f aweentdian adeeses scirc sba nf’drlmdo penptings chipt hads  of

pat terni ng.d fice sk \Lﬁgttear{hﬁ% KON AR R Lyl 1C) Ugglg%oﬁlngesignatioxl

phot o- patt er ni ng, ograp IC pattérning, mcros
el ectron- bﬁ“atmpaptth@numlrneg of mmds me‘a:cslm%ee piothe smqaﬁn mrgsen[aﬂ@tSde]deﬂeWIzemm‘éﬁ’ t hat

are created on the surfac he ub§§;ate
circular sH easn ) Bue’inger from? Orlrnfeiaﬂy 'Iﬁmﬁ’ FFER at )??ca gﬂ}’%Fﬂé}&o %Ontelsﬂfe
cont i nuousn d{J da]ﬂmenihlmha:suﬂuw tdnes eespecrhctmaaanﬂﬂemmmme@memplm,safnhm zones

can all be_contigyou th each other re zones can be
0 Scont | QWS WP TGRS SO HBR Bt FER YB8. e Dohaw FRdee SA0 ¥Fe ca on
the surf aeepaffidmabaulistiral esoe tuntesaiphe ipiasanilatdvenlldevitagsofphal er abl y
have a plural zones of differing wettability with respect. to the
sanpl e to abédcldwé' Qf[fg re chips and capture/con %entlate clnps are sanmple presmt:ﬂmn devices
comprised of one or more zones that are designed to bind analytes.
[0041] With respect to an X2 capture chip, for example, the sample presentation device
comprises two zones ~ i.e., a boundary zone and a capture zone. The surfaces of the zones
that contact the liquid sample are designed to capture the analytes — i.e., the capture zone
binds the analytes -- based on the chemical or biclogical properties of the surfaces of the
capture zone. The surfaces of the zones that contact the liquid sample effectively confine the
analytes during the drying step before analysis.
[0042]  With respect to an X3 capture/concentrate chip, the sample presentation device
comprises three zones — i.e., @ boundary zone, a capture zone, and an analysis zone, The
boundary zone is designed to be substantially non-wettalile. The capture zone is designed to
capture and bind analytes. The analysis zone is designed to be analyte binding resistant.
Analytes are transferred between the capture and analysis zones, which is done prior to

analysis by one of the various known analytical detection methods. The surface of the

analysis zone that contains the liquid sample effectively confines the analytes during the
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[ 0052] As anot her enbodi nent of the invention, nethods of fabricating sanple
presentation devices that are capable of precisely positioning anal ytes so
as to facilitate automated data acquisition are provided. Uses and
Appl i cations of Sample Presentation Devices [0053]1n another enbodi nent,
the sanpl e presentation devices of the present invention find many uses in
conbi nation with various analytical techniques and procedures. Thus, the
present invention includes nethods for using the aforenentioned sanple
presentation devices. Mre specifically, present invention includes nethods
of using the sanple presentation devices of the present invention to

i dentify thangpitaskdiere apflyamalhet ewsienolathe Hapil eampin domoha peptye eong tplhgral ity

of sanpl esmlﬁgig her oo b@_agéma%g%g]%@ﬁetaogi&g%gﬁvﬁeg%fﬁ[e sgﬁac%lo%&y%é@ev of

sanpl e presentation devices. al 'y “any anal ytical "net t hat
pernits thendet seifitterrapiudentit hicalivendesor divasenbyehn bf aahalsybes then a
liquid sagpl n, be. d in conbinatiqn \vith {he sanple presentation

devi ces oﬁBPﬁeﬁﬁ’53§Hr%%ﬁ$eh“?§ﬁi°%ﬁﬁ%p g%xﬁ%m%ﬁ@ S%ﬁ%ﬁ?fﬁ@@ﬁ ﬁ@fﬁgds

i ncl ude butter@emionotltbrnativesdthe @aptidle-MS terdesingdtsudsthatdly piopartizahayose V5. The

sanpl e presentation devices are particularly well rted . tq us in.

Combi nat i SRAFA 7 PGRSS R SEGRELY MHAFY ePe (ol ehb i Patn TGI8 such
as, for exafpleond Rriause idwer MBS ofMectabilivhihed tHe haalgasnpine, M0 esenhadiigon

devi ce anqt%ﬁis zones are %onfigured in such fashion as to pronote high

t hr oughput S ARR{ S PRy HRom s GaREPFANS!E M7 BalsF s &Kt at i on devi ces of the
present i nwERti ONn FBY arhip cRBodisest $OMIRALPY Béenthiiguidisarphespreand t he
anal yt es Qontaingg t her ei n. Basgd,on t he dlffening‘mettabiIit¥gfroperties
and capt urVepighErsiERle Prsttatne devises suete gmbigiions Shihe @bedleiibet PRt devi ces

nmay be designrgthutQnipaven thihembHiReR, BE QSR plesQitidR \eFies MBYobGiseess gned to
mani pul ate, concentrate, P05|t|on, store, transfer (wth and w t hout

mechani calSTifee Pvarg fiiient fasirmehty whiese bindspf RSt Rissspiion dvices may

i nterventi@ilve RORIMES of ARELA ¥ar@ille REAGRS SodeMb @andiRE 19TnRRAINT BfRdi § yi ng
reagents on the sanple presentation devices), or fractionate |i1quid sanples

or the analidpigsttieonr eiheredsct @ér einthe Milfaerey In peehiide betveersmpye As an .

S ot e S0 LRS8O A SR IRE IS Gl
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conbi nat i diysidotteithvesend, amtiriatysis zone).r Asporisdmedasict er phkwWig) obBe anaiyle
accurs beiween the capture zone of the X2 chip and the liquid retention zone of the '3 chip.
In addition, the embodiments of the samyle presentation devices that involve combinations of
capture zones and liquid retention zones may further be used in 2 combinatorial manner to
isolate, concentrate, purify, and modify analytes in liquid samples prier to their detection.
So, for example, a liquid sample may be placed onto a T2 chip such that the analyles in the
sample are confined in the znalysis zone. That sample may then be transferred to an X3 chip
that contains a boundary zone, a capture zone, and an analysis zone. [n this example, the
capture zone may be designed te bind (and thus remove) lHpid moietics from the liquid
sample, such that when the sample is applied to the X3 chip, it moves from the boundary
zone to the capture zone {which has a higher degree of wettability), the lipid moieties in the
sample bind to the surface of the capture zone, and the remaining sample moves to the
analysis zone (because it has the highest degree of wettability). In this example, the liquid
sample is confined on the T2 chip, and then the lipids are moved on the X3 chip, such that
the final sample that is analyzed from the analysis zone is concentrated and purified of lipids.

Because the capture zones can be designed to bind a multitude of different analytes, and
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[ 0056] Any liquid sanmple (and anal ytes) can be used in connection with the
sanpl e presentation devices of the present invention. For exanple, the
present invention can be used to anal yze fractions recovered fromliquid
chromat ography. The present invention can be used to anal yze enzymatic

di gests prepared fromeither protein spots excised from 2D gel

el ectrophoresis or fromfractions collected fromaffinity chromatography
(i.e., ICAT (lsotope-Coded Affinity Tags)). The present invention can al so
be used to anal yze sanpl es recovered from bi osensors. The present invention
can also be used for 1:1 sanple transfer with standard nmulti-well fornmat
robotics éﬁﬁm§3§ﬁy§5Cﬂmﬂ@émﬂsﬂﬁemsaﬁﬂhéeﬁﬁ@%eﬁ%ﬁ@?dﬁﬁﬁewmnbsnﬁﬁmmh@ pr esent
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re- Iocatlﬁ’“aﬁﬂwng?HPhé a“%%ﬁﬁ & cae AHV R ?ﬁé@éﬁvfﬁﬁ Cil ﬁeﬂﬂﬂF?? to the
many feat ubesbanenansman ayesdiafiod ReulRrg aenitabifyaniti o ﬂ]gd@lsiﬁﬁd bedndlykid he
summary of the n tion secti bove, additional features and advant ages
i ncl ude atzopee i‘ﬁgev]tc&rhubw\ﬁgbt han that of the capture zone of the X3 device, such that the

sample moves from T2 to X3. Again, with a vasi munber of surfaces (having different

wettability and analyte binding properties) and configurations thereof, sample presentation

devices having a vast range of pwification, concentration,- isolation, and modification

capabilities (vis-4-vis one or more analytes) can be created.

[0045] The sample presentation devices of the present invention further provide zones of

different wettability having different shapes or patterns. For examgple, in one embodiment, a

sample presentation device may have zones in the form of concentric circles, with the center

zone being the analysis zone, surrounded by the liquid retention zone, surrounded by the

boundary zone. DBecause the zones can be created using a various photo-patterning

techniques, and because known photo-patierning techniques provide for tremendous variation

in the resulting patterns, there is a vast range of possible shapes, patterns, and configurations

of the various zones. Moreover, the various properties of the different zones of wettability

allow for the creation of sample presentation devices capable of directing analytes to single

or multiple specified or pre-deternyined locations on the swifaces (e.g., addvessable sites,

lanes, or fields).

[0046]  The sample presentation devices of the present invention arg suitable for the

handling of both biological and non-biological liquid samples. They are also suitable for

application in a wide range of analyte detection methods, for example, iuncluding bnt not

limited to, mass spectrometry, various chromatographic methods, immunoflucrescence

spectroscopy, and other known analytical methods of detecting and measuring analytes in

liquid samples.



10060] Anal ytical methods to detect analytes present in a liquid sanple,
such as MALDI - Ms, can be perforned froma single surface that is
substantially anal yte non-binding, resulting in increased sensitivity of
anal ysis, increased reproducibility of results, and conparable results from
different capture zones. [0061]Wth respect to sanple liquid handling,

I ncreased sanple volunes - up to about 100 ul for a 3 mmdi aneter zone -
can be anal yzed, surfaces can be patterned having SES (Society for

Bi ornol ecul ar Screening) standard well formats (i.e., 96/384/1536 wel |l
formats), and thus are able to be interfaced with common robotics and
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cilon of Sample Presentation Devices

[00438] Still other embodiments of the invention include methods for creating or
fabricating the sample prasentation devices described above.

[0043] In an embodiment in which the surfoces are comprised of self-assembled
monolayers (SAMs) which form distinct zones depending on differences between the SAMs
used, the sample presentation devices of the present invention may comgprise various SAM
zones that are created by known photo-patferning techniques. Accordingly, the present
invention further includes methods of creating sample prescntation devices comprised of
SAMSs using, as one preferred method, photo-patterning technigues. |

[0050}]  The surface of the substrate of the sample presentation device of the present
invention is typicaily modified or patterned by methods known to those of skill in the art. As
an example, the substrate’s surface can be modified or patterned by means of applying self-
assembled momnolayers (SAMs), which modify the surface of the substrate of the sample
presentaiion device and whose exposed surfaces may impart particular chemistries to the
substrate, Selection of various SAMs, including 1°, 2°, 3° or 4° compositions, for a
particular substrate provides the sinface of the substrate with unique surface characteristics
tnd properties. In particular, application of multiple SAMs results in the patterning of the
substrate so that it contains a plurality of zones, each zone having different surfacc
characteristics and properties. Methods of patterning the SAMs are known in the art, and
include UV photo-patterning, photolithographic patterning, microstamping. electron-beam
patterning, and reactive-ion etching.

[0051) The zones that ave created on the surface of the substrate can be in auy shape,
with circular shapes being preferred. In addition, the zomes can be either continuous or
discontinuous with respect to other zones — i.e., the zones can all be contiguous with each
other or one or more zones can be discontiguous with one or more other zones. The zones
that are created on the surface of the subsivate of the sample presentation devices preferably

have a plurality of zones of differing wettability with respect to the sample to be analyzed.
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di | uted sanples by neans of the concentration of analyte in the analysis
zone. [00641Separation of analytes in a liquid sanple is possible wthout
the need for nmultiple separation steps, such as with binding anal ytes to an
i on exchange chromat ography colum and then having to isolate the analy-tes
fromthe colum in a subsequent wash step. Indeed, by using SAMs with
different sin-face chem stries designed to bind to different anal ytes,

hi ghly specific isolation and purification of particular analytes is
possi bl e. 100651A wide array of liquid sanples and anal ytes can be handl ed
by the sanple presentation devices of die present invention, which avoid

t he short qo#izhgs fof akniewncpbeiveat atil dr devitees namicdhdanal yibricaing mehipteds
descri bed above, ile the sanmpl esentatiaon devic of the present

vent 1 on reiep Pief, R aarpeds, B BREET Hod Pt RSO tetn PR @ and

| aser desafpidaed diteacqnaitioanrameadaipect roscopy, as is described in detai
below the utility of the clainmed devices is not in any way limted to only
that fi el dJseBRIEHpDESCR FNatiNeQhestikjdnilisES [ 00661FI G | a depicts a sanple

present ati evice of the present invention, wherein_the central analysis
zone and tﬁ@ﬁur rllbﬁ’f?gi?eh&’“l%?@meﬁf’ ﬂ‘@tsé‘ﬁ?lF BIFSTGE" SPECT AR CERFFYE T HOY espect
to one anaidiefiany akd invbesehdlioh REthl VafslisAnil SleaMet N udORR réceited O agt by a

boundary zone. [00671FI?. | b depicts a‘cross-sectionaé view of the sanple
present at iﬁﬁ?ﬁe’b}e\ﬂ‘"?ﬂé“’ﬂe‘ﬁ? Biasgmethogs) &r ysipg the aforementioned sample presentation

devices. More specifically, present invention includes methods of using the sample

presentation devices of the present invention to identify the presence of analytes in a sainple,
and to analyze a plurality of samples, either on a sample presentation device or on a plurality
of sample presentation devices.

[0054] Virtually any analytical method that permits the detection, identification, or
measurement of analytes in a liguid sample can be used i combination with the sample
presentation devices of the present invention. Examiples of such analytical methods include
but are not limited to, MALDI-MS or electrospray ionization MS. The sample presentation
devices are particularly well suited to us in combination with high throughput analytical
measurement techniques, such as, for example, for use in MALDI-MS in which the sample
presentation device analysis zones are configured in such fashion as to promote high
throughput data acquisition.

[0055]) The sample presentation devices of the present invention niay also be used to
manipulate liguid sainples, and the analytes contained therein. Based on the differing
wettability properties and capture properties that the surfaces of the sample presentation
devices may be designed to have, the sample presentation devices may be designed to
manipulate, concentrate, position, store, transfer (with and without mechanical intervention),
recover (with or without mechanical intervention), analyze, modify or process (via use of
analyte modifying reagents on the sample presentation devices), or fractionate liquid sainples
or the analytes contained therein. Moreover, becansc the sample presentation devices of the
present invention may be designed to accomplish any of these functions in response to
chemical or physical stimuli {e.g., heat, UV radiation, pressure, electromagnetic radiation),
the sample presentation devices of the present invention may accomplish these functions
reversibly or iireversibly, and may further perfori various combinations of these functions

in response to external forces.
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100681FI G 2 depicts the surface of a sanple presentation device of the
present invention, wherein the surface is further conprised of 16 pairs of
anal ysis zones and liquid retention zones, wherein the analysis zones and
liquid retention zones are concentric with respect to one another, and
wherein pairs of analysis zones and liquid retention zones are surrounded
by a common boundary zone. In this instance, the sanple presentation device
i s organi zed on geonetries conosponding to standard 96-wel | plate.

10069) FIG 3 depicts the surface of a sanple presentation device of the
present invention, wherein a portion of the analysis zone and |iquid
retention [$6Ak areydimtd samals (A iERalyegp@atber wed A camsttingr Withiisr Biple hose

portions %iesslhﬁio§@e¢aye%io%ﬁglﬁ%s&h S flich € FEMEh AP ZRAD B8 sehRber@bR cAWe 1SQNT | gUOUS

w th respect to one anot arc surrounded by a common boundary zone, and
wher ei n t he asaly dtrstiensaecoytred remalifaid diremstegiadtys Hieeiresent iprranon ki wur f ace

pr esent at (5 SUTeE OPYTRS Bttty (e T Spo ML BRE R el 27 ©
anal ysi s zbtneohassipesn frdms frgeiads teollfctadi Fivmafinith echrarpasventnds @equiCailt i on of
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during nas&\%thséga?lﬁgrﬁ ?nql‘ftg-(hn\éﬂ format robotics and assays. Indeed, the sample presentation devices
of the present invention can be used to handle and manipniate liquid samples obtained from
virtually anv source, whether such samples are the result of laboratory experiment (such as
the enzymatic digest and bicsensor sample examples identified above), obtained from the
environment (such as a water quality sample from a river), or obtained directly from living
organisms (such as a human urine sample).

(0057]  The present invention can also be used for storage of samples for archival
purposes or for further analysis. In other words, the detection and analysis of the analytes
contained in liquid samples need not occur immediately following transfer of the liquid
sample to the anzalysis zane.

[0058] Thus, various embodiments of the present invention provide for sample
presentationy devices that serve a variety of liquid-handling fimctions, including but not
limited to sample/analyte handling, as well as liquid deposition, retention, transfer, locating

and re-locating, and storage.

Featires and Advanieges

[0059] In addition to the many features and advantages of the present invention deseribed
in the smmmary of the invention section above, additional features and advantages include at
least the following:

[0060] Analytical methods fo detect analytes present in a tiquid sample, such as MALDI-
MS, can be performed from a single surface that is substantially analyte non-binding,
resulting in increased sensitivity of analysis, increased reproducibility of results, and
comparable resulis from different capture zones.

[0061] With respect to sample liquid handling, increased sanple volumes — up to about
100 pl for a 3 mm diarneter Zone — can be analyzed, surfaces can be patterned having SBS

{Society for Biomolecular Screening) standard well formats (1.e., 96/384/1536 well formats),
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100711 FIG 5 depicts the surface of a sanple presentation device of the
present invention, wherein the surface is further conprised of 96 pairs of
anal ysis zones and liquid retention zones, wherein the analysis zones and
liquid retention zones are concentric with respect to one another, and
wherein pairs of analysis zones and liquid retention zones are surrounded
by a common boundary zone. In this instance, the sanple presentation device
is organi zed on geonetries corresponding to a standard 96-well plate. The
liquid retention zone is elongated to maxi m ze |iquid-hol ding capacity and
m nimze the di stance between adjacent zones. A serpentine pattern is

overl ai d and thheark aiisto banoteriaswd with cbiamos arvplies god edenhigh ihoougbiey ketytica
indicate th Bath descri bed by deposition of a liquid stream of
chronatogP§§W|% el uate during automated fraction collection. [0072] FI GS. 6a
throu gli [@0%2] | | Gshdaasddethidaghsit €shd Mridhy &dlyivealfabhod g LonAfDIaMSpapl e
presentation device of the present invention, when alkylthial.s on.gold are
Ui 1 zed PORCRTHR B8 ra0rFiLabroHORR cqs&\igfphlstl &H&‘fﬁ?’@lﬁn‘%g‘mﬂ%‘ﬂé%bl Sifled f or
surface pakspedinb NYALDORE3 R RiyskachiObgbptidali dideUgkr 3dse thne2 shEPpsd nvol ved
in fabrication of a sanple,presentation device of the present invention,
when al ky IPERP®IE 1657 tf&arﬁmaﬂrﬁ a0 pamRdeimpigy hep pmaroxedy bt e oy Lo

phot ol i t hGghRREY ichZalrPERkEBELy inid Wd 868 sRALEET NLBGm Q0L Ghe 22
through 81 illustrate the steps involved'in fabrication of a sanple

present at iceRpaed e alrigd Ipple aprlese rreelisne iFE GFF2 WhETFTEIZRE SFHEPR4D d¥ElS| | i con
are utiliqﬁguéﬁﬁuﬁg&ﬁ ce nodification and photolithography is exploited for

surface patterning. 00751FI GS. 9a thro%gh of depict various stages during
t he proced806ther dby samplgr pjesentation dovices of the present invention enable analysis of

diluted samples by means of the concentration of analyte in the analysis zone.

[0064)] Separation of analytes in a liquid sample is possible without the need for multiple
sepavation steps, such as with binding analytes to an ion exchange chromatography column
and then having to isolate the analytes from the colnmn in a subsequent wash step. Indeed,
by using SAMs with different surface chemistries designed to bind to different analytes,
highly specific isolation and purification of particular analytes ig possible.

[0065] A wide array of liquid samples and analytes can be handled by the sample
presentation devices of the present invention, which avoid the shoricomings of known
presentation devices and analytical methods described above, While the sample presentation
devices of the present invention are particularly well suited to use in the proteomics field and
laser desorption ionization mass spectroscopy, 2% 1s described in detail below the utility of

the claimed devices is not in any way limited to only that field.

BRIEF DESCRIPTION OF THE FIGURES

[0068]  FIG. La depicts a sample presentation devace of the present invention, wherein the
centra] analysis zone and the surrounding liquid retention zone are conceniric with respect to
one another, and wherein the liquid retention zone is surrounded by a boundary zone.

[0067]  FIG. 1& depicts a cross-sectional view of the sample presentation device depicted
in FIG. 1a.

|0068]  FIG. 2 depicts the surface of a sumple presentation device of the present
invention, wherein the surface is further comprised of 16 pairs of analysis zones and liquid
retention zones, wherein the analysis zones and liquid retention zones are concentric with

respect to one another, and wherein pairs of analysis zones and liquid retention zones are

19



vol une of aqueous sanpl e deposited on the surface of a sanple presentation
device of the present invention dries within the area corresponding to the
anal ysis zone. [00761FI GS. 10a through 10d depict the surface and drop
drying characteristics associated with a sanple presentation device having
aliquid retention zone and no analysis zone. FIGS. 10e through 10h depi ct
the surface and drop drying characteristics associated wth a sanple
presentation device having an analysis zone and no liquid retention zone.
[0077] FIGS. 1l1la through 11h depict imges recorded on a video contact angle
apparatus during the drying of a drop on the surface of a sanple

pr esent at i wrodevd bea opmimkhe bprndsigrbne iy ¢éng inskpcenthe s@nple plreengnah Ysiie izone

measures Q g%%%g‘qes%&msgpn%n t?ﬁh@ﬂfﬁ&‘pﬁl Iﬁﬂezone measures 1.5 mm

di aneter. ? surmmarizes the contact angle, drop

wi dt h and 8@y h&l@hta ds;sctslthﬁ emtfam: tdf 4 lsmplemgwmd@qm dtwdet bh kel @Bsenlla

t hrough 11h. 1007 1FI ates a sa d presentati on devi ce of the
Migh R

present i nyeRbPHAY eret“f‘lalzIJD r’rggls 67 LR B bR e d
t her eupon. wﬂDﬁ&ﬂkﬁbGﬂehﬁ%ﬂﬁwmmﬁﬂﬁbﬁﬁmﬂ&n§anmb&w&h&&ﬁﬂh@hﬂ@ﬂmﬁ@ﬂb@ﬁ:Of t he
present | nyent on Lsken,  muEdately. glier | iaud dope oL tions W, o 40
equi val ent zoaeisatwiefei@tiRharEotanr &y eiasCiond fiba1RE trin (G hee of the
liquid retention zone.
[0070] FIG. 4a depicts the surface of a sample presentation device of the present
invention, wherein the shape of the analysis zone has been designed to facilitate the
antomated acquisition of mass spectral data. FIG. 4% depicts an enlargenient of the analysis
zone indicating 36 regions which measure approximately 100 pm®, aud which correspond
the individual regions that may be sampled by the laser during mass spectrometry.
10071  FiG. 3 depicts the swrface of a sample presentation device of the present
mvention, wherein the surface is further comprised of 96 pairs of analysis zones and liguid
retention zones, wherein the analysis zones and liquid retention zones are concentric with
respect to one another, and wherein pairs of analysis zones and liquid retention zones are
surrounded by a coinmon boundary zone. In this instauce, the sainple presentation device is
organized on geometries corresponding to a standard 96-well plate. Tlie liquid retention zone
is elongated to maximize liquid-holding capacity and minimize the distance between adjacent
zones. A serpentine paltern is overlaid on the first two rows of the sample presentation
device to indicate the path described by deposition of a liquid siream of chromatographic
eluate during automated fraction collection.
[0072] FIGS. 6a throu gh 6/ il lustrate the steps involved in fabrication of a sample
presentation device of the present invention, when alkylthiols on gold are utilized for surface
modification and UV-photopatterning is exploited for surface patterning.
[0073] FIGS. 7a through 7! illustrate the steps involved in fabrication of a sample
presentation device of the present invention, when alkylthiols on gold are utilized for surface
modification and photolithography is exploited for surface patlerning.
[0074] FIGS. 8a through 8/ illustrate the steps involved in fabrication of a sample
presentation device of the present invention, when alkylsilanes on silicon are utilized for

surface modification and photolithography is exploited for surface patterning.
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100811 FIG 14b illustrates the HCCA havi ng been concentrated and directed
to the anal ysis zone due to sanple drying on the sanple presentation device
depicted in FIG 14a. A visual reference to the concentric zones is

superi nposed above the dried HCCA. [00821FIG 15 illustrates a variation of
a process for extracting desired analytes for analysis utilizing a sanple
presentation device. [0083]FIG 16a illustrates desired anal ytes being
bound on the capture zone of the sanple presentation device. Illustrations
of associ ated nass spectronetry spectruns are al so shown. [0084]FIG 16b

Il lustrates desired anal ytcs being focused onto the ayal sis region of the
sanpl e pr d8&IH at iES ARy thewish |% Idepittr edrionn stedes alnring Yo gireteetwhasly s gt romet ry

spect rum { dudhe@ 0O sar BRI on @ slrkdlst { Shffe BrelBAS>? AL QTR 1Y
pectrum from a sanple contam nated w I C as beén processed
Wi th a captresest igdsnpon dries within the area corvesponding to the analysis zone.
[0076] FIGS. 10a through 104 depict the surface and drop drying characteristics
associated with a sample presentation device having a liquid retention zoue and no analysis
zome. FIGS. 18e through 10k depict the surface and drop drying characteristics associated
with a sample presentation device having an analysis zone and no liquid retention zone.
{0077]  FIGS. 11a through 117 depict images recorded on a video contact angle apparatus
during the drying of a drop on the surface of a sample presentation device of the present
invention, wherein the analysis zone measures 0.6 mm diameter and the liquid retention zone
measures 1.5 mm diameter.
[0078] FIG. 12 is a graph that summarizes the contact angle, drop width and drop height
associated with the images depicted in FIGS. 11g through 114,
[0079] FIG. 13 illustrates a sample presentation device of the present invention with
liquid vohunes of from 5 pL to 70 uL deposited thereupon.
[0080] FIG. 1da illustrates.a sample presentation device of the present invention taken
immediately alter liquid drops of from 5 ul. to 40 uL were deposited thereupon. Each of the
liquid drops contained an equivalent amount of alpha-cyano-4-hydroxycinnamic acid
(HCCA).
10081] F1G. 14) illustrates the HCCA. having been concentrated and directed to the
analysis zone due to sample drying on the sample presentation device depicted in FIG. 14a.
A visual reference to the concentric zones is superimposed above the dried HCCA.
[0082]  FIG. 15 illustrates a variation of a process for extracting desired analytes for
analysis utilizing a sample presentation device.
[0083] FIG. 16« illustrates desited analytes baing bound on the capture zone of the
sample presentaiion device. Illustrations of associated mass spectrometry spectrums are also
shown. ‘
[DO84] FIG. 165 illustrates desired analytes being focused onto the ayalsis region of the
sample presentation device, lllustration of an assoclated mass spectrometry spectrum is also
shown.
(0085) FIG. 17a illustrates a mass-spectrometry spectrum from a sample contaminated

with 1M NaCl which has been processed with a capture chip.



[00861FI G 17b illustrates a mass-spectronetry speetrurn froma sarnple
contam nated with 1M Urea which has been processed with a capture chip.
[0087]FIG 17c illustrates a mass-spectronmetry spectrumfrom a sanple
contam nated with I M TRLS whi ch has been processed with a capture chip.
[0088]FIG 17d illustrates a mass-spectronetry spectrumfrom a sanple
contam nated with 1M NaCl whi ch has been processed with a capture chip.
[00891FI G 18a illustrates a nmass-spectronetry spectrum of a sanple that
was directly applied on an X3 chip. [0090]FIG 18b illustrates a
mass-spectronetry spectrum of the sanple that was applied

[0086] FIG. 175 illustrates 2 mass-spectrometry speetruin from a samnple contaminated

with 1M Urea which has been processed with a capture chip.

[0087]  FIG. 17c illustrates a mass-spectrometry spectrum from a sample contaminated
with 1M TRIS which has been processed with a capture chip.

[0088]  FIG. 174 illusirates a inass-spectrometry spectrum from a sample contarninated
with. 1M NaCl which has been processed with a capture chip.

[0089]  FIG. 18a illustrates a mass-spectrometry specinun of & sample that was directly
applied on an X3 chip.

(0090]  FIG. 185 illustrates a mass-spectrometry spectrum of the sample that was applied
on a T3 chip after ZipTip filtering.

(0091} FIG. 18c illustrates a mass-spectrometry spectrum of the sample that was directly
applied on a stainless steel surface.

0092} F1G. 19a illusirates a spectram devived from an X3-lype surface using TFA
protocol.

[0093]  FIG. 194 illustrates a spectruny derived from an X3-type surface using MOPS
protoecol.

[00694]  FIG. 19c¢ illustrates a spectrum of a clean. digest derived from a T3-type surface.
[0095]  FIG. 20 is an FTIR spectrum which confirms the presence of the NHS-ester
group,

[0096]  FIG. 21 shows the antigen detection results for the sample presentation device
utilizing different antibodies (Anti ACTH C-termmus vs. Anti ACTH N-terminus vs. Non-
specific Mouze IgG). Two types of antigens (ACTIT 18-3%9 {C-terminal) and ACTH 1-39
(full-length) were utilized in two separate (ests for each antibody surfaces. The + and — signs
indicate whether the analyte was detected. The concentration (in parentheses) 18 an actual
antigen solution concentration tested that resuhed in the coresponding positive/negative
result.

[6097] FIG. 22 illustrates the spectrum for 125 fmol of B-casein in-gel digest on the
IMAC-Fe %3 chip created in example XXVI

[0098] FIG. 23 illustrates the spectrum obtained from a 100 fmol phosphorylase b
solution digest + 5 fmol B-casein solution digest placed on a 13 chip.

[00%9]  FIG. 24 illustrates the spectrun obtained from a 100 fmol phosphorylase b
solution digest + 5 fmol B-casein solution digest after processing on the IMAC-Fe X3 chip

created in example XX VI,
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on a T3 chip after ZipTip filtering. [0091]FIG [Sc illustrates a

mass- spectronetry spectrum of the sanple that was directly applied on a
stainless steel surface. [00921FIG 19a illustrates a spectrumderived from
an X3-type surface using TEA protocol. [0093]FIG 1%illustrates a spectrum
derived froman X34ype surface using MOPS protocol. [0094]FIG 19c
illustrates a spectrumof a clean digest derived froma T3-type surface.

[00951FIG 20 is an FUR spectrum which confirnms the presence of the
NHS- est er group.

{0100] FI1G. 25 illustrates detection of phosphotyrosine-containing peptide in sample

solutions with varying concentratious of the peptide (50 fmol, 5 finol, and 500 amol) the

IMAC-Fe X3 chip created in example XX VL. (* indicates the position of the phosphotyrosine

peptide’s spectrum peak).

[0101]  FIG. 26 illustrafes the spectrum from a mixture having boih His-tagged (nvZ

~9500) and non-His-tagged ubiquitins (n/Z ~8500) after the mixture had been process with

the TWIAC-Ni X3 chip created in example XXVII. As seen in FIG. 26, only the His-tagged

variant of the ubiguitins is visible.

[0102] FIG. 27a illustrates one variation of a sample presentation device comprising

three concentric cireles. The surfaces of the circles are configured to promote movement of

ligquids toward the cenier region.

[0103]  FIG. 274 illustrates another variation of a sample presentation device, in which a

“drop zone” 1s provided for receiving a sample liquid.

[0104]  FIG. 27¢ Ulustrates another variation of a sample presentation device with four

tntegrated drop zones.

[0105]  FIG. 274 illustrates another variation of the sample presentation device

comprising a liquid transport region for transporting liquid across the surface of the sample

presentation device.

[0196]  FIG. 27e illustrates vet another variation of the sample presentation device

comprising a drop zome, a liquid transport region, a liquid retention zone, and an analysis
czone. Que or move of the regions may have a chemically active surface for binding or

reacting with an aualyte in the sample solution to be processed by the sample presentation

device.

[0107] FIG. 28a illustrates a subsection of an array of processing siles on one variation of

a sample presentation device.

10108]  FIG. 282 illustrates one of the individual processing sites from the array shown in

FIG. 28a.

[0109]  FIG. 29 illustrates one application where a phato-emittes and a photo-detector are

utilized to measure the analyte presented on the sample presentation device.

[0110]  FIG. 30 illustrates another variation of a system for detecting/measwring analyte

on a sample presentation device. In this variation, the presentation device is utilized with an

apparatus which lonizes the analytes on the sample presentation device and directs the

ionized particles toward the detector.
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[ 0096] FIG 21 shows the antigen detection results for the sanple
presentation device utilizing different anti bodies (Anti ACTH C-term nus
vs. Anti ACTH N-term nus vs. Nonspecific Muse 1gG. Two types of antigens
(ACTH 18-39 (C-terrninal) and ACTH 1-39 (full-length) were utilized in two
separate tests for each antibody surfaces. The + and - signs indicate

whet her the anal yte was detected. The concentration (in parentheses) is an
actual antigen solution concentration tested that resulted in the
correspondi ng positive/negative result. 10097]FIG 22 illustrates the
spectrum for 125 frol of P-casein in-gel digest on the 1MAC Fe X3 chip

creat ed ' 0EXPIE8G XV hi1ns \{‘asﬂ? Pﬁgp%éadohh%}cr %@é%ﬁﬁﬁ%ﬁ#&ﬂgﬁ%@' ned

froma 10 anI phosphory tion di gest

sol uti on diagekstprperisen device ®3amehizp the] GOQE] Fre@ntedon theustphkt mesentagorspect rum
obt ai ned f a 100 frol phosphorylase b solution digest + 5 finol p-casein
sol ution di'gest after processing on the | MAC-Fe X3 chip created in exanple
XXVI. [O100]FIG 25 illustrates detection of phosphotyrosine-containing
peptide in sanpl ®ETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0112] The following detailed description should be read with reference to the drawings,
in which identical reference numerals refer to like elements through out the diffesent figures.
The drawings, which are not necessarily to scale, depict selected embodiments and are not
intcnded to limit the scope of the invention. The detailed description illustrates by way of
example, not by way of limitation, the principles of the invention. This description will
clearly enable one skiiled in the art to malke and use the invention, and describes several
embodiments, adaptations, variations, alternatives and uses of the invention, including what

is presently believed to be the best mode of cayrying out the invention.

Definitions

[0113]  Unless defined otherwise, all technical and scientitfic terms ‘used herein have the
meaning commonly understood by a person skilled in the art to which this invention belongs.
As used herein, the following terms have the meanings ascribed to them unless specified
otherwise.

(0114] “Analyte(s)” refers to component(s) of a sample which is desirably detected. The
term can refer to a single component or to multiple components in the sample.

[0115] “Sample(s)”’ refers to any malerial derived from a biological or non-biological
sources which is presented on the surface of a sample presentation device, The samples may
be applied to the sample presentation devices in their original, untreated form and/or after
treatments, inchuding but mot limited fo modification, fractionation, extraction, and
concentration. The samples of the present invention can be liquid or non-liquid samples,
[0116] “Substrate” refers t0 a material that is capable of presenting or supporting a
surface.

[0117] “Swrface” refers 1o the exterior or upper boundary of a body or a substrate .

[0118]  “Substantially non-binding” or “binding resistant” or “analyte binding resistant”
refers to the property of cestain surfaces uscd in connection with the sample presentation
devices of the present invention that do not exhibit appreciable affinily or binding of an
analyie to a surface. While some binding may occur, these surfaces are specifically designed

to minimize binding to levels below the limit of detection of the analysis metirod employed.
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solutions with varying concentrations of the peptide (50 ft-1m, 5 fnol,
and 500 anol) the IMAC-Fe X3 chip created in exanple XXVI. (* indicates the
position of the phosphotyrosi ne peptide's spectrum peak). [0101]FIG 26
illustrates the spectrumfroma m xture having both H s-tagged (rn/Z -9500)
and non-Hi s-tagged ubiquitins (rn/Z -8500) after the m xture had been
process with the IMACG-Ni X3 chip created in exanple XXVII. As seen hi FIG
26, only the H s-tagged variant of the ubiquitins is visible. [01021FI G
27a illustrates one variation of a sanple presentation device conprising
three concentric circles. The surfaces of the circles are configured to

promot e nogergnt udsbOtdhdli trowRE 2 PRPeLat IRTIdE BOvRLA aﬁgaae%}o%k@poe%&b

il lustrates another variation of a sanple presentation device whi ch a
"drop zonedt ¢ $UISHEVENS O fogptrack sl TRRliSSt iR e CPIAR dc? PEHoE) Mimnepmb

|IIustratquggmgggkgwgﬁk@ghggﬂggu§h§anple presentation device with four
integrated drop zones. [0105JFIG 27d illustrates another variation of the
sanpl e pr d8&H at i ‘Oettablibiv” gefers to the degree to which a solid surface is wetled by a liquid

sample. Unless otherwise specified, liquid samples are aqueous in nature.

[0121] “Contact angle” refers to the angle between the plane of the solid surface and the
tangential line to the liquid drop bonndary originating at the point of three phase contact
(solid/liquid/vaper).

[0122] “Matrix” refers to materials used in mass spectroscopy techniques, such as
MALDI-MS or SELDI-MS, for absorbing the energy of the laser and transferring that cnergy
to analyte molecules, enabling jonization of labile macromolecules. In SELDI-MS, the
matrix is referred to as “EAM?” or “energy absorbing molecnle.” Reagents frequently nsed as
matrices for the detection of biclogical analytes include but are not limited to trans-3,3-
dimethoxy-4-hydroxycinnamic acid (sinapinic acid, SA), c-cyano-4-hydroxycinnamic acid
(HCCA) and 2,5-dihydroxybenzoic acid (IDEHBA). Other suitable matrices are known to
those skilled 1n this art.

(0123] “SAM? refers to self-assembled monolayers. SAMs are molecular assemblies
that are formed spontaneously by the immersion of an appropriate substrate into a solution of
an active surfactant in an organic solvent.

(01241 It must also be noted that, as used i this specification and the appended claims,
the singular forms “a,” “an” and “the” include plural refereuts unless the context clearly
dictates otherwise. Thus, for example, the term “a molecule” is intended 1o mean a single
molecule or a combination of molecules, “a fluid” is intended to mean one or more fiuids, or

a mixture thereof.

Description of the Sample Presentation Devices

[0125] The following description of the sample presentation deviees of the present
invention provides a more detailed understanding than set forth above in the summary of the
invention. However, the sample presentation devices of the present invention are further
described by reference to the figures, the methods of fabricating the sample presentation
devices of the present invention, and the uses and applications of the sample presentation
devices of the present invention, each of which is described in detajl below.

[0126)  As noted above, the sample presentation devices of the present invention provide

attractive alternatives to known sample presentation devices used in various analytical
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conprising a liquid transport region for transporting liquid across the
surface of the sanple presentation device. [0106]FIG 27e illustrates yet
anot her variation of the sanple presentation device conprising a drop zone,
a liquid transport region, a liquid retention zone, and an analysis . zone.
One or note of the regions nmay have a chemcally active surface for binding
or reacting with an analyte in the sanple solution to be processed by the

sanpl e presentation device. [0107JFIG 28a illustrates a subsection of an
array of processing sites On one variation of a sanple presentation device.
10108]FIG 28b illustrates one of the individual processing sites fromthe

array Shov‘ﬂctih@ds Llljscil fgtsﬂc 0 EALEL Gr Cga'ﬂlbilllﬁ'ﬂﬁtfﬁﬂaééﬂ] QRGiRAPPY,! %ﬁlttmf? h er ea

phOtO emtter an hot o- det ector are ut O neasure t ana
present ed Uﬁth@vgﬁﬂﬁ‘p |psovides Seatitads iob maldey |tk@esan{p&111r©s]ema®n @oyideh kusel ats es

anot her Va[nef?leso& &Engaﬂl@ﬁﬁst{beﬁprffopﬁ a%&i@ Cclmg n%ﬁ?t‘r'ca ngas%wmexgs of analytes
contained in liquid samples. The unique propertics of the sample presentation devices of the
present invention address many of the shortcomings (described in the background section
above) associated with known analytical techniques and the sample presentation devices or
containers used in connection with them.
i0E27]  More specifically, the samiple presemtation devices of the present invention
provide atiractive alternatives to known sample presentation devices used in a wide range of
analytical methods. They have additional benefits, such as, for example, allowing for
znalyles in a liquid sample to be selectively retained and concentrated on the surface of the
biochp in volumes up to 100 pL. In addition, because analytes are detecled from a portion
of the sample presentation device that is designed to be substantially non-binding or binding
resistant, they are detected at high sensitivity as comparcd to direct detection on the surface
of a biochip-based affinity capture device, or other sample presentation devices in which the-
surfaces of the devices have siguificant affinity for the analytes.
[0128]  The present invention further minimizes the potential losses associated with the
trausfer of apalytes from one surface to another because the present sample presentation
devices, in a preferred embodiment, require orly a single liquid manipulation. This, coupled
with the analyte-resistant properties of the sample presentation device surfaces, results in a
reduction in the loss of the analytes of interest.
[0129]  In addition, because the analyles are not bound to affinity capture devices as in,
for example, SELDI-MS biochips, the liquid samples can be manipulated and meved on the
surfaces of the sample presentation devices of the present invention in a controlled fashion.
This allows for the samples to be concentrated to an analysis zone where thers is no
substantial binding of analyte to the surface of the sample presentation device. Moreover,
this allows the analyte-containing samples to be moved to different zones on the surfaces,
each zone having different properties with respect to an analyte, which allows for
purification, isolation and/or modification of the analytes prior to defection.
[0130)  The present invention involves sample presentation devices in which the
properties of various portions of the surfaces may change in response to various chemical or

physical stimuli {e.g., heat, UV radiation), such that the properties of such surfaces with
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on a sanple presentation device. In this variation, the presentation device
Is utilized with an apparatus which ionizes the anal ytes on the sanple
presentation device and directs the ionized particles toward the detector.
[01111FIG 31 illustrates another application where energy is transmtted

t hrough the sanple presentation device to analyze the sanple presented on
the sanpl e presentation device, DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS [0112] The fol l owi ng detail ed description should be read with
reference to the drawi ngs, in which identical reference nunerals refer to
i ke el ements through out the different figures. The draw ngs, which are

not necess@ijebtytotaRalseatH v gRMiplaSE HEGICAnRIDRARINBNT SuANha:e DAkt ended
tolimt the scope of the invention. The detailed descrlptlon illustrates

by way of KSR @ayhpfestanedupbegeversiy AOnEHESI¥e princi pl es of the

i nvention. o]y s dﬁé%ds&k‘hﬁ@nt‘fﬁn thusGLBRE Joxmﬁﬂemeeen@ﬂr%n%&h&és% b8 ug gi@rt to
make and use the I nvention, and describes several enbodi nents, adaptations,
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presently fgle Rl L0088 L IRAERL FAL LR S0 lor U shDVER,
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zones may be of varlous shapes and sizes, and may be continuous or discoutinuous with
respect to each other. The sanple presentation devices of the present invention may
comprise two-dimensional or three-dimensional surfaces, each of which having two or more
zones of differing wettability.
[0132])  The sample presentation devices of the present invention cowmprise a substrate,
which can be made from a variety of materials, including but not limited ta, for example,
glasses, silicates, semiconductors, , metals, polymers {e.g., plastics), and other hydroxylated
materials, ¢.g., $i02 on silicon, Al;05 on aluminum, ete. Preferably, the subslrate is a metal,
such as gold, or a semiconductor, such as silicon. The sample presentation devices of the
present invention further comprise a substrate that has been surface-niodified by methods
known to those of ordinary skill in the art in order to create various zones on the surface of
the substrate, which zones have differing properties with respect to wettability. Such surface
modifications include but are not limited to the addilion of self-asseinbled monolavers
(SAMS), polyvmers (linear and branched), and Langmuir-Blodgett assemblies to the substrate.
Using SAMs as an example, when added 1o the subsirate, the SAMs create a surface of the
sample presentation devices to which liquid samples may be exposed. Depending on the
composition of the particular SAMs used, the surfaces of the sample presentation devices of
the present invention may have different properties in terms of wettability, and in terms of
affinity (or lack thereof) for amalytes in liquid samples, The SAMs may be added to the
sample presentation devices of the present invention in a manner that creates distiuct zones
whose properties reflect the SAMs used in a particular zone. Other surface modification
techniques known to those of skill in the art are also inchuded in the present invention.
[0133]  The sample presentation devices of the present invention are comprised of distinct
zones, one of which is optimal with respect to the retention of a liquid sample. The sample
presentation devices of the present invention may further comprise distinct zones of

wettabilty, one of which is optimal with respect to high sensitivity detection of analytes.
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[01141] " Anal yte(s)" refers to conponent(s) of a sanple which is desirably
detected. The termcan refer to a single conponent or to nmultiple
conponents in the sanple. [0115]"Sanple(s)" refers to any naterial derived
froma biological or non-biological sources which is presented on the
surface of a sanple presentation device. The sanples may be applied to the
sanpl e presentation devices in their original, untreated formand/or after
treatnments, including but not limted to nodification, fractionation,
extraction, and concentration. The sanples of the present invention can be
liquid or non-liquid sanples. [0116]"Substrate" refers to a material that

i s capabl éﬁlﬂf‘]prg@é{mqsmjt@th@kﬁm’épﬁc iZerys ahag thef wetaces [of) fe7yampifr graeatatigref er s t o
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of zones is also contemplated. The present invention may also include morxe than one zone of
each kind ~ e.g., the sample presentation devices may comprise muliiple liquid retention
zones, each of which may have different propertics with respect to a liquid sample and/or the
analytes contained therein. The various zones can be precisely positioned in order to
facilitate or be compatible with high throughput automation on various analytical
mstruments, such as, for example, mass spectromeiry inshruments,

[0135]) The “boundary zone” involves a substantially non-wettable zone with respeci to
the sample to be analyzed. The houndary zone is the zone with the highest contact angle
with respect to the sample i comparison to the other zones.

[0136]  The “liguid retention zone” 1s relatively more wetiable in comparison fo the
boundary zone with respect to the sample to be analyzed {and is relatively less wettable than
the analysis zone, described below). The Hquid retention zone has a contact angle relatively
lower than the contact angle of the boundary zone (and a contact zngle relatively higher than
the contact angle of the analysis zone, described below). The liquid retention zone can also
have equal or lower contect angle than the analysis zone initiaily, but because of chemical or
physical stimuli, the liquid retention zone may assume a higher contact angle than the
analysis zone prior to the chemical or physical stimuli, which resulis in the liquid sample
being directed to one zone preferentially over another. Moreover, the liquid retention zone
can be of two subtypes. In one subtype, the liquid retention zone is designed (o operate for
Liquid sample retention purposes, while being substantially analyte binding resistant. In a
second subtype, the liquid retention zone is designed to retain a liquid sample, but also to
substantially bind analytes within a liquid sample, and can thus be termed a “capture zone” in
that it captures the analytes. This second subtype may also include a surface that is
substantially analyte binding but that becomes substantially non-binding upon being
subjected to chemical or physical stimuli, such as, for example, UV radiation, electricity, or

heat,
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[0119] "Surface tension” refers to a property of Liquids in which a liquid
drop deposited on a surface tends to contract to the small est possible
contact area because of unequal nol ecul ar cohesive forces near the surface.
10120]"Wettability" refers to the degree to which a solid surface is welled

by a liquid sanple. Unless otherw se specified, liquid sanples are aqueous
in nature. [0121]"Contact angle" refers to the angle between the plane of
the solid surface and the tangential line to the liquid drop boundary

originating at the point of three phase contact (solid/liquid/ vapor).
[0122] "Matrix" refers to materials used in mass spectroscopy techni ques,
such as MMIZIMS Jhe ShiaBkisMone'f Brihabserbitng thideo nedtiglyle dfindt v thasevesiand
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solution of an active surfactant in an organic solvent. ) o

sample handling, due to the differences in wetiability between zones. While the liquid
capacity of the sample presentation devices of the present invention is dependent on the sizes
of the zones; for a 3 mm diameter circular zone, the lignid capacity can be up to about 100
ul, and at least up 10 about 70 pL. The sample presentation devices can contain this amount
of liquid sample without the need for physical boundaries, reservoirs, or wells,

[0139] In another embodimeut of the sample presentation devices of the present
invention, the sample presentation devices can be termed “target chips,” and abbreviated T,
where “n” is a numerical designation referring to the number of distinct zones on the surface
of the sample presentation device, where “n” can be any number from 2 to infinity. Thus, for
example, a T2 target chip has two zones, a T3 target chip has three zones, ete. The present
invention contemplates sample presentation devices containing many more than 2 or 3 zones
and is not limited in any way 10 a specific number of zones. As the number of zones
increases , the overall effect approaches a gradient. Target chips are sample presentation
devices comprised of one or more zones that are designed to be resistant to analyte binding.
With respect to a T2 target chip, for example, the sample presentation device comprises two
Zones — i.¢., a boundary zone and an analysis zone. The surfaces of the zone that contacts the
lignid sample are designed to be analyte binding resistant — i.e., the analysis zone is analyte
binding resistant. The surfaces of thie zone that contacts the liquid sample effectively confine
the analytes during the drying step before analysis. With respect to a T3 target chip, the
sample presentation device comprises three zones — Le., a boundary zone, a liquid retention
zone, and ain analysis zone. The surfaces of the zones that contact the liquid sample arc
designed to be analyte binding resistant — i.c., the liquid retention zone and the analysis zonc
are analyte binding resistant. The surfaces of the zones that contact the liquid sample
effectively concentrate the analytes to the analysis zone during the drying step. The sample
presentation devices of the present invention may thus comprise distinct zones, each of which

exhibits a minimum of adsorption with respect to analytes.
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[0124]1t nust also be noted that, as used in this specification and the
appended clains, the singular forns "a," "an" and "the" include plural
referents unless the context clearly dictates otherw se. Thus, for exanple,
die term"a nolecule” is intended to nean a single nolecule or a

conmbi nation of nolecules, "a fluid" is intended to nean one or nore fluids,
or a mxture thereof. Descri tion of the Saml|e Presentation Devices
101251The foll owi ng description of the sanple presentation devices of the
present invention provides a nore detail ed understanding than set forth
above in the summary of the invention. However, the sanple presentation
devi ces of [0§40g pﬂessmﬂwinmémmhmntafehéummﬁmrpﬂes@ﬁmbddﬁbx sfefler premt t o t he
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the distinguishing feature of the capture zone. These surfacc modifications may comprise
biological and chemical moieiies that bind analytes specifically (such as monoclonal
antibodies) or non-specifically (such as charged groups that bind on the basis of electrostatic
aftraction) or any combination of such attractive: forces. In addition to the ability to capfure
an analyte of interest, these surface modifications may also retain the analytes in a liquid
sample to permit subsequent modification. So, for example, a sample presentation device of
the present invention that comprises a captine zone in which the surface modification is a
monoclonal antibody may bind a complimentary antigen from a liguid sample and retain that
antigen while the rest of the hiquid sample moves iv another part of the surface of the device,
through either physical transfer or differences in wettability. The retained amtigen may be
modified via the addition of other compounds to the capture zone of the sample presentation
device (e.g., the addition of an enzyme that cleaves off a part of the antigen). The medified
antigen can then be transferred to another portion of the sample presentation device for
further handling, or removed from the device for analysis by lown techniques.

[0141] With respect to an X2 capture chip, for example, the sample presentation device
comprises two zones — L., a boundary zone and a captwe zone. The surfaces of the zones
that contact the liquid sample are designed to capture the analytes - 1e., the capture zone
binds the analytes — based on the chemical or biological properties of the surfaces of the
capture zone. The surfaces of the zones that contact the liquid sample effectively confine the
analytes during the drying step before analysis. With respect to au X3 capture/concentrate
chip, the sample presentation device comprises three zones — i.e., a boundary zone, a capture

zone, and an analysis zone. The boundary zone is designed to he substantially non-wettabte.
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provide attractive alternatives to known sanple presentation devices used
in a wide range of anal ytical nethods. They have additional benefits, such
as, for exanple, allowing for analytes in a liquid sanple to be selectively
retai ned and concentrated on the surface of the biochip in volumes up to
100 uL. In addition, because analytes are detected froma portion of the
sanpl e presentation device that is designed to be substantially non-binding
or binding resistant, they are detected at high sensitivity as conpared to
direct detection on the surface of a biochip-based affinity capture device,
or other sanple presentation devices in which the surfaces of the devices
have si gniTHec:apmreezbﬁé nidesigiedno tapewamal hifeanalfdl T8¢ Linbyspresentdesimeans i on
further m.nim

e pot, ia sses as OCI ted with the tr nsfer, of
anal ytes FoMGTe IREREETY, bR, haRaTotL HE' i cbt AEPida i dualvis
lor esegt ati @ﬂegemmhe]s dohé pﬁorptroeinlerygedyaﬁbaﬁlmanérliouﬁ G TN @neﬂ’ﬁic}ﬂ det&ciingl e f
i quid mani pul atiaon. Tins wi t e anal yte-resi stanpt operties o
t he sanpl emf# ?lé\et F'H}E?c‘dé’\;lfkeea s Sat®s t}‘?te“éma’l‘? ‘&“ﬁ liguidesamets BfEFCT‘YF?f he | oss
of the analotifs mé ahdlyed esring O W2A4d @te@dﬁfcﬁd mwsﬁecm@m{sﬁe o@n@e! %488 are
not bound to ?ffl nity capture devices as in, for exanple,

bi ochi ps, A& fremitg canitsizase o alypaRMsuPatRedoenPlisisd ﬂé)‘»‘nPI?IPFé“eé 9 f aces

of the sanpleuiieseeabpenr AeYLGesifhe Ei}ﬁur@&&ﬁ%& 1BV bR of Beap@ept rol | ed
fashion. This allows for the sanmples to be concentrated to an anal ysis zone

wher e t her'gap §iefyalitihgensnthe diquidi saemplegvidf melsalre dhet wpFezogand fizeanalysis he
sanpl e pr %%Qtv@ihbﬁgghgﬁydl GiRervVRIGR O Viilernalittly ﬂ?é éa‘a%e the apal C(?]e‘élgﬁé?ﬁ&%h ni ng

sarrpl es to be nove ferent zones on the Surf aces, ea Zzone a |ng
di ff erent rioBerrcdiss way he Plaggrden lqsmmawomhawﬁl@ pirsicehstiatlidos.. hew, UV

purificatig auangoéaaglﬁ@nm%aﬁ{u% 20lP) f,£ 204,00 dfe%e& DE AP hb{} B5n Rl % 359

det ecti on. 30) The present invention invol ves sarrp ‘e presentatl devi ces
i n which tieepgnopes cdveins it ligaidisguple pmmweofnsn tofe canesmreftadesna’rw whange in

response t@, ¥23£'h°1%lf] é‘fth H‘éﬁ%odﬂenfwsﬂlg asLunE Pl lgn Qiem{lh?f ’lheugreseint

radi ati on), e properties of such 'SUrtaces
anal yt es camerben taniapwplegiresentetimi degicssamp be cmammtnom@f iSuthvehandges tacget sur f ace

propert i esalmmtﬁ?e gﬁgsi. glrﬂetgiste%bgglmrén {ESSIalt?lpE plesc gt?onr 6\\{'1eLESS lutglcgmpnsed of
surfaces having different functionality. Thesc kinds of sample presentation devices may
involve the transfer of a liquid sample from one zone to another by mechanical means (e.g.,
via pipetting) or otherwise (e.g., via the differences in wettability between zones). As an

n

example, a “caplure-transfer-coucentrate chip,” abbreviated X2-transfer-T3, is a sample
presentation device comprised of both an X2 chip comprised of two zones (i.e., a boundary
zone and a capture zone), as well as a T3 chip comprised of three zones (i.e., boundary zone,
liquid retention zone, and analysis zone). A transfer (mechanical or otherwise) of the analyte
occuris between the capture zone of the X2 chip and the liguid retention zone of the 173 chip.

[0143] These sample presentation devices inay involve more than one “‘capture zone,”
such that the surfaces may exhibit binding affinity to one or more analytes. The ability to
bind analytes seriatim as a liquid sample is moved from one zone to another on the swface of
the sample presentation devices is a feature of the present invention that facilitates the
analysis of many different fractions of a liquid sample without the need to physicaily separate
them using mechanical infervention. Instead, the different wettability properties of the
sample presentation devices of the present invention may direct liquid samples to different
zones of the devices, in the process leaving behind analytes that bind to different caprure

zones, and thereby sequentially process a liguid sample.
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10131] The present invention thus relates to sanple presentation devices
that are useful in performng analytical neasurenents. |In one enbodi nent,
the present invention involves sanple presentation devices having surfaces
with one or nore zones of differing wettability with respect to various
sanpl es to be anal yzed. These zones of differing wettability result in
zones of differing abilities to retain, concentrate, and nove analytes in
i quid sanpl es. These zones may be of various shapes and sizes, and nay be
conti nuous or discontinuous with respect to each other. The sanple
presentation devices of the present invention may conprise two-dinmensional
or three-diiredsi opale SpecifREl®s, heambodinemflict thdaniplg privantetionTid ez aes of

differing wettabilit 0132) The sanp] e presentati on devi ces, of he present
el o0 UShke Rubiidtion O Pt Sorts K (Gl BE LR 51ty oyt Pyl oy

material s, conthaicahghabib 16 Qblatel eantc@mateopurffprmewmiyenargtleaﬁmﬁud shiplegat es,
senlconductors netals, paly pl astics), and ot her hyC|roxyIated

mat eri al s, PEIG° thexjdefsctingy- sqiobfggé’r?mp}ﬂ 2@)‘3”%*%?%%%@%?”%“‘% &t BHRBIcY, the

substrate iRt fe RIS inSHE luin@le 4OkhAined irPths BRI EANAHET Phar sSHAD n@$ nfthIHkcon.
The sanpl e presentation devices of the present invention further conprise a

substrat e HHEEERAY BeEhCHRIMPEROBIAIDEPPINSHYIFINR LIS “RIToNN 20 @1 HEgenDdf

ordinary skjl e'xﬁlnISIE'ethé‘Eéptdlél z&{e%‘a{y %%%.Eﬁéatt@ bMAT(Lu R BB T QlBldtIQ&etﬁeHr face
of the substrate, which Zones have erin ropertles mnt respect to

wet t abi | i t;ﬁromsbfchq%qhﬁme shedit e |t1@rﬁ9mnahcr amnéledbmthaﬁe iRt itlmaves Bemt o t he
addition o I ]fﬁﬁg) I r K
branched), hm L%%ﬁﬁﬁﬁ??$ﬂﬁ‘%gﬂgﬂﬂﬁggg%% |es]?g&?ﬁ%HEU@;§%gF§%LdgqudSANB as
an exanpleﬂwwhehma de@nMebuﬁdosmbsthaieﬁmthaﬁgAwbn@ﬁeeﬂ@:aw@mﬁﬁammwef t he
sanple pre ] I 10l o e

Dependi ng gﬁ@%ﬁ&;ﬁ@ngg %ﬁ%ﬁk%?ﬁ?ﬁgﬁﬁg%@?%%Tﬁ%gggﬁgtggg @82%5 é%es of

t he sanpleﬂpﬂm@dmﬂm@honcmémmtes&mﬂhmh@ pﬂ@@ﬂnmempMemwuommdmyﬂhéNbcMgfferent
PLng{); I) efs Cs)LIrlclﬂ éﬁa?ihn%ggl E,Idlljllpf tﬂgal? 1S danalﬁied 1o§n r!hfi.ﬁna )%%Sﬁgr?g 1sacmbcen e &%’ieég puuf?aﬁ e

sanpl e pr es»érh'pﬂt;l cBEceletmesapmire tzh&spcraes;endicﬂgnuem bioAd 4 muaiondenotedi{ierhat
creates disti zones whose properties peflect the SAMs a

o 11 cul ar A «6f Repety Trgeb R HoERel S EURR Es kot FHEke of
skill in trpescaﬂatloar@»abemamglaudﬁd rirget dfeppifRagdt, donseanitioan isoldg3jnlhe
sanpl e preseggatron d vrceé of the $resent i nvention are conprised of

di stinct zdHEHICanLEaRAOLGS BF5-5-41s Gt Trienre haliesy e bectead the retention of a

liquid sanpb@s) Thehs ReRa8isRrESema b RELIdeWiITR Froaf odcRempPIE pEpAtatibA &MLl On may
further conprise distinct_zones of wettabilty, one of which is optimal with

respect t o 'hpRpthes EREiVRivyi Ttlﬁ}ngj@teé@?‘ie&r’falﬁlglea‘i}iélcwcé@l ated1 nBle1iggre 2 r“(‘-f"é psct to

the kinds ofmaeAgscihatiy hes. wmeeﬁc)%d bhgeSAHPLBaRleEL B BEcsg¥InCes may
include, they are characterizéd primarily by virtue of their differing

wet t abi | i t yievipe hAkesgivel. ths Phandshivpanely pressataipmigaeed mayecmisiet oy e
results in,zones »Lére&uﬂ%ewﬂtﬁ fgy 'bE‘gnﬁQéd i rles%%nsteqo rcﬁélﬁhn RhnRidlsAngl yt es

inliquid sanpl es. These zones are broadly terned "bound ary zones," "Liquid
retention ZogedYradigibn).andl fstithe copprayated FweplpinaBeartalyisisemt ¢fdhke T)?hsaylpieequr res

the P esenae Dtk e P TanlRaRLhe AhLDANAN LB R0AL APEGLNAR { 1O

types of zones 1s also cont errp at ed resent |1 nvention my al so |ncI ude
nmore than @aee basmeenchene 4o B vkiedgtion esyts, mtﬂh’eﬂt@'eihb’l thatpgp ishert than 6A ap@ysices may

compr i se_ bl fiig, 13 kel elosAt henaonaR. «BRENAL oMb ah dim hauendifd er ent

properties wth respect to a |iquid sanple and/ e anal yt'es contalned
t her ei n. Themplamioyes fieon€s te X3. bazadr, eetlselqutpmmb@n ohedfape Gmder diffgrent

facilitate &ehar?ﬁw%mﬂaw cw.gtssr r;urgég) L 9@%@8&@@%&@@ Aagﬁeogeaé%r]&

anal ytical Instruments such exa mass spectro
i nst r unent glevipG1B5]1Ehe Vabbwmdraroy‘? moﬁeahormv@cvié@tlw s@t{isfncalnt'tnelqulﬁcatlon

non-wet t ab lcgpa%lqﬁgs Wist-éhvig SRPGEGHhort gnafytes) can be created.

{0146]  The sample presentation devices of the present invention — in each of the
embodiments described above — may further provide zones of different wettability having

different shapes or patterns (& few examples of which are depicted in the Figures). For
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the sanple to be analyzed. The boundary zone is the zone with the highest
contact angle with respect to the sanple in conparison to the other zones.
[0136] The "liquid retention zone" is relatively nore wettable in conparison
to the boundary zone with respect to the sanple to be analyzed (and is
relatively less wettable than the anal ysis zone, described below). The
liquid retention zone has a contact angle relatively |Iower than the contact
angl e of the boundary zone (and a contact angle relatively higher than the
contact angle of the analysis zone, described below). The liquid retention
zone can al so have equal or |ower contact angle than the analysis zone
initially,exitible N8GatISALEImENE£Rle PlesdRliMiod EdliceShdynhve zoiedEn kHeOuind of
retenti on zone nay assuqF a hi gher contact gﬁgle t han the alys‘ one
prior to t%%CEBWérﬁﬂéESF Bﬁﬁi‘téfawﬂét‘ieﬁlﬂﬂc a Fope SHITPEdp "il“éfﬁ

sanpl e beiBgnithn844 8erdiQd QNS RO BSuNBAS 1265KL NEdcalst YheQ¥RYs cBNOE E\L@Eted Mepseover,
the Iiquid retenti on zone can be of two subtypes. In gne subtype, the

l'i qui d ret\@ﬁwwiotmqéem@géréw@lﬁ:é,cpnﬂ@e@ﬁ?érka@@n Pféﬂm—wam% SelIvES PrYidnt i on

purposes, f\’if“!rélﬁenla&'ls”&rﬁh’ct?ﬁﬁ@tﬂé rhil i¥g g‘ﬂf% %L e DdAg rérfgéltﬁ @Q;tble glﬁp% second
subtype, the liquid retention zone 15 designed to retain g~|d sanpl e,

but al so tl@ﬁ%bétl%mniﬁallﬂwmb|0ﬁﬁleania¢lytze@s\maﬁ pnpealesigerdiby ﬂé%m@f il grfle can
thus be te;{r{m%?eov&ame%ﬁ‘mafEﬁgeﬂu& Bﬂqﬁl d&elﬁﬂ%wseo% k&%bﬁﬁ%ahlﬁﬁor t{?
a at y anal yte

second subtype may &l so inc a surface t I's substant’ a

bi ndi ng butreatinaof brsuderprssantation deititcal chyablroel- bicpldizrapalyipe o Bieglsprsubiidet ed to
chem cal of a e

el ectrici tﬁegﬁé{dsiéjae de%)[nggfg% ﬁo‘ﬁ%%gﬂ:‘elsuéﬁgs @éﬂqﬁ&gssaﬁ%{eﬁ%gﬁ%& ‘tCldl S the
nost wett afbdlckeeséféoﬂndmhhm chintext| sowyds hneemﬂﬁladbe amgie‘e)mwd kileg @pectﬁdﬁ@am he sanpl e

in comparison t he ot ones zone is_de 0_be
anal yt e blsr%«:lﬁe ésein afﬂrt%ate% oceés ﬁawcezi)hﬁte \xrnqg\s I conceLq W ft]gglee 331}1%16

si ze, s hagﬁtﬁseﬂtﬂtﬂorﬁdﬂvfca{:ﬁ the plpmnt 1nesmbm sigth higen d:lqultl Iamnpiemsl alnakytes yetofedtdhe

anal ysis of the anal ytes her benefit npl e

present at i E}ﬂsecfgwfge gocélgwts Ha" ?8@8‘??%3% r}\'\fé]r?fqiﬂ‘ét% gﬁi%mﬁﬁ? 898" tg% %ndir]lﬁeér?g handl e

l'iquid sanfples olnaiftiohh Hfuid santley @eernatytbarpr@exhat t}tenopﬂaup&m&edj ldcatignanpl e

handl i ng, due .to theﬁg fer nces in mettg kaﬁﬁ en zone \Whi | e the
e&l

liquid capd®d ¢y oy 5ﬁﬂ@§eﬁ?§?@ P%@mﬁrﬁ%@Hﬁ=thentlon

is dependelﬂhm@naﬁohe(esg.,z(ﬁﬁudﬂfcat&dme Feifiegionf @bneanB:tiBm dﬂcgwsﬁ efothtr Geth#lE zone,
the liquid capaC|t can be op to about 100 and at |east up to about 70

pi,. The sHRPIMEUPrEYEHt ati on devi ces can contain this amount of |iquid
sanpl e wi t joaat) t hendngethid presddbyish Galichosinganidsn: HRS86Y Qi Sitalé ek s.

[0139] I n anot her enbodi nent of the sanple presentation devices of the

present handling of both biological and non-biological liquid samples. They are also suitable for
application in a wide range of analyte detection methods, for example, including bHut not
fimited to, mass spectrometry, various chromatographic methods, immunofluorescence
spectroscopy, and other known analytical methods of detecting and measuring analytes in
liquid samples.
[0148] Fach of the above-described variations is designed to allow for maximum
flexibility in design and use of sample presentation devices having enhanced capabﬁity to
present anaiytes for detection and analysis over known methods. Thus, the sample
presentation devices of the present invention have the capability of directing analytes to an
analysis zone designed to enhance high sensitivity detection of analytes. The saniple
presentation devices of the present invention thus afford improved deposition of analytes.
(0149] The sample presentation devices of the present invention may further comprise
devices capable of receiving and retaining liquid samples in volumes up to about 100 L, and
at least up to about 70 pL. The sample presentation devices of the present mvention may

also be utilized as sample positioning devices that directs the deposition of analytes to a
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i nvention, the sanple presentation devices can be terned "target chips,"”
and abbreviated 'En, where "n" is a nunerical designation referring to the
nunber of distinct zones on the surface of the sanple presentation device,
where "n" can be any nunmber from2 to infinity. Thus, for exanple, a T2
target chip has two zones, a 13 target chip has three zones, etc. The
present invention contenpl ates sanple presentati on devices containi ng nany
nore than 2 or 3 zones and is not limted in any way to a specific nunber
of zones. As the nunber of zones increases , the overall effect approaches
a gradient. Target chips are sanple presentation_devjces con‘grr sed of one
or nore zoweEce den mersringdsisgkrad e 2 linesy squared @ srahadarelegpladishgian Wit h
respect 10,y fanharsiedeicdig ﬁegu%oe&atttat &5 1d DErRARLLLREESRNE AR VI Ce
conprises two _zones - i.&., a boundary zone and an analysrs zone. The
surfaces of mofienayderdlitatadlte morveddepotitin dfiaguytes wihpracamdayesicgridndath be

| yte bi o
Foai ot ant , P B8l ARLEL B st sol VRARRCKT WBLARAP RIS B 2unlno
ef fecti vel Wcmotafmm@mtdﬁe)f eakases siveutronmpgodidee a durficn as it eftokatiadndlity si s.
Wth r espegttt_tt\%tha tes ecE atr gl(iacht cf: leé%% ecgr.‘f:’acﬁf ITR!S ecggtrc(ﬁ% 2{ ?Bétt%}a ge \ﬁha\qﬁ dsc ggpr | s€s

t hree zones on zo
anal ysi s zorérred hmbsdlmfeﬁs,etetsobmb}mencszeesnmhlat afforit acfuctdage ini sqmﬂdvas'aﬁpl e are

desi d bi. ndi h ol
and the. andrgerEoris g cBRy BT RAF i aePei i Sor Bt RS fo"

zones that sgpatact the |iquid sanple effectively concent rat e the anal ytes

ovi ces. of (RS pr Bot: ST HIHIT O FRGPT RIS BURDAPS: OF UF AREE T IBEL" Bach of

whi ch exhi bdniqﬁqsad | mbtﬁﬂéﬁ&té)fwlaeﬁi@rﬁ)tmtshﬂﬁtethﬂh fBSPECcE flrthecanahyises of thf«@140] | n
anot her enbodi ment of the, s presentation dgw cel? of the ?resent
i nventi on, SIS RIES OFFARIE ’t“e?t‘i%‘r?“ﬂ‘éﬁ‘é‘é@lnég R erf@ﬂ‘”"é% e eHi ps" or

" capt ur e/ cenfRhdddal/e 1gRidStentidEn bRT @¥drah @ 1¥NidWeR®n Zoie ik Surdbulidsaesi cal
designation referring to the nunber of zones on the ﬁrface of the sanple

present at i BROYEHYZANS WhBFTEAUVRYY, 18 Frpe A IRUGOLICE OB IRe 2raset FR MY Thus,
for exanpl @ c@hprtéd bahaghstGhl Rhbas tEcY‘@.tr?a@E‘%Sﬁrrtﬁé} c%ﬁtptqaerdgatth@heanmarst hree
zones, etc. The present invention contenpl ates sarg) tpr esentati on devi ces
cont ai ni ng ZPREh YrERRIRE BHamdRoy ABMEFREY, W} SOTRORCTTOMP L tBE Aty SEFEY to a
speci fic n@&t?@ﬁmatn %Pﬂﬁ?lquﬁsreteﬂﬁorﬁ%%[e &J‘nt@ﬂﬂ?%ﬂtﬂ@ép%&stg%ne shdtgeromar al |

ef fect approaches a lent. Capture chips and capture/concentrate chips
are sanpl e rrbrtes&éhtsampehndef\meeelféemiuseftiwtfml@n@ne?rthmenfzewewmhatﬂhar e
desi gned tg SSRANEE for capturing anal ytes
typically cegﬁﬁpgsoggg%%ﬂc? ecSquﬁ]rl @A&?#r catllr]}gln)gitl:1 Rat are desi gned as the
di sti ngui sK¥15! f edt m@l'mdlmftmeﬂﬁa@t@w rewelatihisssesuithapesenodiditieatlicons may
conprise b's&'fa%? 0%"{’1} ) s% qgntgctt afigle 0? efgr'fatpg ]%thll t&%utsaﬁm hical 1y
(such as nonocl onal ant’ |es or non-Spec such as charge§ groups
that bind orefdkbdy btastben elboueBé"ctaméomtratp'raferattlt ﬁeas:th’lmnl)ottbrzo"an'@lncmrﬂmenatﬂreon of
such attra ditionto ca re an naIyte
of inter est(‘;3 tdhtshse%oe Eié’ e;ﬁ‘ﬁ; mm u(IJnrrél%Jr?rﬁf/ 4 bmél twgﬂ]nre{)ﬁ%& Srar 19(? & in a
l'iquid sar’rﬁlhesmfacqaeﬁmthqmdheteqmemmertmelrafcbmatna@gte pﬁcﬁaratﬂyom thx anpt ef abautsanpl e
presentati pf t he ent i nvention tha ses_a ure zone
in which tﬂg tgt?r lﬁ% 2 Aar Free ol PpsTaRes fn%c ﬁjri? fo %’thp%od‘t?“nﬁtf

conpl i ment aleyraggrt eﬁgﬂnut B@moaabbit i dems afiopihee erffdamteteaiuhns i maint afgmry whr |l e

t he rest of the | .I.qu I es t r part of the surfac t hc
devi ce, thi'Sh ht épecéﬁ’yng‘s)qa %fF- tfcl)eeror}gtfj E?Lt“g%frezﬂﬁﬁeé“ Tt & atﬁﬁl? y. The
ret ai ned amterfegﬂ:ny gEypteh Ghampblivt Dﬁﬂdmorapref&mbazctdéétéromnafbom h)er nedhpeitnty to the

t t th t at ddi t f
Cnoye. t Al ERLAVC IR Th pRI ROPeL HECHAET BURSS TREMBMN Ff SACSHT GUR can

then be trangierorlegidaamaet her portion of the sanple presentation device

for further dlin enoyed fr t he device for naI si.s_by known
technrques[m?gﬂ4lf %FHQF 5§§¥mF3 %ﬁ 2508t FFETEHp, g?ﬂ? Xabpi wesetihe
sanpl e pr eseain OB cel@ydt Gﬁgl@@ﬁfﬁé hﬁ@@:sbm iZ NESt sbolt 182, prde BNV BdadYapeene and
a capture éﬁp The surfaceséﬁ nes that contact the |iquid sanple
are desi gnel MS"CRIBRIRPY 4t frast alrtﬁf]een mogt pgeferalyat 16@5?‘19%4026%‘@1 Hiepd® t he
anal ytes - based on the chem cal or biological properties of the surfaces
of the capture zone. The surfaces of #he zones that contact the liquid
sanple effectively confine thc analytes during the drying step before
analysis. Wth respect to au X3 capture/concentrate chip, the sanple
presentation device conprises three zones - i.e., a boundary zone, a
capture zone, and an analysrs zone. The boundary zone |s desrgned to he
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i nvol ve conbi nations of capture zones and liquid retention zones may
further be used in a conbinatorial manner to isolate, concentrate, purify,
and nodify analytes in liquid sanples prior to their detection. So, for
exanple, a liquid sanmple nay be placed onto a T2 chip such that the
analytes in the sanple are confined in the analysis zone. That sanple may
then be transferred to an X3 chip that contains a boundary zone, a capture
zone, and an analysis zone. In this exanple, the capture zone may be
designed to bind (and thus renove) lipid noieties fromthe liquid sanple,
such that when the sanple is applied to the X3 chip, it noves fromthe
boundary zamect oigtehd ticaldtuid etendoe z{nehividreinals: enhicigingte mfeger betud)tetentton

wettabitit the | in the.s of the
capture zo%()e1 ﬁ&F'g ?gnarnlﬁgasgﬁpﬁ%e%ﬁ®ggnﬁ%gtEglggal %Fgg %equecause
it has theathegghastit Zj)egrve:e tiafy tNeeddndot drigleygf.thd lrbuhdharﬁ z@xarplae embbEimbirqgai d
sanple is confined on Chl and then the |ipids are mpved on the X3
chip, suc ht(f HARPIE I"Féesf:?tf‘uté‘t“ geé’ifﬁf &F thprepest &Wﬁ?tiffeglef 5’”5%?‘? Ag® g?ﬁa{t%il‘&d zone is
concent r at genastdzdpely freREbBT at lidapi hout Betdapsfel hRrCHpltibE 2 aeSabsan gbe

desi gned tﬁ@prnd a multitu %e of different anal ytes, and beéause vari ous
conbi nat i offd BFatEm guomost pelerably ak keast pgont |58-Tpld ggpates Hhap)t Softae 9h

devi ces hapiai@isgonaatd haBeeicOhreRYF ik lafA)HOMue 9%61&&@51?@&5& atn ab&R|1akkYN, and
nodi fication capabilities (vis-a-vis one or anal yt es) , can be creat ed.

[ 0145] The (reBamdaady it thinsnegy obirom FPandl- %arrrpr tosatoph B A" s &R FSerost

present at i gRrASY rﬁﬁletl&géﬁpﬁ&ﬁrabMYj MhYto abiSit0G e above exanpl e the
concentrated sanple from T2 may be renoved nechanically (e.g.

pi pet ting) (AH pl Heegerome aﬂrsS@ptatlfm deXsess aimpice PSPt gRTetPD e b ceﬂhel

Al ter nat | Vedoprstd6r T 2oangt kﬁes\r;rhmt @m@arc@%rerrt%ttqette%wbfeersnrmoﬁﬁls@@eﬁect ed
by a zone, the wettab be changed i'n response to cheni cal
or physi cabutgipt Fmitgd t(Lefl(ql 1 ttU\ﬁ%aldna@ﬁ @QI)HSIS suehandHeuic irienteoroayst whtreld sanpl e
in the analysi Nl r t e ferred to
t he capturLMzoﬁeégpe%ﬁ%niBglegﬁﬁgqakgﬁﬁtﬁﬁgg%%&gﬁgggo¥!%ﬂ§p§8&%g$aegn t hem
to W radi adjatent pags.uing sviersinapais tof atmilysistapd tikeit! rétention ghees atsharotuhled &nal ysi s
zone of th vige but L t. X3

devi ce, sugrmﬁﬁgﬁltﬁ%ysgyaIgm%%%ﬁs e&ﬂ%¥?9 “ggcg 5&5%ﬁ%ﬂ?ﬁﬂ9£$mgﬁ nunber
of surfac esnaUsavaomfg add ﬁ:f;md esttntivatzbedsii$ peferabhdecoangiryd @ himadiengnaprzopapt-i es)

of pur 11 CHFCBA S SAEHC T D AT TR BAC S8 hdh-FFERLT G COpaB L i ca

(vis-a-viSnmhewatmmppmc&pabym@&hmemnnh@uomeah@ddmhﬂ146]The sanpl e
presentation devices of the present invention - in each of the enbodi nents
descri bed @bayvietien ofaly Higiuréher provi de zones of different wettability having

di fferent es att IR M/exa | es are i i.n the
Fi gures). ﬁgsﬁ xiﬁ% gon W”%ﬁ% @hﬁ df iR W‘3“@%@%1%WB?@?gtEa@fgﬁmﬁe§rce nay
have zonestherimtahteonfs@rfﬂhmtrs@meeemﬁcrdocnoﬁ:hﬁlﬁlﬂest;cophrotthemhenp@nt er zone being

t he anal ysi s _zone ounde he |iq |d retention z rrounded by

t he boundawﬁonew@é&%&g&e rffé% rﬂeeldéérn b il BESIAIH RS ) A Ere™

phot o- pat t @fvehtig i§ BEERHG Swiddsibeeas s oxlergvhe Rhigico op aletsebsnblgs fleBhni ques
provi de for treng gous varratron in the resulting patterns, there i s a vast

range of p&YEYHES° HHﬁeQ”mﬁﬁPtéPﬁ?‘“&Hﬁ*ﬁdﬁ?ﬁ@ﬂ?ﬁ? CONENBTAGH VREEY Bifs zones

that can beefi@bh@ned e b hoserahdskiy 4 Hipid thetiaf ondVpr @auaiereid e 1M4akii ous
properties of the different zones of mettabrlrﬁ%:aIIOM/f r t he creatron of

sanpl e pr o SEUSR (Z8% héweagﬂdegpam RovgRaryzpReck | M SRS P8t BB e Zor

mul tipl e spegbitd £ebnict Rl erﬁr@fefﬁbgeﬁss| tosatuoqnzsoc'omoieneefsﬁbrfya@@,aheﬁleabgm
addressable sites, lanes, or fi essable ipn this context sinply

means t hat P%éﬂpmemaeeérﬂtméﬁs§wpémOWa%b 8ﬁ FrleTgPreis b e S4WHE & Py an

aut omat ed RRERSAINISEPEGYd SRIRATHVG kSe bNhE RNGEtenibl Sonk RRx KB @ntact
presentation devices of the present invention such that |iquid sanples or

anal yt es r eeglf pefpradly nissanegpd ahgut &9° tp abat P Sngoeareipebly inie s3@s okapodn

anal yti cal ¢gey] afut 9sTBASHLRE:Rg QHQEHE%G Qf abAfte0eSE -abbft #dbdd AR T Qui d
sanpl es or anal ytes present at t%ese pre-determ ned [ocations may he
renoved fr omitpdy saibisanipinesd dding with tréwt:@sanﬁlmtes subs ayglienof hakariday or
mani pul ati gp (£ , e by
ot her samgice” s TGN RRYL Orpre R oty Bl e M TRl PR Tl Y e
of the present invention are suitablexfor the handling of both biological
and non-biological liquid sanples. They are also suitable for application
in a wide range of analyte detection nmethods, for exanple, including but
not limted to, mass spectronetry, various chromatographi ¢ nethods,
|nnunofluorescence spectroscopy, and other knomn analytrcal met hods of

o, o= o . e - = o




[ 0148] Each of the above-described variations is designed to allow for

maxi mum flexibility in design and use of sanple presentation devices having
enhanced capability to present analytes for detection and anal ysis over
known met hods. Thus, the sanple presentation devices of the present

i nvention have the capability of directing analytes to an anal ysis zone
desi gned to enhance high sensitivity detection of analytes. The sanple
presentation devices of the present invention thus afford inproved
deposition of analytes. (01491The sanple presentation devices of the
present invention may finther conprise devices capable of receiving and

r et ai ni ng ﬂ]hrq@rlboait $@&?pinest prefervidy greesr tpn tabora b odft akDRutpdr, prefedblatexhibass up to
about 70 pL a ent a evi ces of the present invention nay
al so be ut f“flr 7ed Qig”gsg%’ﬁrﬁ ‘eﬁ ’esPetc’%eggﬁqﬁlg 5%118?/. tes that directs the deposition
of anal yt cp186 a Wsihrfiidce redtrame MEBISIS { ashd Esspﬁefmadainbmunantmf tHersmalb}er

squared (2 ref ess .than a

R i 8 Ry B R T gttt e R AT Tt R,
may facilitate i pefddrpy ﬁ\l@dt a@emqev tmcﬁep[@feramryadtyetaeslbwmtw anc@@puefem'otyasmt

i ncrease |n boéh ease of auto ata acquisition and sensiti Vléég

det ect i on. EHALVY IR ERY MOpiRIEER Iaé fﬁ‘?%@@\’r‘t@t DY JoApi 182 COFASt ARElpP

invention pREYHELSoRzSET aﬁeeﬁlmeetco%bu Pl Bl ghRANkMonWohd 3 tsypr&@khyW t h
respect to [iquid-holding aci t%and control | ed deposition of anal ytes.

In pref er r &d°ashoul h%nrrlglepr $1ably ahlsnsh Abid A ofndapest Pifﬁﬁl@%}' af et a@uh@

increase i Ru3ehah ftﬂeVdoméctoa‘ngréeor%t HoQRdef za‘ue amaheMtmdufRbdatbogheaL @ t han
about 100-foid as conpared known sanpl e supports. [0150]1In one

enbodi nent YA ZERE| @prﬁfeé@é)mté@mbo@ @érerelrlnerer@rt*éeélﬂr af lppehorbl-i s
conprised gfg ?1&§tls'1b§ﬁc§ fHoEo Mt’@l%r?'a'? 1éa£{eab§&{rsfos’&‘81‘a Rlatdr MEnSUD SR Gek Sf fiWr T her

conprised of threé conti duous 2ones organi zed 1n a concentric arrangement,
wher ei n t hanabisistzong Zadidl wigren forerfics asarof herrpeldsibyone 1 isquiferablstiesntlizon zone,

and wher ei o%h?mkﬂz%'n&{ ﬁEr%r% 9 11 & nbizfe éHEE&PQ%EnbrX 2B P PUMRT Vg Qne.

Al ternatively, the sanple pre deéntat | vice o e _present I'nvention may
be conpri senstmiﬂfaa‘éwbsﬁlﬁmneﬂoii/ﬂ:mé}miﬁ'Ihmﬁsmfrﬂ@e’elﬁsmf urther conprised of

three cont gyaus’ vAANSA-QLORMIESS 1AIATLaGRN, ALLEDBRIRAL., Migkeln som

portion of 't anal'ysi's zone ti'on zone
are conti guommpmddrofraestrmeaite atxdlemretharsmtﬁnens, fugthed cmdnpm:@rlrmfﬂ hoseemadr pdions  of
t he anal ysi d | i EIEI on. zones }hﬂt are,not cont

respect 1 o bRV GPY Sttty 4785 mih RIS tghs 111
an enbodi nmehatndaf zbhes. sIamiﬁb Bsiplis et al ta@gl:t d:emrcplesrem:fmlh;empsr gsenived BYENt i on,

t he surface of the anal one. ha tact a ref erabL | ess

t han about “ﬁ'b(??mﬁﬁr@abr"éflkl W) Sfrg &t tﬁeﬁ YR %gocmrg’ N sy EF8ftabl y

| ess than afshond@,to Ib@n@wgﬁa@al @het he anal ysis zone preferably exhibits
mnimum affinity or bin gwth res ect to anal ytes Thesrface of the
liquid ret 8dpflon 2dite f‘H&?’ a{efE{?H?ea& Hgle apP@feé‘Féb?‘@qdﬁmtnﬁ L BhgEmBE about

400 to aboyiese%noﬁreéﬁcepéfeth@p@wnynwéhnbﬂes dRRGRreaf thabeuict @R1¢ 6f @b atHlysR50,
nost preferably in the range of about SO tq abqut 95, and further

pref erabl y Z%S@rﬁ BPrEetin PhLafrﬁ aont HeRpore prafiahdy pideast shelt A5 Rt Piesraibattyt es.

The Surfac%aﬁfabbﬂ%ob%HQﬁJsY %&wﬁ%ﬁt Gont a¢tionighe, ok BLeianably ngr eat er
t han about 95, nore refera tgreater than about 1 05, nost preferably

greater t haamébffsmnom ehe b pdereinrthneantyst aredsy o she iasdierspiie ?é’ﬂPn7r‘ﬁ RrEfsiBE
wettabi |ty M Boduespestond }S}eﬂer!agw 1 B@MRARS5°, and most preferably at least about 20°

lower than the contact angle of the boundary zone 8, wherein the surface area of the liquid
retention zone 7 is preferably at least about 4-fold greater, more preferably at least about 10-
fold greater, and most preferably at least about 50-fold greater than the swiface area of the
analysis zone 6, and wherein the swface area of the analysis zane 6 is preferably less than
about 2 mm?, is more preferably in the range of from about 0.2 mm® to about 1.$ mm*, and is

most preferably in the range of from about 0.4 mm” to about 1.6 mm?.
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1015211 n anot her enbodi nent of the sanple presentation devices of the
present invention, the contact angle of the analysis zone is at |east about
10, preferably at |east about 20, nore preferably at |east about 30, and
nost preferably at | east about 40 |lower then the contact angle of the
liquid retention zone, wherein the contact angle of the liquid retention
zone is preferably at | east about 100, nore preferably at |east about 150,
and nost preferably at | east about 20 | ower than the contact angle of the
boundary zone. In an enbodi nent of the sanple presentation devices of the
present invention, the surface area of the liquid retention zone is

pr ef er abl yjord9] [ easi iapatiht -l tHat Gk Rid: @e, i ©zgak ebethabilgidatieheasbnabout

10- fold greater, and st prefergblé(gt Iegsé bout 50-fol d ggeﬁte t han
the surfadBShPEAoBf 1P FRaPE R8I Paeed dRE10 ol PG By PTREE e 4R Wei%Gnal ysi s
zone is prekeiaabbye hep ssstiial valeu b dhapdshd may e TRe=Pied@inad perfondnbe range
of fromabout 0.2 m® to about 0.8 min2 , and is nost preferably in the
range of ¥R SAFBlsPEreiatippicyise 3B GEsPert & hppticufa) emiceins s’lacwﬁloé‘alfv)"rﬁ ddent ati on

devi ces ofinphRaPtE S8Rt thhNSALT 0] IBYsREhUnLNEE LERIMKIESERE Bhe dnsUbsStrat e,
wherein the surface of the substrate ma i nt her conprised of, but not

be f S
limted tconeandin it Qe EBFRerRalust-ged iarﬂi%sia;sanﬂ_an@@ﬂa&ha apaleR 9N 81%eht i on
zones, WNef i rdidhiiSn Obnd Bk Y 5l Pod RS &Mdilnglg%sdm%?t&m@éq@i@qdzR)n%ﬁtinﬁ%@
arranged as elther concentric or adjacent pairs, and wherein pairs of
anal ysi s arvefoineged of thatzeptei posergmededice Wrespahidedaipular appbepiom boundary
zone. The | e i Vi LiS, : i 1.0.Sh
anal ysi s z@ne a€§&§?§%%§£€§?§%?r3%%§8ﬁggﬂ?%ﬁ%§%?%?§ﬁ#§h§‘ﬁfﬁgﬁiéﬁ&§n a
manner anak ogopssed of ¢ ebsgatatdaring 96uviedel furigg 4ompiised ah thrass@Bliguwss zgukeat es so
as to be cg ' L rdi,zed gl ti - F r d
Iaboratorygggﬁ%?gkﬁgﬁ%%gﬁggﬁo g %h’ q%%#ﬁ%#?gﬁhgpg#ﬁ%?E?g%§§§ﬁfd§§§?The
descri pt i owsict fuationf ol thoWgad ectastioal sonexdémpd enyiguss pptherrgret tthenedingibbosur e of

;[ E\e/e:,]m/gztxlw Meitt toséc 19&%14;}15%'1‘ ﬁ%%na Ezsels zc%@%nrg Hquri]c? %etelnhgﬂ Sork r?heat Surcc%?co%igﬁomg
with respect to one another are smrrounded by a commeon boundary zone 12, The suface of
the analvsis zone 10 exhibits a conmtact angle of preferably less than about 40°, more
preferably less than about 30, and most preferably less than about 20°, and further preferably
exhibiting minimal binding with respect to analytes. The surface of the liquid retention zone
17 exhibits a contact angle preferably in the range of about 40° (o about 95°, more preferably
in the range of about 60° to about 95°, most preferably in 1he range of about 80° to about 95°,
and further preferably exhibiting minimal binding with respect to analytes. The surface of
the boundary zone 12 exhibits a contact angle of preferably greater than about 95°, more
preferably greater than about 105°, most preferably greater than about 113° aud further
preferably exhibiting a minhmum of wettability with respect to liquid samples.

101611  With further reference to FIG. 3,a  preferred embodiment of the sample
presentation device of the present invention is one whercin the contact angle of the analysis
zone 10 is preferably at least about 10°, more preferably at least about 20°, more preferably at
least about 30°, and most preferably at least about 40° lower then the contact angle of the
liquid retention zone 11, wherein the contact angle of the liquid retention zone 11 is
preferably at least about 10° more preferably at least abont 15°, and most preferably at least
about 20° lower than the contact angle of the boundary zone 12, wherein the surface area of
the liquid retention zone 11 is preferably at least about 4-fold greater, more preferably at least
about 10-fold greater, and most preferably at least about 50-fold greater than the surface area

of the analysis zone 10, and wherein the surface area of the analysis zone 10 is preferably
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[0155]Wth reference to FIGS. la and I b, the sanple presentation device of
the present invention is illustrated, show ng a substrate 1, wherein the
surface of the substrate is further conprised of three contiguous zones
organi zed in a concentric arrangenent, wherein the central analysis zone 2
is surrounded by a liquid retention zone 3, and wherein the liquid
retention zone 3 is smnunded by a boundary zone 4. The surface of the

anal ysis zone 2 exhibits a contact angle of preferably |less than about 400,
nore preferably |l ess than about 30, and nost preferably | ess than about 20,
and further preferably exhibits a mnimal binding with respect to anal ytes.
The surfam&sdﬁnmh@nhnqmFdsm@ﬁaﬁuhmHWZ@me13ugthbntﬂmat@@mﬁéﬁba&mgmé

preferably in _the range.o t 40 r ferably in the
range of abouf™ 51?08?%5%[?&“ éﬁ%‘f‘éﬁ%@?é#‘ﬁﬂ%ﬁg \’Egﬁg“émof about 80 to
abo:Jt 950, [[_)rrra]sm]j f t]l?ts hapor?hetﬁefogehbmdxﬁkﬂmr (ohhet a&nal?lhfltdiﬁglobﬂlﬂ digig Imﬁti’dml’?eﬁelpect f to
anal yt es. e surface o ounda one ts a ont act e o
oot br bl Yot bR ErdRPs bonrTgRd helel iter ardaiyoth e ab L e A0t 1050,
nost  pref efafal Mecgii@ntede ibRRssAROU virddP of ARhed be hﬂ?rbepfeq{.@adam YpiRld bits a

m ni nrum of wettability with respect to liquid sa 56LVVth further

r ef er ence REBOImangs of |t samgle e seniationdewes wih waseidp ﬁﬁﬁfﬁl‘:‘eﬁl "’cPH]éC“ Shpl e
presentati @ﬂssﬂjeV'Wﬁh plertdie toOFI@S 8Atihd 4&1&91& ﬁé?.éln:itﬁm@@ﬁcé/\gﬁﬁee;blE‘seﬁhﬁve‘&%ﬁ act
angl e of the anaa¥5|s zone is preferably at |east about 100, nore

pr ef er abl ys gamprisgds ef %&?eﬁatezbbhmm wirigeeciuahesppraed pé fEte WRBIOUSBUES and
most pref ). ablVa &, éo%ééﬁl @é?ﬂh‘% enftA0 wHOMBI 14 &ﬂﬂal%ﬁﬁyé@%@% nﬁsﬂﬂbﬁd&f pt he
liquid retention zone 3, the contact angle iquid retentlon
zone 3 is plieherdeitpn gong éasatnda\ﬂ@mm 1@, ligrid ectqution é?la?bl%/l‘“aﬁurlloé%ﬂ bbut 15,
and nost & Eagj t 1.a6k (angl.ey of the
boundary B%n% , xé?eﬁwﬁ? %x%ﬁ?ﬁ%ﬁ%pggé§¥§apéﬁﬁﬂ %h§¥ﬁ9?%ten§|§%ﬂz%ne 31is
pr ef er abl ymantfatibitatetaugtiyetad agqfislien efrezss epecuaivinte, iprikdt etr@zbtspoad% lheigsto about
10- fold g, &Q@gﬁﬁgﬂg nost preferably at | east about 50-fold greater than
the surface area o Pe anal ysis zone 2, and wherein the surface area of

t he anal ys[ﬂs64ionewﬁhn@"elpmceﬁ@FbeISytlkesrsplB lreesenétion tievicenainlds pregnimovantion
preferably r n2 .t nd is
most prefera L[%T”% 1ngd &? 5'%% ang Ie—" Cg%np ?}Pe% tfg%b%{%gm}fd i %’tlegl{tgb%ilf q@i Bﬂgdnhor?
101571W t hzonesf l@r elhﬁéwhmh Eﬂc@un @mdédiey sacmirhe] hmuaﬁzemcamz(ﬂn Inl@vd meraek, thhe
present invent] I ri sed of a.substra ein the su ce is
Purther canprebBest AEMLHE Brofr o TP ILHR BrordShiety e Sl oRF LT
retention ;zmae%e?hq\ad tetadfionding N9 afae bedurd el hykidize daeholdig Rejakyy Zzone S.
In this instance,. r% of tar% et and liqguid retention zones are arrayed on
9 mm cent &8 TR S G S EXES JbbioB S8Vt o ERER S MBH™ it 0 t he

format corsegfaeodiRdidtewa cisdndars n%@pywénhau&h adveve 1o LRGN fac decdrined
reference to FIG 2, a_preferred enbodi nent of the sanple presentation

devi ce of Phibe gFeessize 9 R I R M RO 25PN t he
anal ysi s z@nesiténi S preferably at Least about 100, nore preferably at |east

about 20, nore preferﬁbly at | east about 30, and nost preferably at | east
about 40 | QWY t n¥iht eh&omiaeice drgFie-of: EHéCfFlﬂ%jhlcﬂle@fﬂéWt Porihez gheply

wher ei n t h@eeRtACievRB K BrcQfesthenehit @ oﬁe.e'tvﬁé}@lh ) L%ﬁﬁ@t gleorfedy zﬁpl y at
Least about 10, nore preferably at |east about 150 most preférably at

least abolAo"28% isPERFblY Anliest MsvLiRuBee PEAHINY Bfeaptaonglh arRrs Pralomblyg!

wher ei n th@as5b!ﬂ$cfu@9@’ aﬁ@amquséftﬁmblaqwaé a&;@&@m &o% mn%gcdn%acpsﬁf f@@éy at
| east about 4-fold greater, nore preferably at |east about d greater,

and nost plfcé‘fdef*eé%’lt@naﬁon‘f d8sPhepis e Sonipg| Melyr efatherliquithreleivien sand ABds ar ea of

the anal ysj sfezefat @ast%au\qfoem@p&ﬁﬁbwﬁa&%ba{t%o, 91f1d {fntast ﬁaﬁlamg atsle “e 6 Is
preferably | ess than about 2 mm?, is nore preferably He ran

about 0. 2" FOWZ0 bvepdian e @nigpiznslgmd tiedopiary @n@%r\'a’kﬂwn g stulfese raeengé of
from about ), 04 Tentign 20QYYH 1r’lpn§bm at least about 4-fold greater, more preferably at least

about 10-fold greater, and most preferably at least about 50-fold greater than the surface arca

of the analysis zoue I8, and wherein the surface area of the analysis zone 18 is preferably
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[01591It is inportant to note that neither the analysis zone nor the liquid
retention zone nust be round in shape as illustrated in FIG la. Both the
anal ysis zone and the liquid retention zone nmay assunme a variety of shapes
as may be required to optimze performance of the sanple presentation
device with respect to a particular application. Additionally, it is
inportant to note that neithe- the analysis zone nor the liquid retention
zone nmust be concentric with one another as illustrated in FIGS. la and 2.
Both the analysis zone and the liquid retention zone nay be positioned
accordingly as may be required to optinm ze perfornmance of the sanple

pr esent at i Q0 146 ¥h&e 2 Wb ,gﬁ@,ﬂep@éfmraﬁly% P72 rhri g6 W abmaadphd EAkINe abA16QLW t h
reference to FIG 3, the sanpl e presentation devi,ce of the present

|nventlonIWB=éﬁhﬁﬂ¥§@ﬂﬂﬁﬁma”%@B§¥E&P%ﬁ@nﬁ%ﬁf%@”@l§%FW§&%6PH?ther conpri sed
of three contlouous zones organi zed in an adjacent arrangenent, wherein
some portlwl'-‘lO HSunplgIPyeseriationdevicds and sone portion of the |iquid
retentlonéggmﬁ 1gnﬁr§h&oag&gM9gﬁswgqﬂgn@@g@&{Jﬁgxgnﬁaﬁ&gthﬁrmemnerﬁln t hose
portions e analysis zone and liquid retention zone that are not

cont i guoudatmicitingrteespaple prasewrnasnveisaescapel Bare Jon sy micsRadReBoundar y
zone 12. The,shrg %fa%% Lﬁa%og@ﬂkaesaﬁo&%%&g 6K Qgs%ﬁa andBRlasctsang e of
preferably | ess t an a 400,, nore gre erably less than about 30, and
nost pr ef ertadhl forh abginettranesadrpendi@0o diisceatadriehveen pheefaMabissd, dhehsapinld ng

m ni mal bip i Op i L
retention Z%ﬁggfﬁhkUC&%?fgﬁ 1%%wﬁg%#ﬁgﬁﬁpg g?%}gﬁﬁﬁS?ﬁ“¥EQWFgﬁbg of about
40 to abouﬁm@ﬁEwﬂumenmh@bem&@hmgnﬂmnM$$r&hg@dmﬁbaﬁwuﬁﬁﬁﬂﬂnWmhabﬁw$6950

most preferab range of jabout S - u h

pr ef er abl yuﬁu e¥g}e{]1oés o%c:eap H%Fang)lc %eqeataﬁ% %g%cggg%%%r%?d 0. zg[}.'lg P%g e surf ace
of the bouncatred iz, ﬁiﬂ:t@muehmgswamcqmm act angl e of pr ef er abI y greater than

about 95, pr, peater .t ferapl eat er
t han about[midfg é‘ﬁﬂ“ ﬁﬁn‘}e{%lé’ hﬁf}é‘rfﬁfaﬁ.’gﬂ&? e % e Sm“P%Pr‘n‘psFr‘ﬁ?n“"é’ ‘Q“‘Xi ?t;bu lity
W t h respest pkenl heatioh S aydats moﬁiﬁﬁﬁ ) Wﬂeﬂmed bjf tnlathodsrle]ben anhesctod sl G 3, a

preferred enbodinent of th e, presentation ice e present

i nvention | %a‘ﬁné‘s\ﬁﬁe@?‘@?ﬂe’ttﬁ% S@’gﬁ?tﬁétm 7G e ?mtoﬂ‘g.‘%gﬁélp%%lngd%ﬁgea%o?s

pr ef er abl yapphying@as br axlamlstelfia@senmwcjau@ro&g et @ws)abmiceaxsddlfabmurfa& ofriy €
preferably at | east about 30, and nges pr ef er abl | east about, 40 | ower
then the cYRTAE: © %’“‘6’% ¢ PHSCTFG; F“@t%‘ﬁ‘t vz Bsefﬂlqm B W8 cont act

angl e of tﬁhﬂmhlaﬂéﬂeﬂnsfu%%{hle@fbsl—’r@t@eSQJéctﬂoﬁ oPielbes Sy, ﬁ&md@@&t >about 440, nore
preferably at | east about 15, and nost {geéeferabl at | east about 20 | owner

than the CORPABECRENGF @ werticuks sHstRgargrides fke TTacoRE s HOTHE & PGS ar ea of
the Iiqui dsu[iﬁéeedlﬁl'aaéhsé@eﬂﬁldJplolieﬁlelgr%{ AR Y, bhdaﬁ%&t 1%91@]?1% 54\1\fi§1|e§3|11t9":?at er,
nore preferably at |east about 10-fold greafer, pref erably at

| east abouhe Miernunsjo@rbéawbsn%%ﬂvhé C@Eﬁamaéé’l@lﬁbﬁ fomﬂ%e seiadops gV ione 10,
and wher ei I A Iess
R e R e T R S D e

about 0. 8, nrihat. aalﬁdncillstn%’tphptoemaétFrangphqqoltﬂmrafpéwg@ﬁ@mngr mmr%@@mngo 4 nAer
to about Olgdrgyggmda.]%g | $nd 18acki TRRL AR, O note that neither the analysis

zone nor t retention zone
[0168] The zones that are created on the surface of the substrate can be i any shape,

with circular shapes being preferred. In addition, the zones can be either continuous or
discontinuous with respect to other zones — i.e., the zones can all be contiguous with zach
othier or one or more zones can be discontignous with one or more other zones. Tlie zones
that are created on the surface of the substrate of the sample presentation devices preferably
have a plurality of zones of differing wettability with respect to the sample to be analyzed.

{01691 As another embodiment of the invention, methods of fabricating & sample
presentation device that is capable of precisely positioning analytes so as to facilitate

automated data acquisition are provided.

39



must be round in shape as illustrated in FIGS. la, 2 and 3. Both the

anal ysis zone and the liquid retention zone may assune a variety of shapes
as nmay be required to optim ze performance of the sanple presentation
device with respect to a particular application. [0163]Wth reference to
FIG 4a, the sanple presentation device of the present invention is
conprised of a substrate 13 having a surface further conprised of three
contiguous zones organi zed in a concentric arrangenent, wherein the central
anal ysis zone 14 is surrounded by a liquid retention zone 15, and wherein
the |iqui entj.on zon i s_surrounded.by a.boundary zone.16. Wth

ref er enceq{d(’)ﬁLl G %6, S%eﬁlgcéﬁapagp lg?cqeﬁetoaﬁlgfﬁ%lipsa ﬁezlglrlfé’ fﬁ%?tgns {Jés%‘)ngray
facilitat evetrkesgtrgdradcnof ®iftasemboll maphyapectveidhbs datmsppicackehat surface
corresponds(}p fize_to a%rq;%Fri@f %P regions. 10 641Vﬂth r&fere ce to FIG
5, the safplYBrULTRASEIEH GOV et SPHRT I SIRE M RIEA P ™ €0 B8 sed of
a subst r attee skdpcemiprineddonnf 96 pairs of analysis zones 18 and liquid
retention S , all of which are synnunded_ by a comon, boundary zone
20. I'n thiGe1e: éﬁﬁeés‘ff%‘:ﬁ@f b TR PEEGHPY SVEF D‘Egﬁ@gﬁssﬂ EVERASIIHRCD
centers thatoosf @S8aNLbptAcis SIAACpletrdfy WRlue, Phatags ndih@nidatiat dyrgventi on
zone 19 was been el ongated to maxi m ze |liquid-holding capacity and mnimze

the di st and8BeisHRIdh AdFdaernbisd regdaiesach M renaredefpantindiParret n is
overlai d oRidaBephial SlfbdQ2y OB LHoptabEic PR Bf SRONLALLRA MY hita: s
indicate the path described by the deposition of a I'i quid stream of

chr omat ogréphiceinggenastal Hiiasm > labioranening ph8aMs rersredelean ahy!thiglses] an t h

further rQﬁcoﬁ{angﬁetﬁlosHEfag; hd @)%@ffoﬁﬁlagqplmgﬂérﬁmgtofOEAm_epl% Sron

presentation device of the present invent i's one wherein the contact
angl e of t#elalandsyei sitepresiligon or plees ayrtibt: y(ShiEldckansbeagh pefteriing, wwdr (@)

pref er abl yR&Eti\}eQ@l?Etcﬁ‘i Qu@reiggablypgl\%\g)aﬂé ﬁé%@?ﬁgﬁc le bizGettatBR QM) e%gﬁac%qg oSt

preferably at |east about 400 rt ntact angle of the liquid
ret enti on bgeedlgdtheniiyearpliqatiothef the hivaphtotapaitirenp procese descdbrddn Usiterh$tien zone
19 is prefgr | eas . r ref - : 15, and
ot pr et o bar poar 'eah S st Rh S R i R FSEks PO NG o
boundary zhhe,120, bothef ehiph tiaencorpufaicheaniedy aferthe Kitgquatdelyetlepbiimmngone 19

15 P Ao Rl LA P PO ML AP S e 200
the surf acgoaseadotiibdian &nditeysins azdnelefsBod Bndhowhétiel in thhex.sur f ace area of
LR TR NERIEE G RN ML DT T N
most pr ef efi@dpyitdring €S ARRGOMOFfisel red ml@gbk of .cd1dE Aepidted. abedly 1. Sidbla2.
Fabri cati OlegtI'atE L?'{Tllcg asP 21 ‘e’SI i%é};[ \.%21 .31(') E]I’S p\r/ri)cls(.a gppmpriately cleaned by a combination of

wet process and argon plasma etching. An adhesion layer (25-50 nm) of either chromium or

titanium and tangsten (9:1) is first applied to the surface of the wafer followed by a thin film

(100-1000 nm} of gold 22. Metal deposition is accomplished by a sputtering {vapor

deposition) process that has been calibrated with respect to metal deposition (thickness) per

unit time. The sputtering process may be undertaken with intact wafers or with individual

picces diced from a wafer.

[0173] With reference to FIG. 66, the first monolayer 23 is assembled on the gold swiface

by incubation of the subsirate in a solution containing from 0.05 to 5 mM alkylthiol n

ethano! for a period of from 1 to 24 howrs. The surface-modified substrate 1s then washed

with ethano! to remove excess allylthiol and dried under a stream of nitrogen. The first

monolayer 23 is prepared from an alkylthiol which affords a surface that exhibits a contact

angle of greater than about 100° and further exhibils a minimum of wettability with respect to

liquid samples.
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[0166] Still other enbodi nents of the invention include nethods for creating
or fabricating the sanple presentation devices described above. For
exanpl e, in an enbodi nent in which the surfaces are conprised of one or
nore sel f-assenbl ed nonol ayers (SAIVIs) which formdistinct zones dependi ng
on differences between the SAMs used, the sanple presentation devices of
the present invention may conprise various SAM zones that are c,reated by
known phot o-patterning techniques. Accordingly, thc present invention
further includes nethods of creating sanple presentation devices conprised
of SAlvls using, as one preferred nethod, photo-patterning techniques.
[ 0167] Nor ejgedier abiss, refeR@eesier FigC @¢,ahe biRcsubaticdtebshte ihghosapgkeed by
presentation devjce ﬂf t he present invention i i call dlfled or

SHpxslat ik N

patterned BYPCHEt 1058 1§ spHesBrogeh ST 13 rECteagt oy YHERKTDl e, the
substrate' s %mﬁf.aaclﬁoribﬁf&mb&smiﬁ Whieeh ok @@bieer aed ByrePeaRsterfingapphiriddg one

or nore self:assenbl ed nol ayers dify the surface of the
substrate SHORHE Yepb %fgﬂ‘fya‘f"iﬂbﬁsllfé{/tf’ &EG“\E/T&‘\D% Lgopeitdn disriaskes may
i mpart par b eddhiarin @ReadibA bf fealufestdRGizS MUSIHRR @rrcRh&RE kDMe BhuiM 3dtéRids SAMVS,
including 2, 3', or 4 conpositions, for a particular substrate provides t he

surface of ?‘flﬁe substrate wi th uni que surface characteristics and

propertiesjpihg paWr!hq &t to BRI, 59@1&1' RN Beqith Waltli S TN di@ﬁl'r'f}a&eswlhaveghe
patterning of thc substrate so that it contains a g Turalit zones, each

zone, havi AYneMgrpelfewats and et ashvamadified iesien e52dwhd pT]@ﬁﬁéFﬁtﬂldé@HDlWEftf%ds of
pat t er ni ng;d e BANR, L NN By B aREd of rﬁ@%bktp éﬁﬁ%%owoﬁb&%a?nlﬁﬁﬁlslﬁr ni ng,

phot ol i t hogr aphi ¢ patterning, inicrostanp ect ron- beam patterning, and
reactive-i 885& éhﬂ\if\glkyl[ﬂweﬂspﬂ‘lh@li@mn‘@m@ﬁfﬂm & icPebtied By stffemesapdifigde of

the substr é’aheué%é‘{} RS Wl %tlﬁéﬂﬁ:&l@l to \é!rxéd%e €L deGhy ltaﬁa%{%iecﬁmﬁ‘ﬁhdlga Rf& ﬁ!fr ed In

addi tion, zones can e el t I'nuous or discontinuous wth respect
to ot her zomiegen Theeccond menclarsed? sgmepaiel floe muﬁlwl@uxbdst yikards aesaldhcedmer or

ones t hoy CfGRERCaRAL dﬁgtﬁ% %Jego"f%‘ajéut%‘tﬁ gt 36 alﬁlﬁ?ﬁﬁ%ﬁt 8142208 e The

zones that "are crea S SUTTAce of "t e "Subst Fa The &a
present ati dmtdéxhlteamimaléﬁm.hwg)\lwhnapﬂettaalprﬂmsal i ty of zones of di fferi ng

wettabi | | tYOl%]t her\\? p% ectt B I':l?é (ﬁaglg p&%tel dgsubat ¥SZ?L fhel[ Pfli) A\IS; ang ther

enbodi ment | P O, |ng &Sentati on
device t hatexposure&mbﬂmvﬁﬂetmﬂgbtcsbmet w:qmgh B bdcomd m@kaaﬁah f}ﬁ$re$mcasfct~@geﬁm| litate
aut omat ed data a UI sition ar. peC|f

appr oaches 4 & Qﬁl 56%"“85?’&%‘??%?&?@ ﬁ’él]‘ glbet ?X(B’hse fZ Eud[; yege“era ing Phickomer

sulfonates that exhibit low affinity with respect to the geld surface. The opening in the mask
29 results in the creation of features of size and shape corresponding 1o the analysis zone.
(0177} With respect to FIGS. 6g and 67, subsequent washing of the gold surface removes
mononier sulfonates and affords an unmodified regicn of gold 30. The third monolayer 31 is
assaibled on the gold surface by incubation of the substrate in a selution containing from
about 0.05 to about 5 mM allkylthiol in ethanol for a period of from 1 to 24 hours. The
surface-modified substrate is then washed with ethanol to remove excess alkylthiol and dried
under a stream of nitrogen. The third monolayer 31 is prepared from an alkylthiot that
affords a surface that exhibits a contact angle of less than about 40° and further exhibits
minimal binding with respect io analytes.

[0178] In this manner, the step-wise process for UV-photopatterming of self-assembled
monolayers prepared from alkylthiols on gold is exploited to prepare the sample presentation
device of the present invention. The abovc-described process of UV-photopatterning of
self-assembled monolayers prepared from alkylthiols on gold is exemplary and the invention

15 not limited to only the process described.
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substrates, preparation of self-assenbl ed nonol ayers as well as other
approaches to surface nodification are described bel ow. These descriptions
are nmerely exenplary and do not limt the scope of the invention. [01711The
surface of the sanple presentation device of the present invention is
patterned by one of several approaches which preferably include, but are
not limted TGO UV- Photopatterning of self-assenbl ed nonol ayers ( SAMs)
prepared fromal kylthiols on a coinage netal surface; (2) Photolithographic
patterning of SAlvls prepared fromal kylthials on a coinage netal surface;
(3) M erostargp of SAMs prepare(gsfrom al kylthiols on a coi nage net al
surface; af&’14) BHot &P EMSgraphle pdet drnidhg & SAMSCBrETarisersFy oftt

al kyl si argﬂ@tcﬂmmgfa K€ MpaflerSink | SFONAIME BhRSSedSHT SiIRGRI0I{ 3 dBle et hgnrdeam
patterning, and (6) Reactive-ign etching. Preferably, the patterning of the
sanpl e pr e%‘é?‘ﬁj%tﬁbéﬁat%lé%?'t‘@ %W%&Mﬂﬁermwwelé.%%?d ¢ aasEhssEatlesh of the

UV- phot Opa&nﬁ%rtﬁlhﬁ'iﬁnBf@ﬁ@%(]@@fﬁ@ﬂiﬂxi}ﬁf)q sghukinl beduginat es Patent No. 5,514, 501,
or by the mcrostangﬁ process described in United States Patent No.

5,512, 131, [0h#flh ofit @f@rnn%ﬁfél““iqaaértb@ﬁtatI@woﬂﬁe{preﬁris pyerplépdkerethie gold surface

Al ternati L§J Mmﬁalaen RRUChBLAG of o LOSHGAMRLGR 960 8 108 HAvhiEcRnsn] ace may
be achi eve hot ol |t£}gig lt| C patterning processes describe
Ty 1t

literatur ectlamdl fmn@ealeswcb h@éélosut%c iThe et facermodidicd sehstifty 157@}W@4h¢d
reference {0,k h%%fJ t@@cnﬁcl%%%%s Ql'il%lhﬁ@ ?td?zg \{Yhée? apsrn%grﬁ%‘r ngfbrgmw The first

photopatterning o nprise 1ol's on I'S depi cted.

| ni tially, mandayet é’bllsepxpﬂ@@t Fremen2dkdiboh tfas affords bl\mtﬁatﬁ\lk)aa‘t@hhlbf%@ c‘pﬂtm is
appropri at I i i on. t Yelo} on pl asna
rehi ng. A Ee e e B B AR R e A A o i nd
tungsten (@18))] i sWﬁﬁhr sfeuanpqoltda gaGt et e smﬁacffauediﬁéd sitstavafiercofted [votked by a
thin film |shgd by a

nit OS]

sputteri ng[g}f)?i?)sm %Elﬁ%r tz’ 1810%‘%1918? o@éeslgsstﬂlgl{ b‘fﬁ% ¢ ‘beggthw‘g‘él |cbtpa?l{é)‘(r'}p%mt H'respect
to nmetal depedici:on st inkiness}d ﬁmmlumﬁ tht lmmsadTrhgommteemmgmm gigiegs nmay
be undert aken th intact ers al .pi ece i.ce roma

ot o e 655 S M e K08 Ry A gy R R PSS gl B8t e
on the gol gsistun tiecgphyd Edgﬁjﬁahds@vlﬁéaptﬂﬁwﬁm’ﬁﬁgehah@vei 1o e :ﬁa@kuuheoﬁse@)oat ai-ni ng
fromO0.05 to.5 mM al kylthiol_.in ethanﬁj folgJF er.i od. of fr 24 hours.

e PR n

The surf acBSHBAITTES SRESEr A8 Pt pp gha {Ffé’llﬁeo? Rr?)ccf‘se V& excess

al kyl t hi ol p@feehbet dp Fﬁledmd@ra BinSdoh@ANTIRf mAd LRGN recliehchdatishs WiN@bRYES 23 1S
pr epar ed from an_al kyl thi ol ,which affords a surface that exhibits a contact

angl e of gfe&akthic ieﬁ%wdéb%‘ﬂﬁt”%ﬁeu d5 8Yife'ReY exhibits a mini mum of
vettabilityiuth negPetlantOw FIaUhE, SRTRERSEmodlRd (dkMiE R pRESPARERILY FIG

6c, the surface-nodified substrate is photo-patterned by

exposure to an ultraviolet light source as required for use in comjmnction with the particular
resist employed. The photomask 36 may be prepared from a number of commonly employed
materials which include, but are not limted to, cliromium-on-quartz, Mylar, acelate, and
metallic stencils. The opening in the mask 37 results in the creation of features of size and
shape corresponding to the analysis zone.

10183) With respect to FIG. 7e, the substrate is initially treated with a commescial
solution specific to the resist employed that dissolves the exposed areas of resist while those
regions not exposed 38 to the ultraviolet light source remain relatively insoluble, After
removal of exposed resist, an oxygen plasma or UV/ozone treatment may be employed to
oxidize alkylthiol monomers within the exposed zone tliereby penerating monomer
sulfonates that exhibit low affinity with respect to the gold surface. Subsequent washing of
the gold surface removes monomer sulfonates and alfords an unmodified region of gold 39.

[0184) With reference to FIG. 7/, the second inonolayer 40 is assembled on the gold

surface by incubation of the substrate in a solution containing from 0.03 to 5 mM alkylthiol

42



exposure to an ultraviolet light source through a first mask 24 in the
presence of oxygen so as to oxidize nononers residing within the exposed
zone thereby generating nononmer sulfonates that exhibit low affinity with
respect to the gold surface. The opening in the mask 25 results in the
creation of features of size and shape corresponding to the liquid
retention zone. [0175]Wth respect to FIGS. 6d and 6e, subsequent washing
of the gold surface renoves nononer sulfonates and affords an unnodified
region of gold 26. The second nonol ayer 27 is assenbled on the gold surface
by incubation of the substrate in a solution containing fromO0.05 to 5
in/vl al kyhemhpesi farg psripdabfromdrio 24 Hevrs.o dho subbtFaieis thanovsshedwisk gthaphi

sur f ace- Mg 1ced SUDRLIAN Gnk el GRIPSRE WhklBei B @ nl SHRNE sEXCESS

al kyl t hi ol rie er a streamof ni troge he second nonol ayer 27 is
pr epar ed fmm&teérfroai drogilcy Hia [that fforda k fsurfats tant surbitsoecakat anglehinig Bnge cont act

angl e | n 18,3008 f Bouh, 400:L oot ARAR o EERSE, ALLOAG By ur T ace

that exhi bit S i nirmal respec 0 an respect
to FIG 6f[pi&5he ﬁﬁiﬂt egspad tcsﬁlﬁ?t rataadis, ﬂlqrrtmhamnghfmbtmqsiat & rsneohotny Bxposure

to an ul tr@%lllet? lxeat hin qg' subs!flrgt%ew }I;]rogéj gsevera C@%Qm%ﬁlvm&s lmgwnt tgo dpsgcﬁ§{j:nce of
oxygen so (0] (§ e m)norrers resi e exp osed zone t ereby

gener at i ng.mﬁmm@amlremtudefgonﬁtm ﬂ-lin&thyBX-I])bid) tdidoney a@f.f emd thy thexhedr mbprea(t& to the
gold surface. The.o

ea
Peat ures gFvseOBmi LAt SRS Foma g ors? rre® £ yereSiine el rriw ch
r espect tqltﬁdg@hy@sgdead}daeﬁhbovsubsequent washi ng of the gol d surface renoves
nmononer sul fo at and af dified regi on of 30. The third
monol ayer $18G/s ggglérlrﬁp%"d t%ﬁ?(t%ﬁa;l g'? th‘? ﬂjétﬁeénegy“'gﬁ‘@%’é?ﬁ 81 PEH e §y
substrat e dxfosaresilamhili@victanical fug tlf:b\igﬁil Afoslld holmaklo 42boWscihediabve.

al kyl thiol_1n ethanol for period of from1l to hours, The
sur f ace- nodhef P@ﬂmgu’r?sfl?eafr@al’f &3t FrEHswis HIE CHFtoR %%I%&HBTS £h e es¥Rt ess

al kyl t hi 0|c0ﬁ@ﬂ>0ﬁ’dm$do undlafqul sdidn@aim efe. NitHe09MBracd e jiihiind remaphayes 31 is
prepared from an %th ol that affords a surface that exhibits a. contact

angl e of |8 H solBYLTPeAGP inthg reist rreycd Mt Bissodvesilis Fraesehirs RS t h

respect toy@nahdt 8Sionk 9&7%&@(1 tyhi &&th%ﬂ@ﬁﬁm LR sk @Rz Mhif Se RIVOGESD R
UV- phot opat t erni ng of sel f-assenbl ed nonol ayers prepared from al kylthiols

on gol d |sAé=;mP@P\taéaf £Eopidelisaiple At PYESRAPIRA B B EReE ImUbH erlofed the
present n%a]%n&e leWlth-Bh SoRBRYS r&%ﬁ@r Hipaf th%r&ﬁ&‘s%é ﬁaa‘e thé{e@hgha%%t ﬁ&{?)'nﬁg of

sel f -asse monol ayers prepared from al old I's exenpl ary
and the i nutpnateshat sxlmbltt vy rrffltﬂéﬂ”lﬂbrﬂmbf)ﬁﬁtﬂhﬁegqﬂ outass Jebseqiepledashing of

the gold swiface removes monomer sulforates and affords an unmodified region of gold 45.
[0187}  With reference to FIGS. 7k and 7/, the third monolayer 46 is assembled on the
gold surface by incubation of the substrate in a solution containing from 0.05 to 5 mM
alkylthiol in ethanol for a period of from 1 to 24 hours. The substrate is then washed with
ethanol to rcmove excess alkylthiol and dried under a stream of nitrogen. The third
monolayer 46 {s prepared from an alkylthiol which affords a surface that exhibits a contact
anglc of greater than 100° and further exhibits a minimum of wettability with respect to
liquid samples. Finally, the remaining photoresist 44 is removed by further washing the
substrate with one of several organic solvents known to dissolve unexposed resist to afford a
patterned surface comprised of three distinctive zones.

|0188] In this manner, the step-wise process for photolithographic patterning of SAMs
camprised of alkylthiofs on gold is exploited to prepare the sample presentation device of the
present invention. [t should be noted that the sequence of patterning depicted (analysis zone,
followed by liquid retention zone, followed by boundary zone) was selected arbitrarily and

that the reverse sequence (boundary zone, followed by liquid retention zone, followed by
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[01791Wth reference to FIGS. 7a through 7h, the step-w se process for
phot ol i t hographi ¢ patterning of SAMs conprised of alkylthiols on gold is
depicted. A suitable substrate 32 such as a silicon wafer is appropriately
cl eaned and an adhesion layer and a thin filmof gold 33 (100-1000 nm is
sputtered thereupon. [0180]Wth reference to FIG 7b, the first nonol ayer
34 is assenbled on the gold surface by incubation of the substrate in a
solution containing from0.05 to 5 naM al kylthiol in ethanol for a period
of from1l to 24 hours, The surface-nodified substrate is then washed with
et hanol to renove excess alkylthiol and dried under a stream of nitrogen.
The first aaped RYSIwosil d& Péepakaithbler2e Meadqahdecciiilidttaicd] Thhatcvallisongkd a
surface that exhibjts.a contact angle of |ess than 40 and firther exhibits
i el bPARIFRS WeRt R BRGSO ERS AL BORI & 7O
t he surfaggynmdifdneghls UbSkémil@yi mdcaatiegniéd b dolphaitay esbsly 86 piick®r to

| ithography. The resist nay be of a negative tone or positive tone. A
negative %18y resul ts in decreased sol ubil i ty in the exposed regions of
the resi stp18oNUS NGkidRY alRkyNEQahineRcks BRI GBIk &rl 14€ id PrephRioNBTHE. sadpROSI ti Ve
resist results in increased solubility of the resist I1n the exposed

regi ons, PHIZNGI0RIYCRoHYSNGSHE NYRERL r dhesiniissie oF iyl thelsronomes. 88 of a
posi tive neshely ihe MEBlagdedng TRG difshskiomaYnhespeaRb uRGuitiiaUgRna s dich- t ype
of process, but is preferable applied using a spin-coater. The

manuf act umesesbled suenielnd des otescribied Hoallenipdb -t pasPst: kasi SkHedemis curi ng
time are ldﬁ?,(?9@89‘#*19%5&8&%;0{[&%%%\%& " @ERNERES I RiohliGholhths chRfola
surface-nodified substrate i s photo-patterned by exposure to an ul traviol et
| i ght sourieehis FlaguVele@4f GHmas Al rede iy Ut iAondankie Freshe SpabPidgeulCan, resi st
enpl oyed. ; { be prepared froma nunber of commonly

enpl oyed ﬁ%{agprnlpig sh%\[}ﬁf@ﬁ%lﬁﬁéﬁ%de, but are not limted to,

chrom um ddS§uar thhy ayrtragntionseteatew, arirdd echitine! wromal mgictihesopded ng i n

the mask 37.r j . ' . IS of .Sl %ﬂ%—- h -
correspon linr?gﬁ@cl:tl]‘ltoﬁséﬁ‘giﬁgpgﬁlé fgsrg&?tct)én@? S@%f%%%tﬁ%rlee%%@bﬁﬁtso 6?53\ %%}wst he
subst r at e vischi affard &ighly welieble edriwies hndhare dmyeniditdd fos dheupremmatop e iafidlysit 0 t he
resi st enployed that.djssqglyes the e S f i il ose
regi ons ndt eXposed’ §’§lu? G L%é”u?@?’%%@ﬁ%ﬁ ﬁ%%ﬁégg’ﬂﬁ (@gﬁ’r’ Z‘Ir%% ?@I% ively

i nsol ubl e.Fafd biahe sfermreaioned mekpease tepoesl ts hffordn soxfygerhipitias aeommact ddleozone

zone. { hor Gy BRRFET R NBROADE TEUT oo AL HE" VHAoBLNEDY (e Gl AFRPHAEY i th
respect t@ompaseglfhysupduabmd Seepsequgiiogsraisdid ngnek, ddecogdhdisiyrthaed renoves
onorer Sul L oneL <8, 072l S e anemdL L e gl oD Of o), 20, [G104] W (T
tsgr 1;3 am g?ﬂﬁé F\fﬁ@ﬁo&lm lighid rbrenubshd abnids RciHad, bhi £8 nsoMhRIdNbNgNTE@M 0. 05

10), G,CCH; (63°, 11}, CO.CH; (67°, 10), NHCOCH; (68°, 113, SCOCH; (70° 11}, OCH;

(74°, 11), CONHCHS; (76°, 11), NHCOCF; (77° 11) and CO,CH,;CHj; (89°, 10). The contact

angle associated with the assembled swiface and the correspondmp alkyl chain length is

shown in parenthesis. Generally speaking, moieties which afford intermediately wettable

surfaces tend to be comprised of functionalities that participate in dipole-dipole intesactions.

Terminal moieties which afford minimally wettable surfaces and are thus suitable for the

preparation of bonndary zone monomers include, but are not limiled to: Q(CH,):CI{3 (104°,

11), O(CH2»CH; (113° 16), NHCO(CF»);CFs (114.5% 2), O(CH,),CHy (115° 16},

O(CH,)sCH; (115°, 16), OCH,CF,CF3 (1189, 11), and (CF2)sCF; (1187, 2). The contact angle

assoclated with the assembled surface and the correspondiug alky! chain lenpgth is shown in

parenthesis. Generally speaking, moieties which afford ininimally wettable surfaces tend to

be comprised of hydrophobic and olecphobic functicnalities.
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in ethanol for a period of from1l to 24 hours. The substrate is then washed
with ethanol to renove excess al kylthiol and dried under a stream of
nitrogen. The second nonol ayer 40 is prepared froman al kylthiol that
affords a surface that exhibits a contact angle in the range 40 to 950 and
further affords a surface that exhibits mniml binding wwth respect to
anal ytes. 01851 Wth respect to FIGS. 7g and 7/1, the remaini ng photoresi st
38 is renoved by further washing the substrate with one of several organic
sol vents known to di ssol ve unexposed resist (e.g. acetone,

1- met hyl- 2- pyrrolidinone, etc.) and the patterned substrate now conprised
of two di smmd;u \Feefzrablgsbéth tieoaizehndi ahidf reRsdbnpdoaEsosfabd Sdmpfel piesen@tior O

| i t hograph scri bed above. 0186%VVth respect to FIGS. 7i and 7], the
pat t er ned e gﬂ?éﬁf‘?sg“td%? Oh AP PEPAGH TR BRPRUSTT Bt B RIER RGBT | ght

source thrgug Iﬂjeaas%méﬂjs@ﬁ@é omBEkibd2e A e pehil® droabANAhiclNen @PRNakg i n the
mask 43 results in qi creation of features of size and shape correspondi ng

to the |i iEPysheeifieibi Garsened whdedadde hemadsarimmiprapny Theenystaoiit h a

comrer ci al - §Qhilk O SPBGLfihG HOrebiRdESisle &RLONEH rh.!slﬁﬁnef&' é}%@;l Eﬁc&u’e he
exposed areas of resist while those regions not exposed 4

ul travi ol etligpielpiens @uﬁ@éqcéhaﬂﬂ ynii§. ot pevsilipy ofifhest gfases \Aqwtféﬁt ckécmb%b} of
exposed r egj, mda«mlfpegwgge(prﬁﬁ@m e w{t&ﬁgpq}tme%%nmﬁ s@ﬂplcﬁxeﬁbﬁ 0

oxi di ze al kylt nmononers resid n the exposed zone’ t'heteby
gener at i ngl %ébﬂcom@la@dm% by Wé'tftmﬂé@dh |Fb$llfvely®cﬁlstalf0tu1¢nptqpmttt telationshirs toft o the

gol d surf L r

901 fbnat e Sy LRF EOUGR S U e frp S b 5 RS LA R B s TR

ref erence Eol#hGSha, Bk Vanusizds, Gt We Lotz 1‘410"5 oﬁoﬁﬁgéefrblﬁﬁmcspcazs&bmmdy on the
gold surf i ngu n_of, th I a 100 gon ng from
005 to 5 PRI RSTERrbE niet RS HRuIC SR Ss 5 P € FRRL AR o
The substrmhﬁmksuth@ﬁmmaﬁbgdom(ﬁﬁn@hﬁhﬁblCMm Kcmﬂmmnaxéegs'hkmmhthol and

dri ed unde nitro rd non er. 46 i.s pr red from
an ol kyl ¢ brBeseh i My bk O 7,280 R alER AR BE RS €% o
greater thaeebtOpaatialiyndcheras eﬂlafh)lsb:l Zosesawihgondidty chmlﬂmbh abhikshity yworthiif

respect to |iquid sanples. Final t he remaini ng photore5|st 44 i s renoved
by furtherS %%gﬁfﬁbéi é%§ﬁ5§tF§¥@£%FWﬁ“%ﬁ% of several organic solvents known

t o di ssol vpiemexpasedetebdusiodin@naf &@Eﬁhlﬁm&@hé@flﬂé‘éﬂlﬁﬂé prRGaGOMviced of
three distinctive zones. 10188]1n this manner, W se rocess for

phot ol i t hoGF ZFHFE IBPHeR i Pﬂﬁp%?d BpRETORSE Selde éf31lﬁlall<§$f‘"rﬁao| ¥ Hgerd i s
expl oi t ed E(R: 2&%&%1 t\b}?eu?i@rmll@ ﬁl%fne?‘ q9t7at\h%mqgvb ﬁusofrenteré? RN RBe Nord

invention. 1t s be noted that the sequence of patterning depicted
(anal ysi s aofaes thcbieklmmmoxhxyctlangeu o thetsepd oDaborDRE, to habdult Gﬂk@lﬂby@halmdar y

zone) was se ected itr verse sequenc undar

Sone, 1or1 st ol Bt Pl I Rl SeloSvBH By PG B LBOENEE You o

al so pr OV?toa$he&U:sﬁlﬁlﬁble paﬁ"?]mhﬁces edthe s pect It]lcgumﬁnlr?tm tlﬂf&nﬂbgvei- deseins. bed
rocess o tolit r aphi c attern| of se enbl e no

Brepar ed f]r:‘gﬁﬁeﬁ’llq{?l s pzod')lﬁ egefss© g@iﬁﬂ‘laﬂmﬁ d tﬂ}?eplleﬂ‘\‘/g’ﬁi ldlr'gﬁsmnot
limted tomnlnyudnh\emphqmesacrd@s@mmﬁhm[em&&hmmemmesaﬂml dxhibalcommnoner s

are suitable for use in ggaratlon of the sanple presentation device of

t he presen@mﬁﬁﬁgﬁFfﬁﬁnaW%% ynt hesi s of al kylthiol nononers, their assenbly

into rmonol gysss, shdihifent wifaself e algu@newhtidh EQBPEChe tsmnpmqne&urtﬁtme
t ensi on of the as enbled surfaces has@??en descri bed (L i binis

Pal mer, B. doce flel®S PEcseRyy invoRbipR i gebates IR mpbya's O Wﬁf’r’lé?f'%“]éfl?
ar ganot i °P§g@ﬁfﬁ9\ Afdaegécﬁﬁgls ohokeid 7 0 INBMOLAY Gl € 4 felr;mhlg%ﬁbtg S,

Vol . 24 (i 1, Academ c Press, San Di ego
i ncor por at @ﬂichéa[f@bmnebyurfzeé esmanm @nd wettability, Preferably but not exclusively, group R is

selected from one of OCH;, OCH,CN, CO;CH;, CONHCHj;, and CO,CH,CH; moieties.
Each of the aforementioned terminal moieties affords a surface that exhibils a contact angle
in the range of about 62° 10 about 89°.

[0194] Alternatively and preferably, the liquid retention zone of the sample presentation
device of the present invention may be prepared from a monomer of the formula
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[01901The aforenmentioned review article has classified termnal noieties
associated with alkylthiol SAMs with respect to the surface energy of the
assenbl ed surfaces. Moieties which afford highly wettabl e surfaces and axe
thus suitable for the preparation of analysis zone nononers include, but
are not limted to: CO211, 11(OH) 2, PO3H2, CONH2 and OH. Each of the

af orenentioned noieties is reported to afford a surface exhibiting a
contact angle of |ess than about 40. Cenerally speaking, noieties that
afford highly wettabl e surfaces are conprised of hydrogen bond acceptors,
hydr ogen bond donors, and conbi nations thereof Term nal noieties which

afford sur Heg_aasz)lqbcmﬂﬁﬁg Methis 3biSniM the@ Inididly @@Hz@iﬁg é:-lwﬁts Siticaid ﬁulfit?r the

preparation, of liquid retention zone nononers include, but are not limted
to: CN (e0With respyet iosaamies alveq in grgantgpatyenis(wd, affm a [Heechs ¢bBits 21) |
SCOCH3 (7090“&;[59.3“ 1€ inckdoder4, 11), CONHCH3 (76, 11), NHCOCF3 (77, 11) and
COZCHZCH3 § The contact angle associated with the assenbl ed

surf ace, 9§]he ?féemoa@wawk@w beumdin zougrngthe spspls pesagntatian devizerithesi s.
General |y &Q Welen H@an% 0BG, 9&%9&%&}@%%&@4&lxmwﬁtotf}Q aiﬁwfaces
tend to be c rlseg untlonal Ities that participate In di pol e
i nteracti omsth lﬁﬁeﬁmmtﬂaluldﬁ@mehﬁ agepiy ththarabyfo rd disnivadinl agusess baifire Ommt: aces

"l ude, - bop SRRSO RRRET S e SO0 B G RO 115
16), NHCO( &ke2) hCH8 ¢ Tibde 5&11@)@1 @t@ﬁIHZI) 4104 183rd( (g, €6)Calgy( (BHZBIEI@HB H115,
16), mHZCE‘ZCF?’ 1JA8J 19791'3 fem ?@%2&’: 28.: H?emé%?Pr)atedEer mﬁaa ¢ lﬁg}(ie?ngl <

associ at ed W THh tHé"As'send espon ‘chai n
length is $HAEGN i ﬂmefexeeﬁdmﬂﬁdm:en%eglabdeyt ispeaaki 3Gne nhereltuﬂeeSanwljmeharﬁf ford

ol cophobi ¢ BRGHY.GHAN P ee™! (o Todyeh gy oy Ghey (CRBRORa- ARG PSAaot: qui d

retention zonesn oduetih@egeiften presend af ihefoxthela KR CHh), {OEHPTIBSEMIH,] avent i on
are prepare fromhm)norrers t hat confer géogel n resi stance up

n the
assenbl ed STPFYce™ ACRUNART #PC SAVEPIPE 84 ronfQrRY Tt h‘ifoltg PL'PrEB'Iad have
been speci HS@@HH)MOQH%I&&@E})SICE@CI ToistBmbRSRRCH thenokiRe FHsQY PhirBee Ghaphot ei ns.
The nost protein resjstant of the surfaces thus far reported are those
derived fr & BREAEES ofiths BRhpEESRh B gatieRRpne fad éaszwiél)s PeCRE DY)
units. The s kleizhy 10F, rgslg,@@g,eg,urfaces was first described by Prine and
Wi t esi des (Prlme K. L. and Witesides, (1 M J. Am Chem Soc., 1993,
115, 10714484871 né@?tﬁer BeEareh e RioAInSRt PBflr erfewy IRy et yeynopvieren the
Structure- gpoper Eé’ne”%' ;ﬁr&ﬁa?é?lshbﬁsa %on%h';&f @F?h?e ?J‘ﬁhlarﬁ§dﬁ£)lﬂb@tkﬁtﬂ yastsor ption
has appeared (Ostuni, E. R. yal'na, S.
Whi t esi des wheeuMlhq_almgmrﬁtentmozoneus ]Bﬁ@B‘idS@E@l a| nmp]@elr a@tfedlehémmuh by
ref erence) n |
Cehi bt o gﬁs?eﬁgi@ttg%%%xt%{ab@ﬁmaﬁ W Mdh &l OfHeG E@F/ﬁf@%& PﬁEﬁblﬁé“%Wl

rotel n adsorption
Chaprman, Rfor@uja H&ﬂ%yé?@HzCﬂz(CRﬁhCFesTldesqm@lad\m o OmomeiE, affpgl4 B @fface
i ncor por at e her e e r ful as
anal ysi s zonemsem Onte%{:t E‘f% &fﬂ%% B%E?eéﬁq%F ii&é‘ﬁﬁ*g" ﬁn%)hg&aswu% §g'es and
good resi stzant88% @1°pnd3111§1'°,ne@dsmebft| on. [0192]In prefer red enbodi nents, the

anal ysis z f e | e present on device of t nt tion is
pr epar ed fagﬁsﬁonﬁe?ia{gﬁ“ﬁ e’ %seﬂr?séerma edF(])IFDr]%lcilla}éf’lS_L.p T Cl—f!% I%JO ah K}%Q]
(OCH2CH2) , ;mdBbingrs\iaes béen axplogied toopme@sdip cahtroMontare centadft ahgie en@e-m&aﬂallit\ f ormul a

afford sur t exh rang to
Sbout 33 ARG HESeCS s s Yk RO E 1D O REARO Rt R0k
contact angles Ch‘ejﬂeﬂ 2000, peefeerablig, uicoﬂpbmed hemm@y tﬁﬁBLEIJ(Ee:] rCsmmranQES

er f or manc S to _mni i ndi.n

o t her mor o Scan PEeE bt bR REr B AR P PR o U rorrarps
utilized i mgh(b)n}vhtfmblelaﬁdluthlhdlhﬂE:I}UNdﬂtahﬂetlefabttsOIT]cifﬁrllﬂy rmlmyrﬁABIstaiwb{plaftécbr d
surfaces which eXhIEIt con act an I %ater t han aR_i)ut 60 o
0103151 m PRy af BPLBIVoRY b OF U 4 FaicBrE T on ALORE Gl TS &bl e

present at i Qfaternary self-assembled monolayers may be exploited to prepare either the analysis zone or

the liquid retention zone. Ternary and quaternary SAMSs are prepared from binary inixtures

of either substituted alkylthiols and hetero-substituted asymmetric alkyl disulfides (i.e.,
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device of the present invention is prepared from nononers of the General
Formula IL HS(CH2) 11-(OCH2CHI ), -, R, wherein m= 3 to 7, and wherein group R
is atermnal noiety which influences surface tension and wettability.
Preferably but not exclusively, group Ris selected fromone of OCH3,
OCH2CN, CO2CH3, CONHCH3, and CO CH2CH3 noi eties. Each of the aforenmentioned
termnal noieties affords a surface that exhibits a contact angle in the
range of about 62 to about 89. [0194]Alternatively and preferably, the
liquid retention zone of the sanple presentation device of the present
invention may be prepared froma nononer of the fornula PIS(CHA

t OCH2CHI - | HS(CHa)a’:] R'enmd RA(CIhRfEHICHDIRS) yor (@ld2 B8EE)swesthitdsi fsynpeattié cilitvar

utility w 2 n and affords a
surface th f"ﬂ% ﬁﬁ’l"ts a i’@?gﬁ—@’é %ﬁ@kéﬁ%&bblﬁ?ég%kﬁ) '[%81%%@% h preferred
enbodi ment @194 he Wﬁhndefe:yen@orte GFIIG$ heSas ahmphgh pdiesent atsponsedevwdwes O]fort he
present inventi.on i pre confers a.m.ni

wet t abi | i 151988 é)rfliflgl ?fq S CSWBTI%EEE %&?%?‘Jr}mﬂts @ Sy %/tlsegepé

di ssol ved Moadi@euiRaws smuérf atcsglaséﬂagaéucﬁoﬁﬁfhw%ﬂﬁeﬁ aﬂd‘lﬂdlmeﬂltytch}oﬁcmlid&e,rzﬂiqﬂ

Mononer s pres§lnt| ng termn | uorin d .noi et es haye I%i an shown to

ly.
have parti QmeRylalrorysiipyes; ﬁlﬂ ]h?/@gltoﬁ 8% iX riggkoxygjlages 1spdescrgeg pingthe

Commeyr as, |i#yatude nldli'QL'idd@ﬁto@B%mlwse?sQﬂﬁd %0#i .1 73- 183, incorporated herein by
reference), 0196] A preferred enbodi nent of the present |nvent|on is one

wher ei n t hi28{Hal y¥ptd rsfsysacs © Hefareditiiiombaranno F’H?P B slifan PR Alass
HS( CH2) 11( Qgxr, %2@&@&%93%%@{11&& h‘i%\nldé o&dﬁﬁé &Jﬁbh %r}'gglga@am aRheRar ed

from a nononer of formul a S(Cl'12)11(CCH wherein the
boundary z&hecorffslerm@w@lﬂ@@tftpm a“tﬂﬁﬂfi’@fbré?ﬁ’ éfpl?%és ﬁwhwaawmoval of surface

HS( CL- 12) 11 QCHRCHR( f&ﬁ@&%ﬁ%’%xﬂi%& sm@'suﬁaeeqa @Imﬂeerggm gsbliphfisugs sur face

wherein the contact an he anal ysi s zone, lTquid retention zone, and
boundary zbBwéradbe t@bb{bﬂﬂ%@ brgfly dredited Wi, OXD/E@pIel@WWﬂaﬁwd[\ﬂttQﬂﬂ] rediEiner

preferred gmpad a Qbbills, ﬁﬁ‘ﬂ?&ﬂggmhﬂé’ﬁéh% a'yg?gﬁl%n%g) ?{;Lr? C%_gm% gl ysis

zone i s prepare rom a MoRoMer o e fornu )30H
wher ei n hesurfacuaASdntereatts snavzagesilagolgesparemodchiogrd SisHemet. of the formul a

of the for Y Lel e OREbBPORs) BESRRYpFRR R R RS B8 Mg Re e o™
af f ords a swndlaeedMiessedmbléchen honiliaot smﬁagal eSithizt v :aaqaﬂaw;sa@uuecm@,at by qui d
retention SNion deposml%%“cﬂq)ar%p&%@?om tom. EE'PB Hst glpylmﬁme monole:'!'ylezw 1s p1 1abi| vely.
prepared from an alkylsilane which affords a surface that exhibits a contact angle of greater
than 100° and further exhibits a minimum of wetiability with respect to liquid samp!les.
[0202] With reference to FIG. 8¢, the silanized substrate is coated with a photoresist 50
prior to lithography. The resist may be of either a negative tone or posifive tone. A negative
resist results in decveased solubility in exposed regions of the resist, thus giving a nepgative
iniage relative 1o the mask. A positive resist results in inereased solubility in the exposed
regions of the resist, thus giving a positive image relative 1o the mask, The use of 2 posilive
resist is depicted throughout FIG. 6. The resist may be applied through a dip-type of process,
but is preferable applied using a spin-coater. The manufacturers’ recommendations with
respect to resist thickness and curing times should be used as guidelines.
[0203] With reference to FIG. 8d, the substrate is photo-pallerned by exposure t© an
ultraviolet light source as required for use in conjunction with the particular resist employed.
The photomask 51 may be prepared from a number of commonly employed materials which
include, but are not limited to, chromium-on-quartz, Mylar, acetate, and metallic stencils.
The opening in the mask 52 results in the creation of features of size and shape

corresponding to the liquid retention wone.
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[0198] M xed (binary) self-assenbl ed nono] ayem prepared fromtwo al kyl t hi ol
nononmer s have been exploited to precisely control surface contact angle and
wettability. (Semal, S.; Bauthier, C; Voue, M; Vanden Eyndc, J. J.;
Gouttebaron, R ; De Conincic, J. J Phys. Chem B 2000, 104, 6225- 6232

i ncorporated herein by reference). Contact angl es have been adjusted over a
range of greater than 40 by m xing nononers utilized to prepare highly
wettable and internediately wettable surfaces. Preferably, binary SAMs are
exploited to prepare either the analysis zone or the liquid retention zone.
Alternatively, ternary and quaternary self-assenbl ed nonol ayers nmay be

expl oi t ed W&04r ep¥ite rejpetieic FHES abrakydiss thonaberata fe Mifiglyi Heatest efihi on zone.

Ternary an% g,ly%eﬁ ati S%% fic RESP &yeaq ggmomgmemgswﬁ@as%ff r&st her

substitute |o teros stitut asymmetric al kyl disulfides
(i.e., 1- wﬂ(cﬁhﬂ:}‘: TERRIS apickXRRECPS d 1B BpleHRgI §P3)reppin pegively insoluble.

het er o- sub |

R (Cl- 12) 1%{’%%538‘%&)%%%@ %?gﬁf‘ﬁki% %TJéﬁ’é %F%‘ ot B4 Griploved 1o aetivate) the

[0199] W't hsurrfeéeeﬂemqnenamﬁﬁm @s. fuﬂhiertsﬁmghu 87ic Bdmendsuléﬂsvlms ewpolopess if or
photol i thogra [ ri.sed of al 5|Ian Q ilicon
i's depict e% r%éediccfl ca Gllgar}eé(;gh%(inl Seen ?ril G Ttlgg &% berpelg%/rfned A% eti%' g““?%er

al kyl di metdpysigd, mrhysuabﬁme]sqsxtmhkgfhe &bmrtalﬂﬁdlsalhkangm]dyarfeas pxabzkgd from an
trilialosilane S|Ianes i s des erature
bnd i o onabPar B hy s Skt ek PR ReecBe CSRELDof R peRerthERT o B g
8a, ?I sui t adolieyss bm[smmaetrl] afféhlas Sblﬁfhcéiﬁlataax}i[lbgt mﬁnnsémlﬂﬁng gt ﬁﬁﬁaem& ﬁfa]yteﬁl’ |
netallic s r at th sili i oxj de depose tereuon|sa iately
acti vat ed Ff’gﬁglcov‘gﬁtﬁ”ﬁfspa%twééﬁﬁ@ fg i”lﬁ”g &Wﬂ?i“]ga [ 9 ﬁfbbﬂé@g Rl vi ng
removal of fushéf a@gmrﬁgom& abAAR smflqinleowegtvam O¢afiatdonBntofknbie 5 Uidsalwe to
generate silanol (Si- noi eties. Preferabply, the suﬁstrate s briefly

treated wi P‘}?xﬁ%%é‘i‘f”bl(?ﬂ%nﬁw%&sHé’éF‘Wl?FPl"éﬂhquU& sag e et EEidfha

Sol uti on), cafflisddhsNwadmdtictveeahedis Wokibd Q%M GEfhollr@%Bs tpﬂoxaifofmﬁ&&r@ﬂy Q§t i vated
surface 48 that presents an average silanol density approaching 4

Si - 011i ni ngescydeOVN t h reference to FIG 8b, foll owi ng surface actl vation

the first abbhgy! swhﬁ@@pwpw@see; A9 ajbshefm@m 80 s Lheusl b}&o@&ﬂué%& ace.
Si | ani zati on may be perfornmed neat, sol ution deposition, or by vapor

deposi ti onby Fpesug fosan L&m%%@lllghh-‘é’uwe%PW&?P@Q‘W@’ BT af erabiey a‘p?-‘épérh@d from
L
respect tothejapalyst aep ﬂég _substrate 1s then treated with a commercial solution speuﬁc to the
resist employed that dissolves the exposed areas of resist while those regions not exposed 59
to the ultraviolet light source remain relatively insoluble. After removal of exposed resist, an
oxygen plasma treatment is employed to activate the surface 60 in preparation for further
silamzation.
[0207]  With reference to FIGS. 8k and 8/, the third monolayer 61 is assembled on the
activated silicon swrface, Silanjzation may be performed neat, by solmtion deposition, or by
vapor deposition. The third alkylsilane monolayer 61 is prepared from an alkylsilane that
affords a surface that exhibits a contact angle of less than about 40° and further affords a
surface that exhibits minimal binding with respect to analytes. Finally, the remaining
photoresist 59 is removed by further washing the substrate with one of several organic
solvents known to dissolve unexposed resist to afford a patterned surface comprised of three
distinctive zones. -
[0208]  In this manner, the step-wise process for photolithographic patterning of SAMs
prepared from alkylsilanss on silican is exploited to prepare the sample presentation device

of the present invention. It shouid be noted that the sequenuce of patterning depicted
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[0202]Wth reference to FIG 8c, the silanized substrate is coated wth a
phot oresi st 50 prior to |lithography. The resist may be. of either a
negative tone or positive tone. A negative resist results in decreased
solubility in exposed regions of the resist, thus giving a negative inage
relative to the mask. A positive resist results in increased solubility in
t he exposed regions of the resist, thus giving a positive inage relative to
the mask. The use of a positive resist is depicted throughout FIG 6. The
resist may he applied through a dip-type of process, but is preferable
applied using a spin-coner, The manufacturers' recommendations wi th respect
to resist @hidkkyesse, ambueurbw@uturéta&ma%he Gol Vel 5§ AndiOithehisneReied

[ 0203]Wth reference to FIG 8ci, the substrate ISHPP i Eatterned by
exposure tBLIHAH TR Fhat e tevrpgiraieast Fmalyss 2ensq fllPReE! Py ATy éeif’lnloﬁdﬂﬁ‘%nct i on
with the pr%ntwéa%atsour]@ay %Bne?%b@)’a@é% prdNeasPRALTRS e BdquBR¥ DG Repaned from
a nunber of commonly enployéed materi'al s which include, but are. not limted
to, chroni tnevoPEseiREEt procavy | o r photadidiogkaghic apidemingabl SH-asRAREY Suompkecspeni ng
in the mas r t f; A émam
correspond ﬁ%?%dof?"tmé&f’? %agrstffh‘r%g%‘c gﬁ? .e:’a‘ﬂﬂlélg‘f%éh @%Egﬁﬁinld\%vlt ﬁd%@sl%eg)t to FIGS. Sc
and 8f, therogabdserded is initially treated with a conmercial sol ution
specific t er resi st
whi |l e thos@ &ﬂgldﬁéh%%%3£géose% Egﬁfﬁﬂfﬁéq% H%Fﬁfﬁ%Qﬁ %ﬂ#gggﬁggggfenaln
rel ativel ydivicsolf uld presedf frgrentioanmdlkalsilafes er@pmged qoesmsgftlalmwada{v}fgelrﬂ Peiasma
treat nent i ct|v h r e L epar further
silani zati %’nﬂle%an%sugggln ﬁe &y ﬁﬁ%%%elgﬁ%%o{t&% n%gb%ﬂag“se ﬂtdggj‘ o 191§

activat ed sidiii exbmuﬁtcﬂsffaceom&lhammblﬂmamdaymb:dulped meedu ﬂeatzir?nbfy!s's:d)l ution

deposi tion e <S¢ a er 55 is
pr epar ed f‘?’é’ﬁ{w zAﬁf’l? 'fh C?aaﬁgls 3%% s (? rs]é}fafJ Ktlo CPEH i b| 1 g}/ ‘cont act
angle in tbe&nﬁn@eumﬁmahmMHwéeﬂwhe&&boﬂt 950 and further affords a surface
t hat exhi bj bi ndi ng wi t spect na Wth respect
of FiGs. oM ShiRnent Syt pEtorasrhe B3 Plisyatony steRher
\dvas hi Ing t hﬁhﬁaubﬁltfioai Rawbd firsofteivafzes eup ﬁﬁhpp@d}ﬂﬁf&laﬁw&ﬁhne&ﬁf/]ﬂg kmmaphmc )

i ssol ve unex t acet o none, etc.
The. pat t ef HERDAHB< P abY Tshp e GPribed SPTI P FE Bhrader Ueated wi in a
phot or esi Stvefe®ilpy.i enteﬁllatldaﬁ heeh aphyilass deraertitm:dteaﬂemanmgt&mﬁe] Watldbd, espect

to FIGS. 8i and 8] P patterned, substrate is further photo patterned by
exposure t BeaSH "EFI"'t‘P%?\/ ‘?)I““é’fhffeii ghe Sl et HERIBH BoiEe cuibkikfos Pse 8 Wescr i bed

above, . ThgepPaRdhNG thdsdnfpfe praskiahd 1854l drshd PreldipintbRBh iiphdef vl @t sres of
si ze and shape corresponding to the analysis zone. The substrate is then

treated wi iFited tedhessdgscEbedsBPYR i on speC|f|c to the resist enployed that

d ssolves LheexPRRAtALLARRmdRSlR LnM fonk BPRE SEAGL ARS: by BXRASED 59 10
t he uItravroIet ght souice remain relatively insolub After renoval of

exposed r eﬂtﬂgtleseetnmngens piadreprepazest frent 3-wsinepppdyewthosysdets vad dicthe
surface 60y tﬂerpfuﬂﬁ néitl}ﬁﬂ Mo foBord érH Eﬂﬁf}bl%ﬁéd%'aﬁea&f @x@mmll%@r%hl\yﬁ]h (5{9 gr.ence to

FI GS. 8k and 3/, nonol ayer i's assenb
CH;CH;CHZNHCOCHE(OCH»;CHg)nOH wherein X is linkage to exther the silicon surface or

an adjacent immobilized silane, and wherein n is from 4 to 8. Monomers of General Formula
III afford surfaces that exhibit contact angles in the range from about 30° to about 40°.
Although these surfaces do not exhibit the lowest possible contact angles, they are preferably
utilized owing to their superior performance with vespect to minimizing the binding of
proteins. Furthermore, analysis zone monomers of General Formula I are preferably
utilized in conjunction with lignid retention zone monomers that afford surfaces which
exhibit contact angles greater than 60°,

[0212]  Similarly and preferably, the liquid retention zone of the sample presentation
device of the present invention is initially prepared from 3-aminopropyltrimethoxysilane, and

then further functionalized to afford an immobilized silane of General Formula IV:
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activated silicon surface. Silanization nmay be perfornmed neat, by solution
deposition, or by vapor deposition. The third al kyl silane nonol ayer 61 is
prepared froman al kyl silane that affords a surface that exhibits a contact
angl e of less than about 40 and further affords a surface that exhibits

m ni mal binding with respect to analytes. Finally, the renaining

phot oresi st 59 is renoved by further washing thc substrate with one of
several organic solvents known to dissol ve unexposed resist to afford a
patterned surface conprised of three distinctive zones. [0208]In this
manner, the step-w se process for photolithographic patterning of SAMs

pr epar ed f 20), S0 CHL G RBBRC COHSOEHATHL) RS, @epdi® Xl i dinkdze B6 e Getshesus@r npl e
presentation device of the gresent invention. It should be noted that the
sequence ofor pradjaseniimegonel eeteld 1 if Fomdde S yand GHSTEIT FPERReis a fymiriabpigty

retenti on 2606 dahl0uath Dl a0RLYSL G BARSR HRRHS6LARL BRIANALL EAG) RYis and

that the reverse sequence (analysis zon T quid Fetention
zone, fol | evexkdofrom o ddr §Hz 0PCNugdOal 8o ﬁ&ﬂ&%‘?}éﬁéﬂs wing dB60asH1tre

sequence "nl H a%ﬁi oﬂgg ﬁg@}ﬁgm GestdRed, RIRGES 3t O rahwa&e md?emeh' c

patterning 0 nonol ayers prepared rom al Kyi si'l'anes on
silicon |sc@MeMmﬂgmwnﬁmdm@hefﬂmueﬁfKDMmu§0hot limted to onIy t he process

descri bed. SI| nes are suit in pr. ation
of sanple ﬂézggg glr% EET% i e\e/mce oF% ﬁ‘:’% Fede ™ 1 nté*e)én?amg% pr I%/tfoélidleg%g%r are
nostly connmfﬁkahiywamamlahkqw&ﬂdmthemgks&@iﬁemj&1mmdaumexnndsmmﬁase

cur  aces. £ G BBIa cr TP it | AT G oL P e BUSHET e reg 1T
Anal ysi s: ACH;&(M)S(IHJ[;CH@{QCM{GR,(@&S@XTS1amﬁchtd;htexclnd¥etys eds.) Chapt er
1, Oxford rsity Pres Oxf.ord ated her by reference).
F0210] r i 1 TG, et dipoesetiire airersmet bo RV h o Sr B P eI above,
activated %pﬂn’o.ﬂ:ﬁﬂs sy fracaplo®dy 1D @rebhut She SaNpIY Fhdszdion debican oR BRI Rpgeh@t e
allcylsilane having a nu hilic ﬁDIG@X that is further functionalized by
appendi ng 484 ﬁ%ﬂyn}fb‘ﬁéﬁwg Yiipos ChppEr ‘tewscein&l&aﬁnﬁ% (hErresaith Fespect to

Al ternati vehe/patdheR oI pkothis inks2R@6 siMabdd  BatelRRls@fices Mital preg?m%a eH Ahe:
avail abl e, the surface may be nodified in a single ste erm nal noieties

sui tabl e f@kviidel qrr@ﬂﬂ’ﬁfémﬁr%ﬁ bpvedrerofrthy duncipgiligediped e sitftBn rduvskes of
the present,hPkaRhi 4 th @lride or RWlwiRE folRlerid IBbesidQ fridhhoResHgsc (d Ped

above. Husemans, M.; Mecerreyes, D.; Hawker, J. L.; Hedrick, R. S.; Abbott, N. L. Angew. Chenr.
Int. Ed. 1999, 38, 647-649; Shah, R. R.; Merreceyes, D.; Husemann, M.; Rees, I.; Abbott, N.
L.; Hawlker, C. I.; Hedrick, J. L. Macromolecules 2000, 33, 397-605; and Hyun, J. and
Chilkoti, A. Macromolecules 2001, 34, 5644-5652, all incorporated herein by reference).
Recently, the first report of surface patterning by adsorption of block copolymers appeared
{Deng, T.; Ha, Y.-H.; Cheng, ], Y.; Ross, C. A.; Thomas, E. L. Langmuir, 2002, 18, 6719-
6722, incorporated herein by reference). Polymeric thin films grafted ¢ SAMs have been
shown to resist the adsorption of proteins to an extent comparable 10, or better than, SAMs
that present tri(ethyleneglycel) groups (Chapman, R. G.; Ostuni, E.; Liang, M. N.; Meluleni,
G.; Kim, E.; Yan, L.; Pier, G.; Warren, H. S.; Whitesides, G. M. Langmuir 2001, {7, 1225-
1233, incorporated herein by reference).
[0215] It is understood that even the least wettable surfaces may nevertheless retain
certain moieties from liquid samples, even if in only a non-specific manner. Such surfaces in
fact may contribute to the advantages of the sample presentation devices of the present
invention by, for example, enhancing their ability to concentrate analytes by removal of those
moieties that are not targets for subsequent analysis. This wnay be particularly nseful in the

context of retention of non-biclogical molcties that might interfere with the analysis of
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[0211] I n preferred enbodi nents, the analysis zone of the sanple
presentation device of the present invention is initially prepared from
3-am nopropyl tri nmet hoxysilane, and then thriller functionalized to afford
an i mobilized silane of General Fornula I11: _

( X0) 3Si CH2CH2CH2NFI COCH2( 0C111C112) OH, wherein X is linkage to either the
Ssi | iScoansurface ?rGZn ad{ acgnt i ImmFII : i z;a](ctl sidl ane],c and me[ ei nhnb! ts froin 4t
to S nomers o neral ' Fornmul a af ford surfaces at exhibit contac
angles in the range from about 300 to about 40. Although these surfaces do
not exhibit the | owest possible contact angles, they are preferably
utilized owiahgest Gdwbd, (RUPEEdeObS the shoflapreataton lcviespeciiot il i balzi ng t he
bi ndi ng of protei GS t_If_utilt herr_m)gle,. anaflé%/ssi stjaon[ée Monomer s, of >n gal Formul a
111 are prBFeraBPy BFIIdE ROEHH YRR oM R PiSi i sebre ATFohe: Bie
nonomer st hailysaf fope dhd Uhdya6e Samidchr exbistidt sepaafeRCirodNgt @8algk @akt@ihink han 60.
A T T M
present at i \ It | : i

3-am _nlepr ogyshﬁelral, @%&éa?xaégspbﬁéhﬁ,agamb%eaﬁﬁ}&%h@%d figne theonah iz @ebstRaidhf ord an
I(%? gISi aﬁ‘éms' %%eﬁmzzto' @@H’ner g@%%?g{lft %ﬁ@wén herefpis alioWR dkgé sewe aptedisr Wfhe

o oup R 1 o e o b AT e B st

wet t abi | i t jubsepettanalisyiyoffhese motetiexeinse desirghle. gFidutgnirl amgunierlaby @w_lyrqsomEonﬁ
of CH3, CH 1 113, CHREAN | EhB @NnEHAND2CHAG . 13 Bl ehhiRs.  Eac
of the af org]g%n%%’i%%&iérgﬁon I ol eties !g]‘ 8‘?;562 sur?ésge tﬂgts e‘X}ﬁlébi ts
cont act andtses ¢irvatibilifyanuwerefire.ab dhst coB@xt o thd SwnpHog allﬂ?tﬁélzalmﬁlpb]ef?rrr ﬁd
enbodi ment he ; RE3LA ViieEarOfoit he
present i n\ﬁl%sﬁ{p ?glrllq%g@%?%a@ggﬁ%egglgtbts??bﬁgﬁqg%?Letgé ?D?lgm 12% egpﬁyﬁs?lﬁgqﬁe Whi ch
confers a disaibed frrwfa hmnctamtqttlg/swﬁatd"lofrtmﬁpw@bptr@era@fwedusccsan?I es of General
Formula V: (CH3 2CH2- (0112) 7CF3, wherein X is a surface reactive
moi ety. 1027 gnseoff Sarhiple Preagritapien Hayitesce- modi fi cati on chemni stries and

)
d g
surface par[dﬁﬁ]m NYpe descriptions of various uses and applications of the sample presentation

devices of the presenf invention that follow are merely excmplary and do not limit the scope
of the invention.

[0217] The sample presentation devices of the present invention find many uses in
combination with various analytical techniques and procedures. Thus, the present invention
includes methods for using the aforemeutioned sample presentation devices. More
specifically, present invention includes methods of using the sample presentation devices of
the present invention to identify the presence of analytes in a sample, and to analyze a
plurality of samples, either on a sample presentation device or on a plurality of samplc
presentation devices.

[0218] Virtually any analytical method that permits the detection, identification, or
measurement of analytes in a liquid sample can be used in combination with the sample
presentation devices of the present invention. Examples of such analytical methods include
but are not limited to MALDI-MS or electrospray ionization MS. The sample presentation
devices are particularly well suited to us in combination with high throughput anatyiical
measurement teclmiques, such as, for example, for use in MALDI-MS in which the sample
presentation device analysis zones are configured in such fashion as to promote high
throughput data acquisition.

[0219]  The sample presentation devices of the present invention may also be used to

maniputate liquid samples, and the analytes contained therein. Based on the differing
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approaches may be exploited to prepare the sanple presentation devices of
the present invention. Polyneric conpositions of matter have recently
attracted interest with respect to the patterning of protein resistant
surfaces. Patterned surfaces initially prepared fromeither alkyltal 6i

al kyl sil ane SAMs have been further fizictionalized by either grafting

pol ynmeric - conpositions to the surface or grow ng pol yneric conpositions
fromthe surface (e.g., Husemann, M ; Mecerreyes, D.; Hawker, J. L.;
Hedrick, R S.; Abbott, N. L. Angew. Chew. 1lid. Ed. 1999, 33, 647- 649

Shah, R R .; Nbrreceyes D.; Husemann, M; Rees, |.; Abbott, N L.

Hawker, C. wettalfikitpiriredertiey and capiiveriopnsttiss (hat Sheo 90tices3, thgg?mﬁlea)resaﬁ@twwun J.
and Chi | kot o) ted

herei n by rIB “éérb\enﬁ%%% %%R%eﬁt{ Fqﬁv%ﬁg&ﬁnﬁ}% prﬁeg%jg?téﬁs%vggér #ﬂ a%g%pcg? Ig&‘r’i]lnflang by
adsor pt i onntatupblat@ckomamatcyp@r@nawe,ametfer((D&thgmd Withoutanechanicel inteGlertingy), J, V. ;
Ross, C. A 7 r por ted
herei n by g \emrr %g)or E‘Eth%j?/tn%rl C tmtm%%(?%n) gratzt% é;%a;gﬁ ézﬁr vf"éssg \g‘\ilg b(gten
shown to rasalgtb nicHdyiagl sagpisd cmrthofalrmteqtraemtstxctnaleamesaméﬂtnooaﬁpqmabd]mﬂtso or

better than that r nt. t eth eneglyc rou

Ost uni , 1&1“ NS“B .l?ﬁgi{gﬁrﬂp'em eo&f’r ‘TEPW] ﬂé amz?le%)res I%uoéq(]’“@es@?m Var r en,
H S ; W'II t;mtrddﬁvenfﬁm May Landskighdd fo 2063plish 7any 12 2bese T@Bond mcesppaseatoed
herein by r fer nce%1 (‘[?g 5@&3 Sl“te EJS; éood t hat ev n t he | east, table
surf aces é’rr PREVES SRt Hidy i WB‘?‘éthe@E‘“‘Tr PRYIFY Y9 s, even
if in only (R n@MHSEpPREni6n MBARSIof (BUERseUIFVa0RS hiy ﬁo&@tﬁtplﬁ@%h@s@ﬁhﬁdt&m eto
the advanta es_?f the sapple presg}H}lati on devices of the E{a 3 i.nvention
by, for exdnfST&ly ehRANEFRY: PHETEY BT REYORy VEEHE EAPP AT O A RaPFE L B envval
of those nojekpRse foRferdl RrieOt targets for subsequent analysis. This may be
parti cul arlg useful. in the context of retention of nan-bi ol ofql cal noieties
that might P70kr f eriRualytamy diReidasimplpsiaed élfdyt%lshéwp%é‘sed%vt@@]ﬁ o &b &gy f aces

of the sam@pRhLRSGRHREIIONERY e Gfsdtt BivBRon! FHT dx@E )l OhOPle¥ent iventiSx 840! €,
but rather may conprise surfaces that bind noieties 1 n regions other than

t he anal ysits Y¥hie appe fiRejorereryAd d@mokiavst eeesdeyadypagtdssitiipsatithe

anal yt e- Co%ﬁ‘bé‘ﬁs@g uﬁaﬁm@mtm@ceatgesaq)yepmah Gl difABLpr BN sPRs ARRLYEET 2By
anal ytical biochem cal "nethods may be retained, stored, transported, and

subsequent Ic'yl gipcitophesesiy sY- fgmt h@ttwmﬂllectﬁ Eewratbritoriroeup washyof.e KA D).
: . .
| nventi on. egérfﬁﬂghttdnn%aﬁ%s'o%@ ug{]ﬁlaﬁ%eﬂh% s%hetl‘ﬁgé\?:?@ ﬁ&%tfﬂ?é ﬁ@%{ a’B| f’

m)letlesmznes ot her t t hat ving’ the eqgree o
i s possi bl egscaande blostnsgabdbepeamt arvallty)slrsn elso ﬂJhGS-‘é fol: étsmegle trays fdyevith

desirab l e. E\Hﬁ)%{ia a’hﬁﬁ erall ?mldmo%ot?cs ah&]gss )ﬁalﬁf(%e%% s‘tgé \sMaEn{}:trl]ee]% e&tﬁtmlog\gf%@% gare

not typical al ne zones gree of
wet t abi | i tyhe fﬁiasnefmcrel,onluan tbhelsc;btotlmmﬂle ahd tﬂampelx&rtnjutﬂ sminpmaaalbyltmd dioal ysi s
by | aser desI%r ﬁtl on. s ectr es retained in the zone

%ﬁe SP%Q% ngct%r S %%h at XpEerine 1c]

of hi ghest ‘Wet y Car 6T ot ue ¥ rE 4 ht%\ BoltRt* SPat® tB”tthSé St f ace
of the sarrpheeeqzmst&mhgtsmm sleface plasthisessankeAfpknson bdngs eﬂhpﬁarmineﬁed

P t at 16] The.d t f

hop 1 oati 0B B SHETLET AP RLERRat (B L5 Gur Bl ReR R Mgt on
that foll owbaiied ﬂmoelbfﬁoemam (age}{usﬁtﬁdstdﬁaﬂglﬁunhdnﬁhihe ]gtmq;t@cope of the

i nvention. resenta evi ces of t rese ventlon
find many Lié%é @%n‘ﬁﬁgg‘t S 1t\?t’/l“tcﬁm \a E%é“’%{‘n%?ﬁqrigﬁlqt : bs“ h!

procedur es. puﬂf}hl:lis or tftrefufth@anllysis. Nitedthdr mmichﬂieud&sncrmetdacmis 1y$106f WS iafgyikhe
resent ati.on devi ces. eC| ficall gg\hpr esent

aforenenti oned s L.rg
i nvention i ﬂ'&tf"ﬂ?fggp QIESH’E‘NST NG Y FHE g’é}?ﬁ‘l"‘g ‘fp‘rc 3’H’tgattgi“6 CCHBDE ¢ he
present i n\sanpletmné @nail;d:erttané y the presence of analytes in a sanple, and to
anal yze a b of sa ei t her sanpl.e presentatign device or
on a plural #}7/ t]i’éﬁmi‘%” n?e‘?‘i??fjﬁ‘tqnt?n °ﬁet8? cBesent invetion provide for sample
presentation devices that serve a variety of liquid-handling functions, including but not
limited to sample/analyte handling, as well as liquid deposition, retention, transfer, locating

and re-locating, and storage. Some examples of these various uses of the sample presentation

devices of the present invention are provided.
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[0218] Virtual ly any anal ytical nethod that permts the detection,
identification, or neasurenent of analytes in a liquid sanple can be used
in conbination with the sanple presentation devices of the present

i nvention. Exanples of such analytical nethods include but are not limted
to MALDI - MS or el ectrospray ionization M5. The sanpl e presentation devices
are particularly well suited to us in conbination with high throughput

anal ytical measurenent techniques, such as, for exanple, for use in
MALDI - M5 in which the sanple presentation device anal ysis zones are
configured in such fashion as to pronote high throughput data acquisition,
[0219] The mazyl e pmmsmﬁ&w&d@mFﬁevhqﬁﬁugfQﬁh@n@meﬁ@ﬁhnnmygniusmfm&mﬂalso be
used to mani pul ate || qid sa d. t he ?nal tes cont ai ned th ein
Based on el t ke ek EBTIY b vistert PECoSHE ERBTURE FrBrt Tee ¢ hat

the surfacgsseaf ilvagicnasalve (i eaent aiegme@e)w 16 SubEehe? Qe@p@a@cbfttmebave
t he sanpl e presentation devices nmay Dbe de5|% ned to mani p concentrate,

posi tion, SEECEYE F05HSPBEIHF ERuAhEaRRE RO Ok SHERIEE b‘l Vef H\Vérﬁ"t‘?‘tﬁlﬁ)‘

recover (W @ T aniwh BRI thBEPREERbN JOAL 61 KD My ouRRAIY 28 boWREH{ YoneT
process (VI a use of anal yte nodifying reagents on the sanple present ation

devices), ©F fractionate liquid sanples O the anal ytes contai ned therein.

Mor eover, use e f enteadmyenti on
oy e des edd 18 Aeeil Sy oF P Ehaga U EmpR o 6 BE R ace?

cheni cal othephmplequtsersatiomdericg em@all,v Thedis in pimijanegel eanfipgmenp pb8ig jpmpie
el ectr Omagﬁr% vglumqu h%t %&{&% of EhQ o‘ﬁe BE GREHL ﬁ@]\ 9%191%% o6 @f s%rp@ P’ ese”t

i nvention acconp ese ons rever si I'rreversi
may furt heﬂxope:pmmremevtawmhaﬁomdhbm&m mgomﬁssmas@wfthml@t lingites! Wfﬂlt'dblb@ptfnse to

external f HeCh lﬂ‘ldil921%?#| t u%gﬁ%l &Bgsmon ]% acgrﬁﬁp l(c:agidth%n tnﬁﬁceﬁl)o %n be

used in conhect pr ese t'1on §ices of e present
i nvent i on. afforiexalyphe) tcttha opaéﬁa@mtsmdnﬂg/amumﬂy oamcbquldsetdnttoo zantal yze

fractions ver fromli ui onmat ogr The present ention can
be used tofdé% IyzgEilt nlzeﬁﬁ%]tc Oﬁﬁgs?srﬂg%% 9‘9 rl%r%mé’Plt QZT d”e e:%lrll1 8ot s
exci sed fr emp2ixige botltee tadimp hod &8 icsntadt aﬁglemf fhe dedp remsle wolid thetaddls of dm

affinity c romato raph% é ﬁ“ %A% The present invention can al so be used
to anal yze ’sogr?ﬁrll wEonds (el e PPN st Face pl asnon resonance bi osensors. The
present i n[/lHBE}I on Vit veftleno: tba?lusgdwh@ﬁh&qéﬂuﬁamﬂ{eanmpﬁrtﬁ&;em wdtihet ot aldar d

mul ti-well robotics an ssa lf‘tﬁﬁg thes resetation

devi ces of a‘fﬁi@”p?‘é@eﬁ{ PCHY®AYG ﬁtabte ed tB"‘kF&WH réEFid r’r’é?Hi“Bd‘P e
l'iquid sanphRexikini oesl tf)rt@amowardl@@wsmlr@wl SOURLRs y@!ﬂ.et harisusibisarpl es are
the result of |aboratory experinent (such as the enzymatic digest and

surface pl S¥HBHeS e oAb oE BOEH DB the s &f e s3pwnle drop dapr 19 fedcapde) |

obt ai ned f pLEMLRBs EMEtaROARAL el SHCR pESe® aVRUEH ﬁﬂH%h'tEé’s&ﬁE@&ﬁh@ BOsR
river), or obtained directly fromliving organisns (such as a human urine

sanpl e) . 1@%%1 ITHsS prenssrfuceR/ampico it eaibiglvebuse! yp érationt [ Wtidyr, ég@méﬁd
sanpl es for I I , t he
mp b "t’i{ecgﬁ'df!& of Rk %ﬁ’@ﬁaspr&‘ren @80 dMIck hﬁfor@(elfgmycﬁ 115% 2 al;ﬂg @iheE ftrY?i?i e

det ection and anal tE/SI S e anal ytes contain sanpl e not
occur i meddudined yitkiolah ok peprespadside thofnalyrs dongui d sanpl e to the anal ysis

Zone. [(0227] For example, the sample presentation device of the present invention with a liquid
retention zone having a 3.0 mm diameter (about 7.069 mm? surface area) and a analysis zone
having a 0.5 mm diameter (about 0.196 mm’ surface area), confines the deposition of
analytes to a analysis zone surface area of about 36-fold smaller than the surface area of the
liquid retention zone, with an about 36-fold concomitant increase in average surlace analyte
concentration. Consequently, in principal the sample drop drying process described above
would polentially afford an about 36-fold increase in sensitivity.

[0228] With reference to FIGS. 10a through 104, in the absence of the anmalysis zone
(only the liquid retention zone 68 and the boundary zone 6% are present) the sample drop 70

dries without a significant reduction in radius resulting {n deposition of analytes over much
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(0222] Thus, various enbodi nents of the present invention provide for sanple
presentation devices that serve a variety of |iquid-handling functions,
including but not limted to sanple/analyte handling, as well as liquid
deposition, retention, transfer, locating and re-locating, and storage.
Some exanpl es of these various uses of the sanple presentation devices of
the present invention are provided. 102233Wth reference to Figs 9a
through 9f, various steps in the process of sanple drying are illustrated.
A cross-sectional view of the sanple presentation device of the present

i nvention shows the surface deposited on the substrate 62 conprised of
three di stifihd suiez ofids liquib(maitm ke enviialefaemkys FEGY diett6Righd 04t r ounded

by the liquid ret 64, Ih t t 64
L 1 urther P ARG By RE AR Y 2br e Be SToZ AW P ERG SR Lo Pl G

9h, depos! kb @%s@dﬂlﬂﬁblﬁns ai}'ﬁlﬁé &n@ﬂﬂropﬁ@ QNMindifae ;t)ﬁ Ufefl@ﬁﬂ—l’ﬂfdngg_‘lﬁpz&amjf iﬁ;: )
presentation devic tia ts in sinmult aneous confinenent of the
sanpl e droﬁ’aVB‘ISGWE’%tzonf'thﬁéa%%] Z&J%‘?‘gst“ﬂ%‘oﬁﬁéf%ﬁéfagmi?)qsll’émg@né SERERE qui d
retention zoREosfifbn oBaiHDte cHEORUBONTHe RRTRBLS he sntlfss bhom.t he surface tenSI on
associated with the limted wettabilitv of the boundarg}sregl on 65. Upo

deposi ti on{®8He cOntEBicaghgiceasst i e seasyity drdsiseie K OQ?WP%PSPC%SE]uaI to

that of a geafhed§siFiEOPENEIuYS b g}vews gnenm@ndnlig%si Un@t:886d Ohth 2898 8uce to
[0225] Wth reference to FIGS. hr oug as the sanple drop .dries ow ng

t o evapor aFi®n 29 Beeuehtieens tedliag §1Gh d 04 H’éoucgbﬂf}écf“ hnghenssfof thfengy gphZomecede

until the radiids 108, ﬁlta%vgs%p.ﬂglgfa s%?&@@g&cﬁt%n%ﬁ'ﬁér Lﬁm awaen ﬁi&@ﬂqbﬁ%'r&cxﬁﬁﬂe
[0226] Wth reference to he radi us of the sa drop 67 and
t hat of t heone depicted in Fig 10a, 68 is equal to the total analyte concentration divided v the surface

ared. In the presence of the analysis zone depicted in FIG. Ya, however, the deposilion of
analyte is confined to the analysis zone wherein the average analyte surface concentration per
unit area 1s equal to the total analyte concentration divided by the surface avea of the analysis
zone. Therefore, the presence of the analysis zone 63, depicted in FiG. 94, affords an
Increase in average surface concentration of analyte which is equal to the vatio of the surface
area of the liquid retention zone, 68, depicted in FIG. 10«, to the surface area of the analysis
zone, 63, depicted in FIG. 9a. Since the surface area of the analysis zone is significantly
smaller than the surface area of the liquid retention zone, confining analyte deposition to the
surface arza of the analysis zone results in a significant increase in the average surface
concentration of analyte presented to the mass spectrometer with a concomitant mcrease in
sensitivity of detection.

{0230]  For example, the sample presentation device of the present invention with a liquid
retention zone having a 3.0 mm diameter {about 7.069 mm? surface area) and a analysis zone
having a 0.5 mm diameter (about .196 mm’” suface area), confines the deposition of
analyles to a analysis zone surface areu of about 36-fold smaller than the surface area of the
liquid retention zone, with an about 36-fold concomitant increase in average surface analyte
concentration. Consequently, in principal the sample drop drying process described above
would potentially afford an about 36-fold increase in sensitivity.

[0231]  Analyte-confining properties of the analysis zoue, which afford an increase in
sensitivity of detection, are demonstrated in the video contact angle images shown in FIGS.
11a through 114, With reference to FIG. 11a, the sample presentation device of the present
invention was prepared with a liquid retention zone measuing about 1.6 mm OD and an

analysis zone measuring about 0.7 mm OD. To facilitate the observation of the focusing
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anal ysis zone 63 correspond, the contact angle of the sanple drop is found
to be approximately equal to that of a drop residing on the analysis zone.
As the sanple drop continues to dry owing to evaporation, the radius of the
sanpl e drop dues not further recede, but renmains constant as anal ytes are
deposited as a thin filmon the surface of the analysis zone. In this
manner, aqueous sanples of variable volunme of up to about 100 ulL, deposited
on the surface of the sanple presentation device, afford upon drying a thin
filmof analytes confined within an area corresponding to the analysis
zone. [0227] For exanple, the sanple presentation device of the present

i nventi on sffdeh) tie ahilgyis thne ebepicednifzener. hadiopaf a:a@r @amppﬂécbmﬂteesm flcalbut

(about 0. 198 KRS G P FEEE R R RE G CH BB FIoB R BPPRABT . 1o o

anal ysi s ZRdifd ﬁaltﬁ'nﬁ&(:ﬁ)naﬁlﬁtatheﬁna'ﬂﬁmﬂoné6F1feQ1|ndaiSélfﬁlml:‘leﬂndtﬂi'@]nmﬁhamﬁdf ix@ﬁe@ ar ea
of the liquid retenti about 36-fold concom tant increase in
aver age suWF*&é’é"Qﬁﬁlan‘é’er&%ﬁg‘eq‘?‘t“?&a |t8%7 A GSneRE cS‘I PIEHTRGY PP e

sanpl e dr opy i BOpRFR5Essm SeReiveRask meteﬁ@w ﬁn@ﬁb@@ﬁdrahmeawpomd an
about 36-fold increase in sensitivity é h reference to FIGS. 10a

t hrough 108WinEro HIPORHER AR FE)@StHé %W&E%N@ QS dhe evFryed FEE agticen@t ent i on
zone 68 angdihehoundany 1£ongud s ahe dRheSeRiphnddacioSRIPLE i QR4 Hhd. es

wi thout a significant reduction in radius resulting in deposition of

anal yt es o¥ef wrm@h 2s dffe drpredrindrif Basobstrvedhbatthegisnigr Pleibe Arparpvebidherightw t h
reference $0s to%'ﬁuwlti?@dsogrr@e&ffel{aaf old} ﬂ§41§1a@?1§%5‘1?ee Ble 1%!%%151!3 LAEg Rt ention

zone (only the analysis zone boundary zone are present) the
vol une of t:meacsarrgbqseec@rc*@ﬁwﬂlq 41k Wmetbedl foynck tﬁé“lﬂ%u@d”h’él“dﬁqlig?%wﬁ@lé‘i ty of

the anal ys| S z00Ginfeq by Qeuﬁe@%ﬁ;a%ﬁca&clzéww 163 o L0 AuStdbhd CaR:
reduction |n radi us resul eposition of ana ytes over t he
surface of dntohéwahfal»wctlu sndzt@nectwgle[da@zeiomeé ngeAnfunetamt wittnhe ee&yeﬂion Of ﬂe
sensitivit t. in FIGS. 9b
through o1 fies BB B TRl PR B ERBLEREAL EREDS 0 TS Poa
through 9d[&82mel ThasxkidESnaryO4qtittholdgly dPdcityi ni' tthe lajuseneenton tdne @nal ysis

zone (see LGt R, B AaIRu Ay LEu M By PRSI ROeOSE ugn

area in thamg ShtiPon™d oY equal to the
total anal ptesenc orvegivhirsadwothe dcttwtded}f ls@m;tldnéloe wnfuaee irafteaange’ ghe mrﬁsence of
t he anal ysi.s zone cted in_Fl e, de nal yte
o conti hedt BB HRERLEL SPed shacAeTYy AR Ghup s Gpaﬁim}% B e
concent r at pARINHS of ik ddj 2841 BaifsSof afpliAls dn0 lit i rdiatiah z@ial yt e concentration

di vi ded by e surface arga of the an Ssi s zone. There the presence
of the anaﬁfi?B?ls zé\ﬁglye§°n§fébg AR ) OE. g, arglysis gf}ﬁ%rlwsftua%

aver age surf@se4aangantr althecmstomusmabxytmevm hs i08 aeigUdadk baepmehﬁeseramoe of the
surface area of the |I§yld retention zone, depicted in FIG 10a, to the

surface ar 8GOl s YEPLo BRIl drenébqleeedn ﬂﬁ g SHG A0 Aig0n dgposcHe

surface argauRfsuffit® cARAF He 18 RN TaklSorIhAhbleCRdYs le¥n@Bd hfdquivhidR atddgnsur f ace
area of the liquid retention zone, confining analy-te deposition to the

surface ar 8a2PUPRelvanallysieeond gHestrbdu(RS- 1300 4s of gii RineaABPleritsea®ni n t he
aver age SUHEALE:RPAGRALS BE kRMP1OMr.80RI Y STV &8 Mcﬁdde?agsetd he BSXaRE @l ONet er
w th a concom tant 1ncrease In sensitivity of detection

biochip in proximity to the analysis zone. The relative size of the analysis zone and the

liquid retertion zone 1s superimposed upon the biochip for comparison purposes. In this

instance, an excessive amount of dye was required to afford visible material resulting in the

absence of tightly-focused analyte spats,

[0234] The sample presentation device of the present invention may be exploited to

facilitate high sensitivity mass spectrometric detection of chemical and biological analytes

selected from, but not limited to: biological macromolecules such as peptides, proteins,

enzymes, enzymes substrates, enzyme substrate analogs, enzyme inhibitors, polynuclectides,

oligonucleotides, nucleic acids, carbohvdrates, oligosaccharides, polysaccharides, avidin,
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102301For exanple, the sanple presentation device of the present invention
wth a liquid retention zone having a 3.0 nmdi aneter (about 7.069 m n2
surface area) and a analysis zone having a 0.5 nmdianeter (about 0.196

m n2 surface area), confines the deposition of analytes to a analysis zone
surface area of about 36-fold smaller than the surface area of the liquid
retention zone, with an about 36-fold concomtant increase in average
surface anal yte concentration. Consequently, in principal the sanple drop
dryi ng process described above woul d potentially afford an about 36-fold
increase in sensitivity. [0231]. Anal yte-confining properties of the

anal ysi s zs@}g&awm:ianeam@f ePbiskirP Brok A6 8RS Rorb, brr@AS, ag MM, qfcpmt getdpn, are
demonstrated in the video contact angle inmages shovvn in FIGS.  lla throu h

111z. Wt IFopapspbpdegmenisiobbiolopiral mprsomelpqyies spirfagie APOYE: WAl ek wid ¢ he
bresent | IAGRLAON YBSAPT GRAGH, Vhdd! BroldhfiUb b BLCNLORALANGS TRRAMEANY about
1.6 nm OD and an anal ysi s zone neasu |ng about 0. QD. facilitate the
obser vat i omrcofmalgsaief selusith gbaves ek a5 pirdeiaarad wilﬁe%rwomﬁw aemglexes,

of f-center € oeae p and
was obser V&d ttrgﬁS?H%%fgI %@ﬁc;gé :%%Ze ?@%g:t ?ﬁi 0519{)1%12 %ﬁ#?%@iq (rageoa Bgo?n?{gg%géndl ng to
the |iqui decreetomtre@mozdmn@mwmesamxlylmgs p@tme' cimelekasi ehainelsabyiratei de and
right-side, cont a rded e 10, a
val ue whi ch %%ﬁ%%gmgggéggK%?£%$ﬂ§£§ﬁﬁl 05? a %J?&%Q%iﬁgqgm Hg ajg

excl usi vel golytsimehdrldqmnniplemsemdl snmllimi@afnbnmmemles sAsh bshamdq: @cpds;inmcé@tldw ng to
evaporation l% ll'n 118. anté éd bo thn'% he oabs rvergmgsa S, [’ic

cont act arnyf & eécsé%@& lfl"l? ijﬁ e TN OSRGOS TSN ecP Y3 that of
t he analysmﬁh;@hﬁanumﬂh@mﬁnmes abmmhﬁsdﬁﬁpkdrk&dwstﬁmaSamhsqmmmﬁmhhat t he
center of th? rop nqyg Ho th gq ﬁi as (@ gr 1to cent er
itsel f oveP ¥HESEnRRYS lé’wszﬁg” B POFRPA; ‘&éﬂrsaﬁ ﬂ”gﬁ‘f“ BEBIERRE: angl es
recorded i$inthtia sidall nolsRre et hs fdsrdcdutcdle @5thdrapautivall yueffastii-e gents,
corresponds to that gﬁhlblted by a rf%m§ﬁ§re ar ed exclu5|ve“é f.romthe
anal ysi s ZBYREMTEnBRREIAE SRReH SGIFhat I HEBY RS e H R g YRS
recorded idhu@ORhtiti6ids OfbnbhlioRes! BRIAGAWIIGE 4000 Qfidt fRldgIRYRS@eR] ab@E, I N
FIGS. 1la through _11h is summari zed gra phically in FIG  12. [0232)The

ext r aor di NEPOY GUTRIORD | WHAG-ECaFa By ésl‘“ft*cﬁ@tfl)a 4R PRREIRE eHPHItRIA S
denonst rati@ghied Fhfas, 1&xifAn blokilst bdlihy@Redf cgnpokfdsSi trevgampig, pPriggent ation
devi ce of the present invention shows the retention of sanple drop vol unes
in the ranyetyEluposming prgiqp red, THEBiPNg Herosigr mpwaphoapsEamsostwndiddmnd i cant | y
limt the gammhg: @Jnggonvgmbﬁr@lsl Sledildg deﬁér@taqmqpernfawcg@ tofs, %mwe sagutla&smt
pairs of analysis an id retention Zones Anal yt e- confini ng
propert i esandfanalegs fampwes splesttatengnd ahylpgsterphe ﬁ@ﬁr%ﬁbétﬂtteﬁ Andrn@sges fira and
14b. The f} t a tation
devi co of Fhos SR b o ool Bl DRENEE 1AE: BERETEEL L
to 40 jil @e@@@bﬂttmrsamhb pseserftaioe doficd @ihenmelmmscmucels szaE@hnomblotdge:abarrpl e
drops contaj, I f I

illustrati %nq%ci[f%%ﬁ%gé) At ﬁn%d %ﬂ‘ewﬁs}ger%% pogmef lglli)Crheassﬁ g 1f“(‘qinan ev qume‘f ter

al | owi ng tdmeh sarrpioeyadcrybpss t poLglaumdosThmlmuu}zsqu dppmtfdneen ptotyewsmes‘ ace of

t he bi ochi I‘OXI mt the a i s, zone, The rel at| t he
anal ysi s zlgon)erhgnd Pﬂlévﬁ“t quf [der%‘etpgﬁmu h Y6he P8 ls%%?)é‘fmﬁponé’ V(‘:f'“f’] oﬁﬂ@ﬁ‘v‘

bi ochi p f arolwiopaes, soh cppuipmsesf abynttchbs moresdfathe @bovan aexek 38 iorderammunt  of
dye was regy |r§ga£§ & ggd Vle c[l%lﬁe material resulting in the absence of
tightly- f ocusSE anaV %6 spdc?tp 534] The sanpl e presentation device of thc
present i na¥di OW\nImyesbmagxtml dikdobdd tiom aqueous buffers, organic solvents or mixtures

thereof. Buffers are preferably selected from those prepared from volatile conslituents
including, but not limited to: ammonium acetate, ammonium bicarbonate, ammoninm
carbonale, ammonivm citrate, triethylammonium acetate and triethylammonium carbonate,
triethylammeontum formate, trimethylammonium acetate, trimethylammomum carbonate and
lrimethylammonium formate. Aqueous samples containing high concentrations of non-

volatile detergents (>0.1%) should be desalted prior to analysis as the presence of detergent
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facilitate high sensitivity nass spectronetric detection of chem cal and
bi ol ogi cal anal ytes selected from but not limted to: biol ogical
macr onol ecul es such as peptides, proteins, enzynes, enzymes substrates,
enzynme substrate anal ogs, enzyne inhibitors, polynucleotides,

ol i gonucl eoti des, nucl eic acids, carbohydrates, oligosacchraridcs,

pol ysacchari des, avidin, streptavidin, |ectins, pepstatin, protease
inhibitors, protein A agglutinin, heparin, protein G concanavali n;
fragments of biol ogical macronol ecules set forth above, such as nucleic
acid fragments, peptide fragments, and protein fragnents; conplexes of

bi ol ogi calmgga@cruﬁﬂsﬁbmulaﬁayteebnfﬁlﬁﬁg Prophesa teushlyss zonc | @igeniasiitnconpl exes,
pr ot ei n- DNA coppl exes ne anscrlptlo conpl ex, gene tr?nslatlo

Compl ex. MERBRANE At FhGaBnBLS RGP Rheh TRl Bt Beots BERaBr N PHaHY e

conpl exes,soﬁjbgﬁﬁldfn&omgicmweyalﬁMc«me@fg tﬁﬂzrﬁéﬂﬂnﬁlwdsw a&c@nc eBidy etone,
i nhi bitors, peptlde conpl.exes, protein_co exes carP drate c | exes,

and pol ysasewariige “taehl dxbmelndionpande P églﬁé%d“ ‘T"é@‘: s s ani no

aci ds, nucheali q(% hg{stﬁﬁleo?@du%@é 2898 &hanst € NQhdBylpirbRicds , (mpal 2pons,

drugs, hor nones, am nes, carboxyli¢ acids, vitam ns and coenzynes,

al cohol s, @@@@ﬁ?ﬂ@@lH@éﬂ%ﬁé@mmﬂaﬁﬁ& aci ds, porphyrins, carotenoids, plant

growt h reglJ or d. pu (o W els) S

g out o i0" o1y AUBPRALE ST 20, USRSk P BRI OB R

ef fective @ijents, thcrmrfanmf 8 hegbiaptbiogle Laﬁqlaogmar@tlernnpdmaﬁm gegem of hefi ﬂbD t ors,

mut agens, Y i res

ant | ot abobriag 1Aa0iE 3uapBhb el Aldkbofli B BIRhPL. gty ANPRCE 1R ipe

i nh|bltorsmqmuﬂﬁaeemakthxmg agents (surfactants), an1nc cont ai ni ng

coMnnmor [ MI t L0 ot.in,.bioti ngds, DNA,
RNA, |ysi n@‘é’z’!ce?ﬂ gI ucégtg&rglﬁlﬁree Otof)ﬁ CI oaﬁ?épa%}‘mﬂeltrﬁt Q%lﬁg& “qﬁ’g%gg%r}]kgg

nonophos phe@treeasure hmh)hﬂnrdmgaﬂne mdleqinése:ﬁﬂ@hdsmcefswrﬁ ¢itel ppesentrivebiidnorgyiregh ect r on

donors, carrjers, a e nthet ubst r at es 0gs.,f0

pr ot eases, "ﬁﬁgﬁpﬁggg%é%%g%ﬁﬁﬁéﬁgyf8?“%h§§%%5?§§8gmygﬁwﬂPra?gégéﬁﬁjénalogs
for ester asegyand tHJE}B@S:SB;I &a@b;ﬁmﬁbmﬂmﬂﬂﬂs fRaag;trltsofﬁlcquaag'&médes mrm‘ﬁueemver

anal ytes that .may hand ed the g? sentatl%n devi ce ?
present i nS2FLPdN aﬁérﬁﬁi Fﬁbﬁ% m”d Fﬁgpﬁﬁé BHP‘“W@“HBth nmted
to, synthetsiiepipR! MBS, eugz:hoa:sm@kdhg@mmc acﬂdﬂ@HGﬁ@[&Q|aMﬁfB’[$d1B)tﬂ@fkyEﬁumc

pol yal kyi enes olga des, pol y( rne l)ag tes pol ysul | ones,

pol yst yr en&dd (L[H%? wing (0 the fippgsalubdlith arhe a BBFW“?W’Iﬂ msdifcgs g water, stock

pol ycar bonafi@sns BRI r@?{éenﬂadfﬂeﬂQ:%mta:ﬂ@o%slo' IR QganidBElvaRP Ol BeREiSz@finany two
or nore of the above, as well as atter non-biological analystes such as

pesti ci desComBeRE Wik itir BIPaycBataHs SEIoveal I RITFHROHYIHON s sol8HyRni ¢

sol vent s OEon‘Hnml%'ﬁl%lxtaﬁ%ﬁﬁﬂcto B E 80y i sn&rt@wﬁp& Me %ehﬁ%eﬂa dubam dghose.
prepared fromvolatile constituents |nc udi ng, 'but "not I'mted to: amoni um
acetate, afwonmaln MPeaakENdTEe. affiontyely caipdorhtions sprmpng matel meatbe,
triethyla £ e Y ni um
Format o 1Pt By D e e hanar 2
trimethyl ahumlnmueﬁmnﬁermctkesolwqmemsrstaslaxgp# ésghc@mcmtwengf kigghic cohernteat i ons
of nonvol a 1%%6? {ﬁ? HE ?IIII(IITJQZB d@soﬁggu&ﬂhé)%agﬁ eltpg tell ro'not E&fﬁ@pg'l M:%' S as
t he presente detergent nay counté€ract and analyte-con |n|ng properties
of the anamV®ﬁ§Eﬁmheﬁﬂﬁﬁgaﬁmgmbwhvents are preferably sel ected fron1those
know to be cib S
b|olog|calI[ﬁbgllyt{elgmlk]'Jr’(:’(k‘ﬁaQ%S?I(BM%HEléf}(fs?rfOsr FD%JLQ3B£@gq%§%%?%md%#§g!ace
acetonitri bleseuetuhammn Biydhpdisnet thy [tfpss mhsioges DB2Yyld Ke Niseti nethhyalr@cmf OXI de

DVSO), f lid
CMPI c it L i e e T A A L e e
presentatlQWC@eugdewdmﬁnbmmheateﬁwdhﬁwmQM&hhﬂeampﬁeadﬂymﬂgmmﬁahesehﬁelther

on the sur hasam]?lesm [Bq)e ﬂllé]? f.‘J‘SOH‘lGS I'DC éS ng as LI a or Under a stream
of hot air {58 T he o evapora ﬂ) of °hi dh WRE g organi c sol vent

O sinply {@3gjed uﬁmmmﬂ df’ It]mypﬁqiﬁlsmmﬂesfthm ceddpt esedny mqmes[am&zhﬁmm
desorpti Onfatll' et ca[egm?r th Sampﬁ tﬁﬁ%?ettg% al}yzed dxrecay wit E,_Et%gy S‘:%?éséng one met hod

before analysis include, but are not limited to, biofluids; tissue and ccll extracts and fractions;

¥l



to measure anal ytes using the sanple presentation devices of the present
invention requires a material (matrix) to be applied to the snface of the
sanpl e presentation device to absorb energy and thereby assist the

ioni zation of anal ytes. Reagents frequently used as matrices for detection
of biol ogical analytes include 1rans-3, 5-di net hoxy-4-hydroxyci nnam e acid
(sinapinic acid, SA), a-cyano-4-hydroxycinnam c acid (HCCA) and

2, 5- Mhydr oxybenzoic acid (DHBA). Oning to the limted solubility of the

af orenenti oned matrices in water, stock solutions of these reagents often
contain 50%to 100% organi c solvent. Wen utilized in conjunction wth the
sanpl e presaR} wciedn, ﬂﬂmgsgegt@ef mtadi’i&mpéﬁ&@ﬂheﬂitﬂ\t&ﬁﬂsi evizosiheid :ﬁodauiphﬁg)s I
containing matri x are added t ueous arrp es prior 1o i ng.the sanple
to the surF‘Q’E@n"ﬁ?mﬁﬁ%edéaaWF%S %ng)é?f‘f‘%‘t? HWW@EMSAT’IPE‘?W@&QV & eliog ek

sol utions eomtAl fMkddg; MRk 6aBlYs; A8d 8pRliEe@othBindtheal %Hérﬁl@t@ﬁ oﬁEoduBl@otﬁi@HD' e
presentation device after sanple deposition and dry %}LEI S instance,
stock sol uPTRIA%S. CBR i RIdagCHS AN ROPRIERF BN TP @aﬁ’weu%w RtheTajapge

preferably utdil deefclboorbefiaideg@lidh ssol ving of the analytes deposited on the
surface of the anal ysis zone into the stock solution. j0238] Nunerous

appl i cati off$4¥xi sExpamesafityrgs chempletieecpidlrereain BaPwen tesion thahllpr esent
| nvent i on. rﬁ&w&a%esgogi of @ﬁlﬁxa@pﬁa gt 5 aagninsﬁfzédhahn&%l fle Dend ss%ﬁilel Bt fre

pr esent |nvent|on include, but are not limted to, nE1 es that arc to be
anal yzed diprogessing hosi achwed tathe spmmlefe@glmgbmm%émwét m—l@rshr@matagamll as

sanples th { to he
angF yzed a %)aorug}gﬁr%ags)%]rl@ % y‘%‘fﬂ%c(gsﬁg &hg}é{h%{c@%é 8 &1%%%@8{%( lIegcof t he
t ypes of sanlphteo; geheluttwtsutndssm@eqn@eﬁtry nutpkteelpn@rgérmn swﬁa@ﬂpia@nmt Nacznamal | into
the cat eQO %’}’ ncp begsenslg { dgsaﬁm% (:C’Pf?lgma&g%%{ Zs%ﬂd%'hg rXctl\tMl éﬂ{%‘d{ 1&8

processi ng o e anal’ysrs i ar e 'not of | ui ds;
tissue andpbab Iﬁ aemtmmd teaviamehehab ednpdess ;ieuvemiel:l sunpas tvetﬁu raspesti tousesf tieul t ure
medi um eny i

ron -f l. ui ds:; envirorunen in envi ronnent al
medi a extr g%%“% %E(S%l}m W%&?‘sﬁ,hyil WYPIC?C%E?@M cog@fnaﬁo Ith 5 m from w pes;
elution fra@mdajr fTh sy pxefs@ﬁeelﬁﬁldevzseaﬁf)Hes;;rcmntdnﬂvelbroarmﬂism (feairdien d@tcor i al
chem stry, oli ucl eoti des, tides ars, cel | nd
conponent s Mttt oL FPlLES St Rhare i T SEatR s et
nucl eopr ot @kploiasigerbdlbes liquid R4k BN escl@tofiRes. qﬁ pslﬁemhlemlmhaasumoul d be
used in the g sent mventhn that fall into %g? gqgf/e gory. of sanples that
are to be &R ﬁliecﬂqbﬁ’&fl?lbﬁ liquidsholding capaciy, e the fepice {VBch cadlss i chas
occurred t Quitddgos %ml@&ndtﬁﬁﬂﬁe fralitbns A6 At pibiifEdt Be eﬁ&ho]%ﬂuﬁb@‘sd samples
chr omat ogr aphy (LC) out put: gas. chromatograp F1 (GO outpu elution from

gel s: di gesteatrrehifpnsample giasintationdpyiees op g@rplf‘éuﬁﬁow%iﬁ% fwmgﬁe@‘r@@dwh@hm ry

out put; el yhih0fsnd ngﬁlenwﬁ@mﬁlmw pleBSO BARERi{ESRRhe QF mf?f% hﬁa uméa.%&ansors
desal ting Ccol umm “out put; solid-phase extractl on output; l1quid phase

fracti onat ehsBiNyy rod i (Waehp Prebles dletomaﬂl@@dd@aﬁmoe)s \Ml@ HIQFl‘éélf@@@L: to any
of the aboyg, ANrAbdety FRSHLHE bredlnt AN LG o PHOHRISE SRRh- AN HIGOARENAL | ons

t her eof .
collection of fractions recovered from, but not linited to, the following techniques: affinity

chromatography, hydrophobic interaction chromatography, ion exchange chromatography,
immobilized metal ion affinity chromatography and size exclusion chromeztography, as well
as fractions recovered from orthogonal separations involving sequential utilization of two or
more of the chromatograplic approaches enumerated. Furthermore, the availability of the
sample presentation device in standard 96-well, 384-well and 1536-well formals enzbles
hiochip-based sample collection and processing on multi-well plate processing devices and
laboratory liquid handling robots. Consequenily, the sample presentation device may be
exploited 1o enable high-throughput mass spectrometric platforms as are needed to support

ihe emergence of proteoinics and other important fields of chemistry and biotechnelogy.



[ 0241] The sanpl e presentation device of the present invention further
facilitates the mass spectronetric anal ysis of biol ogical anal ytes
recovered fromfractionation schenes [hat. exploit either colum liquid
chromat ography or el ectrophoresis. In particular, utility results front the
conbi nati on of the |iquid-holding capacity of the device (which enables
direct collection of chromatographic fractions, sanples purified by

el ectrophoresi s, sanples recovered from sanpl e presentation devices and
sanpl es recovered from bi osensors w thout prior sanple volune reduction)
and the precise positioning of the sanple and increased sensitivity of

det ection (W#ch Condstresarauproivit edentifeatiomodiud sinvolees) enzpmatit | dgdsterhoif di ng
capacity Vi, CE r

mvent | on oAb ey R 39U PEEREDk L QAR b el i POERANR o,

i mted toglettiophdrekd gels.nd rotemhdipeptisegenerally raqirry dmhmgetmogwfapmyhasmydmd)phobl c
interaction c t0 i xcha I i zed met al
ion affini %]UOIQ{]S’%?%? 85?2%%? %‘ﬁg’ sfilsz‘:’eexgr%gJ Zélgﬁap r%?(t)ﬁg]tags Srp m%l szﬁve/el | as
fractions ﬂmqﬁn/pe&dtaﬁmmm@m hxﬁghmalrrestemaemabn @ressuitabie |fat cﬂt@cseﬂtaermhlaaﬂ

utilization,of two . nore. Q hro enuner at ed.
Fur t her mor &SGR 437 Stsg’gﬂgltet’ﬂ}dlgfs hggﬁ’bﬁlgﬁ B$£°é@ﬁ 5%3‘?%3\??% in standard
96I Y\Bl |, 3f4sel | Aandspkbisio- a/}teinbllef Qfirfaat l§3|l£ﬂ|@.xb|1&®nhic®0(ﬂP_p} b&ﬁﬁﬂe@&ﬁpﬂoﬁd

col l ect i on, and., cessi.ng gn mu ti--we ate cessing devices. an

| abor at or y“t“fl%ﬁ‘%tﬁ haRHI N gOr Y s PrESHEE 1?enf“[?%/ es@%tﬁgi“"i PFEEdRE:t i on
devi ce mayUbRrexd @il etvalueﬁadfleeaam BhedubEOUORPMer BRSSP BGr DPBEchtw
platforns as :ftre neede g }Rgort t he emergence of proteom cs and ot her

i mport ant #Reig sonseEnt iR f“t@ A e isHRRE FnigP 6‘§j‘y y for C[P@E‘&@l’é%sﬁtslé‘??%?]étﬂy

protein idend kdnftabicnta0bt eaqterwnhyses&nw&atohqs @Im@teetfbpau@t cdtre@ttoeld‘ts
purified either by colum Iliquid chronmatog rag or excised f
i)

2- di mensi oAy @&"F@Bﬁ&%‘%é"e‘%&e@s@{ §yStepspitaity 8 GedtaryelRet étap%ﬁldr 8@[&]’@(1
desal ting @pmhe¥Ehs 8o m&a%nﬂahglwQttlﬁ?Q&Qﬂ@tc@g&ﬁ&h%}e(u&&l—ﬁl)ea@ﬁ i9@4rhda RRBSE
extraction (SPE) prior to mass spectronmetry. The sanple present ation
devi ces of PIRESE W FRAT anhgehbe 6iblaited tg Antdbreomated drippletcoligtipedri B#Fsand
subsequent s@eed.afn%téauetweréﬁh%h&éﬁb&ﬁﬁt?‘ ﬁe%etﬁl.%ctf%@tcﬁhmeerfor mance RPLC or
SPE. [0243][ a specific exa , sur ace pl'asnon fesonance (SPR)
bi osensor s [B#4l oi Eilmﬁtﬁacbhtlliiwedmptﬂéorelaﬁ@ce@d stithdspopnonash ppephronatirnaa@pld ot her
PLOLOGL o gl AT 005, 1Y QIRA Bl o BohBLf Corl ALMEE AL LN 1l
required t6 Tecover an ana oma |os nsor an the concentration of
anal yte i ncltlhleateaﬂmityeannsoatb@ llrlt)ﬁriﬂmgrtheopstel sfusmalapipetgpept podiret myjth finatesanpl e
presentatign e I es n i.tabl e direc
col I ecti on96F ]g&f‘?ét% {lrggﬂafpgﬁag &G G qi’gr’r?ﬂtqlgjese)ns%s Cr%y%ltugltlré’pprﬁ':h?‘?aef}abﬁ%hw
confi gur eddésaltiag sf ﬁuod:ar ﬂhg%& with |z dontomBtaniSedRGed i LenpCovgahe bipertad thvesanpl e
col | ection %?V'i cgs aa%[? gﬁg épgt rate i pto bi osensor systens and can be
expl oi ted THEHELT &R BRERY %@P@ eEt SOdRIOF BY MAES PeEHERET JREET
anal ysi s, &mdet@iamcr @mp]esntmtsembleqjués@lua@mtxq&set Heafr@enivigldaiBSase [Q@AKR] The

i qui tati ons associ ated with known mass spectraometer sanple

| i qui d-hol din

presentat i ‘g‘e ‘E’h%ﬂlﬁa\?é ﬁP‘Efﬁ%Lleéﬁa‘taHé'S&é\P&ltﬁﬁﬁlé%%“ lesalisg Py wscraiceigBe ol umm
l'iquid chramstography approaches involving the use of snal I pi pette tips
packed with m nute ]a%uantl ties of chromatographic nedia (e p?).

. I pTi
M cr o- col ulF*ppr BEhEah s apnele Praciptien A i5s obhe B’Pbﬁt“éll‘l"tc’ﬂiogé@@wctﬁ a

conconi t ankech@EKKRL I FolidwisaNPE rasPhct B thee PRAE B6kctiBedd SargUdf | ChRBltratiRs,enabl e
the sanple to be applied directly to prior art nmass_ spectroneter devi ces

for retai nfi’r!t‘tjmg’a]ﬁfﬁ“ég trapRpeTdRg: STiEL I eswime 4on leé‘évf%cég“@tlgnt‘h@hlﬁge%@nt

invention gsgagikicitdhairéceb g tihél@Ehy e%ttﬁeta&m  SUDSKAMEN! 1:aRBhY HeS Of
protein di gests desal ted by m cro-colum RPLC [ 45] |1 n gener aI t he sanpl e

present at i SPHRERPA clesd tlgs l’tth%n?iﬁég@ﬁ‘t"el R @FFDORTOWERF BeMilsedh geperal terms as

to the various applications the sample presentation devices of the present invention can be

used,

[0246]  Once the samples have heen applied to the sample presentation devices of the

present invention, and the samples have undergone any of the above-identified operations
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acconplish the followng with respect to the above-described sanpl es:
concentrating; diluting; locating; transporting; storing; presenting for
anal ysis; fractionating; washing; and post-application processing
(including digesting, derivatizing, and eluting). It should be understood
that this list is not exhaustive and nerely provides exanples in general
ternms as to the various applications the sanple presentation devices of the
present invention can be used. [024610Once the sanpl es have been applied to
t he sanpl e presentation devices of the present invention, and the sanples
have undergone any of the above-identified operations wth respect to
movenent of I irEaFd '@ dprEEnk Hefiaish Sapes ?ﬂswe%vméol S aeRlicings Gah e
performed girfdgEd Qihet A1 ANRPIE PRIBFAML k!Nt A8\ Glerl el Rin &k tie¥icd: enoval
fromthe device: MALDI -MS; other mass spectronmetry techni ques; surface
pl asmon r eXBRANAESY SRy ;mss (BPUREEHE dechiiayrh couffatec alapmen geerpye (RRRY;
optical SPRESERSRLPYatoRicO-foRRd n‘ﬁﬁ%Ed&Ri« URREISSGRAGE: sXeck@¥oPROtR&! eglir on
OV O Bk RS oD apbRoB . SR | o
, VI SI ) L e SIS
only a par E&gétioh-ilﬁass AbreSGLL, ARPIY CALLIO R RI:%e #69&&?%%%901@@1; ﬂ Lafgod that
any of the above anal yses nay be ’COIT!t))I ﬁed] a d‘?or eriall zed,é% %t at where
?Epr opr : at dhat tilh%@}zimgﬁrgi@é@ &f&ycfggpfgﬁmggr hestiowdd elexbd wldgllstotqh t;lliﬂ;riil @ ok gslé_upon
e analy . ' r I : £o L &S I ng
applicabl e OS)' taﬁ%l?sérrp%},:%g'rscgglgﬁj[eataﬁon§5eva|hgid’ec?ga tetH‘g %@%g%n@%?]m}%ntpl on and
i ECl ude, bmal}@ﬂsennolﬁ: m;fnmerdeidietttb,qrQui@hctfyil@bxd%lg aslgemoni cs, p(rj ot eam cs} |
phar macoge CS, Sio , L oxi om JORQI CS, g covery/ drug
devel oprreni}ﬁ' g]l’ ] ni ?ﬁfnﬁo}] f gJIIEféS i Lfsj_gralwr'l_é:_,llsf%né&qlg%%ld%g%ﬁfr{gd‘?pglé‘%%gt t|°c{:~,b,§ sahple
cnvi r ormenp@bentdibw senisarfshe @adnbicodndgn edl indndt, tltems ealconfined to, such fields
weaponsi bi ot grrorci sm_ A few.s ecci fic exagpl 1es.oft t h(ran.appleb%éitoi ?&quf t he
sanpl e pr e&LRPRI EnPEE R s PEF B GBI Be iV BRIPEW. OFINE e SEFPRIFERHS “t'Rat
fol | ow ar e disevelyfirexévplbpiynt@titicd ariah elomldring { totifreo 8¢ dipgnosficst dreirumeant,i on.

R248] Genom cs: The | ication. of. nmass spectronetry to genatypic .and

phenot ypi %Bﬁﬁ?léﬁﬁgﬁg’g’%ﬁ?} @é@%ﬁ?’?“gﬁ VPR ?}Fré‘?rfsgl'd?tf%’eglﬁl“i?‘icr'fgwwés %ucl eic
aci d anal yug(mpliqtingroftthe baawpl plebedtiod Hadict izRnakdiibed Beiswdelrl debdmigtios

per f or med bef% e the s_a}rrpl,e IS plcg ed 3n3 MAI . DI. squrce. In one

enbodi ment [2f REO¥ AiegpEely FETETE AP T IPEdhe srong Pt 108 RGP can acconpl i sh
the desal t k@8I MEARMEOUThY adfilicRidROTGERE bRkirfifetih@ @H&kﬁh%ﬂ@%iﬁmtypic

anal yte(s). This enbodinment is conprised of a reverse phase capture zone
and an anaPyPEi i Agespedipk praaimCy Jpelting fbe mpleesid enbotFEn ay be
conpri sed QfhiARon4rradMiafl hid WRAGAAL YaRAANRS 20 sanBlk NGl &aPak ¥BlIDiZone
woul d be enployed. In a concentric arrangenent, the outer capture zone

woul d specBfir @?a!IP Vllﬁbﬁwépdgj@?%ﬁhﬂagwﬂq RiesealpEidesige tl"fﬁﬂp}é“gfﬂl'@@trﬁﬁlll eqrerplaghy

hybri di zat bQn aW:ifle | KERRLILESS CRPIULE RHADCH: hitGeit N LRpLY) © Aane woul d
performa desalting function as descri bed above, and the anal ySis zone
present s t Rabediapyitie ciraprisgepbe teverie phise lsattire ghnea fdsm analyisdiinbig wsistife

per f or manc - | £ i [ f. 1S hi p
T R N S T
Drug Di scowet ¢/ DelcebwinvsrionCivonidchd efiplopdd. Moni tcondentge avangergnuds: are
effective I i . I X i
phenorrenon((:"%lbsnﬂ{%I h%ngrﬁwl{bsg%éﬂg{a{l% bﬁaﬁﬁ%%?@éoﬁg%fd@ 1@%?{]}%&%%%%@{“%5%% of
breast canbgbridizatipremits, imnppbillyed cangere gfrotidsr the piren cajttite zgehetohld @nfdropraot ei n

basis of t Iagsaﬁﬁgsﬁlﬁétl\éht% M@%rilieat ﬁy%(:?l arfOthb ha?nal(;ﬁ?izgfpc %Ieséxﬁse the analyte for

detection. In both of these embodiments, the performance of desalting and presentation for

analysis on the same chip increases throughput, minimizes sample loss, and decreases cost.

[0249] Drug Discaverv/Development/Clinical Trial Monitoring:  Many drugs are

effective on only a portion of the population. An example of this phenomenon is the drug
Herceptin, which is useful for only abowt 30% of breast cancer patients. In the case of

Herceptin, the genetic and protein basis of the sensitivity was integral to the design of the
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drug, but in nost cases the popul ati on cannot be divided into likely
responders and non-responders prior to expensive and | engthy clinical
trials. One of the principal challenges of interpreting such clinical trial
results is to understand the biological and/or chem cal basis for response
and non-response. That know edge can then be used both for targeting of
popul ations and for further refinenent of the drug itself. (025010ne
approach to this problemis to obtain profiles (e.g., protein,

carbohydi ate, lipid) fromthe patients before, during, and after treatnent,
ad to correlate these profiles with treatnment outcone, Several enbodi nents
of the pregefthwilévineg @est the papPitiod dadr@dt Sal@fridet Usto dielySasgohdss el ghn- bl ood,

urine, tissue) obtained framth tients can he subhjected.t ne or. nore
of The pr e eEBARTERGS REhOu MR Btk hebnG s 3b e FEnad P BB Gbove.

such as MunterpretingBng dinahl thibidsuks Ghe enRisedd arhysclogod aidia chémeilivaniafoed

mat eri al s produced by that nethod applied to the device faor concentration
and pr esenteSROPEN W POESROShe c T RO ABP ViebEcasms {ien be Agef el?%?f?rv@f'%?fm%é’ﬁpl es

subj ected bapulstiosHBd f FOARSRITAENGRR theaapptded to one or nore of the
present devices with capture zones of_ known specificity. The anal ytes are

then transt®@tled @ra sREFoach t Ans prodleroids obRincHRpPies Meht BCPEs FefePdEity

before tra 'E[)efrolﬁ Qred 'lexﬁicb%fo%co, Nfeding, Ahd g%téret&ta{ryenrt,oangri@|c?2(1§<jé§tcb ﬁk%?:ﬁ@ﬁmﬁle@ this

manner, surfaces wth different specificities can be use In series

and i n_ par#hrestmpn oglvomat Savardemyadimenty ovbe resens devigcen daapigd dnalcht es
present ed ] | eal-. an I S ZO0f f.ar.: 1 VANV
O A o b T e B b
oppor t uni t ynet @ mmaabihg arowbsessitemeihpds eopaerikil o holsetiah descalidiabpws sush

i nterest. g'&}}g\ﬂm?lggﬁﬁt]{qgidcﬁ%ﬁag(%?aggﬁ aﬁc‘PHe%tcﬁcﬂ]aieﬁtn%tc@iaﬂg#clﬁllla@%ew@ﬂd

mul tifactorial analysis tools ap to correlate the pr es W
pati ent respbnsepplied tHhe daaye drrecopemtrationcodepregsatatior fiw wiss Fpectphetripr of i | es

and/ or specjf.i eq, roentities | : edi cti response to

t her apy; n%]halﬁ%sg'r ir'rﬁ%mgwe?é‘ssgglhlseté S‘?bée“%eﬁgé énglyq‘;%%g lﬁc%g‘gﬁtci%# %éggqp?%% Loo‘?d%r%l ecul ar

entities thate dftiecntsentedponseith oajitire zapy pf kiuwe: spkdibuidyndl hiencalgasindicy

sophi st caL_ed dr@g. de§i an... _192521'd¥hi S area of esc' cletnti ic.i n%uitr ; | i ke the

ot hers desCFTBEd" RAraih R e SO A SREPIPRTTEY GREGRSEE FPR S RAPRS bbby to

nmeasur e anadngt, s dirgely i€ iatly ssadonts. A thisThewsarpifeepvas aiffeadnt greideecan of the

PRI SR DA RS A R - A Sl

102531Envi perumeabonidcAnal wailng Rnsifsanmegkalonsaypl es for the presence of

contamnants_is a worldw de effort. Arrglng }hea&)arti cul ar probl ens faced by
PORE BrilshAl

such studi d¥8re Mo PR eBFfEe RET A lendfpt BY BAY BseaRvErsitey of
sanpl es t hgfpougity Rewsndeluesly d&ntify specific molecular entities of interest. The mass

spectra can then be collected info a database, and multifacterial analysis tools applied to
corvelate the profiles with patient response. In this way one can discover patterns within the
profiles and/or specific molecular entities that enable: prediction of response to therapy;
monitoring of response to therapy; and identification of molecular entities that affect
response to therapy, thus allowing increasingly sophisticated drug design,

(0252]  This area of scientific inquiry, like the others described herein, is dependent in
large measure on the ability to measure analytes in liquid solution, The sample presentation
devices of the present invention, and their uses described hereiiy, represent an important tool
that can be used to conduct further study.

[0253]  Environmental:  Analyzing envirommental samples for the presence of
contaminants is a worldwide effort. Among the particular problems faced by such studies are

the low concentrations of analytes and the diversity of samples that must be studied, as
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contam nants nmay be present in gaseous, liquid, and solid materials. In
general, such anal yses involve collection, extraction, derivatization,
fractionation, and detection steps. [0254] The present devices may be
applied in a nunber of ways to the analysis of environnental sanples. These
exanpl es are representative, but by no neans conplete. Devices with capture
zones can be used for direct collection of analytes from gaseous or liquid
medi a. For exanple, capture of hydrophobic pesticide residues frorn aqueous
sol utions by a hydrophobic surface may replace liquid/liquid extractions,
whi ch can be tine-consum ng and generate hazardous waste. The coll ected
materi al %@Hta&l{?ﬁms %yt Eeaafc&ai 2 Gastohaiqhid, bR 3N WSicHalsON@SgenfhRGhiONAL ed
by seri al par al | transfer to capture zones of conpl enentary

speci fi ci ta;amm?l?’ﬁ GWOEVBLQWEaW Bragepnadrivptatony Fawnatnn, A ASSEMRSERS f r om t he
device to gabk ag!pahs M;@pﬁlagrbe el L AGmbBCANLGNCS @DUARIA 6 10 the
sections esc i be ove. Mass spectronetry is generally used for

i denti fi canviermnehtahesuiles déhese sixerurss alguepretthi@ive dehRY JUesedy chmalste.

| MTuNoassay. MRy Wi ARBl! Bles TAGAIES BN aIEIAETE AN AR BB UBELLES,

previ ously deserined to present and ractlonate materials Tesulting from
any of thdigidepsdiaf @mvnmmﬂremaawrﬁanélhy@‘mghdblcsp@dClabovﬁedueSTH@frprae@@m

. devi ces can, .be .us ormto. deriv I nt them
for anal ySI IS.Ill'[IIOIEL'S lazl e] d %&Prﬂr if:iﬂor }éleglac 1&u1a%n{[t%tfeﬁ%@tda>ﬁgex§ln&p% f%??ﬁﬁ]% oties
may be add@dsmﬁng)e:&t ga‘mmd&shalmdmblxhasmedrl&nccﬁlh@ecueuieaa ¢ tbcmabml maluf&ancbl guous
i dentifi C&%I on g’r gﬂ& ecul ar sttg uc 25518Bi c%r wan m%hen;l S O%N
Veapons/ Bi GEER Br PepesSTi8udiaf (Hm btfe%' oVePHirent %onfrg ™ “Wth the
need for ploaipleprentiryaspeciadial prior ecatratsRe kiaglyeis zbm:sfnactralutﬂnatdeﬁctdnémedietnect| on of

chem cal and iol ogi ¢ ents in_both mlitar sce

Chal | enges™f&? bbl W\%ﬁﬁﬂﬁ’x%‘%ﬁt‘@@ﬁo&ﬁhﬁ e %ﬁl‘aéf% Bl t?{%éetcfl%rﬁ %ﬁ%‘ od
di sti ngui sitohg NIeds WeRBohNOIE YOSl aIsELIBr Id@lﬁifﬁatﬂj’ngﬁmbmﬂﬁiu rckhigesG b roget
battlefleldtechnlquefor bi o agents utj | i f F %/SIS'[O co vert
bi ol ogi cal ‘EBRTEUTIE 3§ BUNFRERTSY ERE P ﬁmldafleﬁ B L P TR Bvised as

t echni que #diyisRod-adtbRe Rl rékentind BRI H@bSatd MakAdlgREVtiaNrhG aPasfREk sigisree |t
woul d be nore specific than current_nmethods. Tests on i ndi viduals to

det er ni ne PorenesE! Balpus lrted £o0vRar Tier BeXgAtdces KaUPE S 81 0 HIPERLN t est s
or bl ood djiaihMi8 ahfFBNArAURSentFhadl tr 3hANESs RiRSBN SRS 18 exdthNd LG Laxices are
also of great interest for use in public places or in the battlefield. All
t hese net h@@@l-pr@%m mAabt eges 9 npestigigss elinpepbilized | oh thpdevicy darsiae, and

present at i QR Bf-usATR B8 48N IELECLAL Sk ObOt i €S or other renote nmeans.
Techni ques that can store, mani pul ate, concentrate far purify sanples or

t hose t hat lﬂééﬁi beﬂtﬂ&ﬁlﬂﬁmdt%em@ﬁh%ﬁmnﬁ‘ﬁmrmlﬁmb urhedfititey Strgs dovramrecnt he
potenti al x"iﬁotn'?eﬂ%llgg% L& If& ﬁt Sk gif \2%1 Bl &Iglg@eg% BSitirald e RUERENT

devi ces can are ror tron in a nanner
simlar toef btatm@émd bimaltldablaoen&nm bathmehtagl ashoipliesenating. addalidnges, fodevi ces

Wi th cust Ognowgi?my dtge&lgl[? ?I{Ch € santj)%e ccfel?':ct%nean ths ng%qnshu%tbemc%n 911915(91%93' §e@§1 of

i nterest from environmen OW pr ocessi hg of the
cells (or tokicusgamt oTheeiLﬁastd:akbﬁeldchmqw toalmd agmmﬂmcstmnsﬁlsrtambwm for

detection 1The f I | owi r oVi e addi.tio det about the
conposi ti olﬁILPO aqu?%?“ 210% aglgeas yg?m%i% €4 %S lﬁ'(rjlglg rﬁpe&m i de ?/m%@é of the
present i nyeptitlé divmakigets arhrgebyeamicmmpd oslhqe mncblﬂtb bagtoré mpa;lrfyc thay chirenitt t he

11005, S 4 BEuBAC R TR MDY GR o TRIBE porc ISR Rt agepis oy

involve breath tests or blood drawing techniques. Stand- alone bmsensom as alerting devices

are also of great interest for use in public places or in the battlefield. All tliese inethods
present challenges in sample collection, pre-treatment, and presentation of samples to
detectors by robotics or other remote means. Techniques that can store, manipulate,
concentrate of puiify samples or those that can be coupled to aerosol impactors currently
used have the potential of attracting the interest of defense agencies. The present devices can

be applied to biowarfare/bioterror detcction jn a manner similar to that described for
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FFFFFF [ 0251An anber shell vial (40 nL) was charged with 3.0 nL of

11-1-, 1H, 214, 2H perfluorooctanol (13.7 nrnol) and to this was added 1.4
wi L of 50% aqueous potassi um hydroxide (13.7 innol), The solution was
wanted to 80 C, stirred for 30 mnutes and 3.3 nL of 11-bronoundec-1-ene
(1.5 nunol) added. The reaction was maintained al 80 C for 52 horns until
TLC anal ysi s (hexane) showed the starting material was consuned. The
product was allowed to cool to roomtenperature, added to 100 ni et hyl
acetate and extracted with water (2 x 50 nL) and brine (1 x 50 The et hyl
acetate extract was dried over magnesium sulfate, filtered and the sol vent
evapor at edevonyatabsantplesf florddition, ditises melsi cdsiom CRblETOr 2887SChe boadssigedid i ed on

a silica aghiek basbbal exane@mé 0B 74 B BYhuBSEAALUNGKARE I | owed

by 10% et hyl acet at ractions co aining t Sl re product were
conbi ned arfdhetdalls G0V end) t@\ﬁ@sﬁlavadiktem, afdfporseni4hBR mgrkeB 49fdesttich. as a

| orl 1 A P C CDCL 5.8 21-1
3,60 (1 ,SSN%%‘%. slﬂ‘f, %ﬂél} FAYP ‘Est PrOJide he) %@“‘H?P dﬁi@f) }b% g “‘"m%gtl ) b3
(in, 2H), damBc@m, aBdHpse df 86 séuﬂple Drfeentdtior Ae(ibesottt] 1erpre[s¢£ﬂH)nveﬁ)¢ﬂlrrpilten¢ I
Preparatlon of 7,8,8, 3-

5
Tri decaf | u%\FBLB'é‘Pﬁﬂﬁx%eiSHdl8§&2ﬁW By it hgz“)“‘t?ﬁﬁﬁéﬁ ‘e/&?fg HPRREEE 102581A dry
round bottom flask (100 nm.,) was c@;g&glwth 1.0 g of 1(1.9 rinnol) under

Preparation of 11-(3,3,4,4,5,5,6,6,7,7,8,8,8-Tridecafluorooctyloxyyundec-1-ene (1)

RS R RS
RN N N R s <
FFF FFF

[0257]  An amber shell vial (40 mL) was charged with 3.0 mL of 1H,1H.2H,2H-
perfluorooctano] (13.7 mumol) and to this was added 1.4 ml of 50% aqueous potassium
hydroxide {13.7 mmol), The solution was warmed to 80__°C3 stirred for 30 minutes and 3.3
ml. of 11-bromoundec-1-ene (1.5 nunol) added. The tcactioﬁ‘ w-.as mamtained at 80 °C for 52
hovrs until TLC anatysis (hexane) showed the startln;g material was consumed. The product
was allowed to cool to room temperature, added to 100 mL ethyl acetate and exiracted with
water (2 x 50 mL) and brine (1 x 30 ml.). The ethyl acetate extract was dried over
magnesium sulfate, filtered and the solvent evaporated i1 vacuo to atford an oily residue. The
residue was purified on a silica gel flash column (50 x 300 mmn, 0% ethyl acetate/hexane
followed by 10% ethyl acetate/hexans). Fractions containing the desired product were
combined and the solvent evaporated o afford 4.52 g (64%) of 1 as a colorless oil. 'H NMR
(400 MHz, CDCl3): & 5.80 (m, 1H), 4.95 (1, 2H), 3.69 (1, ] = 6.8 Hz, 2I1), 3.43 (t, ] = 6.8 Hz,
2H), 2.39 (m, 2H), 2.03 (m, 2H), 1.55 ¢, 2H), 1.36 (mn, ZH), 1.27 (broad m, [0H).

Exarnple I
Preparation of Thioacetic Acid §-[11-(3,3.4.4,5,5,6,6,7,7.8.8,8-
Tridecafluorcoctyloxy)undecyl] Ester (2}

FFFEJFERF

)J\S/\/“\/\/\/\/\Of\/v\/(%(

FFFFFF

[0258) A dry round bottom flask (100 mL) was charged with 1.0 g of 1 (1.9 mmel) under
argon and 10 mL of dry methanol added. To the resulting solution was added 426 pL of
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argon and 10 nl of dry nethanol added. To the resulting solutlon was added
426 pL of 63 thiolacetic acid (6.0 mml) fol | owed by 52 iy '
2, 2' -azobi s(2- nmet hyl propi onam di ne) clihydrochloride (0.2 nnDI). The
reacti on was shrouded in a foil tent and exposed to |light horn a | ow
pressure nercury lanp. After 4 hours, TLC analysis (5% et hyl

acet at e/ hexane) revealed that the starting nmaterial had been consumed. The
sol vent was evaporated in yam() to give an oily residue. The residue was
purified on a silica gel flash colum (40 x 300 ram 0% et hyl
acet at e/ hexane foll owed by 5% et hyl acetatethexanc). Fractions containing
the desire a lve f rd 856
o (76%  of Bae g 5 R AR (00 e e T B

6.8 Hz, 21dibydroghlct@e (.2 mymal). Ghg 1mtlor2ma51§hmt@ec391§ﬁqﬂ @nbandzexwe(ésoh@nﬁ 1.55

m 2 [ on of
gl (3F% 4, 4§§¢%H%1%é$}$n%(§ &gP gg; dﬁ?gz%%iﬁﬁ@ﬂ5§tU|§é8§%§ i o (3) F
FF FF F HSmFEﬁﬁﬁﬁmﬁmﬂﬁﬁmAwnammémw$h@mhummakd(Q@Sdﬂ¢HWﬁ§dP%mﬁ@ﬁrmmmmoa
Tef | on- I|n%QHV|$J§

]?fr}BSlCEJQ HID residue was purified on a silica gel flash colurmn (40 x 300 mm,
0% ethyl acetate/hexane followed by 5% ecthyl acetate/liexane). Fractions containing the
desired product were combined and the solvent evaporated to afford §56 mg (76%) of 2 as a
colotless oil. 'H NMR (400 MHz, CDCl): §3.69 (t, J = 6.8 Hz, 2H), 3.43 (t, J = 6.8 Hz,
214, 2.39 (m, 2H), 2.31 (s, 3H), 1.55 (m, 21, 1.33 (m, 28}, 125 (broad m, 0.

Example 1]
Preparation of 11-(3,3.4,4,5,5,6,6,7,7,8,8,8-Tridecafluorooctyloxy)undecane- 1 -thiol (3)
FFFEFFEF
N
N N A \/f /%F
FFFFF F

[0259]  An amber shell vial (20 mL)} was fitted with a Teflon-lined silicon septum,
charged with 850 mg of 2 (1.1 mmol) and 5 mL of 3N methanslic hydrogen chioride (15
inmol) added. The resulting solution was warmed to 40 °C for 4 hours. The solvent was
removed to afford 782 mg (98%) of 3 as a colorless oil. 'H NMR. (400 MHz, CDCly): 6 3.69
(1, /= 6.8 Hz, 2H), 3.43 (t, J = 6.6 Hz, 2H), 2.51 (dd, J= 7.3, 7.6 Hz, 211), 2.39 {(m, 2H),
1.58 (m, 411), 1.32 (1, J=8.0 Hz, 1H), 1.25 (broad m, 12H}.

Example IV
Preparation of 11-{2-[2-(2-Methoxyethoxyjethoxyjethoxy}undec-1-ene (4)

B N N P R

[(0260] A round bottom flask (200 mL) was charged with 27.4 mL of triethyleneglycol
monomethy] ether (171 mmol} and 9.1 mL of 50% aqueous sodium hydroxide (114 mmol)
added. The pale yellow solution was watmed te 8Q °C, stirred for 30 minutes and 26.6 mL of
t1-bromoundec-1-ene (114 mmol) was added dropwise. The reaction was maintained at 80
°C for 7.5 hours until TLC analysis (100% ethyl acetate) showed the starting material to be
consumed. The product was cooled to room teniperature, diluted into 50 mL of water and
extracted with hexanes (3 x 50 mL}. The hexanes extracts were combined, dried over

magnesium sulfate, filtered and the solvent evaporated in vacuo to afford 20 g (56%) of 4 as
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charged with 850 ng of 2 (1.1 mml) and 5 nL of 3N nethanolic hydrogen
chloride (1S rnnol) added. The resulting solution was warned to 40 C for 4
hours. The sol vent was Tenoved to afford 782 rag (98% of 3 as a colorless
oil. 1HNWMR (400 MHz, CDC13): 8 169 (1, J = 6.8 Hz, 2H), 3.43 (t, J = 6.6
Hz, 21-1), 2.51 (dd, J 7.3, 7.6 Hz, 2H), 2.39 (in, 21-1), 1.58 (in, 411),
1.32 (t, T =8.0 Hz, 11-1), 1.25 (broad m 1211). Exanple |V Preparation of
11- {2-[2-(2- Met hoxyet hoxy) et hoxy] et boxy )undec-1-ene (4) [0260] A round
bottom flask (200 nL) was charged with 27.4 InL of triethyl eneglycol
nmononet hyl ether (171 mmol) and 9.1 nL of 50% aqueous sodi um hydroxi de (114
mol ) addedcledhelgikeoiy €H NMRIOOUMIRN CYES):VEaS. B (L 101) 800 m, MH)f 5.681356r 30

' d f |- dec-1l-eri I d i se.
The r eacti B Wb T (ot ASTTARTR0-E botliy 8T out it i A1 BRAry8RE 10056

et hyl acet ave)urshewednt he starting material to be consuned. The product was
cooled to roomtenperature, diluted into 50 niL of water and extracted with
hexanes (3 x 50 nL), The hexanes extpxagpe were conbined, dried over
magnesi um sul fate, filtered and the sol vent evapor?ted in vacuo to afford
20 g (56% [erpaslignof ThieacetigracidSoll brEd&&2-BrihoxvefioNORIPHIBhppundepBesy: 5. 81
(m 1H), 4.96 (m 21-1), 3.68-3.56 (m (s42H), 3.44 (t, J= 6.8 Hz, 2H), 3.38
(s, 3H, 2.04 (m 21-1), 1.57 (m 214), 126 (m 214), 1.27 (broad s,

101-1). Exanple V Piiﬁ?ration of Thi oacetic acid

S-(11-4242- (2- net hox tshMbWMgpd\e;cyi}\%gt\ng\

[0261] A dry round bottom flask (200 mL) was charged with 5.0 g of 4 (15.8 mmol)
under argon and 10 mL of dry methanol was added. To this was added 3.6 mL of thiolacetic
acid (50 numol) followed by 434 mg of 2,2’-azobis(2-methylpropionamidine)
dihydrochloride (1.6 mmol). The reaction wes shirouded in a foil tent and exposed to light
from a low pressure mercury lamp. After 13.5 hours, TLC analysis (ethyl acetate/hexane,
[:3) revealed the starting material had been consumed. The solvent was evaporated in vacuo
to give a residue with a strong sulfur-like odor. The residue was purified on a silica gel flash
column (40 x 300 mm, 30% ethyl acetate/hexane, and 50% ethyl acetate/hexane). Fractions
containing the desired product were combined and the solvent was evaporated to afford 5.83
a (94%) of 5 25 a colorless oil. "H NMR (400 MHz, CDCly): 5 3.67-3.54 (m, 12H), 3.44 (t, J
= 7.2 Hz, 2H), 3.38 (s, 3H), 2.86 (t, /= 7.2 Hz, 2I1), 2.32 (s, 3H), 1.57 (m, 4H), 1.36-1.26
(broad 1n, 14H).

Example V1
Preparation of 11-{2-[2-(2-Methoxyethoxy)ethoxy]ethoxy }undecane-1-thic] (6)

HS/WW\/\OA‘/O\/\O/\/O\

[0262]  An amber shell vial (20 mL) fitted with a Tefion-lined silicon septum was
charged with 5.0 g of 5 (12.7 mmol) and 7 mL of 3N methanolic hydrogen chloride (21
mmol) was added. The solution was warmed to 40 °C for 6 hours. The solvent was then
evaporated in vacuo to afford 4.40 g (98%) of 6 as a colorless waxy gel. "H NMR (400 MHz,
CDCls): 6 3.67-3.54 (m, 1214), 3.44 (t, /= 6.8 Hz, 2H), 3.37 (s, 3H), 2.51 (dd, /= 7.3, 8.0
Hz 2H), 1.57 {m, 4H), 1.32 (t, J= 7.6 Hz, 1H), 1.26 (broad m, 14H).



(5) 10261] A dry round bottomflask (200 niL) was charged with 5.0 g of 4
(15.8 mmol ) under argon and 10 nL of dry nethanol was added. To this was
added 3.6 nlL of thiolacetic acid (SO nunal) followed by 434 ng of

2, 2' -azobi s(2-net hylpropi onam di ne) di hydrochloride (1.6 mmol). The
reaction was shrouded in a foil tent and exposed to light froma | ow
pressure nercury lanp. After 15.5 hours, TLC analysis (ethyl

acet at e/ hexane, 1.:3) revealed the starting material had been consuned. The
sol vent was evaporated in vacuo to give a residue with a strong sulfur-Iike
odor. The residue was purified on a silica gel flash colum (40 x 300 nmm
30% et hyl acet at e/ hexane, and SCWbeE%VW‘é%@tatethexane) Fracti ons

containing the desf&ggmﬂ%qggq@(M@ﬁgmqggyym@ﬂﬂgggembgﬂﬁg#%ﬁg% was evapor at ed

to afford 5.33 g (94% of as a colorless oil. 114 MHz, CDCl13): 8
3.67-3.54 (rn, 1211), [< 7 O%%Ux 3-38ots, 3H), 2.86 (t, J=
7.2 Hz, ZFD 2.32 (s, 3 4) 1.57 (rn, 926 (broad in, 14H).
Exanple Vi paratlo

11-{ 212- (21‘%%% hoxi}éPW@xRP}tBPHB?H%%OHB&W%Fn%@%8’-‘%-%% BF of dyetidereelyepb g1 An

anber shel to.¥nal) af20.0h). of Stdedustint Bodurd @§dreidd (el 8.l It pRaseidtdMhwas

solution was warmead to 100 °C, stirred for 30 minutes and 22.0 mL of 11-bromoundec-1-ene
(0.1 mol) were added dropwise to give a datk vellow solution which produced a precipitate
of sodium bromide. The reaction was maintained at 100 °C for 2.5 hours until TLC analysis
(methanol/ethyl acetate/hexane, 1:1:8) revealed that the starting material to be consumed.
The reaction was cooled to room temperature, diluted iuto 300 mL of water and extracted
with hexanes (3 x 100 mL). The organic extracts were combined, washed with brine (30
ml), dried over magnesium sulfate and filtered. The solvent evaporated in vacuo to give an
oily residue. The residue was purified on a silica gel flash column (50 x 400 mm,
methanol/ethyl acetate/hexane 5:5:90). Fractions containing the desired product were
combined and the solvent was evaporated to give 20.8 g (69%) of 7 as a clear oil. YH NMR
(400 MHz, CDCls): 8 5.78 (m, 1H), 4.93 (m, 2H)}, 3.72-3.55 (i, 12H), 3.42 (, J = 7.2 He,
2H), 2.64 (t, J=5.6 Hz, [H), 2.01 (m, 2H), 1.54 {n, 2E), 1.34 (m, 2I1), 1.25 (broad s, 10H).

Example VUI
Preparation of Thicacetic acid S-(11-{2-[2-(2-hydroxyethoxy)ethoxy]ethoxy}undecyl) ester
(8)
0]
/J\S/“\/*\vf\»/“\/*\¢f\o/“\/ox/fxof\\/OH

[0264) A dry round botton flask (100 mL) was charged with 2.0 g of 7 (6.6 mmol) under
argon and 10 mL of dry methanol added. To this was added 2.85 mL of thiolacetic acid (40
mmol) followed by 271 mg of 2,2’-azohis(2-methylipropionamidine) dihydrochloride (1.0
mumel). The reaction was shrouded in a foil tent and exposed to with light from a low
pressure mercury lamp. After 6 hours, TLC analysis (methanol/ethyl acetate/hexane, 1:1:8)
Tevealed that the starting material had been consumed. The solvent was evaporated in vacio
to give yellow oil. The oil was purified on a silica gel flash column (50 x 300 mun,
methanol/ethyl acetate/hexane, 1:1:8). Fractions containing the desired product were

combined and ile solvent was evaporated to afford 2.44 g (98%%) of 8 as a light yellow oil. 'H
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charged with 5.0 g of 5 (12.7 mml) and 7 nL of 3N nethanolic hydrogen
chloride (21 mvol) was added. The solution was warned to 40 C for 6 hours.
The sol vent was then evaporated in vacuo to afford 4.40 g (98% of 6 as a
colorless waxy gel. 114 NWVR (400 MHz, CDC13): 8 3.67-3.54 (in, 121-i), 3.44
(t, J= 6.8 Hz, 2H), 3.37 (s, 31-0, 2.51 (dd, Jr 7.3, 8.0 Flz, 21-1), 1.57
(m 4H), 1.32 (t, J= 7.6 Hz, 1H), 1.26 (broad m 14H). Exanple VII
Preparation of 2-(2-(2-Undec-10-enyloxyet hoxy)ethoxyl ethanol (7) [0263]A
round bottomflask (250 m,) was charged with 67.0 nL of triethyleneglycol
(0_5 nol) and 8.0 nL of 50% aqueous sodi um hydroxide (8 m., 0.1 rnol) was
added. Thens®l (400 PRizVaBCWRRBEED -1. 8 (hQQ21E), 3si(r, Ved.§ He, 280, hdhutls7ant, 22. 0 nL

of 11-bro n -1-ene ( re ded ppwi se t ive a dark yell ow
sol ution %cﬁgg&éﬁgéeﬁﬂaga%@g?%%9‘3?@’1’0'&85&‘?'8‘?# @?% '"Eteﬁthe reacti on was
mai ntai ned at 100 C for 2.5 hours uptil T@C anal ysi s (et hanol / et hyl

acet at e/ hexane, 1:1:8) reveal ed t hat* Wl S art ng material to be consuned.

The reaction wapgaali@ot0120L M erdginerkatisiysthakiy]ctiorgetlaha (00 nL of
water and extracted with hexanes (3 x 100 inL). The organic extracts were

conbi ned, washed wit hHWWinﬂQ}DHm sul fate and

filtered. The sol vent “evaporated in vacuo to give an oily residue. The

resi due Waﬁ)ﬁ@:ﬁ“ fi egafne?%ghﬂ%li ‘l,'llalcéggxglj} F»'Ja."?‘__%ﬁ'te O\r!qH]np T(eﬁ n-ﬁu{:‘bogli%%ese tun,

met hanol / e ace exane 5. ractions contal ning esired
product wettargedndiihried andls téé nsolly et 5.0md. e/ orcdeadictiydgizee coid (@5 (69%

Sty 575 5mel e Thetehy i Gl Rl bty SR i g poits s Sp Dent il gl P2 (M
]Ié)](_-al) l, eZVIOQ.vabdﬂﬁtcd ﬂﬂmﬂ:fi)-la tohfﬁéﬂ_r:(.(ilfﬁl g (fE%’ul) ofl9 %I‘b dolfric@lvgxy gl XBNMIt o@d MHz 10H) .
o o o L Sheh AR S e e T B At T LR sole? 3P &I 4= 76

7.4 Hz. 2H), 1.62-1.52 (m, 4H), 1.31 (t, J= 7.6 Hz, 1H), 1.26 (broad m, 14H).

Example X
Preparation of Undec-10-enyl-oxymethylbenzene (10)

‘\\/W\/\\/\O/\] X
L
[0266] A dry round bottom flask (100 mL) was charged with 5.0 g of undec-10-en-1-ol
(29.4 mmol) under argon and 25 mL of dry N AN-dimethylformamide was added. The
resulting solution was cooled to 0 °C and 2.16 g of 60% sodium hydride in mineral oil (45
mnmol) was added in one portion. The frothing mixfure was stirred under argon at 0 °C {or 30
minutes. To the chilled, stirred solution was added dropwise 7.7 g of bromomethylbenzene
(45 mmol) in Sml. of dry N ,N-dimethylforrnamide and the reaction was allowed to warm to
room temperature while stirring for 3 hours. The reaction was quenched by the slow addition
of 100mL of ethy| acetate, extracted with 1N hydrochloric acid (2 x 50 ml.) and brine (1 x
50ml). The organic layer was dried over magnesium sulfate, filtered and the solvent
evaporated to give an oily residue (9.5 g). The residue was purified on a silica gel flash
colutn (30 x 300 mm, 94:5:1 hexane/toluene/ethyl acetate) and the fractions containing the
desired product were combined. Finally, the solvent was evaporated in vacuo to afford 7.1g
(93%) of 10 as a colorless oil. 'HNMR (400 MHz, CDCls): & 7.32 (d, 4H), 7.28 (m, 1H),
5.81 (m, 1H), 4.95 (m, 2H), 4.49 (s, 2H), 3.46 (1, 2H), 2.03 (m, 2H), 1.61 (m, 2H), 1.35
(broad m, 4H), 1.24 (broad s, 10H).

&7



Ji 70 [0264] A dry round bottom flask (100 nL) was charged with 2.0 g of 7
(6.6 mml) under argon and 10 nL of dry nethanol added. To this was added
2.85 nL of thiolacetic acid (40 mml) followed by 271 ng of 2;

2' - azobi s(2-met hyl propi onani | di ne) di hydrochlovide (1.0 mnol). The
reaction was shrouded in a foil tent and exposed to with light froma | ow
pressure nercury lanp. After 6 hours, TLC anal ysis (nethanol/ethyl

acet at e/ hexane, 1:1:8) revealed that the starting material had been
consunmed. The sol vent was evaporated in vacuo to give yellow oil. The oi
was purified on a silica gel flash colum (50 x 300 m n, nethanol/ethyl
acet at e/ hexane, 1:1:8). Fractions c@riémplaixhg the desired product were

nbi ned and th I fford 2 9 f 8
Light yel low ofl . Ve“k@“’aisaﬁovaeﬁé’rﬁceg%%@g?ﬂe%eﬂ%ﬁ%@?ﬁ%%(ﬁﬁ? o, "5,
J =6.6 Hz, 211), 2.83 (t, = 7.2 Hz, 214), 2.66 (broad s, 1H), 2.29 (s,

31-1), 1.52 (n, 4H), 1.32;&T23 (broad |n 14F&EQ |l e I X Preparation of
2-{2-[2-(1 1-Mercaptoundety et™ho 1 (9) [02651An anber
shell vial (20 niL) was fitted with a Teflon i ned Q;kicon septum charged
with 2.40 g of 8 (6.4 mmol) and 5.0 nth of 3N tnethanolic hydrogen chloride

(15 mmol) agded. EhgcietdUlnbiddacsieh Ut sarbwmwmstt&aﬁ@d %nfnom dragrs. The

sol vent was then evaporated in vacua to afford 2. (95 as a

col orl ess Wddmma) . andi 40.88R €406 Adz-azabC- @):thﬂ@rownzmghr% @rhwdrmmndés 43

(t 62JI 228 {fl_%?rmg . IT}mi v%ﬁé%ﬂ{a@: Q%ﬂ?&%ﬁ evsacuajcejd@u]i_ Ib4 lc%fﬁ%g\mﬂgm gmz (s@vcra? r:f}df!_sg
While vnder argon, 60 ml of anhydreus methano! and 0.520 g of thloacetic aC]d (9? mmo[)
were nyjected into the reaction vessel and the contents of the vessel were stirred. ‘The vessel
was again evacuated and back-flushed with argon (several cyeles). The UV lamp was
activated and the mixture irradiated under argon with coustant stirring for 3 hours, The
reaction was centinually cooled {water jacket) and the temperature maintained beJow 38 °C
during the photo-reaction process. The reaction vessel was allowed to cool to rcom
ternperature and the solvent was evaporated to give pale yellow oil (10.8 g). The oil was
purified on a silica gel flash columa (50 x 300 mun, 98:2 hexanelethyl acetate) and the
fractions containing the desired product were combined. Finally, the solvent was removed in
vacuo to afford 5.0g (77%) of 11 as a colorless oil. 'H NMR (400 MHz, CDCls): § 7.32 (4,
4H), 7.28 (m, 1H), .49 (5, 2H), 3.46 (t, 2H), 2.86(t, 2H), 2.31(s, 3H), 1.50-1.66 (m, 4H),
1.20-1.40 (broad 1n, 14H}.

Example XI1
Preparation of 11-Benzyloxyundecane-1-thiol (12)

HS/\\//\\/\\/\N\O ] =

L

[0263] An amber shell vial (40 mL} was fitted with a Teflon-lined silicon septum,
charged with 3.04 g of 11 (9.03mmol) followed by 2mL of dichloromethane, 1L of hexans,
and 12 mL of 4.9 N ethanolic hydrogen chloride. The resuliing solution was warmed to 40°
C for 4.5 hours. The solvent was then evaporated in vacuo to alford a colorless oily residue
(2.8 g). The residue was purified on a silica gel flash column (25 x 450 mn, 9:1
hexanc/chloraform) and the fractions containing the desired product were then combined.

The soivent was evaporated #n vacuoe to give 2.5 g (94%) of 12 as a colorless oil. 'Tf NMR.
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Exanpl e X Preparati on of Undec-10-enyl - oxynet hyl benzene (10) [0266] A dry
round bottom flask (100 nit) was charged with 5.0 g of undec-10-en-1-ol
(29.4 muol) under argon and 25 nL of dry Ar, N-di ntethyl fornmam de was added.
The resulting solution was cooled to 0 C and 2.16 g of 60% sodi um hydri de
in mneral oil (45 mmol) was added in one portion. The frothing m xture was
stirred under argon at 0 C for 30 mnutes. To the chilled, stirred solution
was added dropwi se 7.7 g of brononethyl benzene (45 mml) in 5m., of dry

N, N- di et hyl f ormar ni de and the reaction was allowed to warmto room
tenperature while stirring for 3 hours. The reaction was quenched by the

sl ow addi t 490 MHz 1OD0OL): &f 7.3 iy BHaCcEISae, 1Fxisact @) vi.4d (1) NihydnachHpri c
acid (2 x rnL) a rhne X, 50m ., The organic |layer was dried over
nagnesiunligpﬂa é?“?ﬁmF@bgdmgﬁﬁm1WeﬁéﬁT@gﬁp‘evaporated to give an oily
residue (9.5 g). The residue was pu [fi§q¥§f a silica gel flash colum (50
x 300 mm 94:5:1 hexane/t ol uene/ et hjf*"4c%e e) and the fiactions containing

the desired propiggdrativnrog Seonichbibd Mdndalyéry on GHE-Guated Silicongsbsawapor at ed i n
vacua to afford 7.1g (93% of 10 as a colorless oil. NWR (400 MHz, CDC13):

6 7.32 (d, [#2dy] 7SDRof nyafdrk)(200 a8, PaAypel Myimed GRe (SliccaH) 00)4wd® disd @11),

3.46 (t, 21-1)., 2.03 (m , 1.61 _(m 211 1.3 broad in, 4 1.24
(broad s, ~ Toyieat mbaifundr L st T g I autt Bag] grricle ©16 fi

S- (11- Benzyd 2ocpundigeydubgsitee Melal ddbbsitidD4:/chAidiackiataesP pfubepiieass §yeRrmvessel
(250 nL) was first charged with OS. 8 of 10 (19.2nmml) and 0.5205% o,[f

2, 2" - azobi SR IRENPEFEH onathi Whg) g SRR HIFBIORT 8 Y981 . CfAR vessel

was seal ed.an@\aasthedrandiRaakadd as Badsivé 1) cAbYARUISEYRT Alnp@WCleP) wahi | e
under argon, nmL of anhydrous nethano of thioacetic acid (92

60 | d 0.520
mmol . ) wer &Pytisfedct adate AT & AHe artbigaes o @Qx dfoldas Th%% sRuREed At & 1987 ok fle

vessel wer g/sthh Ik edinickhs W Si9eh ANRSHAURE ety agdiadt efi-ARM Bawkndd yshed with
argon (several cycles). The WV | anp was activated and the m xture

i rradi at ed '"8A@&F argon with constant stirring for 3 hours. The reaction was

continual | xoﬁaﬂ)%-{om ﬁenals@!ﬁggsémagg%&l@.eommﬁmﬁegrv@lrmlameaibp%amhpw 38 C

during the photo-reaction process. reaction vessel was allowed to cool
to room t ermiéraguy plagrrdatt W Woby 8¢ svils wbaptss ateesdripsed giitheethsapleangetherow oi |
(10.9 9). [. s . puified . a Slel iaC asy ye 00 mMm
98, 2 hexan-é?}e?sff%%d \ggetaatwég lfng/ﬁds% lﬁgﬁf rdafc;3i g%g%é%jrll% af mﬁgb{éh@;& ‘é@gﬁa@éﬁgpr oduct
wer e conbi metyldziymaddcyne-t-theols ol wtnnolwasl mewhated datt lvomesmpestaf for d Bridy (77%

of 11 as a golorless oi M;AQIS\{I—% Clgg , 5_%3,%& ,_Y.E(in,
Ty aae (USR] Bt DT AEAS, Wi IR s el ot a4
(lii, 4H), aise@Biiidh, clonoachddrat 108 rpm with ethanol and dried under a stream of nitrogen,
The advancing contact amgles of water drops (0.5 pL) applied to the surface-modified
subsfrates were in the range 114° to 120° Surface-modified substrales were stored in fitted

plastic containers with transparent amber UV resistant covers.

Example X1V

Preparation of Patterned Sample Presentation Devices

[0271] Twenty-four (24) surface-modified substrates were prepared as described above,
meunted in a custom alignment jig and covered with a pin-registered etched stainless steel
shadow mask (0.002 inch) having features corresponding in size and shape to the liquid
retention zcene. The jig was placed on the moving belt of an air-cooled ultraviolet curing
system fitted with a Jow-pressure mercury light source rated at 120 W/em?® and passed under
the hght source 45 to 75 times over the course of one hour, Following UV exposure, the
substrates were removed from the jig, spin washed at 1000 rpm with ethano} and dried under
a streawn of nitrogen. The exposed substrates were placed in a 0.1 mM solution of 6 (11-{2-

[2-(2-methoxyethoxy)ethoxy]ethoxy} undecane-1-thiol) in ethanol and incubated at room
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Example XI'1 Preparation of 11-11enzyl oxyundecane-|-thiol (12) [ 0268] An
anber shell vial (40 nL) was fitted with a Teflon-lined silicon septum
charged with 3.04 g of 11 (9.03nrnol.) followed by 2nlL of dichl oromnethane,
| ML of hexane, and 12 nL of 4S N ethanolic hydrogen chloride. The resulting
solution was warnmed to 40 C for 4.5 hours. The solvent was then evaporated
in VOC710 to arford a colorless oily residue (2.8 g). The residue was
purified on a silica gel flash colum (25 x 450 mm 9:1 hexane/ chl orof orm
and the fractions containing the desired product were then conbined. The
sol vent was evaporated in vacua to give 2.5 g (94% of 12 as a colorless
oi l. 11-1 iiRera(iOdr WhizriodCEEI3Y frof: 71032 Kodrs. Ahitdrped/su2Bed-inndifiddfubsidated9 (s,
211), 3.46 (t, 214,_2.3%% 21- 1..55-1.65 ( 4H), .1.20-1. 40, (broad m
broad t. 15HF re%%\ée)rgpflgn ?ﬁsamg'ly jt)afh, spin wag'heg at 2ho rp|;|t)1 w;t:h a%]ganol and éned

under a stream of nitrogen. The advancing contact angles of water drops applied to the liquid

retention zone were in the range 60° to §5°, and when applied 1o the boundary zone were in

the range 110%to 115°.

[0272] Patterned surface-modified substrates were mounted 1n a custom alignment jig

and covered with a sccond pin-registered etched stainless steel shadow mask having featnres

corregponding in size and shape to the analysis zone. The jig was placed on the moving belt

of the ultraviolet curing system and passed under the light sowce 45 to 75 times over the

course of one hour, Following UV exlnbsul'e, the substrates were removed from the jig, spin

washed at 1000 rpm with ethanol and dried under a stream of mitrogen. The exposed

substrates  were placed n  a 01mM  solution of 9 (2-{2-[2-(11-

mercaptoundecyloxy)eihoxyJethoxy}ethanol) in ethanol and incubated at toom temperature

for 1-24 hours. Finally, twice-patterned surface-modificd substrates were removed from the

assembly bath, spin washed at 1000 rpm with ethanol and dried under a stream of nitrogen.

The advancing contact angles of water drops applied to the analysis zone were less (han 47"

Twice-patterned surface-modified substrates were stored in fitted plastic containers with

amber transparent UV resistant covers.

[0273)  While vanous embodiments of the present invention have been described above,

it should be understood that they have been presented by way of example only, and not

limitation, In particular, the physical arrangement of the analysis zone, liquid retention zone,

and boundary zone s not limited by the examples described above. Thus, the breadth and

scope of the present invention should not be Jimited by any of the above-described exemplary

embodiments.

Example XV

Saniple Containment and Positioning

(0274} Analyte-confming properties of the anzlysis zonc, which afford an increase in
sensitivity of detection, are demonstrated in the video contact angle images shown in FIGS.
L1a through 11k, With reference to FIG. 114, the sample presentation device of the present
mvention was prepared with a liquid retention zone measuring about 1.6 mm OD and an
analysis zone measuring about 0.7 mm OD. To facilitate the observation of the focusing

effect, the analysis zohe was placed off-center. A drop of water was applied to the surface of
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Preparation of Self-Assenbl ed Monol ayers on Gol d-Coated Silicon Substrates
[0269] Silicon wafers (200 mm P-type, Prinme Grade Silicon 100) were diced
to individual substrates and cleaned to afford a surface having fewer than
10 particles (0.16 in to 3000 un) per substrate. Metal deposition was
carried out in a CPA 9900 sputtering systemw th a base pressure of S x 104
mm |In the sputtering chanber, the substrates were cleaned and etched by
argon plasma and an adhesive | ayer of titaniumand tungsten (1:9) was
sputtered at a rate of 5 A's to a thickness of 250 A Gold was then
sputtered at a rate of 20 A's up to a thickness of 1000 A Substrates were
cool ed undéf bieahinerbasFIbewy§srte Pidocandnpijgil to ho SFErPRIeS FOTEPIEIE M aNie r

assenbly, gal gy e&aa&?fbn% WRhE aﬁa%%.s%ﬁ@ PleGANRGe¥d LB HREHe Wrkdd: A1z0QN
pl asma at 2 0 Wtor 300 s. The substrates were rinsed with et hanol” and then

t r ansf er r ederedecqrdsd 3md wesgfbothgownd terbe$f7-13 a value which corresponds to that exhibited

(11-(3, 3, + Moita S Oorbhafedlivdhn BBk C!ﬁec?rL Rt?&tz%BQﬁxﬁdéﬁQegéﬂ% drg tci?ie‘a") in

et hanol I'ncu room t enper at or a period ranging from1 to 24
hour s. F|na*hgﬁosumbaoaa@nd&ﬁ@%dﬂéubsméaﬂﬁs mﬁh@wr@nmveﬂnﬂﬂﬁnmﬁh@uassenbly

b.at h, spi n?lﬁzei‘aggedgé u.ljiglognerrgm!%mo% thie%%% Ire %S'deﬁr e{(ﬂdtu?gﬂ'rg f‘]l %EIE: %F& ed to

ni t rogen. vanci ng contac ter do appli
t he surf acBuntmdnéreed tieubst draideswvmbeerwd thiteha @ngeoflthd @:opand20io the right

Sui f ace- nDdlfled tr at itted C..con ners W th
t ranspar ent® &t All%) Eff’f; 9?? C&ﬁ? IES 8? %Idth V% \)lhlf"fk;:eﬂt i %tmﬂ%ﬂglbfs ide

Patt er ned Gaimut mg&rsesoemeaﬁn PG, mu@1e310[h&3171iﬁ] tI\ISle )3 ;l“ fawlmﬁ%)u correcponds

sur f ace- m)dll§?‘é d b Erate merem&ﬁ qredlaP ed above, qﬁed in a
oot om al T BT b A SRR R PG DR CHRA Tl I ase

SL eel shadﬁwplma@kt é&t@ﬁ&ﬂi doﬂﬁ&)mz@la\diaﬂgeJoﬁﬁH Gy @ﬁlmawnaslnomém%mmns)fﬂe gnfl
shape to the liquid retention_ zone. t he nmovi ng belt
of an air- %%F%geptﬂtetdr%g 7 éf @{Pruﬁlﬁél"é’?é‘fl Iﬁmﬁﬁ]é‘amfiﬁ%tyﬁn g{h de pressure
mercury |light source rated at 120 gﬁggp passed under the |ight source
45 to 75 times over the course of Fol | owi ng UV exposure, the

substrates were remppediiizapCahity bg]?att%mlerﬂ]Séﬂiﬁﬁ@%@séﬁfml&@@@wﬁd@mWth et hanol
and dried under a stream of nitrogen. The exposed substrates were placed in

a 0.1 nM sed2g5) onThE irfchkdingid- l1-ﬁ1ﬂd-€181dfﬁ9t bpxyet boxyg atduax yieitdaxydne is
undecane-l-thlolg &n et hanol q i ncubat ed _at room
demonsirated n FIG, 13. An Ulustration of & 16-site sample presentation device of the
present invention shows the retention of sample drop volumes in the range 5 pL to 70 pL.
The only factor that appears to significantly limit the sample drop volume is the relative

proximity of the adjacent pairs of target and liquid retention zones.

Example XVII

Analyte Directing and Conceniration

[0276] Analyte-confining properties of lhe analysis zone are further demonstrated in
FIGS. 1da and 145. The first illustration (FIG. 14a) is of a 16-site sample presentation
device of the present invention with sample drop volumes in the range SuL to 40 pL deposed
on the surface of 8 of the 16 sites. Each of the liquid drops contained an equivalent amount
of HCCA. FIG. 14J is an illustration of the HCCA having been concentrated and directed to
the analysis zone due to sample drying on the sample presentation device depicted in FIG.
14a. The relative size of the analysis zone and the liquid retention zone is superimposed

above the HCCA for comparison purposes.
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tenperature for a period ranging from1l to 24 hours. Patterned
surface-nodi fi ed substrates WeTe renoved fromthe assenbly bath, spin
washed at 2400 rpmwi th ethanol and dried under a stream of nitrogen. The
advanci ng contact angles of water drops applied to the liquid retention
zone were in the range 60 to 65, and when applied to the boundary zone were
in the range 110 to 119. [02721Patterned surface-nodified substrates were
nounted in a customalignnment jig and covered with a second pin-registered
etched stainless steel shadow mask having features corresponding in size
and shape to the analysis zone, The jig was placed on the noving belt of

t he ul tr aviaptueg Cliipg i ng system and passed under the |ight source 45 to 75

ti mes over cqur f | QW uv. . ates
wero r emov8h Tr ot eRan g RE e Bl ¥ SRR [bice BRETUERN & e
under a staream edalyi bindigenegidihe Téx pmsiag ragids nragtbe sippleaddo pdtac eklytes far 0. 1 MMl
solution o (2-{2-] 2- - ner.capt ound | oxy,) el |l oo ethoxy}ethanol) in
et hanol an%m?eﬁcﬁfﬂéetsgég aaél&&f'watﬂém %rf(‘?a‘frhr(-%%'y %Pbﬁzi-lﬁﬁseﬁ%ﬁ%ns .dlg F%al fny one

t Wi ce- pat tsphedors witathe deritkdf anelgtes ulasdapated dyvebiading napvad ilier mofudehe thssenbl y
bat h, spin washed at.1000.rpmw.th ethanol and dried under, a stream of

ni t rogen. S?F?@I.Sé Pé‘&f\%ﬂ%qnnfgﬂ"b% At gﬁsthegf?g’icglgv%'ﬁumfagg HFOPs nﬂ}gpdlef”b% af@y’iﬁﬁe

anal ysi s z08eened@sddeSen tiitetindidg refibh € & &t ey Bedirgudfiased apdidlystdzone
substrat es m?r stored in fitted plastic containers wﬁ#h anber traggparent

WV resi st afit "¢ByeMmeasyusers iPT Erogengus KRtsbdir e HE s BT0% AP d88h
invention 4aN& Beae/Besetidtes ARONRabId dpeShquk dsdie, underst godint kal). they have
been presented by way of exanple only, and not limtation, In particular,
the physi ci® *BP!<atRye ALRTSt BYrtiph el t&ﬁamé%rfé SHRSIFS 29 (PGUEY 1 B EAERYS e 20He, and
boundary z@Reesi 8f Bels %m HBRL R b thceeaingl 851yHESE R RPANE: (kMSHhe t he
breadth and scope of the present invention should not be Ilimted by any of

t he above- HeYel rYEdoaReARBEReES BB QINEHNE. Exanpl e XV Sanpl e Cont ai nnent

and Posi ti @319 [Q2443ARAbY (08 e QRE )P bREREOPEN d:8 Sane 141 BABhYSIESsE ONe,
which afford an increase in sensitivity of detection, are denonstrated in

the video @oerier/carmgheaty sbign’s aahebineviated-Kmsyhersa " hi guginetisnl dewipyaion
reference fa,5l.G t}{]ejngzgnb\%mpﬁz%ﬁé@ﬁh@ér E4rahd sgﬁllpfztj:g:\fésgﬁatﬂin tfe.bi@e,%hgﬁe"ﬂt’

i nvention was prepar aliquid retention ne neasuring about 1.6 nmm
OD and an eandksy sumbmdromesuntingy. aBowt fooeumpty @aXTdargechipithatve tdnes,
observati ot %tj L0 fcﬁﬁ)uﬁ%sngugef fZ(?n(\éE ' tE.heT@q%{eﬁélit %n&ﬁﬁ&) %lﬁer%lgt&? qample
of f-center. dr of "wat'er was aﬁpTl ed to e surface o
presentation devices containing many more than 2 or 3 zones and is not limited in any way to
a specific number of zones. As the number of zones increases, the overall effect approaches
a gradient. Capture chips and capture/concentrate chips are sample presentation devices
comprised of one or more zones that are designed to bind analytes. The moieties responsible
for capturing analytes typically comprise specific surface modifications that arc designed as
the distingnishing feature of the capture zone. These surface modifications may comprise
biological and/or chemical moieties that bind analytes specificaily {such as monoclonal
antibodies) or non-specifically (such as charged groups that bind on the basis of electrostatic
aftraction) or any combination of such attractive forces. These bound analytes may then be
turther processed cn the surface prior to analysis. These processing steps include, but are not
limited to, purificalion of the analyte of interest through various washing sleps, modification
of the analyte by chemical, biochemical, or physical methods, and isolation for subsequent
use. The hound analytes may then be released after being subjected to chemical or physical
stimuli such as changes in pH, changes in solvent composition, UV radiation, electricity, or
heat. Upon release, the analytes may then be concentraled to the analysis zone upon solvent

evaporation,



t he bi ochip and was observed to rapidly confine itself to the surface area
corresponding to the liquid retention zone and the anal ysis zone. The
initial lett-side and right-side contact angles were recorded and were both
found to be 57.1, a value which corresponds to that exhibited by a surface
prepared fromexclusively the liquid retention zone nononer. As the drop
dried owng to evaporation (see FIGS. |lb through 11h), both the observed
radi us and contact angles receded until the radius of the drop corresponded
to that of the analysis zone. Furthernore, as the drop dried it was
observed that the center of the drop noved to the right so as to allow the
drop to ceit®l i tlsehé voreéirn ilhsiraehiny®iGs 17, divecapTiveciieflBl s¢migisend snfaght - si de
contact angles recorded in.F G . lib wer h.fo e.3h. 40 val ue
whi ch corgggg%ﬁﬁ§mggmfﬁge g@hfﬁ??%ﬁzg?eg8§3$¥%%%gggg%§?§dn%%cTﬂ%ﬁ?&?y from
t he anal ysdnslyzioaencnddomera boihdrdrop 186sghtopding dislvaging oont $icbs shioghen dat a

recorded in conj iQn Wit e acquisition of the inages depicted in

FI GS. Ha t%?Po{%gﬁy?ﬁﬁlll%i SW%WPZ@E(@@%{B&%%} ycoi"f?”ﬁs(f]g@% 4 a?‘r‘%l tgr XV

Li qui d- Hol gbméinCamages ¢ p0f chBatchRl hiechefpavin|cee. )Pr ESe nEatliantebay ieg@splf @275] The
ext raor di nar i qui d-hol di.ng capacit f the liquid. retention zone is
denonst r at ¥G 413 Fjrgire f%’?ed]l,&ﬁq? BRI F%?%{'F‘gﬁm%?‘ﬁ%? tli‘g“ §‘ﬂ‘tq€%sa§ﬁﬁ]:wé‘ BrestHt ati on
device of hbQedfees@®MculcNyBtth® MRV RE Nz 1 LR il ol cOftaisidBlCandly@P o¥ ol unes
in the range 5 i% to 70 pL. Th onl¥ﬁ%fcton t hat agge rs éo significantly
limit the K &dP8pPREEnRAHECs e P WIFFE prooxt) T§0. 396, d AR ey Hent
pairs of tangedna0chidlihigittd efcot @AM wiBNake b&EXANRH! R XM by Makyite né ecting
and Concentration [0276] Anal te-conflnlngeprogertles of the analysis zone
are furt herSgBndayt thtwnb) A POedS Thaaghlps14b bintrhe frifirdiond ppses @ hen (FI G
14a) is of ,@nldbesihi GpRRERIR 18 ESEMbAL iPfeARY bEBICOTIST NPk @86 ofi iRt | ON

wi th sanple drop volunes in the range 51.". to 40 pL, deposed on the surface
of 8 of th@ovigestonlew tipkipding infgrstipy guicerdhoitidont ai ned an equi val ent

amount of HeEGA Fida ¢ §91 | the AddstrtdIglolealibom40f 9 "B sHOGRNAYILAY REE RS
concentrated and directed to the anal ysis zone dué to sanple drying on the

sanpl e pr edenndeivsan depi@anddpi e Ba- i1h M v fap ofhidudel0at frgeoisindesiigd t he
anal ggin;éfg@@%ﬁ%girsg%g bt o BBLLAR. 2Rk PP RAIRORGE ADRYROIRE HOA
in step (d} of FIG. 15. The analytes of interest 192 are then rcleased from the surface of the
captere zone 184. This release of the desired molecules 192 may he achieve (lwough
introduction of chemicals in the new drop of liquid 202, introduction of liquid or solvent with
particular intrinsic properties which facilitates the release of desired molecules, photon
excitation, change in pH, change in temperature, or other chemical and/or physical changes.
The liquid is then vemoved from the capture zone 184 and the analysis zone 182 through
evaporaiion or other means that are well known to on of ordinary skill in the art, leaving the
desired molecules 192 to concentrate onto the analysis zone 182, as shown in step (e) of FIG.
i5.
[0281] Furthermore, SAMs may be preferred for protein assays. Self-assembling
molecular layers may be formed directly on a substrate. Preferably, the substrate is a metal,
such as gold, or a semiconductor, such as silicon, but may include a varjety of materials,
including but not limited to, for example, glasses, silicates, semiconductors, , metals,
polymers {e.g., plastics), and other hydroxylated materials, e.g., S10» ou silison, ALO; on
aluminum, etc. However, it is preferred to form self-assembling monolayers of alkylthiols on
gold, or organosilanes on silicon or glass. The SAMs may be added to the sample
presentation devices of the present invention in a manner that creates distinct zones whose

properties reflect the SAMs used In a particular zone. Molecules used to form self-
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Capture Chips [0277]1n another aspect of the invention, the sanple
presentation device conprises one or nore anal yte binding regions. The

bi ndi ng regions nay be applied to retain analytes for further processing
and/ or measurenment on the sanple presentation device. In one application,
after the desired anal ytes are captured by a binding region, the surface of
the sanple presentation device is washed to renove undesirabl e species. The
desired anal ytes are then released fromthe binding regions so they may be
directed toward an analysis zone for further neasurenent and/or processing.
Attentively, the binding regions may be applied to filter/separate/renove
undesi r abl @ses;pmﬁg &Sefs@ndy. havs al fe&twdgltoap gt S, a Rfoihaithis] oetileng grolp tiane

appl i cation, ortion of th Ee3|red speci es g{e retained in a

o e oieiich SRRt poe0! adDeabe: i sinesrs akdl kSl Fiy

anal ytes, fofin ht 67@EholeuEDVE: holgIS atéaen@nﬁt»e/&tg@nﬁﬂm ﬁ@fmmasuﬁmmt S

and/ or proceSS|ng [0278]. I n gne variation, of the sanp %fentatlon

devi ces caif'par P%Plﬁ%@aﬂ@’élﬂﬁ ut eS¢ Rl maﬁ’o?ptwﬁ‘“é]ﬁtalﬁoéﬁé%ﬁé@t‘ff? &OERitE " and
abbrevi at eglaXhe W RLEy "chipldyed ahs N4 ERE Ao d8S e alibiaN of &h@daled of Quiifee number
of zones on the surface og the sanple presentation device, where "n" can be
any nunber dewaED 1 GEAGE FaniurgSurfipny b sample ISRl dexise SOe Biedfdt IN¥HINBN has t wo
zones, an s éo@rt#ggés LRI 3she! ﬁ'r\ﬁz?chztﬂg S fac€ RaifitNBNAL 8SERbcb Y aatuo@n
contenplates sa resentation devices containing many nore than 2 or 3
zones and ey hiad 2 P@lmltr@@tqrh aiggn e atliquid sapple pfd L Sptigh WHaEE reNs t he
number of 8PReSigyRCLERRCA L8 AXBEADIy B LECLARPEOAENESIA BIRM SRl
Capture chips an cap ure Poncent rat ps are sanpl e preésentation devices
conpri sed piysigrlgrapsfenor differsness in attakalitg. dlétsugtﬁ@dd B0 s mehy saibdegirea8y b¥he
noieties r I fic

sur face Mo Y ay oo BPbk: 1B G, LGP okt 8ol uE IR SR SRECh ' Oy

t he capturénmmme ﬁhe@énsmoﬁ@nmznuﬁﬂmt@@Wﬁnﬁéanay0%$hpnm@® gihe nediledl

and/ or che ti es nd _anal vt

nonocl onal ng%?} i E)ar{gh& %e %arns no%td Q]l;t)oetgle f nag}és?/sl Z;%?ﬁ? S uc§|u£8d%gh§¥%glg Qg‘?‘b“gsﬁéejf hat

bi nd on t héinblady,ss efmpd eesmbatdnmceabt thaqxrcis@n)mmmanghat oorprivet @ omioft such

attractive_force ou en be furth essed on
The cur f acB Rt SPch AR e i R i R B BB o
limted toaliguidiskiygabndretai tmhﬂa@mwﬂeethetem asfttﬁas B@ttld tdmipoel gpyvasas iansiserwashi ng
steps, nodifjcation of he anal yte by chem.cal, hio si cal

et hods. st Tab SO B p R E S hd et A st o & T i en be
rel eased at hefetdd@dngestifliadhed halyeh@py e@lseq@entBhyesncdlbicdvianmd dddsilbahoras

changes in pH changes in sol vent conp05| n, W radiation, electricity,
or heat. ‘gﬁ FAOMREURSS, tot e CARIWIYA0BS OfrdRF "‘H&’?F BlSEBHER AEYISt edRt goadHisd

anal ysi s zmty@@nhemie\ﬁ@ﬁtferﬁa\aa&a RiRtan®sis zon02f 9% Li3d QOL capdlié abfabdiiklf]l ustrated
in FIG 15, the capture chip 180 conprises a surface having an analysis
zone 182, W28Hpt upcaBlteraBAies fvifg of theoRrewsht ivention Kt SOmpIRGhA CRIFRT

anal ysi s zong Jfeh i@hdadd RRBREAL YokRRenl86m Eﬁﬁ’eHan'é Bat e GRIA diBcOne
184, as shown in ste %a) o?ﬂ%IGi015ﬂ£n he %%ﬁl n't he cg tuyéﬂgbne i 84
conpri ses Bteﬁf@tmﬂglealﬁfé&sgr%a qmothels A ndegeneid wslude. lxyt arecliob hiTdlat 4o,

bi ochem cabminghiGrmlnatel! fd :ngbb)l}’l LA L% AW, eXRBRIe GefivdI Bt rtglgol@}e-te%@tp}eur €
zone 184 to extract desired nolecules froma liquid and then concentrate

t he desir e®PeRSt By Pegtadiced forfabwmenily paty issampe zomssidicd 108, @ormiag-ni ng
the anal yt esmphied @ﬁ@e{c@%a ]1%2&6@@{1 gwlth epEtﬁ)Q)ﬁ,‘n{’@ Cm{Qﬁrﬁh!’ AeSic glhl?dlldealﬂgiel'llégdeSI red
nol ecul es 194, 196, 19 8@7 salts t'ergents, contam nants, etc.) is

pl aced wi t BidVagipes %@uﬁﬁ%&?}ﬂc frignlad nphJingited t%ab-’(fmh@lﬂz(@nr@nlsl&yl seups bigh i n
step (b) ofpflya pARalyTHRu2RA! WhEShat o LRyt %u tdnO rlgﬂlfll% on the
surface of ? e capt%?é z%ne 184E asggﬁomn in %t fouls Qﬁih @ 1 Ater a
period of atyaled.s aq@mw cgseups owhich oma hirsmiy rri n‘g? ﬁtﬂitSétU&dt |Cb=n°@do goeper, the

liquid [02 hen
washed amaﬁg%%%ﬁhﬁ ggﬁggﬁuypgﬁﬁ%%%qagghﬁ %B%?l%%C? t§§°?%ﬁ%%&ﬁ%%op of

| i quid 202! mmﬂé@ﬂm$Uﬂmdeyﬂhemnmbwgmhﬁmsﬁiwshﬂhenmwﬁmmdmu@mdgwsnMnaﬂhe
capture zo zone . hown in step (d) of FIG
15. The ana y%ﬁéngﬁﬂ?hterzgﬁhig§§u“”wﬁﬁb “”SfZ%ged fromthe surface of the
capture zone 184. This rel ease of the desired nol ecul es 192 nay he achi eve
t hrough introduction of chemcals in the new drop of |iquid 202,
introduction of liquid or solvent witfh particular intrinsic properties
which facilitates the rel ease of desired nol ecules, photon excitation,
change in pH, change in tenperature, or other chem cal and/or physi cal
changes. The liquid is then renoved fromthe capture zone 184 and the
analy5|s zone 182 through evaporatlon or other ~means that are wel | known to
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[ 0281] Furthernore, SAlvls may be preferred for protein assays.

Sel f-assenbling nol ecular |ayers may be forned directly on a substrate.
Preferably, the substrate is a netal, such as gold, or a sem conductor,
such as silicon, but may include a variety of materials, including but not
limted to, for exanple, glasses, silicates, sem conductors" netals,
polyners (e.g., plastics), and other hydroxylated materials, e.g., Si02 on
silicon, Al 203 on alum num etc. However, it is preferred to form

sel f-assenbl i ng nonol ayers of al kylthiols on gold, or organosilanes on
silicon or glass, The SAMs nmay he added to the sanple presentation devices
of the preH@Bil i nireavecipertichlar appiietivar the BAM by babewndaiysionnd 86 esmaisesaHos e
properties £ r I dto
Porm sel - C-Skagni hhe BA iRl e o i M SN e
thi ol or stﬂe&amulgmu@l&mmnme@ccbfscavhoth teuihaatedllpelufﬁémeaéklé dhiplated Whitesides

hydr ocar bo h S | kyl 0 r r

nol ecul e. EI)'.'hg ;D]?m] Sél%csa s@a}rgy EJ}'ll'véel%ml i gohl ew?@r?%ﬁ %HQ%I%AI\EI’IIHG.I ns with
little or amigisdesdriarclhpiigs oflineserycdraimgd Imlypethﬁtﬂlk)ﬂh&h(blgﬂe gheorhdie a

bi'oti n or ARCTONHCaRel CoR bR F e VAT ES 1'6° 8 RAER & REBLT GoLHP T ace.

sanpl e predertabiiar, deNg oéhahe hidy@r eSeRiesi By epdptioes ilhqilotemmﬁbh‘ﬁ@ﬁmﬁ
capture zone in whi Q t he sur.face 1m)dlflc tion is a m Clonl?ItG zgtlbody may
bind a conﬁ]a?"r?ﬁrﬂc’&?‘f? P PGSR B S FAPYLT 'R ?Qloﬁﬁsd etaih that ™t i gen
whil e the mRste gérfctnlﬂed {oieSiti ol tHs ABTHeR nPIAIS fdlqnamtmﬂs mpéFspecrbmt e Sturf ace of
t he device, through either physical tran or differences in wettability.

The ret ai nd %’Hﬁ”@‘eﬁm#ﬁ‘g}m%%é%ﬁ‘@ﬂtﬂ“}?“%@iﬁo 2fh SHPRIF ST @ SHRCEY VRISt ot her

conmpounds  :RytR@cGaRied bE tRARBRS zohb ¢3S AABULCIDKOSE Maatkd @8 sﬁ@muﬁ@hc(\ﬁnﬂ t he
addition of an enz%me t hat cl eaves off a part of the antigen). The m)dlfl ed

anti gen cakl@h¢ bébe rEpsss éPP]éH"|5Fﬁ’d5tm€°1éﬁélt9§P§“e£Bﬁ% theof““dbéeqlﬁ’éfdmés a
capture supfaes jheakl. A spdchymedy ﬁﬁ?ﬂle% H%Hs%?i%ﬂﬁ@(t EpmedeMiy6e -afe tshe
present invention that conprises a ca re zone in which the surface

nodi fi cat i Gidhiswenldtvigd respesivng sanilas ﬁeﬁtea%cwhﬁm HKEE- dA&l yewrpremhcy
liquid saml&qandid ?K?"l@b ttbfﬁoaml ¥he céﬁmele%sﬁ he. f”o%§1m%2teﬁ By slgﬂiﬂcgnﬁ(a”p' e
noves to another part of the surface of the device rough” eit her physi cal
transfer ofmnpofdlesientds norﬁewetun abithe typss TereweReE ﬁ@eﬁtset\?eekﬁt @fvi‘ﬂéhdﬁsuqdnl ced
anal yte na qu i t ti unds to
t he capturém;%éﬁlg?of ﬁm(!"%hbtﬁe g{h{ ee%gnrﬁ %’?)lfolﬂgd% S CBQh%ﬁggﬁﬁ 1egﬁanal yte
can t hen beaticadmbf esabddior nso utlﬂheseamalsyrsplss ronef Q)dmbrez ddean d at capidur e
surface it p L he o

i nvention t%ﬁ%{:émtg Q]%é?tg‘xs ca§ [P Clinﬁrlé Zglgge 3 mllg?hc%eﬂeg n ?th% Wﬁ%ﬁgﬁ’@m

conver gent ptzeﬁdfmnorqueﬂcrmyncmnzameaféﬂ ahidiyte usgdesisdintdf M@B pprfeséntanrgalyeaat | ve
groups on tmhe% Jote ;tni. El&%ese could include, but are not limted to,

ani ne- t er niHat sAEh 5 §-term nated SAMs. Anmine-reactive or

car boxy-r edézsdye Srpgﬂiaﬁshdmyndmn; th¢ wadtiyisedud io cedigaed wethta tindorgeaifee fhe
capture zones sur e.. Thu n_am,ne-t ed surface .ma e treated
b o copdTa e RBRtHrdPhG WP ER R TR e s T R, S PR EE her
group i ncl uﬁhrongdm@uhe I’aﬁatlyém roiice dret Qveshoritlr SAaL ma(aﬁ@ sﬁbﬁxﬁhlkwhoﬂﬁrﬂﬂﬁs whi ch

may be part I atu | on hai 2 C24), al kyl may be
b tial [y sterdeld BE Shiet PP S0P B oyt i bt Bt frtut o,
char ged gr angigsis Etl.lﬁ|@®[fhﬂtlidr Gligwalp snalgtent Kinphi lHeGugh@UEsthe ehsﬁymsTtUns woul d
lead to thﬁ{co ol ymer bejn bound to the surface via t th cg bond f or med
with the amfHssRes ?ﬂlﬁﬁs‘“acﬁ T SEIESRIT PRYAHHE Mk F“'Pg}ﬁzﬂe Rlely Fl“ilW'e"’

pol ymer f orcapsed a5 tha seréRk uf Me skl fsiCene, [ 028311 n one parti cul ar appl i cation,
the SAMin bo ndar zone. 18 0 es 11-

(3,3,4,4, 5[@.&% 2 gagioy ‘@Hﬁ*ﬂ%&@ﬂ"ﬁ@ﬁ Bt 16t Phdeed e eion st AeExanpl e
I11), the SAM%uE’tdt\ﬂ&s mmgm@uz@.@euﬁ&éb CRoRking %s @é nqm b&é%ﬁoﬁ osfel Bated

pol yet her al k thlolate(V\hlteS|des G M iri J., lsaacs L. ien J.

Anal . ChemCoRigyEd to bind jp oneypp of mgdprule ke ethﬁen%m r may ke epndpyed © bishe 182
conprises @f ahiyeax Yypk @F Mdhabed ey &highamthk With Iﬁmnpll:%hﬁmg%ﬁﬁémﬁ@ heX) - A
sanpl e liquid droplet containing undesirted nol ecul es, such™as sodi um

chlori de arfaPlsable dinraBaeyr stliereathe, analyBngongi is hnnph@e@m@t%@surmhq desieadest |

e.g. peptides and proteins fromserum may be provided for processing on
this capture chin. The process shown I FIG 15 may then be perforned to
extract the desired nolecule for analysis wth mass-spectronetry. After the
undesi red nol ecul es are renoved through the "Wash Sanpl e" step, nass
spectronmetry may be performed on the capture zone 184 and which woul d | ead
to the speorlan shown in FIG 16a The 'Focus Anal yte" step |s perforrred to
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CoRfumgured wi-t-h-hindingleapturi ng surfaces..For_exanple, the liquid

retention zone nay be configured to bind to one type of nolecule while t he
anal ysis zone nay be configured to bind to a different type of nol ecul e.
These configurations with nmultiple binding zones nmay be applicable in
applications where the analysis zone is inplenented to capture the desired
nol ecul es, while the liquid retention zone is inplenented to capture one or
nore undesirable nol ecules. Alternatively, one region is used to capture
one type of nolecules, while the other region is used to capture a
different type of nolecules for analysis. The nol ecul es may be anal yzed

ri ght on thelebilesdivhide the Bauid Gudnitiemzdok ys irfpheicdic ferapivte dy pesoaiundesptitle ed

mol ecul es ma sel.ecti eased firom the binding nsported
to an anal?s%gﬁzoﬁg&Fgﬁxﬁngele 100 St aed it GAmE R0 & reneq¥&% 8n§%%%ﬁother
aspect of #the registeintibedno cxpmpr: b g gksremety b@ﬁf&m&ﬂéﬁtﬂefs tfcbrtaeatlym:; "Elmiicmﬂfculfe@magl ng

anal yt es ( e cal ochem

Pref er abl y° %ﬁgzﬁglf ﬂ? bb’éc"?%?%(fs ’%H’H%{R’s H’Ffdgtléeéerﬁ é’(? e?ﬁ ] m e ‘é‘iLf?Ct“g‘f Sof SAM
regions. |maphe sMadhwaylrsleased fromntat hinding QFArdng @Bnéfaeed ol ;iromn@s sbepgor First,
deliver a h%ﬂUId conpri ses desired anal ytcs and undesired species onto a
surf ace; t“&ﬁﬁFﬁF§c5PmHWﬁH“Phe desired anal ytes on a first region of the

surface; thesgindeahsse a%ﬁlﬁﬁbietﬁe atvenddieowas ke thadidds fdrheicdesiddad fanahyt es are
rel eased fromthe first glon and directed toward a_seco qd regi on on the
1

surface; tHELEESE- aeeiwawify adieiR?l. BOlogloe dielPit oo UFBteu S TR oD CBHE¥hE r at e
onto the sggRpded &gb%nrfa&nﬁbmglaﬁﬂﬁem QF sfmn nsPITRGRAS S8R Yhe ARMhole
conducted on the desired anal ytes. e liq may be directed to flow on
the surf aceSTRE i (PG ARG i qu, cfFHEer S Ao AR BPOHCTRD A SHE. ar eas
on the sur Lﬁfegred%&ie%%lays,urfa&emé@@aan@e HA9OR. uésuéwmtﬁéatohalfhahég% 42i ndi ng.
In addition, the nethod e perfornmed on a surface conprises series
concentri cﬂlﬁlSWé%Fed'é!? g Qs‘zspmlﬁfﬁff’éﬁf datvaghmlwft; flozeged mnaies ﬁéFe“éﬂé?q f&eMon, a
liquid conppisses Agtb&{ﬁd%qseté@@m@ LR A HnFleSLRRE PRCHESakfs LT oduced
onto a surface. east portion of the undesired species are captured on a
first regi bhaBevadhe &ops aedor Tmeentizguinde dlzer peppivgragivel dedysisethdémaluyb®s | s
directed t ti f t ensi on
't he.di fPacen Ty 368N chRRLRRch e A KRR, (130 IhRA YL udl GRG0
concentratemﬂandﬁmmbﬁo@usBUMDmtULMh@ise@qndnsmrha®ﬁémmgw@ﬁ0nAhahy§m$ and/ or
ant her pro n_be ¢o on +.he desir an tes.in the
second reg?%ﬁ§£§% “mm% eﬁﬁnl ﬁgﬁ%&%@ eﬁl?ngP ﬁ}%@q eﬁgﬁ}ﬁggggyghe to
variation pe'rfdlqumda ﬂmfatammlemaaemnmcnmdntﬁt anmeﬁaecﬁashmbm ISangur f ace.
Preferably es is substantial n i.ti,on, the
net hod nayﬂggﬂper o? &1‘%“§“?Urf%%%fe%WBF ggm 8@5?#@?%%F %@n@gﬁF?lc ri ngs
defi ned by s@m&:ﬁ e @mtod S ng. a A{mﬂma)ufst 1wt potden $fane widckitedisp@ick e Gpmple
presentatio ice are al sp descri d her ej n. anple XVIII Preg?ration
of one Var P%\f‘ bs re@fonémégepithlgge le:h 1qu carrying the desired andlytes is directed toward a

second region through variation in hquld surface tension in the different areas on the surface.

The desired analytes may then be concenirated and/or focused onto the second sucface
region. Analysis and/or further processes may then be conducted on the desired analvtes in
the second region. The liqiid may be directed to flow on the surfaces due to variation in
liquid surface tension in different areas on the surface. Preferably, the second region is
substantially non-biding. In addition, the method may be performed on a surface comprises a
series of concentric rings defined by different SAMs. Varjous methods for utilizing the

sample presentation device are also described herein.
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[ 0288] Twenty-four (24) surface-nodified substrates were prepared as o
described in exanple X1, nmounted in an alignnment jig and covered with a
pi n-regi stered etched stainless steel shadow mask (0.002 i nch) having
features corresponding in size and shape to the liquid retention zone. The
jig was placed on the noving belt of an air-cooled ultraviolet curing
systemfitted with a | owpressure nercury light source rated at 120 Wcn®2
and passed under the light source 45 to 75 tines over the course of one
hour. Foll owi ng U exposure, the substrates were renoved fromthe jig, spin
washed at 1000 rpmw th ethanol and dried under a stream of nitrogen. The
exposed substrates were placed i n &xfnde XKMI$ol uti on of

11-am nol-undecanet hi ol (Dojindo Ml ecul ar Technol ogi es, Inc. product code
A423-10) in ethanol and iBvenarsivad! at eoamntodmpaptztedrhp f or a period rangi ng
from1l to 24 hours. Patterned surface-nodified substrates were renoved from
t he assenbll§28Blat hTwemyfouna@hk duiice 2ngidied pubsiizteh warh aneHarednd dsidddunder a
stream of nj V, ' t . ied to
R A A A i
t he boundawryelsbaiewrerslk (§.902 iheh) havigefedt®s cores@dinz02 893 Teeshpnstie tehgdid

sur face- modj.f i.. bstir.at ] 0, r o} I t Jig and
cover od w THASE 2AHE TS et PRRISE nlEloE IR AP o i BoR IRl 1
havi ng f eatsystas fitorridspbrdpraguicnusire ligndowstraped £b] 30he/cadahy pisssdzaoie.  The
jig was placed.on the, mpvi belt of the ultrayiol gt [ VSt and
passed undg}}c ’ﬂﬁ%‘g S(f_ulrcgeh%%otérq%é’ "8 gh‘c‘.?%misf r?egnebé%url' F?%léj%éll%pgeaé?w%hn}ehehour
Fol | ow ng Whbsaxtpostie eamdvhe fistlasd jigtsgis wagkes ar 90 ved Witherhahdlend tiggd wpemn
washed at 1000 rpm.wi th hanol .and dried under. a_str f niirogen. The
exposed suBSETE BRIl DReBRarera a Tt Tt A b oo oo it F8aEg: 5!
met hoxyet haxusfiehhdtigaly(Desinox Woletode Tadhesldgied, Micopjoduat @b a@ol-1and «tieacibat ed
at roomtenperature for 1-24 hours. Finally, tw ce-patterned .

SurT ace- modht MGG S PP TRERER, B BUoF HER K Hen el P05 RE1ERTt
washed at k0@QRefjpanat kibsehibarele raneled fofdhdureenbl @ bah f pamvhedtit 24@aem. The
advanci ng caontact angles of water drops appljied to the analysis zone were
less than 471 qroegnTrbied Up i G54 OB FITREF s U e SR S PHEHEE PO SHE Lo a
sol uti on ofdrébs lapNBd AL NighRl e de)dohe Fore POIhY TRIze Q9N SN NP «RBL AliELRCL T Ve
sites (1 ng/al in dichlorornethane containing O0.5%v/v pyridine) at room

t enper at ur 80 ksrndapong ggredn theange dpeits dt%s were subsequent |y washed with
war m chl or qugLﬂ (3%  paft@htO WG M RN SRbLAAR bt 4ofe Ofere mounted in an
acetonitrilekthanol/water (84:13:3), and then they were placed in a 10%
sol uti on ofdligimephiig apbeovaEdmivifue eeondrpia-remyiased alckes| triples sigakshedqy medd by

t hree subs - m%' , ;2GS t hanol
spi nvashi ngl%(aﬁ %Smg%gélé .§The ng\%ghgfﬂgﬁ%gﬁ%ﬁn? ﬁéﬁrélgF%éS%}?ﬁ\ﬁé%ag 1Pﬂééérzlo(%s

appl i ed t o thectipgbsldol ioe elitaviolt 2wme swkiere agip@eed under the ligit source 45 Lo 75

times over the course of one hour. Tollowing UV exposure, the substrates were removed
from the jig, spin washed at 1000 rpm with ethenol and dried under a stream of nitrogen. The
exposed substrates were placed 1w a 01mM solution of 6 (11-{2-[2-(2-
methoxyethoxy)ethoxylethoxy} undecane-1-thiol) in sthanol and incubated at room
temperature for 1-24 howrs. Finally, twice-patterned surlace-modified substrales wers
removed from the assembly bath, spin washed at 1000 rpm with ethanol and dried under a
stream of nitrogen. The advancing contact angles of water dvops applied to the analysis zone
were less than 47°.

[0290] These twice-patterned surfaces were Lhen exposed to a solntion of a long-chain
poly{alkyl) co-polymer containing amine-reactive sites (I mg/mL in dichloromethane
containing 0.5% v/v pyridine) at room temperature for four hows. The substiates were

subsequently washed with warm chloroform (2x), followed by a wash in a mixture of
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Exanple XI X Purification of Analyte on a Capture Chip [0291]In MALD1- TOF
spectroscopy, the ionization, and thus detection, of analytes (e.g.;

pepti des, proteins, sugars, oligonucleotides, etc.) may be substantially

i nfluenced by the purity and conposition of the sanple to be anal yzed.
Material s such as salts (e.g.; sodiumchloride), detergents (e.g.; sodium
dodecyl sul fate, SDS), buffers (e.g. IRIS) and urea may fully suppress the
detection of analytes, especially in nore dilute sanples. These materials
may be endogenous to the sanple or introduced during sone sanple processing
steps and necessitates an additional purification ste rior to MALDI - TOF
anal ysi s. Js@ainigghreghivatee Hrd e thep ties svgrer rizect Hy E’smg/? g’é@%‘ of JUTPHB| y

i ncl udes rgyep $88nRNaA%E aliridiatiofileS Wal RYLARIYY Bfee SRskchePNA8S WXkdsagl i on,
including ZpTips, to renove these undesirable contam nants. Wen enpl oyi ng

t hese addi thesnbairatsnwpresupigeted tocethanshspinveasiing videssug(ms Jdg 2dimeias CoBrtne

hol di ng capalislk bl Sar seap}ﬁ‘ﬁiédm) theU361aS4iEA G REncuRirdigR gecOMmMDN to these
processi ng steps, nay be used to performthe anal ysis. However, the use of

an X3 surface containing | ong-chain alkyl LCA) groups in the liquid

retention zone (LRZ) may facilitate™tapleddfect i on of anal ytes from sanpl es
contai ning these contam napts. By allowing for the on-surface purification
and subsequent focusing ofB@H%ﬁV%lﬁr AR 2 lﬁﬁgPysis, the need for the

extra proc [,ng st equi pnent. and nateri.al s) y _be obvi at ed.

[0292] An eﬁéﬁble ﬁ“ﬁgigﬁgﬁﬁﬁﬁaﬁﬁgmﬁ§éh%Wmﬁgﬁﬁﬁpﬂ%@Sgﬁg%%Pﬁgﬁﬁgﬁ?% “Epept i des
i's illustrageided)@kdnins, ¥egsd, tigohrketidtsgas) anbdeenbsteinily fafliented. byl 86002325,
Swi ssProt P00924) was di ssplved in nhxed sqgut'ons of 20@6Fcetqni.rile

( ACN) / 80% BUftfE 8 UeRMEEPHPh Y dFTHIE 2 AT *RBREAMBEHE'S SUohriE SHGUESuS PPt i ons
al | cont ai pEehidk),1ddigents| (HQr: Qadighided@gisaffel FAS) asrl k. zasRIMand fuch hery
follomﬁng:n% M sodium chlgoride (NaCl), 1 Murea (Uea),. 1 N\TRIS bu&;er
(TRIS), and'lly. syppres dieApqoeeRiameraisaecng) momntdie ¥hBlas e Justialias

di ssol ved iﬂﬁy%_@-%hdd&fandu@@@&efs@MFl_cS@'iMEdd@&ﬂ RAfg bhige (M peanaentEgtdn@n of
anal yte was adjusted to | finolitiL. [0293] The ana%ﬁje-contalnlng sol utions

ver e appl i egrepaiehan pdiierg! peiiEationoren BHY eLHRY-DE{L Qlhanalisis ¢ nilys.d&ert bed in
exanmpl e XV ltéchoﬁJg@ 1$ilit S0l RisPreceds rButBaM)indied G vetse ApIlaGUIRLSA E1kOndh &@dnyt Ot al
anal yte) and allowed to incubate on the surface for 20 mnutes. In
paral | el , Pheolifgphase extraction, including ZipTips, to remove these undesirable contaminants.
When employving these additional sample purification steps, a T3 surface, whose volume
holding capabilities are within the effluent volumes common to these processing steps, may
be used 1o perform the analysis. However, the use of an X3 swface containing long-chain
alkyl {LCA) groups in the liquid retention zone {LRZ) may facilitate the detection of analytes
from samples containing these contaminants. By allowing for the on-surface purification and
subsequent focusing of sample for MALDI-TOF analysis, the need for the extra processing
steps (and equipment and materiais) may be obviated.
[0292} An example ﬂlusirating the use of a capture ¢chip to analyze peptides is illustrated
below. Yeast enolase digest (Watcrs Corp. part no. 186002325, SwissProt P00924) was
dissolved in mixed solutions of 20% acetonitrile (ACN)/80% aqueous containing different
contaminants. The aqueous portions all contained 0.1% trifluoroacstic acid (TFA) as well as
one of the following: 1 M sodium chloride (NaCl), T M urea {(Urea), 1 M TRIS buffer
(TRIS), and 0.1% sodium dodecylsulfate (SDS). Thus, enolase digest was dissoived in cach
of these fowr solutions and the final concentration of analyte was adjusted to 1 fmol/pL.
[0293]  The analyte-containing solutions were applied to the liquid retention zone (LRZ)

of the X3 chip described in example XVIII (16 sites in a 2 % § array) in 10 pL aliquots (10

finol total analyte) and allowed to incubate on the surface for 20 minutes. In paraliel, the
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same solutions were applied to a stainless steel MALD platform (Bruker
Da[tonics part no. 26755) in order to conpare the effects Due to the vol une
limtations of the stainless steel surface, the full 10 of sanple could not
be applied. [0294] Foll owi ng i ncubation on the X3 chip, the majority of the
solution was renoved and then the sites were washed with 0.1% TEA (3x) via
pi pet. Residual liquid on the surface after the third wash was allowed to
dry and then 2 pL of a solution containing the nmatrix

acyano- 4- hydroxyci nanrnic acid (CHCA, Waters Corp. part no. 186002331, 0.25
rug/mL in acetonitril ekthanol/0.1% TFA 84: 13: 3%‘ was ap I|ed to each site.
The mat ri xawelUntidn vepr @REcE © ¥ stipes el MELREP Ff%’bﬁ%‘? S RAIPRCSHAFO- Upon
drying, tha%7§§}rrpb¢%e1amo%&relme WedcR %@Q@ﬂfe%@txﬁ@ nrﬁﬁz@soﬁmtﬁm&lm&ssst&pne (AZ)
of the X3 site with which it was associated. The sanple was then secured in
a hol der |wfmeet¢aftéh1|00ﬂ ¢ormmalcDid Tede apiedsi s. Similarly, washes were

att enpt ed sse i t he

ol at e was Srdbar d P ey e ke %o RASbR IRk ok APSLARR RS AREs 12

gﬁrfo(r]I rrEdBdnﬂttlieheherBﬁeﬂ w«;]we;-;aslmd wrlhd]elK) “@_mFavamalw;ap@FEécs@Kmhb@sd dAntae ym“facag Py |
i mdzu Bi0 es usi ul se ase n el aye

oxt ract | orkh e i ZBEArE Ao VB S atn g Sopt s tpn O R AL fire

oper at Iefl i @S.gcelé %ﬁﬁbi}?maﬂiﬁﬁ'@ adis (@BCA ngoéls-S@dtb og?tt@d IMUQEQ?QU 2P h(gd’dt 1;,mngi

gener a raster hot s raster poin a was

col | ect ed %fﬁ'iﬂ“‘éfflﬁlf“gﬂwgg lé‘h %2? iﬁé) B E‘QPlPed t9 g8 Sithoil it %‘até{ha"lt‘tﬁlé‘rf’%‘:ﬁ ect ed

to anal ysig hy Replo g rmrﬁeté‘llﬁg%pﬁent Uﬁ(ﬁl GRMR), thsisnepIVASERaix were
(http://ww. matri xsci ence. coni) IS a search engi ne which yses

observed f{oReREAES "m)é]&k%l)*lwﬁ Z@rﬁe(%%thg pecieutith whish &e\?%taamwa@ﬁt iy

proteins fgemehal thePbdciRA Yn SQRURP GLSepd 8963 Mall - fOUAraGaR e BimBhiTyeCt
anal ysis on stainless steel resulted in usel ess data. Each contam nant

caused a n&ishgE wyseaitenanied o A PMERLD estanlese kel nie, enawit Wl @ebidvaB e F3om t he

noise int P% RaLH T WA PDLEeIE ARPLL cation of the clean (i.e., not
i ntentiona contam nated) digeSt to a stainless steel surface did result

i n spect r al02¥Slwhi MALBIUT Gouaty sis evappirfoonereiel. the ppsiigpianaseds onke AX@%@FR ace

provi ded éﬁ&%§ ﬁnz}i‘ﬂ%ﬁ ifadtu otk dh SRRl O Qéug% ﬁ@! Nﬁ Ak (93 richin

peaks. ust rates the spectra er surface
purific at i diryied exivetipr, @sé e ecoferdihe viltde ohR@ d'Ve oHteanitnesht, wis| @era@an shows

the resul tleﬁp&l%l r%g(%ef ru?lqg ? seﬁl‘?l bGP L%@Ulﬁ% 8 gggpff%lpa C’%I\ﬁOFll'g’ter 17b

shows t he resul ai né romt e sa & contam n Urea, FIG
17¢c shows pdigs/siestl-08 stoddg pammﬂerfplomm Dhe vsxampileetedcmd aixedat ed awirdgh of Mi TRI S,
while FIG 7d showsther { obtandfrm fs i

5 fibned 1alysis ¢ ngss fngey 11nunCOBfVﬁ" nl?ft ed wth
0. 1% SDS. Il\%ﬁ(fﬁ’ 3?13}1% i fiu g¢ f) 3?31?r0r’]n?f1e sur ace g]F £
i dentifi edIvﬂAtSélOd‘o(lrt@dthdwgmsmdeznboﬁre) n MSSCOE hi gheath phghabilidht yseanswer .
There LoULe l WRLLA 7 CARRRLLLY, 8 ANGO% SIBSe o SushLlY,
t he need fpimansadeiced.onal purification steps. Exanple XX
[0296] In all four cases, direct analysis on stainless stecl resulted in useless data. Bach
cogtaminant caused a noisy spectrum in which real peals were not discernable from the noise
in the spectrum. Direct application of the clean (i.e., not intentionally contaminated) digest
to a stainless steel surface did result in spectra in which PMF conld be performed. In
contrast, the X3 surface provided spectra which were high in signal to noise (S/N) ratio and
rich in peaks. FIG. 17a — 174 illustrates the spectra produced after on-surface purification in
the presence of the indicated contaminent. FIG. 17a shows the result obtained from the
sample contaminated with 1M NaCl, FIG. 17b shows the result obtained from the sample
contaminated with 1M Urea, FIG. 17¢ shows the results obtained from the sample
containinated with 1M TRIS, while FIG. 17d shows the results obtained from the sample
contaminated with 0.1% SDS. MASCOT analysis of these spectra from the X3 surface all
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Direct Application and Analysis of an In-Gel Digested Protein

[ 0297] Enzymatic digestion of proteins in gels is a common approach utilized
inthe field of proteom cs. Upon conpletion of 1-D or 2-D el ectrophoresis
and staining, gel pieces are excised and destained prior to digestion, and
t hen subsequently reduction and al kyl ation of the flee thiols. The

resul tant peptides may then be solubilized and released into acidic

sol utions. Because the sanples, at this stage, are often dilute and contain
contam nants (e.g. salts, snall nolecules, etc.), a purification and
concentration schene nagdbe beneficial prior to analysis by MALD - TCF.

Current nedfedsd il cerrct dpavisd pekn oh ﬂrenblghmb pPropeRil ”d PR E RtseridyByr aphy
or the usejiir&OlhkdmpRARE oBXhd 881 CAN difcbMP aSalyk! Apiidks (AT IRRRLOQr@PNY 1S
an instrunent -dependent process and the commerci al l'y avail abl e solid-phase
ext ract i onpipieaeid ceminen gentanipantyyyithoanthe ngetl dor apagdiienappydicatiqy sies.f or mance,
This requitenent na )s Tender the analysis to a | owthroughput process.
Thus, a sanple measureinent surfacegwhlk e capability to renove at |east
part of these interfering contam nants may be desirable. Such a sanple
measur enent surface preyt REicitia 28d RARY ROHGH bh-SeEDdeddddofeltr oughput pl atform
for anal yte detection and neasurenent. [02981lIn one particul ar application,
Phosphor yl mag7b fr-;]wmaﬁla«ﬂi@é:stiombﬁslﬁbteiné Sj s ﬁ)ammnldﬂﬂaprdaﬁﬁﬂlﬂ;zc&/ﬂ thsRelot
P00489) was dlsskoe into 8.N8 b a stogk soluti.on. This stock
was t hen uSedOFYNISH e BTSSR SE &1 OTD §5¥“Eﬁ§ SPBPH FEIEES Fhus,

Lae rr?i l'i befcised mﬁcBﬂthaRﬁd pHar fo di m%bsnolr@ gnc{)m&7}ub\§aﬁlh eflyeparceth am;m;dam dfo the
manuf act ur er pr ot oc and used to dilute the protein stoc rior. .to use.
Gel el ect r%lﬁh%’ee@ioé‘; ‘ﬁfaB‘r et B%F‘ﬁb%};?”rﬁeesoé‘g’éltmg AR gpleys Ei 881 in
Trisl-1Cl kywiefops. E@a@eﬁi@edsa&mdta@tmmagelﬁééﬁ&ﬁ)ﬂued andQoMaiGaskaRkaty @ld age.
Upon conpl etion of the run t he was stained using Gel Code Blue (Pierce

product noiS4598yalRraleRicthl 2 Ar °§U‘B‘s9é’€i&8‘%&8P‘\7ﬂt%§ﬂ1§aﬁ\}§ﬁ‘aﬁﬂ33\h§‘ﬂe§€‘a'Hfﬁ’é

materi al WasataieR W ePARAJOr CaRelt thdflds b oast h@RicMSdnNB iy BEIM phide
commerci ally avail abl e in-gel trygtlc di gestion kit (Pierce product no.

89871X) waSUBHHPHVRRY o4 ths chﬁef TeHAphate exirasiionscaridgcs c biTUiREdr amatqesRBY IS BBut  t he

sanpl e \Nasm@ﬁsmélwm&ﬁae%&@esé mbméico@,hﬁémam%%m Sl phdst %ﬁé&ﬂlmlocﬂb@ final
concentration of ested sanpl e stock was approxi mately 7 pnol411

and diluti &g %Tlé) e@w ferém pdo-te PalfWR‘ieng Tb@lrew@weetoméfeﬁ@ﬂm then of
7.5 ft/101 5% 1 (0] .gested
é“f?wsg ® (So@%w@gw h Lo8LsQ- %L dﬁBl% E&%ﬂ% mféln ft (O8cd88She —

sanpl e stock ‘was al so passe rough a ppci s pore part no.
18M f ol | ovipaljlityHe ramova hbleedt pat othese mt@te@ﬂng cOifemioome may baﬁqsnablﬁfsltchas

Sanpl © 18l (87t USRC Tl IR Gl 0 256 AGCHOPIAIGL Qi TEA Thi s

cl eaned sanpl'e urposes
[ 0299] The am@hyd@amgmmwnmwmgmsuhut|on (10 pt) was applled to the liquid

retention B?I ( Lf\’Zg e partl p}lnthtP 0 ?Eos%hl?l%se b %0 ﬁa% \f mL)\(VI I(%g ZtSGaISm)l

total anal yte ncu n & surface
Fol | owi ng hdjldlﬂﬂai,lSlﬂssPIdQG’OMQQMaEyhmlvédhﬁtosm M oREnas grvermst@:ﬂi @htod.hen t he

sites were shed with 10 of Q.1% TM ( Resi dual uid on
Pheour T ao TRERRER B0y fRaRS pesltre Tieraitt s bl Srrobbesiaibs Tapmili '

sol ution ceffai(Ricmadt fuer 1rt6i &7}31?-) @mapgpéemyabwtbnm&mma { §blokah,

Wat ers Corp. &g@t ) é 6002331, O, nhﬁ n agetonltrlle/ethanollo 1%
TFA 84: 13: g‘j‘* th%B‘l“it B PR TR SR 1§i°ﬂ é" “&?hé} EFTORPEEILV RS ETEAE S fi | |
the 3.0 mmpgicaset 8% Sf)Sth}BgélQnTkﬂpml git¥dr NBio- RIS SARPHE 18041 TARLS Ty ver e

concentrated into the EP ysi s zone EAZ) of the X3 site with which it was
associ at ed *OfiiEt YiwET e Voph F%i@éle\%soﬁ ® s A g gvar ﬁmé{wﬁdlfs]&ér(}fil °ft BBr at i on

for MALDL- (Piéke godlcyfd. 945400 3090 Dhtrind albkdbuedtaveshR@aRaowabg gt nsapml as( 10 gl)
was applied to the |I%£Id refention

then prepared for an in-gel digestion using trypsin. A commercially available in-gel tryptic

digestion kit (Pierce product no. 89871X) was employed and the manufacturer’s protocol

was followed, but the sample was not subjected to liquid chromatographic purification, The

final concentration of the digested sample stock was approximately 7.5 pmol/uL and

dilutions were performed to give a working solution concentration of 7.5 fmol/uL in 25%
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zone (LRz) of the T3 (75 frnol total analyte) and allowed to focus and.dry.
Then, 2 p.L of a solution containing the matrix cc-cyano-4-hydroxyci namm c
acid (CHCA, Waters Corp. part no. 186002331, 0.065 ing/nL in

acetanitril e/ ethanol/ 0. 1% TFA 84:13: 3 containing 10 mM anmoni um citrate)
was applied to each site. The matrix solution spread to fill the 3.0 mn

di aneter of the site. Upon drying, the sanple and matri x were concentrated
into the analysis zone (AZ) of the T3 site with which it was associ at ed.
The sanpl e surface was then secured in a holder in preparation for

MALDI - TOF anal ysis. [0301] MALDI - TOF anal ysis was perfornmed in the positive
i on node aeetanitid. P TEPR AKroatiasof Alaliytstedadample sBivk nveed zlsoBiasse@ dhapugh a

Manchester, .UK) usi.ng a pul sed e 337 I e,d extraction, and
an accel erzélﬂu "W@F‘ﬂ%@? E*?‘ 28 F@E Jﬁ@ é r?@ﬁtm%‘%':%%érsalfrgtaccﬁ lrl‘]g"flectron
node usi NGqgeefBdion a%em&hgr@ viE ﬂieﬁ)ﬁ&ahsr&ir 19 FUGHROL G4 AetninikB 19O TFASE er
points/site, 20-50 shots S&h raster point. Data was collected and stored as

an average"rlléﬁfC]e&llqd spmgleayou ﬁt%ﬁﬁﬁlﬂo‘t?fﬂéns%ﬁ%ﬁj BELesRPatiEpnaNEIojSi s by pepti de
mass fi Dge[ﬁﬁS*Lnt g afdp ?f@co i s %@@ﬁgi&? GRs ’Léﬁﬁ‘i‘éﬁ“td@l% MR GLENES HA -

MASCOT i s arc eng | ch ved fragnents (peaks) in the nmass
spect r um i(bR8) ditthe (X3-yge dtacn‘llyedpnomshmm FVTHN7 S Hebl topal iafifly ) ang dlegaétrces.

[03621D0i r ect ubstP i Ceas!:urf(a)c 1%[‘ 26 Lﬁgs tP%llEPL%gSr%c%loﬁlfgsﬁle%ﬁ?(git%ﬁfl[113%81%’[18' d not

produce di'SE8IRIBIE BHEG 4 hown in
FI G 18e. u?dslrerﬁ@mea'mﬂrtﬁéd ﬁﬁSSIﬂeﬁSk&ret ‘ﬁla‘mcd s IGBanBtoaIOrm%ﬁS’ASGe@l\la‘ ﬁl!ﬁthtl ted in
only noise in the spectrum_ The X3 surface was _capabl e of Rurrf P

" Fl G

pepti des dHE F%élﬂsidrﬂjl the sifaca e he e a1aps ives fB‘P\‘éed(tﬂZW ai them dft ¢
18a, the sppaLf goéllta?mﬁ& ﬁ]@ rrlgnmt& gr@mhﬁ%&w ﬁeedc dafu}DCA@hW')f&s bl Z pyal ues of

1300 Dal t ons. TI p al’so fesu In a peak-rich spectrum
but the nmaws!i6aiRFéli %Oﬁmm In@vvacrrdelefeh‘@lwl&n]é’ﬁ Tfrﬁl Seldtamagepigied to(dagss t han
2000 Dal t ons) S, i 6 0 o tra
Fesul 1 ng TEbmTaReRE s ERs SURAT B Hhisg e e e ence.
bot h net h@dmplaraed muﬁrmcatﬂrfecdmmhtawd st gbpenaisfswaaom () thERES uis evidifwlachdi pTi p

for  desal g, GBhIatLan N8 T3 SUELACS gnuenAaubhs, L tish. & S7%

of the observe 8o et T cal ragmen The
mat ched pemﬁdms;ssorrespond to a 37% sequence coverage of the expected

tryptic di t aplr of the.i t to an X3
surface pr[gg@i @%ﬂe W’Zh‘i/ﬁ%arné 31@5/’}?8?‘“??'1 0 k\gasm%%taqf%gqlpnﬂé%ﬁmgw cally
predicted Joﬁ@gn@rjfo% t&cfaormtﬂnegtofaoﬁnamé%% SIEAaNES eocqwrercﬁgerhe;r hege oval ues
are conparable to those obtai ned by the process of purifying on a ZipTip

and t r ansfsehutipmgortainiag MALIDItS grayhe-pheteycisemmig kbl theV st Cans ampl e
preparation, $5&823: X8RS G, sFXRANAEH MEST 0P80 9P A VRIAGS:Rlind b fiRy SUr f ace

ammonium cilrate) was applied to each site. The matrix solution spread to fill the 3.0 mm
diameter of the site. Upon drying, the sample and matrix were concentrated into the analysis
zone {AZ) of the T3 site with which it was associated. The sample surface was then secured
in 2 holder in preparation for MALDI-TOF analysis.

0301} MALDI-TOF analysis was performed in the positive ion mode on an Axiina CFR
(Kratos Analytical by Shimadzu Biotech, Manchester, UK) using a pulsed Nq laser (337 nm),
delayed extraction, and an acceleration voltage of 20 kV. The instrument was operated in
reflectron mode using a semi-automated protocol preducing, generally, 25-30 raster
points/site, 20-30 shots per raster point. Data was collected and stored as an average of alj
raster points and then subjected to analysis by peptide mass fingerprinting (PMF) using
MASCOT (htipi/Farww.matnixscience.com). MASCOT is a scarch engine which uses
observed fragments (peaks) in the mass spectrum in order to identify proieins from their

DrimAary sequences.
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X3- Acetonitrile-TFA Protocol [03041Rabbit phosphorylase B (Waters Corp.
part no. 186002326, Sw ssProt P00489) was dissolved in a m xed sol ution of
50% acetonitrile (ACN)/50%trifluoroacetic acid and the final concentration
adjusted to 1 firnml44. The anal yte-eontaining solution ( LO was applied to
the liquid retention zone (LPL) of the X3-type surface described in exanple
XVI1l (10 fnol total analyte) and allowed to i ncubate on the surface for 20
m nutes. Follow ng incubation, the ngjority of the solution was renoved and
then the sites were washed with 10 1.1, of 0.1% TFA (2x) via pipet.

Residual liquid on the surface after the third wash was allowed to dry and
then 2 pL ((03{12@ sdbittki appleaidnabhisagpit e thatstainies? s&edish;ﬁaiaoddybmmmducaci d

Cont i i gt S8R AFROR| UARCPEREC0! 4. 1) Plite “ABH (D ShanCsibe. Ahe |

mat ri X sol dshtepfratsons Raothioihisidnlstaidies S rxfmlté&lhaﬁﬁlfyabtbofn thé gpestrtne. TN
drying, the arrpl e and X were conc ntrated in anal S, zone
(AZ) of th%UL éﬁqf@%eﬂ?ﬂwﬁyﬁlﬁ Peptidgand %Lﬁk‘,lpgle@’dmto'ltﬁeea‘?gﬁﬁlz%" 228 was
then securggdwh i BGhEARE shdtRisaRARMAEESRknf Bk VEIRNial HQoRN@AIZW&IUSs of 1300

X3- Acetonitrile- MOPS Protocol  [03051Alternately, rabbit %hosphoryl ase B
(Waters CoPgienparte 4Bl 3antisds onktes Priotiph e ags i ubis §9F V8% h a

m xed sol ufiQby Rfvara WAL SEORb Ik 1howd AFNMAOBH 2000 Daltons) species, as shown in
3- (Nmor pl i ol i no) propanesul fonic acid (MOPS, 200 rnM pH 6. 5) and the final

concent r at Fién1¥dj usted to 1 fnol /pL. The anal yte-contai ning solution (10

pl) was appbbﬁd t;@tﬁoﬁ%/hb%’écﬁ!afesﬁlﬁm QR azg@%mﬁéﬁml Zl{m}ah% p%@oad@@vawrface

described I'n exarrp inol total analyte) and al'l owed to 1ncubate
on the surfzpeeafaee, Zbgfhrﬁlﬁhndéslre Farble Rirrilys itype wharalos;, Thsestral o£iip Bf t he

sol ution ;"qe}ilgﬁé;ﬂlvé‘o%%?%ﬁ hed 4 he. s&ﬂf&e@sgﬁk’ﬁe@uﬂé’%ﬁ NG B'?%lcpf e 'obs.%%vego | nM

ai Il Melli cetate vi a pi pet esi d l'tquid on the surface after
the third mkhmmlsﬂ‘altﬂl@w@daﬁ@mmnah@aBlh@ﬁS ZTiplma¢hed popsldgs Pwsmﬁfﬁfaﬁ ni ng

Lhe matriXsd g%;%&y U R 6,861 u,;p@;-fg%%%gi\a\ggltgﬁgpg&&p&g&ﬁ n BPte

186002333, onrtri annuoni t un
citrate, 4tn3ge1 \d@sstappim Bd sudaeaphdwied epecthexlmat B#% fﬂ’oﬂhcltpeaim speiEadtieo fill

the 3.0 i X Wer e
concent r thQI Orgih‘ia%y P rﬁgme%grﬁ%”s]%%s %CS%e“% %’A%‘% 39 % ‘ﬁ‘i‘ﬂ gﬁew tlﬁsen%“e e O o
associ at edconilihﬁab&aamkse sbttihad By Vl&Spubd&&l’beﬁﬂﬂfﬁt%Cbn mZ@mﬂmﬁﬁetransmnmg epar ati on

for IvlIAL s, . T3-Acetonitrile-TFA Prot ocol [ 0306] Rabbi t
phosphor yMﬁ Sf"@@? é]r‘lh: B pptho Ang exfyg sa @%ﬁ@@?ﬁ’@ ‘i ssProt P00489)
Example XX1
Expanded Mass Range Coverage of an X3 surface

X3-Acetonitrile-TFA Protocol
[0304] "Rabbit phosphorylase B (Waters Corp. part no. 186002326, SwissProt P00485)

was dissoived n 2 mixed solution of 50% acetonitrile (ACNY50% trifluoroacetic acid and

the final concentration adjusted to 1 fmol/iL. The analyte-containing solution (10 pL) was
applied to the liguid retention zone (LRZ) of the X3-type surface described in example X VI
(10 imol tctal analyte) and allowed fo incubate on the surface for 20 minutes. Following
incubation, the majority of the solution was removed and then the sites were washed with 10
uL of 0.1% TFA (2x) via pipet. Residual liquid on the surface after the third wash was
allowed to dry and then 2 pL of a solution containing the matrix 2,5-dihydroxybenzoic acid
(DHB, Waters Corp. part no. 186002333, 0.65 mg/mL in acetonitrile/0.1% TFA containing
10 mM ammonium citrate, 4:1) was applied to each site. The matrix solution spread to fill

the 3.0 mm diameter of the site. Upon drying, the sample and matrix were concentrated into
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was di ssolved in a m xed solution of 50% acetonitrile (ACN)/50%
trifluoroacetic acid and the final concentration adjusted to 1 fitioVuL.
The anal yte-containing solution (10 nL) was applied to the liquid retention
zone (LRZ) of the T3-type surface described in exanple X Il (10 frol total
analytc) and allowed to dry and focus into the analysis zone. Then, 2 u.L
of a solution containing the matrix 2, 5-di hydroxybenzoic acid (DHB, Waters
Corp. part no. 186002333, 0.65 ng/nmL in acetonitrile/0.1% TEA containing 10
naM ammoniumcitrate, 4:1) was applied to each site. Upon drying, the
sanple and matrix were concentrated into the analysis zone (AZ) of the T3
site w th dbhilysistzomag 7 9f deixt gl witkhéidanpheassandtaic T hnasmplhenisesusred in a

hol der in preparation for. |vlALDl -T l.ysi s.. [.0307] MALDI - TOF anal ysi s
was perfortﬁrﬁkfgﬁﬁfé pado Blbl\l?é’re@ﬁrﬁg?“efg%zﬁﬂ?@oﬁwg\% i on node on an AXi ma
CFR (Krat o;sq Anal ;{.thilc—gog&yp g“{hi rradzu Bi ot ech, Manchester, UK) using a pul sed
N2 | aser ( e raction, and an accel eration voltage of 20
kKV. The i ngsaaume niltensselnpesbittphosphorylagf B ¢@hieaompde:: usi 3@ 326 rEwiabiocomat ed
protocol p ing, ,.generally, .25-50 raster ints/.site, - shots per
raster poiéﬂ%.gy%at”gs ¥ 015%‘:[ I“éc%/é’&ix%flnd‘ﬂgft‘?ﬂ é’g Sa?pg‘? aﬁ%etﬁvgy%g(éxcé%&sgﬁl *rdst er
poi nt's andmbirdlindpjrRcdsadoti® adld aMOHSS 208 ngpLHAes REiSthe | QR ealckintating ( PMF)
usi ng MASCOT. [0308] Both nethods on the X3-type surface gave s‘?eqt ra rich
in peaks vidiuited il golignahe parlnigicarnipmgisglutipiu ! Oyt aPR CoRphetiaic

over | appi %te&ﬁoé%@e{ﬂﬁﬁﬁ of Tﬂ?xig%el?shqﬁgcg%%gﬁ%bd’ &S eRanHRE KEATH I Wil Rr:44%

sequence coverage, as shown in G MOPS protocol resulted in a
spect r um vicelyted @ng slényirdrie ancabaie pageE, sufere, fondh Binwgsoticleving ncrbayienl B8 new

| nf o mat | 0 3ot oL8) ABIDAELh S8l oo 185 BNOMOWLE LG 3 1 Ve o e

conbi nes t entifred fragnents from'each protocol, € sequence coverage
i ncr eases #wnGiG afeitthd2:-expepiped Hasdgivmusl dr bensaldce pitr the dingesash ovas of

phosphoryl gse his. is in good agreenent. with the results obtained froma
P ype. SuPaet eufd ebe iipraing s BeE FouR b heduiiif 2 el R R o 2o
Tn this i nGIFEMCRatels TS Q41 ERC BBE00MER 065 ng/niSk andnirmy0he TRPeasdnhat i ve of
the readily defectahle fragnents of interest. fromthe salnple. a lIes
Wilizing p]\/{)aaﬁngg}u&smt{%fbﬁ}r) i"vae pralisd %?ﬁcg gie. The matrix solation spread to 1ill

the 3.0 mm diameter of the site. Upon drying, the sample and matrix were concentrated into
the analysis zone {AZ) of the X3 site with which. il was associated. The sample surface was

then secured in a holder in preparation for MALDI-TQF analysis.

T3-Acetonitrile-TFA Protocol
[0306]  Rabbit phosphorylase B (Waters Corp. part no, 186002326, SwissProt P00489)

was dissolved in a mixed solution of 50% acetonitrile (ACN)/50% trifluoroacetic acid and

the final concentration adjusted ta 1 fopol/pl. the analyte-containing solution (10 pl) was
applied to the liquid retention zone (LRZ) of the T3-type surface described in example XIII
{10 fmol total analyte) and allowed to dry and focus info the analysis zone. Then, 2 uL of a
solution containing the matrix 2,5-dilrydroxybenzoic acid (DHB, Waters Corp. part no,
186002333, 0.65 mg/mL in acetonitrile/0.1% TFA containing 10 mM ammonium citrate,
4:1) was applied to each site. Upon drying, the sample and matrix were concentrated into the
analysis zone (AZ} of the T3 site with which it was associated. The sample surface was then
securcd in a holder in preparation for MALDI-TOF analysis.

[0307] MALDI-TOF analysis was perforined one the above samples in the positive ion
mode on an Axima CFR (Kyatos Analytical by Shimadzu Biotech, Manchester, UK) using a
pulsed N; laser (337 nm), delayed extraction, and an acceleration voltage of 20 kV. The

instriunent was operated in reflectron imode using a semi-automated protoco! producing,
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[ 0309Specific isolation and detection of analytes from conpl ex sol utions
(e.g., serum mxed proteolytie digests, plasma, etc.) is crucial to

vari ous biol ogical, biochem cal and chem cal anal ysis processes. Antibodies
are anong the nost selective and sensitive tools avail able, and can be
readily be generated against a variety of analytes. Antibodies formthe
basi s of inmunoassays, which are widely enployed in clinical chem stry,

envi ronnmental anal ysis, and research and devel opment. Anal ytes purified
with antibodies typically require one or nore off-Iline clean-up and
concentration steps before application to an analysis substrate é)e.g. MALDI
subst r at e, geaerelly),  25vil§i resteragnteeiiny | 20-S0nshgisgist fdstea OIS afitee Wrp sglecied 3nd] A

devi ce_capghie .0b, GagLA dndl BREL KLES ABANACLLREEN 1 hIRIC OPCERkEatdon Steps
on a single subsfrate tray mnimze sanple | 0oss and i nprove detection

capabi | i t yfingarprintielP&E) asidz BIAEIOT.i gands whi ch specifically capture

anal ytes cgn,he i bi |1 sur, on_a. L at 1.on, devi ce
to formt h@agﬁpt u]%:%e{ﬁ)in gl?l?(e).ése%otgpse{gg EISﬁ{ficgﬁ‘gver%%/&ﬁ?)%{m{/&g%@?‘gﬁdg@ %gl{emt hr ough
a vari ety wofnoGheniosbulivatiotton aimgddte cerlegpigisiceqeneswithh TEANpixbidl zeds a

anti bodi es. The X3, chip, may then be utilized t rqyi de.s ive capture,
concent r at FSHILSE ot égénieéltmln% SR G p LRV 'Bgﬂg : gyﬁgﬁ%hegllé@?ce?mt%c’?ch may
elhi ”} nialt e tehgedeed sf:@h'fuﬁidﬁiitﬁ H@ﬂlékleq&hmwsﬁag@ batl, epge ifishddy, rne\(a:aiecrl1 eaganpl e,
the follow ng series of chemcals. were synt i t ener at e .chemi cal s
for the pr&y ?‘3?‘?1‘0%’081‘ the Al éts%ﬁ’@eﬁf"ﬁ i"éﬂﬁgeéﬁge ‘&P%h OBe §?}thl’a\'i§et%1’laor
anchoring mBkifadia@sents ¥dn? dakh(pétdcol 2the ZedRARC Al Oragn Weosyestih 50%ydfethboxy)

et hoxy) et hoxy) et hoxyl ethan oi (13). [0312] A 1}00 I nll__ round hottom fl ask
was char gegwtg%frmgtqu éﬁg@m%%qshg@gf_ Rrorieryigge p. This is i good agreement

with the results obtained from a T3-type swface after applying a clean digest sample, as
shown in FIG. 19¢. In this instance, the sequence coverage is 58% and may be representative

of the readily detectable fragments of interest from the sample.

Examples Utilizing Antibodies as Capturing Mechanisms

[0309]  Specific isolation and detection of analytes from complex solutions (e.g., serum,
mixed proteolytic digests, plasina, efc.) is crucial 1o various hiological, biochemical and
chemical analysis processes. Antibodies are among the most selective and sensitive tools
available, and can be readily be generated against a variety of analytes. Antibodies form the
basis of immumnoassays, which are widely employed in clinical chenistry, environmental
unalysis, and research and development. Analytes purified with antibodies typically require
one or more off-line clean-up and concentration steps before application to an anatysis
substrate (s.g. MALDI substrate, et¢.), which may result in significant sample loss.

[0310] A device capable of capturing analytes and performing the concentration steps on
a single substrate may minimize sample loss and improve detection capability. Antibodies
and other [igands which specifically capture analytes can be immobilized onto a surface on a
sample presentation device to form the capture zone. For example, one may modify an X3
surface thyongh a variety of chemisiries 1o create a capture zone with immobilized antibodies.
The X3 chip may then be utilized to provide selective capture, concentration, and
presentation for MALDI-MS on a single device, which may eliminate the nced for additional
processing steps.

(0311]  In one example, the following series of chemicals were synthesized 1o generate
chemicals for the preparation of a sample presentation device with a surface for anchoring

antibodies.
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nmol) and to this was added 50% aqueous sodi um hydroxide (1.72 inL, 22
nmml ). The solution was warned to 133C and stirred for 30 mnutes. At this
time, 11-hronoundec-1- ene (4.7 rillL, 21 nmol) was added dropw se and the
reaction continued at 100 C for 18 hours until TLC analysis showed the
starting material to be consuned, and then cooled to roomtenperature. The
sol vent was evaporated in vactio to give an oily residue. This residue was
subj ected to colum chromat ography (Si02, 40 x 200 mm 20% et hanol / et hyl
acetate): the fractions containing the desired product were then conbined,
and the solvent was evaporated to give 2.0 g (21% of 13 as a |light yell ow
oil. 1H NI AR (400 MHz, CDC13) 6 538 (m 1H), 4.94 (in, 21-1), 3.69-3.54

in, 2411), 3. 48ty AT Oz 204)0 Hho P 2501 g 21-1
3125(m )2H), 1.33 (m 211), 128(bs W4{2 [2-(2- i .

{242- (2- Undec- 10- enyl 03: yet hoxy) et hoxy% et hoxy} et ho xy) etho xy]
ethoxyl- a cetic acid tert-butyl ester ?L [0313] A 50 rd.., round bottom
flask was Zffaf2gdd2-Undea31q- @}@Ygethdx}ﬁﬂhwm]éﬂlwﬁéholabﬂﬁl}% tetinobidl-t i ons.

This was dfo%ﬁzg' ved Lb@tnga 30t t&Lﬂgbrkywa%' é(}e/'wft gﬁ@ﬂ r giggolg%od ad §p 0 C

external ly thi's ct soIU|on wasa %'i°h’ mi ner al
oil, 267 mgpl) 611(9 tenthio ks |ad|dedm@°/paquebmnsmlnm hbomdeotlh?mgimitmmd) wdge al | owed
to stir und %on at

: e,
tert- but yi Brbnarepagied s 85 % e wis T et "G Alhrons aie e ne
reacti on wag Marmedi ﬁmﬂb@ Wsf aaﬂechrbpwrss and e raa%ablysmmnsdfdoawe]@ot Kafor the

reacti on had qui 0 SSI t thls poi nt e reacti.on ched by
the sl ow atfiit F'S\SJ&C %@F SIS Y fiaging mafwle@% CRSUERSd) 41y ene‘%l‘?fﬂg Bcet at e,
and extractesh tqudﬂatmt &he {olvext Wik ekporatddye uﬁm,gamgle;e LiByiBIreshs. dmseand@uer
magnesi um sul filtered, and thgt@gj @ vapo ated to gl ve an o

2>t

resi due. TH& W&Wﬁfh 1y GREQAl PTG b BREEYFLYHy sl 02 40

X 200 nmm ﬂa@%@:ﬁ&ﬂ%om@a@lﬁﬁ%ft@) desIr&Bpforda&t‘lvé}E'Sth&DEﬁxﬂthﬁHdngnd Wi d@Sdnk eﬂlspr oduct
were then conbined, and the solvent was evaporated in vacuo to

(65% of 1evapaaisd &opige POs2a¥) of 13 292 Ne yelow oz Mo 290 kiHs, ‘?gl V?nﬁ iH)
4.94 2 4 2 7 5 1910 b3 6 8 Hz,
ol 1)(m2 Olf)is I@ﬁﬁﬁg 49@&14152}1) 315913 5461] 211}1?; 354b(€911 6%1*131 (§3§%bs(m) 93
101-1). 0 (m, 2II) 1.55 {m, 2H), 133(m 2H), 1.23 (bs, 10H).

WO/\/O\/\O/'\/O\V/\O/\/O\/\O/\H/O#/
14

{2-[2-(2-{2-[2-(2-Undec-10-enyloxyethoxy)ethoxy]ethoxy}ethoxy)ethoxy]ethoxy}-acetic
acid ferz-butyl ester (14).
[0313] A 50 ml round bottom flask was charged with 13 (2.0 g, 4.6 mmol) under
anhydrous conditions. This was dissolved into 10 mL of dry dimethylformamide and cooled
ta 0 °C externally. To this cold solution was added sodium hydride (60% in mineral oil, 267
mg, 6.9 mmol) in one portion and the frothing mixture was allowed to stir under argon at (
°C for 10 minutes. At this time, tert-butylbromoacetate (1.02 mL, 6.9 mmol) was added
dropwise and the reaction was warmed to 20 °C for 8 hours. TLC analysis showed that the
reaction had quit progressing at this point. The reaction was quenched by the slow addition
of 10 mL of water, diluted with 30 mL of ethyl acetate, and extracted with water (2 x 50
mL). The organic layer was dried over magnesium sulfate, filtered, and the solvent
cvaporated to give an oily residue. The residue was then subjected to celumn
chromatography (Si02, 40 x 200 mm, 100% ethyl acetate), the fractions containing the
desired product were then combined, and the solvent was evaporated in vacuo to give 1.64 g

(65%) of 14 as a colorless oil. 'H NMR (400 MHz, CDCh) § 5.79 (m, 1H), 4.94 {m, 2H),

8
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15 (2- {2-[2 -(2 - [2- [2411 - Aeetyl sul fanyl und ecyl oxy)eth oxy] ethoxy)
eth oxy)eth oxy]- etho xy} ethoxy)acctie acid tert-butyl ester (15).

[ 0314] A 50 nlL round bottom flask was charged with 14 (1.64 g, 3.0 nunol)
under anhYdrous conditions and this was dissolved into 20 nL of dry

met hanol . To this was added 2, 2' - azobi s(2- net hylpropi onam di ne)

di hydrochl oride (81 ng, 0.3 nunol) followed by thiolacetic acid (715 uL, 10
nmow ). The reaction was then shrouded in a foil tent and treated with |ight
froma | ow pressure nercury |anp. After 4 hours, TLC anal ysis showed that
the starting material had been consuned. The sol vent was evaporated in

vacuo to gt-W{saifl)o?- I7!/-3r5é§ind%‘€{) THe (& &sitefidz s, 3 Pletin. i ket @ 20 kbl um

chronatogr 33 Q2 2% 899g 100% et hyl acetate), the fractions
contalnlndgth des@' pro uct-az}e t hen conbi ned, and the sol vent was
evaporated to glve 1.48 g (79% of 15 as a colorless oil. IHNIVIR (400 MHz,
CDC13) 6402 , 211), 3.73-3.56 (m 241), 3.44 (t, J= 6.8 Hz 2,86 J=

7.2 Hz, 21- wmwﬂwmovn%womb»qr%« bs,
1411). |-1SOH 0 16 (2-(2-[2-(2-{242-(11- Mer capt oundecyloxy) et ki oxy]
et hoxy) et hoxy) et hoxyl et hoxy} el | i oxy) acetit acid (16). 0315]A 20 inL amber

shel | vial vvmllil(ﬁfztfztdmmcayishﬁ%nm& Ao 53 NG et b 9T BBy Mt Ry LS (2.0 g, 3.2
nunol ), and th di ssolved into f met hanol i ¢ hydrogen chloride (5
niL, 15 mﬁh%%ﬁhpwmﬂ%mgdﬂwl eﬁﬁé(@bl uti on was kept at 50 C for 2

hours. The o§ﬂ1venA S‘GalﬁLtrBﬁﬂi HSARY kil asV@Eed AR 1ahE. g4e§| o108 tﬁur‘id@?n

di ssol ved |nto L a 50% aqueous pot assi um hydr oxi dé in ne
sul f oxi de s(njzydryqun@homad Beéewasabealyeertn Wanbef &y m%haa@id i Toi i wes afidh%

residue. The gl e@&ﬁﬂlaﬂ@amhmmrﬁd@p@ﬁahllgf%i Hndh) NP ANGy 1 hEN

t he sol vent” was evapora In vacuo to give 1 as a ¢l ear
oi | . The ctimpoeirdcd @1npt, equel).eTHeredchen wmhmm)rm@ccamm foil por arklitated on.

11-1 NWR (\4«919 li'g\ﬁ?%fom%%vsgre?su%'ngg‘c&}b ?a’mp. After 4 hours, TLC analysis showed that the
starting material had been consumed. The solvent was evaporated in vacuo to give au oily
residue. The residue was then subjected to column chromatography (8i0,, 40 x 200 mm,
100% ethy] acetate), the fractions containing the desired product were then combined, and
the solvent was evaporated to give 1.48 g (79%) o' 15 as a colorless oil. "H MR (400 MHz,
CDCl3) 6 4.02 (s, 2H), 3.73-3.56 (i, 24H), 3.44 (t,J=6.8 Hg, 2H), 2.86 (i, J="7.2 Hz, 2H),
2.32 (s, 3H), 1.56 (m, 4H), 1.48 (s, 9H), 1.25 (bs, 14H).

O
HS” T T N NN TN g T T ™S O/“\/O\/\O/\/ o\,/\o/\P/OH

16
(2-(2-[2-(2-{2-[2-(11-Mercaptoundecyloxy)ethoxy]ethoxy}ethoxy)ethoxy]-
ethoxy}ethoxy)acetic acid (16).

[0315] A 20 mL amber shell vial with a teflon/silicon septa cap was charged with 15 (2.0
g, 3.2 mmol}, and this was dissolved into 3 N methanolic hydrogen chioride (5 mL, 15
mmol} and warmed to 50 °C. The solution was kept at 50 °C for 2 hours. The solvent was
then removed in vacuo and the yesidue was then dissolved into 5 mL of a 50% aqueous
patassium hydroxide in methyl sulfoxide (1:1) which had been deoxygenated prior to
addition of the residue. The mixture was stirred at room temperature for 1 hour and then the
solvent was evaporated in vacuo to give 1.6 g (95%) of 16 as a clear oil. The cempeund did

not require further chromatographic purification. 'H NMR (400 MHz, CDCl3) & 9.98 (bs,
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1H), 4.14 (s, 2H), 3-74-3.57 (m 24H), 3.44 (t, 3 = 6.8 Hz, 2H), 151 (q, J
=7.2, 2H, 1.57 (m 41-1), 132 (t, .1= 7,6 Hz, 1H), 1.26 (bs, Exanple XXl I
Preparation of Patterned Sanple Presentation Devices (X3 style, NHS

(N- hydr oxysucci ni m de) Exanple) [0316]In the process of fabricating sanple
presentation devices with anti body based capture zone, one may first
prepare devices with its intended capture zones nodified for receiving and
anchoring anti bodi es. The prefabricated sanple presentation devices may
then be custom zed with specific antibodi es depending on the intended
application. The prefabricated sanple presentation device nmay be utilized
in a nmass- lp{)pdifa@t biay) 3pracEds, REHRBAKTG, Ze haHaf 26t ubl ng. dest.3.2HForSBxanpl e,

a large n | e presentation devices nay be
produced f(ln}@{‘) qefa&b?ﬁeh Ze1q tﬁ/@gﬁ’;t%gﬁes of the production may then be
custom zed wth specific types of antibodies. In another application, the
prefabricated sanple presentati on BeanpgeXihly be provided to the end user.
The end user may then custoni ze the prefabricated sanple presentation
devi ce by anchoring spBigbdratienafPittsontid Ssmpls Préasentd@pisveezone of the sanple
presentation device. [03171An exanple of a nethod for creating a
prefabricated sanpl e presettiatibnidedregsycsingud*pebichel ow. In this

exanpl e, the capt ure zones on t he sanple presentation device_are
derivati ze@3Mt h IRHEe gerces o fakijsating sel, BespiRBon Aeyees vl Mtibsdgbesed anchor

ant i bodi escapfWeng: bilnad dld decpardRll fiedins ub it ke saphie %oﬁHsQﬁ@cﬁﬁéﬂi RS
descri bed |n exarrpl e XII'l, nmunted in a customalignnment jig and covered

with a pi nepeiyhs tnsrasghasing pelipodien Hreguefalyicalst S%‘H%de‘\ﬁi’eﬁﬁwn foyiceomay theh)

havi ng feagur ﬁ&or&%cr %ﬁdﬁOEﬁiblﬂg anﬂbe?dlgsedé}ﬁﬁdﬁch%aeme OjnfeRged! gﬁmc@hohet ent i on
zone. The ji | aced ‘on the noving belt of an air-co ul travi ol et

curing sysi: Iﬂqatetié@mﬂ]etmcsamﬁféﬂn- davies Jugyvebenitlized {n § ingBrpredistien prosesedo at 120
Wi and paaﬁasqmy RHe b End LARL 1509%&%@1@5:; fofoc Rl BE th@vp@éfaglngte@% se of one

hour. Fol |l ow ng UV exposuQre the su rates were renoved fromthe jig, spin
washed at m@@@tahcpndwcphmex hfajmoducaﬁﬂrsdramédllﬂmmﬂ@tlwabaéqhﬁmfrﬁl%)fnOﬁmqlp@g@h The

exposed subgh It BRURLA RLACSAED Bl Xed oLyl Ofl, SOMhAL NG5, oy 16 and

95% of 6 ( conc ation) 1 n ethano I ncu at ed at

room t errpeprafahmcateﬁcsample pwwMon dergéengayf reqmovideddo 4 ehfbwes THeant esenedy

\?\;;ngeéroglhfb%lﬁ%mme ﬂ%? P]r%%a%hua rsgmrlarlggﬂ\éeelgﬁlo n‘]nceho Al hounﬁ]%%efc% a{mbcﬁ{%s
in the capture zone of the sample presentation device.
[0317] An example of a method for creating a prefabricated sample presentation device is
described below. In this example, the capture zones on the sample presentation device are
derivatized with NHS-ester groups such that they may be utilized to anchor antibodies.
Twenty-four surface-modified substrates were prepared as described in example XIII,
mounted in a custom alignment jig and covered with a pin-registered etched stainless steel
shadow mask (0.002 inch) having features corresponding in size and shape to the liguid
retention zone. The jig was placed on the moving belt of an air-cooled ultraviolct curing
system fitted with 2 low-pressure mercury light source rated at 120 W/em” and passed under
the light source 45 to 75 times over the course of one hour. Tollowing UV exposure, the
substrates were removed from the jig, spin washed at 1000 rpm with ethanol and dred under
a stream of nitrogen. The exposed substrates were placed in a mixed solution containing 5%
of 16 and 95% of 6 {0.I mM total thiol copcentration) in cthanol and incubated at room
temperature for a period ranging from | to 24 howrs. Patterned surface-modified substrates
were removed from the assembly bath, spin washed at 2400 rpm with ethanol and dried

under a stream of nitrogen.
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[ 0318] Patt erned surface-nodi fied substrates were nounted in a custom
alignnent jig and covered with a second pin-registered etched stainless

st eel shadow mask having features conesponding in size and shape to the
anal ysis zone. The jig was placed on the noving belt of the ultraviolet
curing system and passed under the |light source 45 to 75 -tines over the
course of one hour. Follow ng UV exposure, the substrates were renoved from
the jig, spin washed at 1000 rpmwi th ethanol and dried under a stream of
nitrogen. The exposed substrates were placed in a 0.1 rnMsolution of 9 in
et hanol and incubated at roomtenperature for 1-24 hours. Finally,

tw ce- pat t[&3]r$§3d Fanéragiesuniaci-fibdid =d sldstateat @se\nmwtedeimedtohr gippthm j'@senbl y

bat h, spin 1000 a td

ni t r ogen. af‘ éahvé‘g’e S W ncd 53%%?%%&@%@ tfué{@%s el ghaq?‘ﬁél kﬁ“ § a%‘d ¥ n 25
m VI phos pﬁoa&@oﬁmﬁg‘ arsize [ahl:l &aﬁe foahe ddalysis ﬂbﬁeE§Fhe]'1@6vaIS wlaeair qmaihé emnegjbaur faces
were then renoved fromt ﬁ?‘iﬁﬁ sol ution, and an agueous

sol ution c%ﬁ?%?lﬁﬁvﬁ@letl%m@ dr B RRAnEE Bp et %?"rcét‘ﬁ i g a r”fﬂ?ﬁl P75

hydr ochl ordotge 6E8¥eholk. 4F oMb wiig A Wk elire) X NeS 6 St alits Fekere (IR fréhn BW)jisf @in 60
m nut es at roomte@)er atl{l’wg The suba%r ates were subsequently washed with
UHP wat er , "FB1d Opfprn WiEsHhaRPt Apds gesdo Ween AastsRaweY BP9 tThe &XR%kam of

nitrogen. shBraRk eﬁ&@ﬁﬁ.o@& it he oMot sl @fon 9408 Ay WASan6 P RAd FiABRELIAY at room
grazing-angle FUR e-1742 eini, _as shown in FIG 20. Exanple XXIII Antibody

| mobi [ zatemaw‘fmdfoz\nlr?ﬂgétﬁmeet Eiatllse e ottt erfaasmopiietsabast GYsSanpl es

103201An exapliGrdt HermRiibly gdﬂngplwdsﬁéaddt%od Bonf QiEtH‘eﬂuﬁtﬂQHlJH@edzlﬁlﬂ@ on the
sanpl e presentation device ‘and using themto specifically capture and

det ect hun@®apebiiiregenhor nones from conplex mixtures is illustrated bel ow

Nenocl onal gy bodiesualseat e A0RMASKElkhSEIbhe: a0l doky enlag aci ds

18-39; Sero termnal (amno acid Bi odesi gn
P/ N E54057M 8ﬁofpt L pmynwes. h”ﬁlrﬁawmaéﬁo@bsmfae@twpﬂl@nh@mnmdeuc(m@rwffcas wel |

as a non-specifi LMD o.ohul | 3G £ Pn%
prepar at i o%ﬁ ]weragd ggg%% 'ved t o 9(9‘68 i 4r%%t loﬁéocncelrlllﬁlg FF ﬁﬂ ?t%ygmg %ﬁ% in a
buf f er conﬂlallmwgnmﬁlemrsddmm (EBGS@HM)&J,nd[N-ﬂnBil Ocyarrdindnitod N M Olor
[ 0321] Ten ; ant ut.i wa t,he | i tion
zones of t ems'%gt% IE;'{ roor{a tt)e%g%r ?18!: h} sEEstalses “@Ra)&%eq&enc} wafhed Q'v;& %Ifl’ex%agg fhate for
60 m nut esfoiloweal Wmmihedcdtoaﬁ ancl blown d1y with a stream of nitrogen. The presence of

the NHS-ester group was confinmed by grazing-angle FTIR (~1742 em™), as shown in FIG.

20.

Example XXIII
Antibody ITmmeobilization and Antigen Detection from Buffer and Diluted Serum Samplcs

[0320] An example of immobilizing antibodies to form a capture zone on the sample
presentation device and using them to specifically capture and defect human peptide
hormones from complex mixtures is illustrated below. Monocleonal antibodies directed
against either the C-terminal (amino acids 18-39; Serotech, P/N MCA2000) or N-terminal
(amino acids 1-24; Biodesign PN E54057M) portions of human adrenocorticotropic
hormone (ACTEH), as well as a non-specific mouse immunoglobulin (1gG; Chemicon, P/N
PP100) preparation, were dissolved to a final concentration of 0.5 mg/mL in a buffer
containing 25 mM sedijum phosphate, pH 8.0 and 0.1% Tween-20.

[0321]  Ten pL of antibody solution was applied to the liquid retention zoues of 1he X3
chip described in Example XXI and allowed to incubate for 60 minutes in a chamber held at
100% relative humidity (RH). The antibody solutions were washed off of the chip with

excess Tris-buffered saline solution containing 0.05% Tween-20 (TBS/Tween) via a spray
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100% rel ative humdity (RH). The anti body sol utions were washed off of the
chip with excess Trig-buffered saline solution containing 0.05% Tween- 20
(TBS/ Tween) via a spray bottle. Excess wash solution was renoved fromthe
sites by gentle shaking, then 10 iL of a 50 Myl ethanol am ne (Sigma P/ N
E9508), pH 9.0, solution containing 0.1% Tween-20 was applied to the sites
and allowed to incubate for 30 mnutes at 100% RE (this action quenches any
remai ni ng activated NHS groups and prevents them from coval ently bi ndi ng
other materials). Follow ng incubation, the ethanolam ne solution was
washed off as above with TBS/ Tween froma spray bottce. Each site was Men
treated wilbditles Kxcessfvash S.b%t'saolvus rampved frBovhaeteSkyr BﬁmiAblhnlcirignth(:tBSAuL sfgma P/ N

A3059) co 5% T non- speci f sLtes

bef or e add%lf’i Qg?no {apmdney %&#ﬁg%gﬁ soIS%/}fmo conp' ?g/"bfdv eteg v'é‘bbate on
the chip f@plié’@tonmmte@&dalloﬁaﬂt%xﬂdbaté o3 oweﬂzth)at\‘t\mmgﬂasaddes qmdnbe,d above.
[0322] 5 jilL aligquots .of Cng\l_&t'_‘:gons of . ACTH {ﬁ%ﬂ' éﬂ!ﬁ’i Iength

am no aci d&Y1/eBgIERAHEHE YB3y and, prepert yaB’in cesg
Bachem P/ Nnbted£d5)FollpwRk ilt@batib@the ahBhdlansigs suneh: wiEBﬂsﬂ_éﬁHﬂ:ﬂﬂMﬁfoee applied to
the sites at&%eptl de concentrations ranging from2 nlVl to 100 nM The

pepti des WEBS TiReLuBom aFPEH boRs: darlsittgrasdbemigalrd edthal REOG g 0 tm I %wed by
washes wi tﬁoéﬁﬁeséf}mmmﬁlh%ﬁs%omtpﬂn A3b£63%ﬁan§i%@}’5%?%£rﬁzo Hhfokhhps were

then dried undef a streamof nitrogen gas. Two a solution containing
t he mat ri xu@-$ecifi¢ bipding eiksphefropdditmmi of themﬂs;ytesﬂihlk &Smml@m%@ 2lyed203074)

0. 5.1 gl Lk ASRLONLS 4L & SLRAION By IR TR LD b dihasi gagmont um

citrate (84: to each site. Thé matrfx sol ution spread to
fill the 3[0322]di aﬁretehqlrmts dfl@utsins f AUPHrpeptides (eifhertfhid |spgthpteinanddsnigit, i x wer e

cosoct at edbuepeB I DA o R irAR i oo S-ad ety A Edshpd Pk s O
VAL DI Tg]eZ gﬂﬂbﬁ!&lx@m of QBZEHVAL%rSEE??wzgath;?s}tisa&@sptﬂer(,a‘amagfga;uighglaﬁglea pasitive
Nanchost er 2 RIS TS A ST uthe: KB ROt s D el Gpua et 1006 fh.  and

an accel er afllo@ed yplvhagewnt TBO/ Tk¥en, e w}ﬂsu;mumﬂh MNRBayHRETALE chiPs #@ki ectron
node using a senj-autonated prot ocol producing, generally, 25-50 raster
poi nt s/ si t B0 doebgdanppitraper nitegee Basp o it KL Pt tpl e osBintngctheBataid. st or ed

asS ah aver I r nt e fe f e resence
aﬂga eptyg@ﬁylom agie m% BrukesP Qi Rcyep 2 5@83@4] % St ﬁﬁ%@ﬂr iR

or absence o i stinct ea at the expected H pepti des
di | ut ed i nesstongvietegiphilo. 1§/eWB&th‘di 1§ milVrigliasic enmenitimantiabh(S4f! 3 B0 waivlapgicd

o2t | Selaled by WL TERATBLUELS PR, €S HISE B R0 ol gt o o
Spectra f rmmssmpIeggnWmahlmwnrestpamnﬁatcd mow g dngl@sis howeh 4) owideparsee efithei t her
ACTH pepti g'ﬁich 'i\éowéésaglogiated. The chip was then secured in a holder in preparation for MALDI-

TQF analysis.

[0323] MALDI-TOF analysis was performed in the positive ion mode on an Axima CFR

(Kratos Analytical by Shimadzu Biotech, Manchester, UK) using a pulsed Ny laser (337 nm),

delayed extraction, and an acceleration voltage of 20 kV. The instrument was operaicd in

refleciron mode using a semi-automated protoco! producing, generally, 25-50 raster

points/site, 20~50 shots per Taster point. Data were collected and stored as an average of all

raster points. Spectra were evaluated for the presence or absence of a distinet peak at the

expected m/Z,

[0324]  Both ACTH peptides diluted into 10% rabbit serum to 2 final concentration of 10

uM were readily detected by MALDI-TOF analysis on sites whese monoclonal antibodies

(mAbs) directed against the C-terminus of ACTH had been iinmobilized. Spectra from sites

with non-specific mouse 129G showed no capture of either ACTH peptide. Mo usefil
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MALDI - TOF spectra coul d be obtai ned when 10% rabbit serumwas applied to
stainless steel plates, whether or not it contained additional ACTH
peptide. [0325] Application of a series of dilutions of each ACTH peptide in
TBS/ Tween buffer further illustrated the specificity and sensitivity of
antigen capture and detection on these X3 chips. FIG 21 shows that

anti body/antigen pairing allow detection of the peptides at a 2 ri M
concentration, while the spectra of m smatched pairs showed no peptide

bi nding froma high concentration (100 nM solution. Wth the Anti ACTH
C-term nus anti body capture zone, antigen concentration as lowas 2 JIM
for both AGTEDEEOBOp{cTa tmidrbneitgineaneheACTH radboB Serpnudds epgieg thitaipieftsiedes,
resul ted 0g h,t CTH N-term nus anti body
capture zoD]at& \AJ%@F\EY%%?(%OF%HB?% %dglhnidg%ﬁﬁ@ gér m nal ) peptide antigen, a
negati ve r{@¥d)t maapdibsttian réd sergs o geaioad of @vbnambpbptlhwncfﬁﬁﬁweendtumn of the
peptide i 1. nus

capt ure zngr 1erv\)nugtmtcdsthe &F Cw%t%ﬁ%l@?ﬁ]tiv%é’?ﬁtiﬁe? C‘Tpm‘&ta 'ilf; Egbeec%p{ T o eﬁigsﬁ??w %en a
positive reapel FIGAQT slﬁ)htsalmaduboag/am}gaﬁﬁmﬂdg al&medmsuhanoﬁthep@ﬁmmna gaM ons is
as low as 2iu CIfIC Mouse

| gG anti b&ﬂS}“Bﬁat{oﬁer&‘Lep‘fﬁ Ppéwi%%lémg‘%@ﬁfd ‘fge @0 @%ﬂél;b fmpae}b%}f de and
ACTH 1- 39 dchethiratloangttMpesiviche wes et £l A(ITHG(Q&HnMﬁs dediRad bgure asne,
expected, at concentration as high as _00 | V1.  These d sts_that
the devi c&IHEnHiogHFYa q?‘f’\??gzé d°% Ho]f8 %Pe@%?f‘?ﬁ@ éH‘Ff Kggﬁ[ 5% a I ow

concent r at{i@lef@h)OpephdéadMresudd ihBosiamBdetdciids. g devinee Aesd aN-hidghus
tol erance for false p05|t|ve results, as indicated by ne ative detections

evert wherfuhPReY afPiufe AORSo B tRAE B ACTRr - Eriqaing! L mgeen. @

[ 0326] Thes@p4iRS Wshs id dthditdirad bfetB@ CaPARNl thd donedntrhiidiSoX@: Sifideais &s kigh
i mmobi li ze anti bodi es and use these antibodies to specifically and

sensi tiveld §8reét Witbin dalidst Motsimeiayspribikbody saplife ZOngG: t‘Wélﬂﬁ’a'fﬁrﬁle“’Wéed f or

separate pmnfmc:@tqfﬂme%m?ga Qe bRk, canpo%ﬁ@p%sul%%ﬁeb%eytae lek7b09 even
i mmobi i zed Metal 1ons as pturing Mechanism [0327]1n another variation,

met al i onsWhelyhbEotcHAMEINO1 lewas daldi uMethZbmeontie! gioni wicl udlged dobve
bi ndi ng i @(ﬂﬁ@g/ﬁ) Gcéf?ﬁa A &gth\%Q@ﬁhle'z%n@%@{hyﬁ@?ﬂ BYsd @agfnﬂgal{)‘&lﬁude

appropri at in the capture zone one may forman 1 nmobf i zed met al
affinity camdo‘ﬁrﬁEHgﬂaﬁhgthmﬂI) P::}gtud“eaw@ulned tthecgeblpt drelectitonas expected, [ah one

vart At o, cobl Bfufdn £ ugn (DY 1 18l ARLEELLOUR, hDRABPLULE 200G .10, anoL her

vari ation e 20 e netal
| oaded capipabée d@h@ctm&yanbgmmtaﬂuxzadlc¢1Wam(ﬁxgu% nelpphi thatsmummé dme cbzalpd: uring

sel ected anzdyt esent )
Fe(111) | gha eé‘ %Stojeﬁnce 3 {a?s)éé’ zgﬁeeresu“s uzf‘l”?cfczagg Y d]e%?ﬁ“'f GFE” Bﬁs e‘ﬁﬁdrhf/[f at ed
pepti des. thazaiget &:Lmnexﬁmaasrpiseﬁryau@a(em.l W0phBsent ati on deV| ce with Ni(Il)
[0326]  These results illustrate the capability of this X3 smface to immabilize antibodies
and use these antibodies to specifically and sensitively detect bicmolecules from complex

mixtuces without the need for separate purification or concentration steps.

Examples Utilizing Immobilized Metal [ons as Capturing Mechanism

[0327] In another variation, metal ions may be loaded onto the capture zone to provide a
selective binding interface for capturing specific analytes. By loading the appropriate metal
ion in the capture zone one may form an immobilized metal affinity chromatography (IMAC)
surface in the capture zone.

In one variation, iron {i.e., Fe(Ill)} is loaded into the capture zone. In another
variation, nickel (i.e., Ni{1l)} is loaded into the capture zone. The metal loaded capture zone
may be utilized in various applications for capturing selected analytes. In one example, a
sample presentation device with Fe(lll) loaded on the capture zone is wtilized to capture
phosphorylated peptides. In another example, a sample presentation device with Ni(IT)
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| oaded on the capture zone is utilized to capture Hi s-tagged species. One
of ordinary skill in the art having the benefit of this disclosure would
appreciate that various netals may be selectively | oaded onto the capture
zone of a sanple presentation device and then utilized to capture
correspondi ng bi ol ogi cs, biochem cals, and/or chem cals for analysis and/or
processi ng. [0328] For exanple, a sanple presentation device wth a netal

| oaded capture zone may be particularly useful in proteom c research. Many
proteom c studies specifically search for differences in post-translational
nodi fications of proteins involved in disease pathways. One such

nodi f i cat il@ded & fhe @apairmch]hmsmhaeWioaiabmn Maggemmi@sct&asﬁ ar da‘m'r}t @&Hli o turn

pat hways qn of. f d net h sl hos e ti des and
proteins i¥ 1{7%"6?5 hﬁéaneﬂvglt%%fg? ﬁsuﬁ/wcgﬁg re&%tf’ é%tt%aﬁ %OIQ

typi cal | MAGtelQdRded entorety chghueoiesSommpRndésenta@plense wel ‘handﬂus:lml | y
require multiple sanple f dtr nsfer te Ui liz)

pr esent at |C%u‘§e9‘?1?épwlf‘ﬁ Jé{ E& - 1081%13&8@? %‘?{?F ec}lgﬁﬁqﬂlicgort A& X?gefm%ﬁy be
abl e to mpceiszg. sanpl e transf er and/or increase target nol ecul e detection

capablllty | n one exa an X3 surface_ containi nlaﬂa metal ion is
utilized t828hel dPEeeRE epﬁ@?é"ﬁ’r%ﬁéi?ﬂaa%u Vi Pt AeahRGCE CRYER ZHE1"Rs t he

non- bound b@%&ﬁ'&h\ Jas@mbﬁl meshar ré‘éé@:)éh Maﬁy Eﬂa&bmces@umesgp&&m%yéamﬂa sanpl e

can then be el ate co-crystailized with the matrix for LDI M5. This
may decr eddf@rees pperairnslaiand madHimtms sgPIstEdvahad {hererordMiihi Meze the

risk of sapl rﬁo&Lﬁaﬁoﬁﬁ%r&tgﬂtﬁ&pﬂ@y!ﬂ& wﬂrQ}?f%%chn a@@@xgg@{to\{ﬁ{l' padilv@fbon@d sanpl e

presentatlon device 1Is conf |gure anot her | MAC surface |n the Capture
zone. | n oneffexiypnamonly pek apthpe &t éala@a-‘rh*e#péozpﬁpté@férw&uamswm@vm@@bihéed

converted f qlaaf%ﬂnw l ghgﬁgﬁghfﬁﬂxﬁﬁgfs ﬁ&gexreﬁsllj‘b&:’llng\dﬁénﬁlo@ecﬂfeeﬁ‘g?t@:t' on

devi ce my e utilized to ¢ tag matérial froma sanp sol uti on.
Hi s-tags amexb@mmamdﬁ@o@q@msamdnd nsuaér:csmulrﬁamlﬂmip sriapksilfig irapdgestep.

purificati@ps,;Af, tg%@g@éﬁe%%%ﬁ/ob S MRRDLAY aq];leléll!aad%@@a woboynd. mrt.ari al d d he

bound protein ¢an y various neans ., excess im azolfe or
under aci dible t¢ondinize snsple stiwier apdiok mfscﬂsatce@t witlade detbioXB2piahiAG. dupfcace nmay

be util N

oot AP P FptL R BET AL D BT RS Ao Rl el el 1

benefit ofpréthinswilics chos uﬂllcevsvxmalmbne\:ppmcbmaatlel tohla¢ mtehod&yde§h¢ lcllméededher ein
b til f t turi

Col cori ve RpEEP st RRERR 5 Ik 1RSI M ha g Bl Sy pEER drlag By U or

further prdge¥hsagy decrasathy sivaall samphahntlingstepk bind Bedfosomannizenpliat ed t hat
ot her netal s may be | oaded onto the capture zone to

.0.,,.2Zn, Cu, etc.)

provi de a S@@Pﬁéi?s?w BPRBRYT nt er face for capturing specific anal ytes.
1033111 n qoezygxanpla@ethirherikedd, QWsdngls pleb@tiiof dehemsCcalusicved evidymbiesi zed to
generate IMAC surface in the capture zone. In one exumple a prefabricated sample presentation
device is converted to a Ni{Il)-loaded snrface. The resulting sample presentation device may
be utilized to capture His-tag material from a sample solution. His-lags are often incorporated
in recombinant proteins for ease of purification. After extensive washing of all the unbound
material, ths bound protein can be eluted by various means {e.g., excess imidazole or under
acidic conditions, etc.) and isolated. Thus, the X35 IMAC surface may be utilized lo capture
His-tagged prolein to the exclusion of proteins without the His-tag,

(0330 One of ardinary skill in the art having the benefit of this disclosure would
appreciate that methods described herein may be utilized to prepare surfaces in a variety of
devices for capturing selective species (e.g., phyosphotyrosine, His-tagged species, etc.) for
further processing or analysis.  In addition, it is also contemplated that other metals (e.g.,

Zn, Cu, etc.) may be loaded onto the capture zone to provide a selective binding interface for

capturing specific analytes.
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chem cals for the preparation of a prefabricated sanple presentation device
havi ng capture zones configured for receiving and anchoring sel ective netal
ions. 1,2,3,4,5-P entaflu o ro -6- un de c-10-enylo x-ym et hyl -benzen e
(17). 103321A dry 200 nL round bottom fl ask was charged wi th 10-undecenyl

al cohol (5.11 g, 30 mnol) under argon and 30 nL of dry tetrahydrofuran
(THE) was added. The resulting solution was cooled to O C and a sol ution of
pot assiumt-butoxide (14.67 g, 200 Inmo]) in 60 inL of TI-IF was added
dropwi se. The mixture was stirred under argon at 0 C for 90 mnutes. To the
chilled, stirred solution was added 2, 3, 4,5, 6- pent af | uor obenzyl brom de
(5.07 nmL, [B8B1MDIN) ofs epte tienBilbdiag caRe b oemvieds akileaYitlesized copdicratee f or 90
m nutes at 0 C ghe . reactig& was ﬁyenghedlbﬁ thgtslowfadgktion pf 30 nL
of water, HABCHRETIT FEOUEIUNL o HEAEE SHPRE R REPRATEES TS 980 i . by
rotary evapmdsabhfuredffot laeeiaad mRAnhchodifg Seldshse hbaiiogh | uted to 200 nL in ethyl
acetate and then extracted with brine (1 200 nL) and water (2 x 200 ni).
The organic | ayer was dried over magnesium sulfate, filtered and the

sol vent evaporated to gi-ve 17 as an oil. The residue was used as is' for

t he subsequent reaction. l-Qacct | e RN N

11- pent af | uor ophenyl i net hoxy-undecyl ester (18). 10333] A dry, jacketed, 250
I nL photoreaction vessel was charged with 17;{%2?@2Fg, 30 mol ) and
thiolacetic acid (10.72 nlL, 150 nunol). These e dissolved into 150 inL
of dry methanol and then 2,2'-azobi s(2-nmethylpropionam de) dihydrochloride
(814 ng, 3 M)z, 385 PasElddero¥henddy 1bandovasetiditiciamed7and the m xture
irradi ated under argon with constant stirring for 4 hours. The reaction was
conti nual | y33290! ed dfwadoenl jrawk ebkoafdsid W dheigpe pvath UOamdaent aicaled (&l ow 38 C

during t heg,%g%igékr Snad%lt‘ iargg)gn Et{‘d%%enﬁf of ;Il-l‘g?et{"agiaf rgii'ug)ag ()f‘ﬁ%? grlas %gd. aijhtla 9c\gvﬁgng
solution was cooled to 0 °C and a solution of potassium t-butoxide {(14.67 g, 200 mmol) iu 60

mL of THF was added dropwise. The mixture was stirred under argon at 0 °C for 90 minutes.

To the chilled, stirred solution was added 2,3,4,5,6-pentafluorobenzyl bromide (5.07 mL, 36

mmol) dropwise and the reaction was allowed to continue for 90 minutes at 0 °C. The

.reaction was quenched by the slow addition of 30 mL of water, and the total volume of the

solution was reduced to ~30-40 mlL by rotary evaporation of the solvent. This was then

diluted to 200 mL in ethy! acetate and then extracted with brine (1 % 200 mL) and water {2 =

200 mL). The organic layer was dried over magnesium sulfate, filtered and the solvent

evaporated to give 17 as an oil. The residue was nsed ‘as is” for the subsequent reaction.

)J\ R e VY

|'."

~
- !// F
F

Thioacetic acid 11-pentafluorophenylinethoxy-undecyl ester (18).

10333) A dry, jacketed, 25C mL photoreaction vessel was charged with 17 (10.52 g, 30
mmol) and thiolacetic acid (10.72 mL, 150 mmol). These were dissolved into 150 mL of dry
methanol and then 2,2’-azobis(2-methylpropionamide) dihydrochloride {814 mg, 3 mmol)
was added. The UV lamp was activated and the mixture irradiated under argon with constant
stirring for 4 hours. The reaction was continually cooled (water jacket) and the temperature

maintained below 38 °C during the phota-reaction process. The reaction vessel was allowed

s



to cool to roomtenperature and the sol vent was evaporated to give a pale ..
yellow oil. The oil was subjected to silica gel chromatography (41 x 300
nm 1% et hyl acetate/ hexane, increasing the ethyl acetate concentration by
| % for every two colum vol unes) and the fractions containing the desired
product were collected, conbined, and the solvent evaporated in vacuo to
give 3.74g (29% two steps) of 18 as a colorless oil, I1-1 NVR (400 Hz,
CDC13): 54.46 (0, 2H), 3.46 (t, 2H), 4.16 (t, .1- 6.8 Hz, 2H), 2.85 (t, J=
6.0 Hz 214), 2.31 (s, 3H), 1.72 (in, 2H), 1.56 (m 2H), 1.24-1.36 (broad m
14H). 11-1' ent at kor ophenyl net hoxy- undeeane-1-thi ol (19). [0334]A 40 nL
anber shel b cydlad ropaidernpearativg apd the salvens PRoOFYAPATMEYOHYY TRAE BEPY GHh ARt har ged
with 18(1.55 Q. Ao, .ﬁ{‘ﬁ%x. edog vl AerenBxMe.

et hanolic ﬁ%drggj E:g":r‘?gsicthl orl%ad%éqgérﬁothe %@Zﬁ(ﬂ *‘ngoggﬁlg't }%ngﬁv\llalsgb\fg?err%é to 40 C
for 2.5 howesasitightbe sbyleastataepnceiatoneap'oriat exery vy seluon tveluieslorrd the
colorless Qil.y resj e;l.esi uhj d Sk i I

chr omat ogr @%Clﬂéns( g‘iﬂt%&g% O%FTTT?LS’E%) g)!t[j ﬁ/liy{/agg%t g‘% 12355 1%gx %@?ﬁ% d&t 1 g&f rS %ﬁn} ons
cont ai ni ngevaheateke i veeth for kg F4aE98s, thestemspbf €% tedl calprdkse ovbiHNWEHIR. (FAR

sol vent Y ) i.n uo, .t f.ar, 44, (409 9 ol orl ess
o1 111 "ERrERabE o G HARANeR AL pot Bt a9l 10 RGP
21-1), 2.5160¢, 3H), £77 (16, 2H)AL.66 ¢z, 2H2H)24- 136/®Bropdl i, 148H) , 1.58 (m 214), 1.34
(t, 21-1), 1.21-1.30 (broad in, 1411). Exanple XXV Preparation of
Patterned Sanple Presentation Devices PC3, O 5-CO2H Exanpl e)

103351Twent y-f our surfac%- n@dﬁi\ed\s,ub@,t/f\a,t/&% eresprfepared as described in
exanple Xl Il, nounted in a customalignnent jig @ covered with a

pi n-regi stered etched stainless steel shadow mask~{0:f002 i nch) havi ng
features conesponding in size and shape to the liquid retention zone. The
jig was placed on the noving belt of an air-cooled ultraviolet curing
system fitted vilttenafluvovwpbergsuttexyranduane-1-ilghlt(1%our ce rated at 120 WcenR
and passed under the light source 45 to 75 tines over the course of one
hour. Fol | &B4g WY exmbsunier shik velbas fidtd sither &cll@enined dilfccnseptire gnilg, spin

vashed ot AUBHLD ILHSEL0eaclo 0] LS HRIGE Riold spmelo bggese. T
hydrogen chloride and the resulting solution was warmed to 40° C for 2.5 hours. The solvent
was then evaporated in vacuo to afford a colorless oily residue. The residue was subjected to
silica gel chromatography (41 x 450 mm, 5% ethyl acetate/hexane) and the fractiens
containing the desired product were then callected and combined. The solvent was
evaporated in vacuo to afford 144 mg (10%) of 19 as a colorless oil. 'H NMR (400 MHz,
CDCL): & 4.46 (pt, 2H), 4.17 (t, J = 6.4 Hz, 2H), 2.51(dd. J = 7.6, 14.6 Hx, 2H), 1.74 (i,

2H), 158 (m, 2H), 1.34 {t, 1H}), 1.21-1.30 (broad m, 14H).

Example XXIV
Preparation of Patterned Sample Presentation Devices (X3, C15-CO;H Example)

[0335] Twenty-four surface-modified substrates were prepared as described in example
X111, mounted in a custom alignment jig and covered with a pin-registered eiched stainless
steel shadow mask (0.002 inch) having features corresponding in size and shape to the liquid
reteniion zone. The jig was placcd on the moving belt of an air-cooled ultraviolet curing
system fitted with a low-pressure mercury light source rated at 120 W/em” and passed under
the light source 45 to 75 times over the course of one hour. Following UV exposure, the
substrates were removed from the jig, spin washed at 1000 rpm with ethanol and dried under

a stream of nitrogen. The exposed substrates were placed in a mixed solution containing 5%



of | 6-nmercaptohexadecanoic acid and 95% of 19 (0.1 mMtotal thio
concentration) in ethanol and incubated at roomtenperature for a period
ranging from1l to 24 hours. Patterned surface-nodified substrates were
removed fromthe assenbly bath, spin washed at 2400 rpmw th et hanol and
dried under a stream of nitrogen. 103361Patterned surface-nodified
substrates were nounted in a customalignnent jig and covered with a second
pi n-regi stered etched stainless steel shadow mask havi ng features
corresponding in size and shape to the analysis zone. The jig was placed on
the noving belt of the ultraviolet curing systemand passed under the |ight
source 45 gt Q5hRrdabitREca@MRRoit heidcoUr®se: of 19rme 1hew wiffohicowbmgnitiMosX posur e,

the substrates were rempved fromthe jig, spin washed at 1000.rpm w th

et hanol afthaeiad lﬂﬁ‘@@?ggaatsrPP@aW‘BTra‘f'ﬁet %Bg“eﬁ‘?noﬁh@nw&)fg‘)éla]]s[?bg{ B‘B{Hés wer e
pl aced i n paudnch Sith@ahsttifi@neugdirals wWireabhanalfraanthe izembRtR, alin hagial at
tenperature for 1-24 hours. Finally, tw ce-patterned surface-nodified

subst r at eg4tEpe vignphag! adskicd mdens deamiof iFegs: spin washed at 1000 rpm

Wi th ethan@izeand pdfidedh HREEL mBdisEd SRkl Wik QU8R AR HEMmBRERAr at i on
of NHS chiqp agd subsfequent artnt alchrrent ofs ‘t hre NTA (nli tril gt ri aceltli ?p%ci d)

| i gand [ 038FponareRavithy s feaens nik-ToBistErrdedhel saiglessusieehahade Bepipleyingdeatanpl e
XXI'V was e t -gﬂqgo'--gr Igdat aird. then
rinsed w ;gﬁé%g?%&ﬁgt@ﬁgeé%yﬁ%g%ﬁﬁggﬁaﬁeﬁ ri ?éi@%&t h glag%dwééﬁnégf ﬁ? %%]ogen.

| nt o each ofudel yltr@ol}t quring spssent and pasedumdpHbe pialitseuesHgna 75 9P63 pYasihe

cont ai nin el Ly - i i . ied and
ot o | nelstfhinf shts JRIMGRIRY UGRRE B e R e R R T n 10
4 of 0. 1%vEBEd( st/ Wttvipar piithetthanThendadiiadi endgr eugpsamre rihegeny dhetesppsed t h NHS

by applying. 10 p.1 f_a.sql yti 50 ierd M NILT i er . d 200mv
EDC (Pi er csgb%‘gﬁglv)ﬁ? r]ij?aﬁ?%&)? (ﬁsélénrf Ozlauatl\‘/]?n%_ slstmt%hﬁﬁﬂl((:g]k)aztu%%%%ﬁgghﬁ The
surface i setprenumabhdd24 Wowe. WEinklyl Owipk-petfterted] %o BBGnOYifed svbsaps pets The

next step invalves reacti he N TS ester rmed. on.the the. face with
Che. cher art G G 25t bl 37 i RaoR ™Y B Pl abOBy &t et )

sodi um phogpdmabenibedeher pH 8 containing 0.3% OBG is applied to the surface
and left incubating for 30 mn. The surfaces are then washed twice with 10

pi, of 0.1% OBG (v/v) via pipet. E?éa%&{}?éfx%xv'

Preparation of NHS chip and subsequent attaclunent of the
NTA (nitrilotriacetic acid) ligand
[0337] An X3 sucface with an acidic group as deseribed in Example X¥IV was washed
with a 10% solution of ammonia for 5 minutes and then rinsed with water. The surface was
then dried with a stream: of nitrogen. Into each well, 20 pL of 25 mM sodium phosphate
(Sigma 59763) pH 8 containing 0.1% (v/v) octyl-B-glucoside {OBG, Pierce 28310) was
applied and left to incubate for 10 minutes. The surfaces are then washed twice with [0 pL
of 0.1% OBG (v/v) via pipet. The acidic groups are then reacted with NHS by applying 10
uL of a solution of 50 mM NHS (Pierce 24500) and 200 oM EDC (Pierce 22981) in 0.1%
OBG and leaving it to incubate for 20 min. The surface is then washed twice with 10 pL of
0.1% OBG (v/v) via pipet. The next step involves reacting the NLIS ester formed on the the
surface with the chelating ligand. 10 pl. of 20 mM AB-NTA (Dojindo A296) in 25 mM
sedium phosphate buffer pH & containing 0.1% OBG is applied to the surface and left
incubating for 30 min. The surfaces are then washed twice with 10 pL of 0.1% 0BG (v/v)

via pipet.
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Loading Fe(lr') onto the NTA surface and subsequent sanple application

[ 0338] The next step is to introduce the buffer in which netal chelation
will take place. The surface is therefore washed twice with 10 1.1 of 100
mM AcOH (acetic acid) in 0.1% OBG The netal is then | oaded by applying 10
3L of a 1 mM FeCl13 (Sigma F-1513) solution in 1 mvl AcOH -pH 3 containing
0.1% OBG and leaving it to incubate for 10 mn. it is inportant to nake the
FeCl 3 solution up fresh because it tends to oxidize over tinme. After the 10
mn of netal |oading, the surface is washed twice with 10 uL of 100 nM AcCH
in 0.1% OBG and then once with 10 kiL of 100 mM AcCH in 0. 1% OBG cont ai ni ng
1 MUrea (Stratagene 300191). The Ezsangt&X§ t hen applied in the sane
solution and left to incubate for 20 nun. The surface is subsequently
washed once wi t H-oadinpFe(HH) ontrethe Bifp! surfipaa@subsaqeent feppie enpliedioni th 10 1.1 of
100 inM AcOH. The surface.is then allowed to air dry. The sanple is then

pre- el at eddFFom tThensks siep i adurosdiee e Pelder in Wil “i*?éadtcb*?htw vl akgipige2 ul_,
of a 1:1 %@Mﬁﬁ%& Qthd L oleLladed ¥iRD gh@ é%cofé}@b q&Nﬁqﬁls o }% gge&coac%%ho y&l 1. This

rel eases the phosphopepti des from e into the solution
whi ch 1 s tOh Temesiistatreldadedtbg apiging éhftepf a Omn)éFeCEie(WdE 18r3e sdrticad, 2

1.0., of matrix i ppli.ed fo.ea . ematrle i on

i ng/ mL DHE'i F%O’*@&a 75%[&1:3 Ey ‘?%ﬁﬁtﬂn@%étﬁ& P‘gxl?" Ky uﬁ’i@a P Kig olfllsl eads to
a ulnl for mlﬁﬁﬁhaﬁﬂct? ﬁraysmalFsCmgdslmhfpﬁcsm teawve htltendk %@M]Mﬁm&ﬂmlgﬁﬁaﬂpl i cation
utilizing The Fe(ll] oaded sanpl e presentatio e t i.ck t
phosphopepties W@rﬁ) ﬂleg%{faﬁe lwta%hef bigeh u{aé%&? SAHH 1%

1.3- Casei mid 91”8 Fh@x‘( loh& Wﬁthklo(ﬁ GFROPAM AcOPr: m@%%B@\éoﬁﬁBﬁrﬁti E@%&G) Was

dissolved into 18 M) water to give a stock solution. This stock was then
used to pﬁ&tpﬁagenqi@@l%ir)oﬁbi: sanfrdy 1SlheDﬂgIéIEd€I1Té€§ﬂﬂ@pﬂ@bWesﬂlsd lefriuiscubbigéerunl i

buffer ( B'o% Eﬁdﬂ? uS-fapﬁols %% (ﬁ] tg))F ch % &C%ﬁgéaq%g E%e: $hd tllen

manuf act urer"s pro he prot el n to use.
CGel el ect nephoded0iIwas Oper¥iQystad wisd S’lh@fa(& 1pﬁ}er1(has‘£fed4{ﬁ3aﬁ%)r§|f]$el§ﬁﬁﬁe gel in
Tris-FICl buffer (13jo-Rad %roduct no. 161-1176) at 110 V constant voltage.
Upon conplters Bifreled tiimam i X3+ eiagsetnd dicd\ia dhe X gPoRRGHESE wirlhovater to

renove rrvsfs;cr%cemﬁnﬁ@w/ %oﬂﬁbm‘!\’aa%ldt @@ﬂﬂu&d %gdeR BERCI MG teltdesayQ% MeOH,
7% AcOH sol ution for %di was t hen stained using Sypro Ruby

( Bi oRad n@hoszpimmmdzsfrotw&ﬁ ﬁr«'@m NE uss e demtolytion educli indin egionpfra@os MeOH,
7% ACOH. The tﬂ%ac@ﬂi% "tﬁ{cgth o SUED aﬁLP ?1 éjf @%ﬁ% dé%ﬂﬁ%%%ch» 12 1&%%&( oom and

cut out of the a razor renovi ng
each sli ce”ormui&tlgmls OtizylgdmchHIBgm%HOm&mﬁgmp@mﬁmr ergate { oV The foamidatnsn

procedure ]gaﬁgg d ac efﬁfs tﬁ%ﬁﬁfguﬁ@ﬁﬁ% X/ 5, 1416-1421), however, the

gel slice Was Hot™ ture at the end and a Speedvac
evapor at or[0388% ne‘m&mamgledpplaaddslyutéiztnlgelne Helie]) gebiedsantplepreehtagont deqict & Thus,

t he super nat ant fr m t he | el digestion. (20 pLis e) wa sed wi t hout
Ot her D BhdeaP e et B A7 LR Her: RO B B Y T e oo

di gested sRumi gm&t(szg nBPESWS| SRESH Paﬁéafsyrwaé Blsodnd Y838 WES M fhout
further dilution 340] The Fe(111)-NTA surface was Erepar ed as descri bed

in the preeedt ﬁ@t—lprseltné@lbl ‘Drg istock Hasi therubsadi Onpisbarh 119 ppdtdin gor 13D gedM Ac01- 1
N 0. 1% OREGAMLALE! Aslr M ﬁ@uﬁfét@maa PRALB! 161279 Ols Skl Bedfity ! 0€S!

supernat ant was ad t0 eac ing to a total 15 uL per
wel | . Thi éO\Akf‘sm&FllféﬁNﬁ@ 1 oraterelsad eisasintor ﬁiéﬂ@ thef proteirf @ﬁOGIQ(DUm w, uanthﬂhe rest

of the Prafedufrelis Wi (88GIARH Al @X'e%ﬂ%‘%% IBSraABg.Ne MEARY AMdCUST NG

the solution as woul xpect e contam nants boun to th
surf ace. [(B@4ﬂqdm@tmﬁhh EY blO\hésonstémtfvohmd Upnn treplptosi df ithweui,dire node on

an Axirna Jffhs washed thoroughly with water to remove most of the SDS. The gel was then fixed
by placing it in al0% MeQOH, 7% AcOH solution for 20 min. The gel was then stained using
Sypro Ruby (BioRad no. 170-3125) overnight and subsequently destained using 10% MeOH,
7% AcOH. The bands were viewed using a transilluminator in a dark room and cut out of
the gel using a razor blade cleaned with ethanol after removiug each slice. In-gel tryptic

digestion was periormed following a known procedure (Rapid Comm. in Mass Spec. 2001,
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(Kratos Anal ytical by Shimdzu Bi otech, Manchester, UK) using a pul sed N2

| aser (337 ran), delayed extraction, and an accel eration voltage of 20 kV.
The instrunent was operated in reflectron node using a sem -aut onmat ed
protocol producing, generally, 25-50 raster points/site, 20-50 shots per
raster point. Data were collected and stored as an average of all raster
points. 0342)As indicated in FIG 22, the major peaks (besides matrix
cluster at 880 mz) are the two phosphopeptides (2064 ink and 3124 ni z)
expected fromdigestion of [3-casein. Noticeably absent are the trypsin

aut o- di gesti on peaks. [0343]1n another exanple application, the

Fe(lll1)-1 dadbﬂé)(@zll)m&@ewrtbag@ sh@e witsinbi mﬁbttdjwiﬂi@kTB&tmipmr&pﬁmpaquCUes from

a backgroun pLie d est. A nm.x of, 1 ha e di gest
(Wt ers CdlrgD FVE\QSM ?é’?@@ﬁ‘féé‘se% §%|5V}bef%15 Z@bfpagﬁlsgg t%ro(ﬁ'b? Q]é casein
di gest wersapea;mwnt efmtthe nhee! XgestVAQE ULAREP was 1R Witheufdhd gefeapopbocol  as
descri bed previousl yr Phosporyl ase b contai ns no phosphoryl at.ed anéno aci ds
and i s usé@nfEF#Eiong QEtﬁ“élscoéc@é{ﬁ‘fﬂ”eofé%@‘é?ﬁtﬁﬁlaﬁar‘tnp €ALCK & APROY RGN

when the e ROLKIBed 988 fustRdRIIgIO! ution was placed on a T3 surface
the background noi se was sufficiently high such that it is difficult to

i dentify tlA340peakBhefistIl-I Ap his&ph Gyse prapaed 2k Weschibeds me®e mierdimherat@osur f ace
does not Ylﬁhg,&%uga%mu U ose tAyCRRIECS LS RpRANARS i GheR ADD L

i solates t 0 etl rom undéesired species

protein dngleqjoms,mmn ef ﬁﬁl;%elmgmmpEthaebsmadetdhe X WhihCeglitef @cetotat he
signal to noise ratio inproved significantl shown in FIG 24, the X3

| MAC sur f abmeexai BirtsPes #ebn d hisivrd iHev ok tot“l‘féga“bﬂ’bg‘ﬁ BEREH P FOsmPo B 4htk and

3124 rn/ z)rest\efmhe H}r(ﬁEcﬁufpﬁtas Hégéﬂ:&h%revﬁbuﬁlbeTﬁae%g MI%@I%UBQQMIQ 'ﬂletsbﬁtla- 3 (FIG
23). [0344) The Pe(Ul) | oaded sanple préesentation _device was then tested

agai nst a Plhivsiherypeated slrosmengdsd benadst hioanfetis concentration to

verify the ﬂﬁlﬁ!' caAbpliThy: ahayggea@scgseufagnédqwﬂ{eep\aﬁh@e gh mode on oy Axima CFR
phosphot yrosi ne-contal ni ng ¢ ound %é[ﬁrmunts 0 oryI at ed

tyrosi ne d&p@tbﬁ@lalﬁppéédﬂblm@m rtﬁ@kyM@l@hmtﬁn )lpsrrwpwdﬁﬁéglmﬁattlér%ﬂ pept i de
(Sachem HI %é?zﬁreﬂsc %llmoéaffj%ée]gxm@? golé&%cgh%lg%r%&m \Ea% hle g @FCOr di ng

to the prot previ ou od sensitivity was ac |eve usi ng
t he Axi ma €fRirgs mbdpwasing FlsGni- ﬂﬁom@(hnﬂmtwob(mducmg, generally, 25-30 raster

points/site, 20-50 shots per raster point. Data were collected and stored as an average of all
raster points.

{0342])  As ipdicated in FIG. 22, the major peaks (besides matrix cluster at §80 n/z) are
the two phosphopeptides (2064 m/z and 3124 /z) expected from digestion of B-casein.
Noticeably absent are the trypsin auto-digestion peaks.

[0343] In another example application, the Fe{IH)-loaded X3 IMAC surface is utilized to
pick out phosphopeptides from a background fryptic digest. A mixture of 100 fmol
phosphorylase b digest (Waters Corp. part no. 186002326, SwissProt PO0489) and 5 finol of
B-casein digest were applied to the X3 IMAC surface using the unaltered protocal as
described previously. Phosporylase b contains no phosphorylated amino acids and is used
here to act as a sample contaminant. As seen in the FIG. 23 when the mixed protein digest
sample solution was placed on a T3 surface, the background noise was sufficiently high such
that it 3s difficult to identify the peaks for the phosphopeptides in the spectrum. The T3
surface does not have a binding surface that captures the phosphopeltides and isolates the
phosphopetides from undesired species. However, when the mixed protein digest sample
solution was treated on the X3 IMAC surface, the signal lo noise ratio improved

significantly. As shown in FIG. 24, the X3 IMAC surface exhibits strong binding of the
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Loading N (Il1) onto the NTA surface and subsequent sanple application
[03451In this exanple, the netal chelation took place in 0.1% OBG The

nmetal was | oaded by applying 10 pL of a 10 rnM Ni Sa461420 (Sigma 227676)
solution containing 0.1% OBG and leaving it to incubate for 10 MIIl. After
the 10 mn of netal |oading, the surface was washed once with 10 pL of 0.1%
OBG and then twice with 10 L of 10 | BM HEPES
(4-(2-hydroxyet hyl) - 1- pi perazi neet hanesul foitic acid; Sigma 1-1-4034) 7.4,
150 m M NaCl (Cal bi ochem 567441) with 0.1% 013G The sanple was then
applied in the sanme solution in 5 ILL and left to incubate for 20 mn. The

surface V\?ﬁo@u&l&m@ (Bosy maastie] 24 hvexlit e s nvv vidibld B (pé speﬁfuni bpnsagy e
buffer an @ @%ce with 10 pL of water. The surface is then allowed to
air dry. H% was then pre-eluted fromthe N (I11)-NTA surface and

dried to t[hmpentmé F:a(uﬁp%&édngmc?pr;&%n@u&ﬂ JcAN s 19ephesiahagdie: aci d
solution to each well. These acidic conditions rel eased the HIS tagged

protein f ropPherElafeRierosins PepEle] ¢ft WPk cHBFRNIh WKHFEE tldetHebEbntent r at ed

into the %f@t«,@ﬁ, OQ“P&erh@f \M% kuﬁotw@ﬁ@e %&aﬁ@mc %oﬂlr:l{imﬁﬁ W)fuﬁ m\ﬁ'aﬁmare;@la ed to
each well. The matrix fornul ati on : ACN: 5 i nM

amoni um ahesphewlatcfhyTase npapkes. o@piiﬂead cta&oaymﬁmﬂ@h mhwaoresdl%@rysmeap@e
thr oughout(gaénbmwﬁ! jzssi %4&61099&&5% 'arbci rIlQ[meB'Ya!r#Q mﬁmﬁgcy&&% nk3h 9HR

U- 6253) an H s-tag reconbi nant (Cal bi oc wer e

di ssol ved HretodB dMQII\hEd erevigngly.dizped e@smwwas ragiobyeg Lusing ﬂlhefbHEP@Rba# fer
descri bed ﬂ@gg é?#@r the previously described protocol, 100 fnnt of

ubi quitin an {he I s-tag reconbi nant variant were | oaded onto the chi p.
There was no binding of ubiquitin (m/z -8500), and a strong signal
visible for the His-tag reconblnaﬁﬂmHHF&aﬂHin (mz -9500, FIG 26). Exam

| es of Additional Presentation Device Conti 'urations .
Loading Ni(II} onto the NTA. surface and subscquent samiple application

[0345]  In this example, the metl chelaiion took place in 0.1% OBG. The metal was
loaded by applying 10 pL of a 10 mM NiSO46H,0 (Sigma 227676) solwtion containing
0.1% OBG and leaving it to incubate for 10 min. After the 10 min of metal loading, the
surface was washed once with 10 pL of 0.1% OBG and then twice with 10 ul, of 10 mM
HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; Sigma H-4034) pH 7.4, 150
mM NaCl (Calbiochem 567441} with 0.1% OBG. The samiple was then applied in the same
solution in 5 pL and left to incubate for 20 min. The surface was subsequently washed three
times with 10 ul. of the sample buffer and then twice with 10 uL of water. The surface is
then allowed to air dry. The sample was then pre-eluted from the Wi{II)-NTA surface and
dried to the center by applying 2 puL of a 1:1 ACN:0.1% phosphoric acid solition o each
well. These acidic conditions released the His-tagged protein from the IMAC surface into
the solution which was then concentrated into the center. Once the wells were dried, 2 nL of
matnx was applied to each well. The matrix formulation was 0.5 mg/mL DHB in 90:10
ACKN:5 mM ammonium citrate. The formulation lead to a unifonn pad of erystals throughout
the well.

[0346]  Ubiquitin from bovine erythrocytes (Sigma U-6253) and Ubiquitin, His-tag
recombinant {Calbiochem 662060) were dissolved in 18 MQ water and diluted to 20 fmol/uL
in the HEPES buffer described above. Under the previously described protocol, 100 fmo) of

ubiquitin and the His-tag recombinant variant were loaded onto the chip. There was no
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[03471As discussed above, the invention disclosed herein may be applied in
various patterns, shapes or configurations for noving liquids around on a
surface. In addition, one or nore of the surfaces may be configured for
capturing anal ytes and/ or undesired species. [0348] One variation that has
been di scussed earlier is the concentric arrangenent which facilitates the
novenment of |liquid toward a center region, and as a consequence,
concentrates the liquid carrying the analyte. In one design, as shown in
FIG la, the sanple presentation device conprises two concentric circles
bounded by a boundary zone. 10349] The sanple presentation device may al so
be confi gublirﬂﬂngwiftdbicmhme(eﬂmr 8 HfY.eand cngent sizoalctisigk dsc fhoHistyitaguibigoi ds

toward a c. g‘ al ysis or processing. For exanple, the sanple
present at i @@6nﬁ tE%r‘g%‘plse three concentric circles, as illustrated

in FIG r Eaicp frf lQnall}‘é}ese:n 1on]£ev1celdotg ur%ia%qe and the wettability of

adj acent 3%6?Bﬁ—%s4%r#PErenri%vyﬂnmnnﬂﬁ%$TrTThgs may be configured such

t hat the gomract pan(gi;oass(emm@veoﬂwtiheenﬁum Haclesedrhetdie mag rteeappliddr ol €ik@2 i s

snmal l er than the contact. a e e surface i.n the inner concentric

Fing 104, RAHFEN SPEeiapriEis T T YR 2 FERST SredfiNan Gt &Y

concent ri Gndrk agm&ﬂﬁfaoe%rmhy\mmsﬁﬁgused%f&iabtaﬁng Ry hed/eontiantd argee (CA4) at
350] I n addi tion, one

t he boundary zone CAl < CA2 < CA3 < . [0

or nore ofl® %‘Wé s@‘Fé’é%at‘roééhaéh? begp disogopd eqrigr W&}AFAC%?E‘:S&%HPP g Wit e as

bi ndi ng r egiivBRs thIBﬁ)vMﬁédt QBBqUM Rafth d-fQ} RPB: raw bR cERAfub @] @6 cdn@hites
capturing desired anal undesi red speci es, a conbi nation thereof. For

exanpl e, ~ dhf igud careied ﬁﬁwﬂoeln@@ﬁf]?w & fgpn é‘éb‘c% APnGe sRRlyPrEssAlaet second

regi on mayg:bee %ﬁﬁris&ttﬁr%%ﬁc@ﬁm@@Pélé‘srﬂoﬂgdea@ﬁla!bb&d%y2\643% le a third region may
be configured as the analysis zorte. |In another exarnple,, a first region

is confi gLI%@]f or héasﬁ{nﬂjfel Pgsenitiesideder sprcile & confimedntit dgronr impre

confi gur e%ofa%uﬁ%ﬂ%l% td?wern@q&lud@%“sa?@g 'cauéP,mgAm Fo® 1§kl o q» Jc@gln%n FbS
configured as the analysis Zone. In yelL another exanpl e, first region

conf i gur ece*eiBPigahe taelearewnaliyn @WOﬂmﬁﬁ’éo@PléfédJGﬁ‘ﬂtqﬂégﬁWHC#Sd@n}ﬂqsgﬂtf to
capture arknllﬂ@éeﬁar 868 RES B a\ﬂ(@ét{aan@ Gémer Qndf ﬁag'v%&a d&y%@%&'a&k&( £8idgs the

anal ysi s zone. certain applications, esirable to con?|gure
t he anal ysdlgﬂr.@lﬁnér bvicerieeniris oibgs mait ba¢dnﬁgme¢131t§hﬁ@ht rﬂg wokrfizoee (HoWevidh: in

ot her app'%,ggé iR cehe c1nprgagedé§s SnfiR0 R RfiaE0RE e%ﬁﬂof%é Huﬁcb;n’%ﬂé ng

surface exa I cat I'on 1S con ured with
a first arﬂnnﬂya@ycesumflam&lﬁfbrwlualphammadt};r ahahi tthstuoatm;u @gh: (Cakil) | & the sxa‘@ond
region is &%Qefn iy L”negq Og\/l eI[nQ whichSS smaqlen than the contact angle (CA4) at the boundary zone
108 (i.e., CAJ < CA2 < CA3 < CA4).
[0350] In addition, one or more of the surface regions 102, 104, 106 may be modified to
serve as binding regions. The various binding regions may be configwred for capturing
desired analyte, undesired species, or a combination thereof. For example, a first region may
be configurs for capturing analyte &, a second region may be configured for capturing
analyte B, wlile a third region may be configured as the analysis zone. n another example, a
first region is configured for capturing undesived specie C, & second region 1s configured for
capturing undesired specie I, while a third region is configured as the analysis zone. In vel
another example, a first region configured to capture an analyte, while 2 second region is
configure to capture an wndesired species, while a third region is configured as the analysis
zone. For certain applications, it may be desirable to configure the analysis zone with a
substantially non-binding smrface. However, in other applications, the analysis zone may be
confignred with a binding surface.
(0351] In one example application, & first vegion is configured with a first antibody

surface for capturing a first antigen, while a second region is configured with a second
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anti body surface for capturing a second antigen. A sanple |iquid containing
both first and second antigens is introduced onto the sanple presentation
device. After an incubation period, which allows the antigens to bind to
their respective anti body surfaces, the sanple presentation device is
washed to renove any residual sanple liquid. The first antigen is then

rel eased fromthe first anti body surface and allowed to concentrate onto an
anal ysis zone. Further processing and/ or nmeasurenents may then be perfornmed
on the first antigen. After the first antigen has been anal yzed, the
operator may wash off the first antigen and continue to process the second
antigen. Th@osearnRd: aitchgiend 8 sdceleasigsh. f A Qmplbeiqsie condinantbologly: sur f ace
and allowed to concentrate onto the analysis zone, Chenjcal pro%e55|n

and/ or neé%ﬁ?%ﬁ%ﬁ?%sﬁhV“Pﬁ@ﬁjB@OpE?ﬁ%Wﬂeﬁﬁﬁﬁﬁ¥ﬁé‘@eE%nJﬁEhFP HPUD352) The

sanpl e presgit dhicRaneey tieemdiss kosgd akri-Rpksivaahiddafsheded, B @apeentric
surface regions di scussed above. Concentric designs are provided as

exanpl es PBFeRAtoydeYien s Mgslar & warrouy residvet saemte linide e A HEIBPhPAbin ons. It
I s al so conteamkah ek h{tatmtbtt saapl @ttm@tt@tm@mﬁa%ﬁ@ aABYa1 s £Q0f i gured
wi th various non-circul ar pat er ns/ shapes. 1One variation is shown in
FIG 27b, Fwileyr @fﬂaﬂsstﬂlg@pd/ZDﬁﬂeﬂSUle@ﬂtF@aadhf@&ctwlfﬂlﬁ@d@@ﬁbfeﬁtﬁt péizen r 8fle desi gn

114 s1m ! 8o 40 L08ANC oSN AN b GoorkiBe mbPbahl Gt GORLL ARH L@NeonkiAE dr op
zone 112 i's provide or rec |vi’ ng 11 qul gesl ivered onto th e sanple
pr esent at |t@pr0d@9|thﬁesettlxﬁi ariged. er"fablsgcondtenttme@m redresd 1ftem fesseaordomtibedy angl e

that is s r I u | ar ger
t han t he g?rft{cgc %&é‘g Eﬁ%éﬁ%l %?% tl%e%a%?gzﬁpgo@@lﬁcﬁ% igﬁsgl&q‘g‘l@m%r opl et
del i vered ntaesmetmnttrmquf thone: pbfoanm;mntlrea:venhldBmmnds the liquid. retention
zone 120 vent ual |y, concentrates a The.liquid
Cetentt on U5AE  may® aretie pEREER ik Re Shsclerbn BT R BB BSenlle,

anot her Namif:ﬁti egiond higscobsep abore incanid desipd f1e muppd:dy asatrxphpied ifquid to a

plurality uj d reten d .t hei.r coyr.espondi.ng .an |s zone.
Possa] | dnbriis VhehSeRohmPraREER e BrEtbn alt SAbacorEar 345 WS
confi gur edamplt pretanmtion demsangrepozitynes vildkaid3thon J:B&;lailﬂﬁelﬁcmha]ﬁaecel Vi ng

mul tiple ets of liquids at different |ocations,

directed 3@%51 owsqnﬁv\‘fétlﬁf RN §}’s{~ ]b %gﬂ ET Br d‘toﬁeﬂ‘?mhai/lg ‘Bée‘ﬁld ) leeased
onto the sufikace ckile bLms BIMXNiQIIP1E IR Eh@ HEVGCER. 18 3his AshfRXAMPI, Ehe
|IIustrat|ngafour dr op ne configuration is s FIG 27c. .The
various dripeprs!lsds ﬁt?vtij@ﬁ? é?cé’d”@rt‘%t}‘df ﬁ?élvglgﬁﬁ}lt@h}&Sé%‘gEtP&F?lB%lOaée‘{l% may
have the sagepghemcak EPRASIT PR 2Qondifhek ent icammashid Qo sontdbidner nor e,
one or nore of the zones on the sanple present ation_device

may be

confi gur et Wettyuadagy #aa Ale %‘t&’rlf‘lééfeﬂlalﬁéi? cetaghpnade of e lipyigustentice et i26n zone
141 may bey HM‘& Eﬂoﬁﬁt &&zv@@@&&fh@ d?dﬁ%o@@ﬁl‘“rﬁ% @hal ks ttLQr’élﬁéjrgt@t%mGl%W\ﬂce shown
in FIG 27c (i/ particul arly useful for introducing nultiple Iiquids
into a singPan @gtﬁeﬁl}' apenartahy|tee anglyes gewilde ‘Hinligye pigeitbnfzgne pey fler m ng a
series of chemdgal, §e?&%'t9é '%8@% JoRid. rRQH&h&%&&%@ @E‘Eh% ?eclé%ériﬁéﬁﬁed nto the
drop zones one after ot In a high throug (ﬁ pp i catl each
react ant riegelbeanipig h@ddt@eel pivaity oHuuslanentipinrent andotheid edrrozeaiding apHEsis eact ant
onto a dedjcated drop zone for each of the analysis zones. For exanple, a
sanpl e presentation chip may have 96 anal ysis zones, each of the analysis
zones is s[&iﬁrtbundednoblwaamdtiqu,itbe sagplemirgsontetianaiseice Aidis eerdiguefl witewd poui d
retention conn t t eC|f|c
o cach ansyore DhnePAoash, of 1 akor REEMAR salul QRuRIAMIB .y BRRaPPT
chip at tHecaS@tmwtuch@rdayheplrf@;@t:tr@ tee ok t@vaartlttb: gﬁl)t%eaadn@emmhrr}dhaveﬁ)ecxt S own
anal ysi s o] r. gactants
Ty be i nipaueob AR SATR, 5 B ERGH bRl AR 7y el BB T <
may be i ntfmdimezmtqt@nﬂmeat% latabdvysmsFIﬁoa@r: t Kroughua doedisceingdetlvaal zone
for each l.ysis regiQ tion t,hrou h the. delivy i pette
may be avgllrﬁg’ %?ls%llﬁlgﬁres%g?ten%gﬁlge ? %@“F’gtg% ?]%encq?mma éﬁpOE%]%PeP’g%,yengnal ysi s
of the endoppwitiect. Fethebeoreomdocment odtHe&Oitds)onltﬂ[B stahlﬁleq:lf’fahryaloﬁ d(sﬁcegmay t hr ough
S P AR s 1 o hig b OPRRALD M BROLNEL WL ALLAN oo PATR e

modified to capture the desired analyte.



configured wwth a liquid transport region having a contact angle gradient
or transition-steps for transporting liquid fromone region to the other on
the surface of the sanple presentation device. For exanple, the surface nmay
conprise six regions (i.e., regions one through six) 142, 144, 146, 148,
150, 152 with correspondi ng contact angles CA21, CA22, CA23, CA24, CA25,
and CA26. The regions may be configured such that CA21 < 0A22 < CA2$ < CA24
< CA7-5 < CA26. Preferably, each of the contact regions is configured with
a SAM [03571lI n another exanple, the sanple presentation device of FIG 27e
is configured with a drop zone 162, a liquid transport region 163, a |liquid
retention [2358k 16U4c dewing shewmindflps 2% porte hEBulaAy 3568 §o7 Infrpduping myliPls cul ar

le the Liguid. t i | nd S0 170,
exanp’ © }]?qmdg%l{u Qaﬁé%g%?gqg{ F.o% %%&%%é&l%”&@hhé%y 9%/ us%@_fﬁ}fllafeh&%?hé @Elérftéi‘a% g

172, 174 of*varyin I"i of "ordi nary ski In e ar

appr eci at ehthiadl réskionsiby intodugisgrs paarts aregtklyst intayhealrerozooernmpe ke tf othasur  or
nore different ttabi ity regions. For, exanp L gui sdggrt
regi on maﬁn Bg”%l\(l)\ﬁltof@wru E%Pp\%c?tﬁg’aea%ﬁetaft%o%a Ky dbf%@%%‘hﬂsﬁgﬁgaé éﬁ{ﬁent from
one end t aictiteingtihereasttmhontdatdetibeed dice ane dot enbiadshd peabsist zaoes. i ot | qui d

contact angel on the, surface o{l.the | i rans '{on.These

i gyi d or e .
cont i nuousS HPBGH PP RN P E e léaﬁ'g:d% s; S&rze?g?senatd] VB ESE nove
l'iquid reagamssnea 1133@ afligaitd rabkﬁtfoagec%nfepdnd\éadﬂ dgm]gflmrdpmlmm Hats iexanpleet htwo or
nore reagents . be transported fromtwo different |ocatjons. on ipto
a singl egItBCfa‘t“‘er%ﬁlcthd R 23t ﬁlg‘ﬁiaﬁeafpcf”ilééf’ieéﬂl ?S'St R Ga‘@gffﬂe tn%%ldﬁot IEler
vari ati on,cohﬁygulﬁjwnfag% aas b Mhig e £Nle fARE Mfe BSethelng Sepaf aedtokad i | ter
various chenmcals or fluids, For exanple, Qne or nore of t I_i@éi d
transport YEBPHHE idy BE EBHEPEIPRITWPE FERPD PRSP R VSt e o8 dMEF Lr i ng

desire analytfs RMcAhtrdHieRSiteef ntReRiQfme. | In@NecVaT thafdufactiiemby B d
transport region is configured wth various sections,of anti@o,dy surfaces

for capturihefugs Pitefermo aanlsigams. hrongh sdsfinaled srapsiont frieash WVFE By t hen
be utilizedodQofihhingiont RRUENARSHREaRtEGRS He AR SITRhAmbiedbhd Heposi t ed
on the drop zone 162. In another variation, the liquid transport region 163
i s adapt edresition heleen complred.carlima obgr #phivto st macEsiopdts discty in to

| on- exchanggs.eld A6l BUSLARLBMAARE RYr face, efc.). [0358) in one .
variation, the sanple %resen ation device conprises a plurality of nultiple
j uxt aposed[03%les lofyevanofienyeriitigas: sagwtshprodientation deyised 4si shopurpbie 27a iy, ;

sanpl ¢ | oadi Ag,. - purlflcat i M Jod qui d, et ent ion.f ol L owed by
concent r at; Seef S Salilb bR L0 FARY ol BRI b A Qro0 o
exanpl e, a%r iriispetingigd bomEhGegkBde teotipr bis the sanfnc okthg araple ayesapfation
processing,sites, 322 2 3 32 330, 332 .(on) Jportion of the 96
pr ocessi ngdesvfcf 'e%zglr %xajsqli?oe\hﬁiei e edmgg%l)lp.mﬁs}ém%é%g @'ﬁbﬁ%@% I ‘T'C\)c/{llggﬁ]z}a{
processi ngl&) t4, 34 143, an0,t1h2 vahnphresppdhserhati amgled %2 t.eC 800 Caf23 ATAG4, 28a,

The sanpl el 0adi 302 may_or may nof contalin. f LO Lchem stry for
processi ngcé?sa}taﬂ(gg‘%§1§p F PRRY tﬁ%‘/c[?i%a P ?Hr%‘# SUES Qﬁ@‘g?'l gf%%tz?q\u'%z"s%%r‘gs from
one zone toCanoKBR2oMRyIarally, cadihef (Sagtplae rbHadedednfipaed Wgh s8Apl.e | oadi ng

zone 302 _he moved. nechani cal | e.g., by pipetti etc.). an aced
Foto the nEEsond ghE syamode: Timed JomioeEstt B hbibeffl n the
above sanph éropRH@SEI Alihela LEeMHoa GediBy 143¢ a Cighin eat@idn Rync DN @A iroMageines 342,
344, 346 and tH§ Xfatta i1ity of i/\/niph Eﬂ&/ Fer.n‘it liquid to flow rgm one
zone to di &t hrd thavel HethiFahartigtfep FRentplrei RS FRITPOTS HiRied c8BpUiseaghonsoe,
303, 310, 342, 1=34, | 73467Rr1e4 Achryeenidt@bnied owt bhodifafeslentn $Herdaceul§ensi on
to pronote liquid flﬁ'\évfr,gim one zone to th? ot her. For exanpl e, each
processi ng?RPrRtesdst hg il HRRTPe GreaeR WRY KISg NP 8t fum LT Jhorgriidiraht to
pronote | i gttability @4 dnk.OMRok hRah@AdinBJigaaNgandibe fe@WaNES: b@odRaly Siiq Zone
310. In another variation, the wettability of each of the connection zones
342, 344, %%B“WH?S%@%ﬁ&ﬂ%}b@“&‘ﬁ“‘r@%@ﬁsﬂéd%lcbﬂlﬁH@ﬁ‘i gl 18T RS BRI |
(e.g., W padiieh i@nhuidSitahict Aadl bhenabRlcSdr SRNRYE] inandpbe sasp! eThaadi ng
zone is transferred to the next zone 304 (e.g.; ion-exchange zone) when the
exposur e ofonEmeyR eradiant of SREERP THSHOR SrAdgT B Btuseip PesUiquis) FigeRs ehange of
wet t abi 111 jaradace YU9S BAMEN burbb @YW @by Lt twodb bR A6 85555 H¥pdlgn be
used to transfer the sanple fromthe ion-exchange zone 304 into a

r ever sed- pfaiséwe giEerezo Bcatinng on @l chimtataediygle jonstontshdhd: afhiedicalaeation ony zone
308. At this point the processed sanple would be allowed to concentrate
into the analysis zone 310. Alternatetly, the sanple may be noved from zone
to zone by the addition of a solvent which would result in an "overfl ow'
into the next zone. This process 'nay be repeated until the purified sanple
isinthe liquid retention zone 308. Again, with a vast nunber of surfaces
(having different wettability and/or anal yte binding properties) and
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the separation and purification of proteins, polypeptides, nucleic acids,
pol ynncl eoti des, and ot her charged bi onol ecules ("The right step at the
right time." Bio/ Technol ogy, 4, 954-958 (1986), Bonnajera, 3., Ch, S.,
Hoare, M, amhill, P.). Thus, for various chem cal analysis and/or
synthesis applications, it nmay be advantageous to provide a functional zone
on the sanple presentation device with ion-exchange capability. The

i on- exchange process may be inplenented on the sanple presentation device
as the only active chem cal process to take place prior to the analysis of
the sanple liquid in the analysis zone. In another variation, the
ion-exchaﬂgepm&yIbemhmphemﬂmhedeﬁsﬁﬂﬂ@mﬁﬁqgaﬁﬁﬂn@y@taﬁdm@mmmnwalﬁbﬂies of

two or nore chem cal C ps to tak

present at i"%’ﬁf’“&é@“&‘%‘*[s %fgl (foﬁore%éﬁalﬁg@w@éﬁ’é’bq § ﬂ? ‘%dytraé‘ls%oételﬁ%om Bdifent ed on
a sanpl e p&ERRRYatiitoNbitdéNg eefabafor Bg@Rg d.@fuerﬂhﬁ@te@ apl/or @dmad&specxe.s In

[ 03601Separation in |? Excha e chromat ﬁﬁgﬁ dﬁgends # pon (Fver5|ble
adsor pt | 0% F2EAaRgBE "GBIAUARID TERIGR 45 SRRt My YRYS 5% B% gr oups
of 0pposi L& fkBAkG apilNBS Qiffeddht am%}aagenﬁ rRmMpk ﬁf@één@ﬁorp aém@ninﬁv @enatidi oNi C,
and axe often categorized as ' strong.' pe i on- exchange

zone on tNéhﬁﬁﬁﬁﬁB“pF%g%ﬁﬂﬁéFﬁﬁﬁﬂ%@WEé°Wﬁ985@“€8ﬁﬁﬁﬁﬁﬁ@& OBéﬂﬁﬂﬁge strong
cationi ¢ fUnehieNabifloAURR (i§uif- iarSptif QRALE 195 OMPRlaptelORth GRE T @Nkfergr OUPS
(e.g.; carboxylate groups), strong anionic groups (ggg.; guat er nary
amines), GROWEHE 2ahic SWIRECYAOBERIS £ (¢ EongexehangsssiEzcg, TRYAF jse SPREeesliv-F ace

functi Onagbi%!e 89@358!1& thet s%g&!%s %ﬁmﬂ%@‘%@é&(mﬁ?wes z?éllu@ﬁ'@ 0§'ﬁMﬁ1ple
cont ai ni ng these unctlon groups e surface wct may

control | edmmomdgdqneswm’aremaﬁmse%th‘ethwsﬁ@&@ﬁﬂ pugposg (e. %OSWXPPC Mﬂd@t@sri}”@mlﬁt i ons

I rrpl ement nh&m&l ﬂ%&dﬁre%ﬁ&? ﬁﬁl'ow[etp %9 :ualﬁéné QM"@mb rlht; Bﬁ])@g%ﬁe gl)ﬁﬁrrpl e,
rever se- phase ¢ ogr i's another chem cal process tHat nmay be

i npl enment edbsequeat a‘truth(stSJ cmal Ommemmﬁe tayéllsstaapd en Flestim arhpiedayf cel2

oot ne” ehafbe AARAGRE RAT, 04 o, 9hs YArABNGRLE ANRNITUR 96 BUGLIAD
proteins, es and nucleic acr ds: arat ed y reviersed phase
chr onat og rsaphlgp showh ieXtel 28eht FI(EC?@&Ghywamd indesdialipioosssing niteadith twronhe t he use
of ion pai.f i nmodi.fier n | hase 1
chrorratograpﬁ‘gpg?&emﬁg’lndse %%ﬁqﬁi ,q?%éﬁ%asmPﬁgﬁ%dmﬁégﬁ%tﬁl ?%] PigP

ol i gonucl e:ohtaldd'mlramdalrb}ldmmphifd»ri pzoqamﬁg de&e ‘iﬂlﬂ‘lpl@.ﬂg hvanm.m:mnof matneiel of

rever sed- phase zone woul d contain hydr.ocar b ar o tic groups,
Wht oh can THARCFARIES 1B Ry FOBHB LT rEY S, ofie rRE ey 368 T, eulonal 1 1y
may be conbdddlg Rd: BOZ alaghe mmecasﬁaﬁbﬂcmip(fe oV, &yl pipestinpABS. ) e bRt ing thhiese
functi onal T oups, The, surface wet t ab be controlled throygh, for
exanmpl e, t& 719&% Dpe vpgiousyzones 303, 304, %%@Ss‘%leﬁgg%g iny th RRAYR AEYE Plﬁsetnﬁlggléssenbl y
process. @eicO®ina®rdidaaterted Koyl condeBtidonBnad 842hawd, a6 taRe nhenafabliinobs ks

di scl osure woul d. appreci ate that the reverse Phase zone inay_he inplenented

on the sarfﬁerePeprflﬁéléIH@é? Tt Terst precezong tq tie ol yInaueivpdatione iy dfersyf euss to

take placesopricar 34e 30818 18nabYySaS3 0 ard BRL el itiidiflerkt shiif-alRl¥ S S ZOone,
or as one of a series of processes to take place on the sanple Qresentatlon

devi ce. THEOREE EAYE AomaEen esient 19 g othaly Tor stpnyde. icpRbl reerstinedFi® A3 Amsanypl e

present at i QN AEMIEEwIRY B8 RG:siBh gl ©aREHEE 1iZRARw #038R]IbARexehange
zone and reverse phase zone are used herein as exanpl es of possible

f unct i onal307egives theowalysistvans At e anoiterrEipiad Tsnwaltabaitp e spphedelfit at i on
devi ce. O\%n&fcu&[ %n@@ﬁéw Skd Bk | iy b Enambdd Jlﬂ%’ﬁj&ge tt@ﬁ'le%ﬁ)ﬂ Sy Qfal S

di scl osure woul d apprecri at e that various other chem cal processes may be

i npl enent d&2i ¥4 lﬁ‘élaf'Qlﬁc%UFlé)Wa'l the epliehemple v Typledoadig w5 B aeesieénd stry on
a SAM sur fiace. Wbl patbe. Ioweqzﬁaﬁgwonz thd 9@@&&?@@ 3h0R® bwednllfie Sanpl e

present ation devices naY prepared in accordance )
to UV radiation results in a change of wettability and subsequent flow of liquid. Similar

processes inay then be used to transfer the sample from the ion-exchange zone 304 into a
reversed-phase zone 306, and, uliimately, into the liquid retention zone 308. At this point the
processed sample would be allowed to concentrate into the analysis zone 310. Altemately,

the sample may be moved fiom zone to zone by the addition of a soivenrt which would result
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Wth the Society for Bionialecular Screening (S133) format. Thus, for
exanpl e, the sites may be placed on 9 nmspacings in an 8 12 array, giving
96 individual sites for use. In the exanple shown in FIG 28a, the sites
are created on a 45 angle relative to the orthogonal positioning of the
anal ysis zones to allow for the spacing. Versions conpatible with a 384-
site or 1536-site array could be created as well. One of ordinary skill in
the art having the benefit of this disclosure would appreciate that a

sanpl e presentation device nmay be configured with various array
configurations of sanple processing sites. 103641Sanpl e presentati on device
havi ng oné ar “oveflew’ une the apelzozonESs frecays may bm;apwe:ﬂhm@élemnﬁqd sample

rever se- phase, zone, ca be uti t vari ous
bi ol Ogl c allS ll'lg]il 1 éc}ﬁegegf) na%odl/eéﬁ@ Cﬁé’?ﬁj Cvé%h ay st umber ﬁ‘f F,urﬁmes Bl T.\p ng O ﬁergnt

bi ol ogi cakvegatify asd/¢renglyte bﬁﬁutngmnog@lms)rmd catffgujanommhmhofcmnio&l pnesautartaauu ety of

species that. could interfere uhsequent  proteinl pepti sis, may
oo pr ocesBtet 18 Sl B H alREBGh BRUTERI e et SO A o

"cl ean- upcaﬂaaﬁmbﬂ@mmuﬁoﬂmjrﬁforeed:ﬁ@te@jfcaﬁesaaﬁtech recently with the goal of
renovi ng the nted, interfering erials fromthe crude sa Many of
t he curreﬁ%1 ﬁlet h Qi’o?%b%%lslcf?\%’f\'}lﬁ Iﬁo%éﬁl@gﬂ)&“gf OEUF’QH‘B& ﬁ?ﬂ%&fgﬂr aphi ¢
steps, eaak e@{mahtuncam @%Uaﬁ%oﬁﬂcﬂeﬂ§ t}fo%%ﬂ{dei QmQQBTaE]QJ: pbbﬁu&emla&aélmgr aphy
and a colum w th whi process the crud E)resentatlon

ch
devi ce ha\PFh"“rgCl@ﬁ@dd%‘O“Fﬁi‘?céleF &‘H@P F’(ﬂHTa?“:Pz%iﬁ}é%“gfﬁ “61‘3 c%‘@@ ‘—’?iﬁ’é"o@r lfdg Heeri al
may al | owtdpe), %@d&é}e&rstghp@rﬁ@eﬁgnmhmmnqu aphisCioP L RERS SRMmieN widlysisace and
avoi d the need for additional instrunentations and tools, Exanples of
Addi t i onalaPpesatess iazﬂ%wmﬁ cib TR eEARtAgEIUe O PEIEIS]A Ringligeivene varlicat i on,
the presentalik 3R sdf¥iof QAR %ﬁ%xé]aﬁéé"éaﬁ%npa"fh@ﬂm%xﬁﬁ%é’]ﬁ@ce%orﬁ% nd
anal ysis zone_ An optional boundary zone surrounds the capture zone
and the anlaply@i:@ect@n@emplalpseﬁerﬁ@mprdewm&jﬂw Th]é;‘ agtyst dericgbprecassoddief | gur ed
such t hat a I e
captur e 2 uee fag DR BRSOl KoBaRRI S (ORrBDNAPEY: Ih ol BApAGy, o7
bi ochemi caﬁn-(@ll@ge Hmudieeuwimnte@@ppnfdewceSpﬂngt“-@P nwithat & syricoref owe leensir f ace.
The activ al
non- coval aapniseas ket (il sclbl HesGlut BeS@R SRR BB Mg, o 4
bi ol ogi calcafabilitd magtatso)be @peehiad odeassanwtt aezhytion d@ldadumuiglom or tﬂoe: capt ure
zone, the & srledzgl%ls species in the sanple fluid may be renoved fromthe
surface of"fhe presentation device (e.g., washing the surface of the sanple
pr esent at |[m0ﬂeV|Sep@)auob0366610mehah@ae chesiathgadphg pépees bgm leeneweivbved, thc

desired an el.eased from t.he re zone and thep transferred
Coro the: dsayEn e dRger ShR iR B G B e Sh ot el ont

bond i nkuhgg& hehcanmh ek ehatige drbepsacdyibéah@hisairshaeR, mym@eftaﬂuoafegq&tze@last hrough
chem cal Egcnm;ntrod tion of a chem cal agent, ett.) or physical (e.g.,

W irradi ai”’F SYENS 1EthAfsionexfianeerzsre Pth etsw&mr« 8}6@%{%@%@%%%@ yte

fromthe aehfigteddesd &Mﬁ‘rﬁ@etrngheatfoﬁdoemaﬂm@ngwlsse( mRysdfen: Reuddr aefied to
nove Mv the anal ysis zone., For exa}gf t he rel eased anal yte nay nove
5o FlERIg

t owar ds t HEUUPEEHERsSe-BorrabRte SRS IEENPHET EarWRAEINAYY BuioRe®h t he

capture zopfkaR@nlhgoapnaleys &I%@;ﬂ%mlﬂe@) onge dQsh@Nfueddnalid Ofay B AAPL Ur e
zone has a | arger surface area an the analysis zone, such that the

anal yt e wobcweh BRsierIbht of Ktoys SHYsarpatajung thiegnBincuymalbeiops. ahha rfecd s in

the anal ysicka#@fanayRr dofkdlic REBh gakor RS g (SR aues Jyay LheRibes
i npl enented to detéct/measure the analyte In one variation, the analysis

zone comr’%@gle’%ie%wgﬁﬁﬁﬁ“iltél’]“)?“i‘iﬁm bi ndi ng surface. |In another variation,

the anal ygas170nesC i § ke NGasle! @&;%mﬁ%rlas@aawﬁatsggaﬁz@elsamme for
anal ysis. |n another design variation, t he di ng characteristics of the

anal ysi's ZBFBICHEyodsEs Halimiyalecmpimmesied ima f-srﬁa@rgﬁi eonlgps theeampdapressnietion n t he
capture zoReieaN1dduRE the polfless! ShRaBE e fof ) fropidteY Lifirdclef Bub N s GRRLMr € zone.

peptides and nucleic acids, may be separated by reversed phase chromatography with
excellent recovery and reselution. In addition, the use of lon pairing modifiers in the mobile

phase may allow reversed phase chromatography of charged solutes, such as fully
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10367) I n another variation, the analyte is release fromthe capture zone by
cl eaving a coval ent bond within the groups conprising the capture zone. The
rel eased anal yte, which is attached to cl eaved-end of the surface
functional groups, may then be transported into the analysis zone for

anal ysis or futher processing. [0368]One of ordinary skill in the art
havi ng the benefit of this disclosure would appreciate that the activation
of the capture zone and the capturing of the analyte in the capture zone is
not limted to the coval ent and non-coval ent bindings di scussed above.

Variations of the sanple presentation device may inpl errent utilizing ionic
and ot her denetsstedpliginHdssgecd rydioahiis pirtiges. e[i“toﬁ%l" aléﬂ“Bﬁet DFEVFRIRIRS nat i on

wi th covalgnt ARaR- ca¥ah antlihi Rdi:dgsboh Qragbind@d ighBipt, NEhGR RSk igtezRN @1aand
capture antigen within the capture_zone. [0369]1n another application, the

sanpl e pr dsdRphebicopteastonse The syyisrs fuastnaliinary oo sortyledthieweh tedssarty as a
cust om zahk €, 4&au! §§MST&ﬁtaﬁﬂ%}%ezﬁBEt?onQ?ﬁfogﬁs | 5rpe onffhQUESE ML B be

nodi fi abl e capture zone hat the t party can el ectively nodify
the capt urcentxine treugbafor example, teeieq of 16, Hnal i & dostpogihensypismened igrike
variation, arPLESSMAIRON FRH GS1dstreddARE €d Wi th
a surface stﬁﬁ% Y% g@%ﬁ)gﬁgﬁ%ﬁﬁ:ﬁ\gﬁxﬁﬁ Lba ﬁgl nﬁﬁ an zfntl body. ’ Igor exanpl e,
t he capt urgpizaae thaythbeevadaphess xne hnay @AM}@W@&@@WECWWRS@BOWHS
ester grou th & sanpl e
pr esent at |d§ﬁc%%s\k/kﬁgémfy aquea%h%%“ qﬁ%rg e‘%ﬁéﬂ?‘f yﬁgctelth%l%g g} {ﬂﬁe c st%ldrnﬁéseélbgeanp | e
pr esent at |irqn1ddevth&:e1aﬂ3ms mnalcyme oandf oserps 06essesae»parmheqddlcarona:haba]ltpée of

i nterest. ap t he t H’d LYo BY S qmi ze t sanpl e
present at if 6'358%%\?[% EViSr pﬂé‘ﬁﬁ ur Hj hass caga “%ﬁlfagaal e C“geﬁlé e Sanﬂjgc t hen
provi de ar;ddsanatsﬁldlewtchﬁaxmgsmemmeld cszamelzenepr esent at| on devi ce to anot her
party, wh t he.end user not her ex capture zone is
adapt ed chi':{'lﬁi S Rﬁgwlégfezoé%%flllg}'%ﬁ Rﬁﬂc ZPI&aﬁlésus’ci htehcm Pexar{]gljesnﬁy t hen
utilize thesyiefimbiiseaicgbndforeshanhey fpriepeniatkd o adewple essdnttiph deliee a

1T or ent Biec CRERTRARE b ol B 4t AL SrTaproRoU S et B 2abl o

sanpl e prQ&ﬁ&ts&ﬁha@ﬁhdﬂﬁk{dl@ﬁcéﬁes@ﬁ@ﬁedﬁﬂleﬁm&uﬁi e SIS fuhdliotal kédiord b R@dMiRH ot her
chem cal s/solutions to allow the_user to thlvate t he capture zone with

speci fic ANCHERTCAP P CRERP AP G WP e USUHES 7Y antigen. In one

variation,pidzg KiddS@meny,8se @aﬁ;ﬁapieeenpdheﬁg%@ésu@@ p@dﬁh%emqvacagd@c@ap_t ure
zone t hat can be activated to anchor an anti bod a chem cal solution

that can Buthibhe Ppoey ferdiamelpspiar éménan%@@ﬁbfonpﬁeyf&n% fBsHyupIEGhe RamBY e, the

kit may cojmfidce€on @lecﬁb&ﬁcs i 2 grﬁﬁﬂgﬂﬁﬁ wiving) 9PMEfRIE) sifedlord. T Br@nts; and
(5) tools, I'n another vari ation, the conpri ses a sanple presentation

devi ce havisngela seay iy BG 3de thhsites Mml?ﬁéedef@t § Yetaglefelaticeapttbe piiggonal
phosphopepgomeﬁn% 5Ot %mgg?é ﬁmest t'a%uwfmrma/ dﬁgﬂpr 'vﬁl% oné éamﬁalabmmm(%)m-

reagents fers cali brants; An T nstruction on how
to acti vatS(late Phé—’iiﬁ'a@twrléy Zﬁﬂ@bbyre@témfmgéi i Ags 0 @)émﬂlmgslﬂllalndhﬂf ot havirghtbe i ng t he

proper Ch%h&f?c' éfb P Ia%g]ogtﬁlé »\(o%ldg {)%pr%&h%l ?l%tt I d?aunéﬁ) e I‘ésgﬁifon p(ﬁeQr c@l ﬁ?v be

nonocl onal anti Iron 1on ure zone nmay a
provi ded wopfgumed Wigh kirtous ar_mya:nmligmahovsawilsanplc PrOCERieg sites.

[0364] Sample presentation device having one or more functional zones (e.g., ion-
exchange zone, reverse-phase zone, capture zone, etc.) may be utilized to process various
biological, biochemical and/or cliemical samples. For example, crude biological samples
{e.g.. serum, piasma, efc.), which contain a variety of species that could interfere with
subsequent protein/peptide analysis, may be processed with a sample presentation device. In
particular, sample “clean-up” has become a major area of research recently with the goai of
removing the unwanted, interfering materials from the crude sample. Many of the current
methodologies involve a serigs of off-surface chromatographic steps, each of which requires

an instrument to control the chromatography and a column with which to process the crude
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or nore of the activating agent to be conjugated, |oaded, anchored and/or
ot herwi se attached to the capture zone, nay al so be provided within the
kit. For exanple, the kit nmay be provided with three types of nonocl onal

ani bodi es, so the user can custom ze the chip to capture one of the
correspondi ng anti gens. [0371] As di scussed earlier, the sanple
presentation device may be inplenented for detection and neasurenent of
vari ous chem cal, biochem cal and/or biol ogical sanples with various
detection and neasurenent apparatus. The sanple presentation device may
also be utilized to filter and/or concentrate chem cal, biochem cal and/or
bi ol 0gi cakaye t Pereplefrrsehtaicnhenicp havies Bhay, MR diFHoRab 2o i PREFSAHNI t | onal
chemi cal | devi ce
102 1 o LT e e B A e et ®ef et e
phot ons ( evegd 'Lhﬁ(!lpftdlanﬁddSDB@W'Sﬁfmlﬁyhonﬁ pidp@scence detection, etc). The
system nay be conflgured vmth a photo emtter 404 (e.g., WV, visible, or IR
| i ght soufzanples izt 2 2l gatos. g. optlcal sensor, etc.),
as shown i tion.,.device is
utilized \}\n&}ﬁﬁ a s S Oﬂ{EQV\XZwr hlplto é%lgt% %g{egﬁéa}:%qssg%%&ﬁgégﬁhglaecgﬂ uft

pr esent at izoue mhé\auaiesmﬂﬁleamdl @ptuoaaitbeuhdtahezon@ whrk dupartls dleespttywandandhe
detector 416. Far t ) ct sShown in
f G o Aarelit A8 S WP By RS TR OR LRSS ARER B Pt Ve he
anal yt es ati#ahke tswabﬁ:ﬁaeamfmmm sann)b:em@ﬁeesmthﬁmemodewn@ebﬂ@@t;vaadmbyt he
oni zed pm thcks ars acgelerpted Lhroush J Ne.RS%R! SAhloRoRheskhads 414

the surface. The activated surface my then be utilized to capture analytes by non-covalent

interactions with the analyte in the sample solution (e.g., a biclogical fluid, etc.}. Once the
desired analyte is bound into the capture zone, the residual species in the samnple flunid may be
removed from the surface of the presentation device (e.g., washing the swrface of the sample
presentation device).

[0366] Once the residual species has been removed, the desived analyte may be released
from the capture zone and then transferred into the analysis zoue for measurement. In one
approach, the non-covalent bond linking the analyte 1o the activated surface may be disrupted
through chemical (e.g., imtroduction of a chemical agent, ete)) or physical {e.g., UV
irradiation, etc.) methods, thus, forcing the release of the analyte from the activated surface.
The released analyte may ther be divected to move 1nto the analysis zone. For example, the
released analyte may move towards the analysis zone due to surface tension delerential
between the capture zone and the analysis zone. In one design variation, the capture zone has
a larper surface area than the analysis zone, such that the analyte would concenirate onto the
analysis zone. Once the analyte is in the analysis zone, vartous chemica! analysis technigues
nmay then be implementied to detect/measure the analyte. In ons variation, the apalysis zone
comprises a substantially non-binding swface. In another variation, the apalysis zene
comprises binding surface for capturing the analyte for analysis. In another design variation,
the binding characteristies of the analysis zone may be activated after the analyle has been
captured in the capture zone and prior to the release of the analyte from the capture zone.
19367} In another variation, the apalyte is release from the capture zone by cleaving a
covalent bond within the groups comprising the capture zone. The released analyte, which is
attached to cleaved-end of the surface functional groups, may then be transported into the

analysis zone for analysis or further processing.
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(0374] 1 n yet another variation, the sanple presentation device may be
configured such that photons may pass through the sanple presentation
device itself. For exanple, the substrate of the sanple presentation device
may 402 conprise a glass based layer with a thin gold |l ayer sputtered on
top, and a SAM | ayer deposited on the gold. The thin gold | ayer may all ow
transm ssion of photons. In one particular application, the sanple
presentation device 402 is utilized with an optical emtter 418 (e.g., IR

| ight source, etc.) transillminating light through the analysis zone 420

of the presentation device 402. An optical detector 422 g{ﬁ IR |i

det ector, B368]) iQnenpls PHdmBREEID A tthie apt e sthgi dersft tqﬁéh‘ﬁrf&c 't“ﬁt‘l""?i'rlud deV| ce
402 to neaa%ylreaa{ehﬁataﬁpuaivamn off B8%cafthi@lzoRA8RCThe lBAFRHED of AR aQaé@&elﬂttﬁé ion
devi ce 402 and the anal Ytes position in the analysis zone 420 S

neasur i ng ERuEbse pf ingh ligged e e covaksnisgwipnioyvEpnt, bindingscligcugte d‘lbﬁh“-'nar y
skill in t\z’%l Abds Qp‘ﬂicn&tbt&ep@%%fnbﬁ dRbicd M SHHGhos Lﬂﬁ:ﬁzﬁﬁ?%rﬁc ARPr, ﬁﬁl ate
that other detection and measur enent apparatus na be i nmpl enent ed
with the scéwplcel bn@s@ﬁhaaﬁcieﬁﬁilcdeﬂﬂh@e&l@l@s@rm leribinatioa wﬂl fosEaiPRicgvaleR ent | on
has been de \/ e been
portrayed. %gﬂ%’goeét%ﬁe | ?}%ﬁctg tgﬁgﬁﬁﬁbﬁgéﬁﬁlg c#?%édﬂltﬁ@&agﬁ?r%%gl particul ar
vari ati ons[036% i Ihus@thatappal'etatﬁangthleesmplt hosatatibn devikienadajiveieil hhd/drisoldhea ar t

o Coaph Gkl 4 NS BYERE Nl > ABLaldold8l 40:LNR XAGLALI o of
figures desér ifh icul ar, physical arran t he anal ysi s
zone, |i qunddlﬁdilemmmmcmnmch &mjthbohlrrﬂmﬂy czmnlectwslynomdlfyi tive t@dubycmteh@

exanpl €s deS(l:reI Catlc aﬂ ?01' alla 1. rt ne Varl 413 tnlo [N ZO = (Psa qgsqu bed
above i ndi CALE & SPFHHABIERIL BE Elisrl Hgo Fnocertal Pd‘é" ri hosé “BFfFor di nary
skill in tﬂsreseauauw Hbvm:eecsogiaptze witkat sufeceothaers cmgaLmE oéebtramnlyslmﬁtmg mmy be

di fied d t
of he 1 P, PRIGTTURGH G aroa st RESEl S0 Ay B Hart Shked

concurrent doﬁl}irlﬁesaﬂpﬁéﬁérl gebuppr Ohegsdwagn g $6 thalead u@es tive hloddigs plerbﬁrﬁ;ﬂéred
sequentl al | éﬂas descri bed ,above. Theref orlﬁﬁ to the extHant there are
i

vari at i onsPTOEMAHE Feyira A SHP SHprFausaty wolige CHS”PIHEC‘%Eﬁn? § PIEF PR Qﬁ"%l osur e

or equi val @ninalyge idigoriphscentd pasculundyierv/ilterea! ah uﬁmhéltappﬁcat.bte thefhe@t t hat
this patent will cover, those V(ill‘l ations as well. Finally, all publications

and pat en/PEBpREE APTIOREE 4% S0RlR PROSFERtOp e Icr d9t FHIVTHIEE RAUSTIA YRE X por at ed

by ref er enggiykd) ahd@ieh pRAtder8ENr 831 thé @ﬁ&mzddnﬁmwe%@éemﬁw HGRL 119 dler PAL ent
application were specifically and |nd|V|duaIIy put forth herein.

CVRPSI M . Deac| Wiampn Pty endluseaoé*l angthey syapiple the captyiggone igpdypigd with a SAM
surface comprising NTA ligands. A third party may then utilize the prefabricated NTA

sample presentation devices to produce a sample presentation devices having different metal
ions for capturing different bio-chemicals.

[0370]  In yet another variation, the customizable sample presentation device is provided
to a user in a kit along with other chemicals/solutions to allow the user to activate the capture
zone with specific a chemical/bicchemical to capture a desired antigen. In one variation, the
kit comprises a sample presentation device having a capture zone that can be activated to
anchor an antibody, and a chemical solution that can be utilized to activate and anchar the
antibody. For example, the kit may comprise: (1) chips; (2} reagents; (3) buflers; (4)
calibrants; and (3) tools, In another variation, the kit comprises a sample presentation device
having a capture zone that can be activaied for capturing phosphopeptides. For example, the
kit may comprise: (1} chips; (2) reagents; (3) buffers; (4} calibrants; and (5) tools. An
instruction on how to activate the capture zone by conjugating, loading, and/or anchoring the
proper chemical/bicchemical (e.g., nucleotide, peptides, protein, monaoclonal antibody, iron

lon, ¢tc.) onto the capture zone may also be provided withia the kit. In another variation, one
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W claimthe followng: |.A sanple presentation device conprising:

a substrate having a surface, wherein said surface conprises a plurality of
5zones of different wettability conprising: a first capture zone confi gured
to capture an anal yte; and a second anal ysis zone confi gured
for analyzing said analyte wherein said analysis zone is nost wettable with
respect to the sanple in conparison to the other zones in contact with the
sanple; | Owherein said first capture zone and said second anal ysis zone
being configured with different wettability to pronote liquid flow from
said first captyre zone to sa&ﬂ?seqond apalgsis zone gnd a third baundary
zone conf PHBPEPTIRS ASBYARR ALY LASFOMERT N BT RPEE 2RUgt W~ FopEse

wher ei n s thehapnearineZMAE ais 13 HogIaREHiR Hheykin O Folekdnaidd, &ha RN @napd Heh
15respect to the sanple to be anal ysed. 2. The sanpl e presentation
devi ce acPBPHiChIVIBIEEE dYReS of EpRpalotal aybostiss) o e ivsy B cuP@ize et Rpt ur e
zone and g;phHbA! dittke QhreSRh8ns &GRAE anal ysis zone, wherein the plurality of
said first = capture zone 'is distributed on said surface as an array, each
of said figshplc aARbMGotUHARAR VSiosONNaah SlchdrdnpOkkesRRAdi Ng one of the
plurality of sard second zone, Said surface further conprises a third
boundary 2%l adstEerusssd sanbish dbcesarpla PEFARFREPT evies DRy rbst implsicnieé one.

detection and measurement of various cheraical, biochemical and/or biological samples with

various detection and measurement apparatus. The sample presentation device may also be
utilized to filter and/or concentrate chemical, biochemical and/or biological particles for
further processing, and/or for running additional chemical reactions.

[0372] In one variation the sample presentation device 402 is utilized with a system for
measurements based detection of reflected photons (e.g., optical spectroscopy, flnareseence
detection, etc). The system may be configured with a photo-emitter 404 (e.g., UV, visible,
or IR light source, etc.) aud a photo-detector 408 (e.g., optical sensor, etc.), as shown in F1G.
9. ‘

[0373]  In another variation the presentation device is utilized with a system which
ionizes the analytes on the sample presentation device 402 and directed the ionized particles
toward the detector 416. For example the sysiem may be a mass-specitomeizr as shown in
FIG. 30. A laser 410 directed by a mirror 412 may be utilized to excite the analytes on the
surface of the sample presentation device 402, and the ionized parnlicles are accelerated
through the acceleration electrode 414 towards the detector 416.

{0374]  In vet another variation, the sample presentation device may be configured such
that pliotons may pass through the sample presentation device itself. For example, the
substrate of the sample presentation device may 402 comprise a glass based layer with a thin
gold layer sputiered on top, and a SAM layer deposited on the gold. The thin gold layer may
allow transmission of phetons. In one particular application, the sample presentation device
402 is utilized with an optical emitier 418 (e.g., IR light source, etc.) transilluminating light
through the analysis zone 420 of the presentation device 402. An optical detector 422 (e.g.,
IR light detector, etc.) is positioned on the other side of the presentation device 402 to
measwre the amount of hight that passes through the presentation device 402 and the analytes
position in the analysis zone 420 (c.g., measuring IR absorption spectrum), as shown in FIG.

31. Ome of ordinary skill in the art having the benefit of this disclosure would appreciate that
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3. The sanpl e presentation device according to claiml1l or 2 wherein said 25
substrate conprises a sel f-assenbl ed nonol ayer. 4. The sanple
presentation device according to any one of the preceding clains wherein
said first capture zone has one or nore of the follow ng characteristics:
a)it conprises an antibody; 30b)it is configured for performng

chromat ography; c)it conprises a imobilized Fe(111l); C WRPoTi hROCCNE

i wobsoar, | 0.002 VII/ 20 RI - 109 - d) it conprises a immbilized Ni(Il);
e) it conprises an inmobilized netal affinity chromatography surface; and

Oit is ada&ttze?dde&gtiocnagntdyorrerne%s Ergft:n iagpargu? %Q)tf iagg ’beQ%p%mréHt%tl:l %ﬂithi t%g ‘sample
presentation device described herein.
[0375]  This invention has been described and specific examples of the invention have
been portrayed. While the invention has been described in terms of particular vartations and
illustrative figures, those of ordinary skill in the art will recognize that the invention is not
limited 1o the variations or figures described. In particular, the physical arrangement of the
analysis zone, liquid retention zone, and boundary zone is not limited by the examnples
described above. In addition, where methods and steps described above indicate certain
events occurring in certain order, those of ordinary skill in the art will recognize that the
ordering of certain steps may be modified and thal such modifications are in accordance with
the variations of the invention. Additionally, certain of the steps may be performed
concurrently in a parallel process when possible, as well as performed sequentially as
doscribed above. Therefore, 10 (he extent there are variations of the invention, which are
within the spirit of the disclosure or equivalent to the inventions found in the ¢laims, it is the
intent that this patent will cover those variations as well. Finally, all publications and patent
applications cited in this specification are herein incorporated by reference in their entirety as
if each individual publication or patent application were specifically and individually put

forth herein.
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55. The sanpl e presentati on device according to any one of clains 1 to 3
wherein said first capture zone conprises an anti body for capturing an

anal yte. 6. The sanpl e presentation deviee according to any one of clains |
to 3 wher ei pegErd~frsteapt ure zone i s configured for performng

chr omat ogr aphy. 10 7. The sanpl e presentation device according to
a one of the preceding clains wherein said second anal ysis zone is

S tantially non-binding. 8. A sanple presentation device according to
cl@ m1l and substantially as 15herei nbefgge described with reference to the
Exahpl es and/ or drawi ngs. 9. A nethod of analyzing an anal yte conpri sing:
pr&senting said anal yte on the sanple presentation device of any one of

I

C ms 1 to 8; and 20detecting said apqlyie.
(‘T] We claim the following:
. A sample presentation device comprising:

- a substrate having a surface, wherein said surface comprises a plurality of
% 5 zones of different wettability comprising: _

§ a first capture zone configured to capture an analyle; and

8 a second analysis zone configured for analyzing said analyte wherein said
g analysis zone is most wettable with respect 1o the sample in comparison to the other zones

in contact with the sample,

[0 wherein said first capture zone and said second analysis zone being
conligured with different wettability to promote liquid flow from said first capture zone to
said second analysis zone and a third boundary zone configured to contain liquid within
said first capture zone,

wherein said boundary zone is a substantially non-wettable zone with

15 respect to the sample to be analysed.

2. The sample presentation device according to claim 1 comprising a plurality
of said first capture zone and a plurality of said second analysis zone, wherein the plurality
of said first capture zone is distributed on said surface as an array, each of said first capture

20 zonc is connected to a corresponding one of the plurality of said second zone, said surface
further comprises a third boundary zone adapted to separate said plurality of first capture

Z0ne.

3. The sample presentation device according to claim | or 2 wherein said

25 substrale comprises a self-assenibled monolayer.

4. The sample presentation device according to any one of the preceding
claims wherein said first capture zone has one or more of the following characteristics:
a) it comprises an antibody;
30 b) it is configured for performing chromatography;

c) it comprises a immobilized Fe(lll};




10. The method according to claim9 wherein said detecting step conprises
perform ng | aser desorption ionization nmass spectronetry on said anal yte.
2511. A net hod of anal yzing an anal yte conpri sing: presenting
sai d anal yt exorrthesampl*e presentation device of any one of clains 1 to 8;
and neasuring a chem cal characteristic of said analyte. 3012. A net hod of

puri fying a sanple liquid conprising; CIN ANO TCOCI 1A1.1 Oo(14%I11 :mwut -
1@ - introducing a sanple liquid onto a surface, said sanple |iquid
campri ses an - 109 -

™~ 109

)

o .

- d) il comprises a immobilized Ni(l1);

a e) it comprises an immobilized metal affinity chromalography surface; and

f) it is adapted to capture a protein, a peptide, or a nucleotide.

-

A i : . : :

@ 5 3. The sample presentation device according to any one of claims 1 to 3

g wherein said first capture zone comprises an antibody for capturing an analyte.

W

-

(C\Dq 6. The sample presentation deviee according to any one of claims [ to 3

wherein said first capture zone is configured for performing chromatography.
10
7. The sample presentation device according to any one of the preceding

claims wherein said second analysis zone is substantially non-binding.

8. A sample presentation device according to claim 1 and substantially as

15 hereinbefore described with reference to the Examples and/or drawings.

9. A method of analyzing an analyte comprising:
presenting said analyte on the sample presentation device of any one of
claims | to 8; and

20 detecting said analyte.

10.  The method according to claim 9 wherein said detecting step comprises

performing laser desorption ionization mass spectrometry on said analyte.

25 11. A method of analyzing an analyte comprising:
presenting said analyte on the sample presentation device of any one of
claims | to 8; and

measuring a chemical characteristic of said analyte.

30 12. A method of purifying a sample liquid comprising;




anal yte; perform ng chromatography on said sanple liquid in a first capture ‘
zone on said surface 5transferring said sanple liquid onto a second

anal ysis zone on said surface; and detecting said anal yte |
wi t hi n sai d“sEcHit“an&l*yY€ts zone on said surface wherein said surface
conprises a third boundary zone configured to contain liquid within said
Fist capture zone wherein said boundary zone is a substantially

nehR- wettabl e zone 10with respect to the sanple to be anal ysed. 13. The

méEhod according to claim 12 wherein thei®tep of perform ng chronmat ography

C rises performng ion-exchange chromatography. 1514. The net hod accordi ng
to&?lain112 wherein the step of performng

delecting said analyte within said second analysis zone on said surface

wherein said surface comprises a third boundary zone configured to contain liquid within

- introducing a sample liquid onto a surface, said sample liquid comprises an
— .
o~ analyte;
performing chromatography on said sample liquid tn a first capture zone on
- said surface;
o - . * . - -
@ 5 translerring said sample Tiquid onto a second analysis zone on said surface;
A and
o
)
-
-
(o

said first capture zone wherein said boundary zone is a substantially non-wettable zone

10 with respect to the samiple to be analysed.

3. The method according to claim 12 wherein the step of performing

chromatography comprises performing ion-exchange chromatography.

[ 4.  The method according to claim 12 wherein the slep of performing !

chromatopraphy comprises performing reverse phased chromatography.

153.  The method according to any one of claims 12 to 14 wherein said surface

comprises a sell-assembled monolayer.




chr omat ogr aphy conpri ses perform ng reverse phased chromat ography. 15. The
nmet hod according to any one of clains 12 to 14 wherein said surface
conprises a self-assenbl ed nonol ayer. ABSTRACT SAMPLE PRESENTATI ON DEVI CE
The present invention relates to sanple presentation devices useful in
perform ng anal yti cal rreasur enents. These devices have been configured to
enabl e varlous a ec%& i quid handling such as: retention, storage,
transport, on, positioning, and transfer. Additionally, these
devi ces can enhance the detection and characterization of anal ytes. The
sanpl e presentSAMPLFEERESENTATIONDRVESENt i nvention are conprised of one
or nore substrates having a plurality of zones of differing wettability.

Met hods of anal yzing sanpl es using the sanple presentation device of the

i nvention, as Tielpresast imemtionlslasés toedmiplg prebentaimndbdcgsnesfehinat i on devi ces are
di sclosed. Fi gpsrfonmngggaly’ucal measurements. These devices have been configured to
enable various aspects of liquid handling such as: retention, storage,
transport, concentration, positioning, and transfer. Additionally, these
devices can enhance the detection and characterization of analytes, The
sample presentation devices of the present invention are comprised of one or
more substrates having a plurality of zones of differing wettability. Methods
of analyzing samples using the sample presentation device of the invention,

as well as methods of making the sample presentation devices are disclosed.

Figs. la and 1b
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