SAVPLE PRESENTATI ON DEVI CE CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001)
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
clainms the benefit of U S. provisional application No. 60/573,440 entitled
"SAMPLE PRESENTATION DEVICE" filed on May 21, 2004, each of which is

i ncorporated herein by reference inits entirety. FIELD OF THE | NVENTI ON
[0002] The present invention relates to sanple presentation devices useful
in performng analytical neasurenents In addition, the present invention
relates to the fabrication and u f saﬁr IIfresentatlon devi ces.
BACKGROUND OF THE | NVENTI BYICH i el ds that invol ve sone
ki nd of chem cal and biologlcal analysis of a sanple require researchers to
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constitute a“critical I nportant conponent of a researcher's analytical
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These fi éhag @ohduesisi y(ﬁhb{orrSE(fe%r., the ffn%urement of proteins in blood plasma or the
measurement of pesticides in runoff from 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 presented 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 attention 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
interested 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 component of a researcher’s analytical equipment in a wide range of scientific

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



system ¢ study of chem cal and biological noieties in |living organisns,
their interactions, and the analytical techniques required to discern them
Under st andi ng conplex living systens, rather than individual cell
.conmponents, is a major focus of current biological and bionedical research
in both fields. Specifically, a principal aimof genomcs is to sequence
and generate | arge databases of the gene content of entire organismns.
Genonmes have been conpiled for bacteria, yeast, nenatodes, drosophila, and,
nmost recently, humans. Simlarly, proteomics is the study of all proteins
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resulted in the generation of information about the proteome of humans and other organisms,

and, while this information is still incomplete, much of this information is and will be stored
in databases. It is expected that much of our future understanding of living systems will be
extracted from these genomic and proteomic databases.

[0005}  In the field of clinical diagnostics, researchers focus on the identification and
measurement of a wide range of analytes. The analytes of interest may be the actual drug
candidates, such as in the example of bicavailability studies conducted in the course of
clinical trials that reveal the extent to which a drug candidate is present throughout the
organism. Alternatively, the analyte of interest may reflect a physiological response to a
drug candidate, such as in the case of measuring the presence or absence of phosphorylated
reaction products of kinase enzyme reactions. Because kinase enzymes are mportant in the
growth and reproduction of cells, a high level of kinase activity is cbserved in patients

suffering from diseases in which growth is abnormal (e.g., cancers). Drugs that result in a
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of direct and indirect nmeasurenments of analytes of inportance in clinical

di agnostics and drug devel opnent depend on the existence of anal yti cal
techni ques and sanple presentation devices that facilitate their

measur enent, [0006] The inportance of sanple presentation devices is by no
nmeans limted to the bionedical context. For exanple, researchers
interested in determning the extent of environnmental contam nation (or
renedi ati on) need to be able to screen environnental sanples of all kinds,
including water, air, and soil sanples. Many of the analytical techniques
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Mor eover,” many anal yti techniques focused on identifying, 1solating or
sample collection and distinguishing between innocuous versus toxic organisms. The current

battlefield technique for bioagents utilizes pyrolysis to convert biological compounds to
small molecules that can be more easily detected by mass spectometry {(MS). Development
of techniques that rely upon protein or peptide biomarkers is anticipated, however, because it
would be more specific than currently known methods, and could be used to determine
potential exposure to warfare agents in combination with breath tests, urinalysis, or blood
drawing techniques. Stand-alone biosensors as alerting devices are also of great interest for
use on the battlefield as well as in public places. All of these methods present challenges in
saniple collection, pre-treatment, and presentation of samples to detectors.

[0008] A wide variety of analytical techniques have been developed to identify and
measure compounds of interest in liquid samples, such as DNA, RNA, proteins, and peptides
in blood sera, environmental toxins and agents in environmental samples. While each of
these analytical techniques is useful in its own way, each is at least partially dependent upon

the type of sample presentation device that is employed. Thus, limitations inherent to such



nmeasuring analytes in liquid sanples require that the sanple undergo
separate pre-processing steps - i.e., processing of the sanple before it is
exposed to a particular analytical technique to determ ne the presence and
anounts of analytes of interest. For exanple, many protein cell extraction
techni ques yield conplex protein m xtures and incorporate detergents and
salts that interfere with nmass spectral anal yses that nust be renoved prior
to analysis of the proteins. Current methods of fractionation and
purification are tinme-consum ng. Oher purification nethods, such as liquid
chr omat o@wa:phyna@ndd\gae&ehelaﬁﬁw aphafcesirgndis o tampuhild Yof Piepdsei R iR 1 nely
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ionization mass_spectronetry (MALDI -MS). MALDI -MS is a variation of
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anal ysis of minute quantities of sanples at noderate cost. |00 However ,
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with sa r ratio [ LDl - M5 upports
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utilized and afford dried- droplets having a dianmeter of from1l mmto 2 mm

(Karas, MNEUSARPLSINRA RERpATation, %uw&matedda@rﬁcqwg@sn 3 auppgtrd g pnalyisor por at ed
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for exanple, peptide and protein sanples purified by Iiquid
the presence of a very large molar excess of an acidic, UV absorbing chemical matrix (for
example, nicotinic acid). This technique allows for desorption of these high molecular
weight labile macromolecules in the intact state. Mass spectrometry has become an
importént analytical tool in proteomic efforts because it provides mass accuracy, sensitive
detection, and rapid analysis of minute quantities of samples at moderate cost.
[0011] However, MALDI-MS suffers from various drawbacks, particularly problems
associated with sample preparation. Collectively, present day MALDI-MS sample supports
suffer from a severe sample volume limitation in that they are incompatible with sample
volumes in excess of 2 uL. Volumes of up to 2 uL are routinely utilized and afford dried-
droplets having a diameter of from 1 mm to 2 mm. (Xaras, M. and Hillenkamp, F. 4nal.
Chem. 1988, 60, 2299-2301, incorporated herein by reference). Because the laser irradiates
only a small portion of the dried-droplet {from 0.015 mm? to 0.030 mm®) during single-site

data acquisition, there is no guarantee that all proteins in a sample will be detected. In

addition, the sample volume (up to 2 pL) is significantly smaller than the volume in which
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chr omat ogr aphi ¢ and el ectrophoretic nethods are routinely recovered in

vol umes greater than 10 p.L. As a result, such sanples nust be further
concentrated prior to MALD -Ms. Many sanpl es al so contain detergents and
salts that interfere with mass spectral anal yses, necessitating their
removal prior to MALDI -MS. [0012] Anot her drawback associated with MALDI - VS
is lack of sanple honbgeneity. Even volunes as snmall as 2 pL can prove
probl emati c owing to sanple heterogeneity when the dried-droplet approach
to sanple application is utilized. Sanple volunes in the range 0.5-2.0 pL
are r outsianmley ant rdutineld r@odkeetidi atkr pmhﬁeah]oafﬁe@esﬂitxl'rrigetd:ieidrfmxplhaetcsyndmwhﬂgm a
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(Strupat ; Karas, M ; Flillenkanp, F. Int' Mass Spectronz Jon
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per sanmpirem Thet &f orem. Ofkayasa M. eaﬂdh%mgﬁl@ehpsamln@ﬁ @GRR. besamal yzed ngr day
per instrunent, and automati ¢ dat a acqlgl sition is often fgr ecl uded. [0013]
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ODonnel | b tM J.. g{laulge, A.; Cot éer,. R, % ; lKost er Acad.
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i ncorporated herein by referencé). The sanple SEE ports described in United

St at es Pattl diffier enmgm@s pBthe grigd-droplet (ﬁﬁtu@et Kd;elémfi, oH{{sskarep.dnburlg/ Mass
Lubbert, : ff H I h a A Chem
2000, 725pe§£§’€ %iggocmneg& bggrlg?’e er‘el n rS E llg:ﬁ,ehr?gb?dpml{igg e(’%r‘fm“ ?%%GS shown

that con&g iitrg; ieAslefQ . M.AN, DEmARdsy P eSa:ttmaaMslmjalasJ M.ABL Ferghrang@tets; Anot only
reduces probl ems agspci ated with sanple hetgrgoenel Ly, byt al s oigeuLts in
incorporated herein by reference). These phenomena render necessary the critical inspection
of the mass spectral data as well as the accumulation of a large number of single-site spectra
per sample. Therefore, only a few hundred samples can be analyzed per day per instrument,
and automatic data acquisition i3 often precluded.
[6013] It has been demonstrated that the problem of sample heterogeneity can be
minimized as the spot diameter fails to the order of the laser diameter. In that case, a large
portion of the sample can be irradiated simultaneously, improving sensitivity and
reproducibility (Little, D. P.; Cornish, T. J.; ODonnell, M. J.; Braun, A.; Cotter, R. J.; Koster,
H. Proc. Natl Acad. Scii USA. 1997, 69, 4540-4546; and Gobom, J.; Nordhoff, E.;
Mirgorodskaya, E.; Ekman, R.; Roepstorff, P. J Mass Spectrom. 1999, 34, 105-116,
incorporated herein by reference). The sample supports described in United States Patent

No. 6,287,872 are further described (Schuerenberg, M.; Lubbert, C.; Eickhoff, H.; Kalkum,
M.; Lehrach, H; Nordhoff, E. Anal. Chem. 2000, 72, 3436-3442, incorporated herein by
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a significant increase in sensitivity of detection. The drawback is that to
obtain this desired spot size, sanple volunes have to be reduced to | ess
than 2L. [0014] To overcone these sanple volune and inpurity problens,
researchers have enployed sanple supports designed or mni-colums used to
pre-process sanples. An exanple of such a sanple support is commercially
avai |l abl e as the Anchor Chi pTM from Bruker Daltonics Gibl -1, The
Anchor Chi pTM products inprove MALDI - M5 sensitivity by concentrating the
sanpl e in a precisely-defined | ocation, and specifically involve a thin
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hydr ophi ots princi pal Ilnltatlon associated wth the use of t he

ic s
Anchor Ch‘%’lﬁﬂf*ﬁ;ﬁp’émtoﬁg’ Tedess PEHRLGRS aspretelgd It GHPRIFECEIOEIAL; Butsdiegreltagpl i ed to
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Rul es for Sanple Preparation on Anchor Chi pTM Targets, see or Chi pT™M
Technol ogppt siRe Bargplo wollurgs hBreutk & rdﬂabetddme‘ss tHami2HLL. Novenber 2000

i ncor por tpg‘ﬂ herrel n by re rence% e examl es . rov&} ed by the nmanufacturer
in the @ uct 8 PG HFE FYP lﬁe‘fo Efnafld R R AT e%@?%“&‘i‘%f) hg¥t ume to
ei t her Oelﬁpmjcedoganilpl@ sBbports ARRIAET of IThit @B figedt H}abretlﬂb&s@@ﬁhé%gs And
contam nants (salts, detergents) often get concentrated in

| aser - i r Padipkt Phetoheyisanple Thepest é @m@afﬁwlllésavmle fab it Ameb(dﬁhlazlﬂ‘t‘ darand/ or
concentr i (r.0 CO|L n device
prior to%&gr@ Ogjtii%o(?\&%ﬁt o’}hn@a’éléﬁlgmehc?r dire lclacrt‘c’1 eﬁsu P%{é b’e@crl bed
above. ((Zﬂnp&'htmng thead@pledy aMrd:chsleQ@deﬁn@quﬂanor@ﬁﬁd ﬁpeeimalo:)oinumns afidh 1gaPpl €
concentration a altin repared b ackin te tips with
reverse PhAE¥ eeﬂﬂ%g&{? 8@?%‘%}“@“@&@ Ca(RF/ﬁﬁsag’o"f’ﬁa}’ C% “"ettag@ﬁﬁ‘idtqpé’rh“ SFOtﬁMA

Rossi er, puncipal @rdMBii&EassHbiat¥dlich tﬁ::hﬁﬁl of kB9 ﬁncl?cgﬂ 11%@"4(135 309&uikRER RArHL ed
herein by reference)). However, the use of de m cro-col ums or

conmmer ci ¥liye oflignil spnple 2ppidde cheh ancher hﬁdnsmﬁ Tﬁ@wl@@cﬁﬁ vdotesi- @k dbbel cost,
has PrOVEN Hhlh! ket OBt RIRLE,ERA pRELERAT L0t S RALY MRARLaLE epover | es
of sanple r'ra erial o ere ore, suf man ?I%

| i mtati AnchoaSlsipti dt@Hang}h Rt:lhﬁbn pr. @S(Bmﬁkedaﬂaltd\ziﬁd;DlG-nNﬁI sambérﬁb@upm; ts.
[0015] An alternajive te to MALDI - M5 has peen devel oped for protein
profi | i ngeotgpra ?FP%‘aLrblfé re b $he sEpmPlghiPedehIy ethesiipn féméhh%ﬁgf‘ed | aser
desor pti %dﬁ&@'ma%@@ﬁ[f&éﬁ mmemwﬁ%ﬁlpe(é%%nh@ o %@1 bk as: ppogduced
results wth respect to the discovery o bi omar ker s ovarian cancer and
for diffénether atnlt@horofls phas shaik enelates emdanehtiaimign (paltsstdate&enhylp@ﬁpl Fsi a.

S f
o v ng et B FadamSibplecklbnar e Sehal R it O USRI R el Co

The r et atdrehtamal Mh&ﬁ ZipTip® or similar mini-column sample preparation device prior to

application onto mass spectrometer sample supports, as described above, (ZipTips®, made
by Millipore Corp., are micro-columns for sample concentration and desalting prepared by
packing small pipette tips with reverse phase chromatographic media. (Rusconi, F.;
Schmitter, J.-M.; Rossier, J.; e Maire, M. dnal. Chem. 1998, 70, 3046-3052, incorporated
herein by reference)). However, the use of home-made micro-columns or commercially
available ZipTips® 1s time consuming, adds considerable cost, has proven difficult to
automate and often affords only moderate recoveries of sample material. Therefore,
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 enthanced laser desorption ionization mass
spectrometry (SELDI-MS), and it has produced results with respect to the discovery of
biomarkers for ovarian cancer and for differentiation of prostate cancer and benign prostate

hyperplasia. During SELDI-MS, analytes are first selectively retained on a sample support
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are then ionized by | aser desorption at the point of capture to enable their
detection without the need to effect their recovery fromthe retentive
surface as is required for other hyphenated |iquid chronatography-nass
spectronmetry approaches. SELDI-MS is described in United States Patent Nos.
5,719, 060; 5,394, 063; 6,020,208; 6,027,942; 6,124,137; 6,225,047, and
6,579,719, all incorporated herein by reference. Despite the restuls
recently reported, the SELDI-M approach is often problematic in practice
as surfaces which are optimumwith respect to retention of biological

anal yt eshaviag aeﬁemti@in@lizeé%rfadqahﬂt@pts iasrumaﬁ‘eﬂtﬁf@aptamvmt Ahe rr@sipatandmesanal yte
presentai o uri.n S des ort| n |o t|on

t echni q&ésﬂlﬁge%l%% hl'yglof%td S &ﬁ&mp rFf?P‘ GpiEE tosugﬁl g e”p?j%'fcé]ioﬂsm{hﬂ%\/e been
used. Fane gaednprffect ticaati@aat r@n tl@ﬁéteﬂth sfuﬂﬁ@t dsQ@reaﬂ@écDﬁ@ besr hyphehited ogi cal
sanples via the tinme consum ng techni ques of el ectrophoresi s and

mul ti o dilifeHs FieARAtoRTaghY-nasy FresHam el apHgachee \ﬁ/@ﬁp?‘l%%\}\h desggibed i Huitkdker, | ow
Sensi Li kg Ea%@gggy%s?ﬁmb 3%94 eﬁg%%bio% %%lzwm@ Q2P PELE B stdspS i th

chr omat ogr ap el ectrophdrési’s, whi serves td separate protein
m Xt ur ess, 5'Z9a]19bell éildoqumnateuhéemm bymetehen@nsDamtb thd restuls g.v@bntl}eie@mtwd;)pllmr esi s,

al so kno DS- PA diu odec sul.fate am de ;

ol oot r ot BEyS Poitach 4t ReH RO RS e pRE s ehReS PR 2R SFulEh arituer gnt
only. | nedoco@l reteBli@CHF BRI hisalyid & Dy e§s§th2;Du Wakn ParflhHLRS WATe
separated by their isoelectric point followed by their nol ecul ar weight.

_One di sdé&l’&ﬁtﬂa@@ﬂhﬂe pryvenipien WhfiRgiasy desprpiiontipzaidthod  has poor resol ution,
! ﬁlff esogt\{ gth%P Ol “5}59@ usE® gir %bﬁte”ﬂde%ﬁﬂgep ?l%s LOh gk BrotfROLHES

di sadvan is t t he es use see t at’ion not Stain all of
t he pr otlmemssed Ifloqa::mhpiﬂrfmn‘achrmgbmpth‘@/px(rifﬁ)anmsaﬁpmhesa‘m Blhlcgicabﬂnf;ﬂnsmmce

liquid c mat o PLC) " I ti- n5| on c;hr raphy, "
1 e O TR R AR ek L Do B st e Eah 20 iyt SHat TR 2P
general dmsothit6graMai laabivdit ¥ndhn dhy @S QuERENMIw GARMSHT teRBrighdt G@At haSt to
gel el ectrophoresis, which cannot efficiently separate the smaller

pept i destonsumabihcylamps expipeiisipsayih shismstaeawlibriur gel flerppaerzsipayhien
di gests. ..pali, g s%ﬁﬁﬁﬁ @1%%%51{ %ﬁhhfen E&PE% eﬂh&vb&e%}t uyl aa%el‘{@é/na?f BY1 ‘;gnFa“ on

and it i's use organi ¢ synthesis to envirorun

sanpl e catdtephdresis, dlbo |1®o®asaseSDSJrPaémE i{spuingn | degudyd edereaetyaorylamide HELC, it

consunes | ess, sol.vent and .can be used to extract anal t.es fronb_g% L I|qU| d
Fich a

sanpl es. HRQPPAETR; HINCDMINBES|A° PRI eE ATy %}%htowf

pi pette fiL@@phoreQl WIRSkndWRITEY MG@%}@@&{ melsbppliad 89 thdiLisBBRH i OBoR: | eW
[0017] In drug dlscovery, still other sanple presentation devices have been

devel opef@llpwed bydkeii molendlwnwaight. yPhe disadwantapel of thedechaxcanpb dhat ApNVETthod

(Absor pt ‘Llla%npoa o E}luBg t,ll%n eag h resolved spot might contain more than one protein. Another

disadvantage is that the dyes used to see the separation do not stain all of the proteins.
Liquid chromatography (LC) is known as “high performance liquid chromatography”
(HPLC) or “multi-dimensional liquid chromatography,” if more than one chromatographic
column is used. The advantage of LC in general is the availability 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 synthesis to environmental sample collection. It is faster than liquid-liquid extraction
or HPLC, it consumes less solvent and can be used to extract analytes from gas or liguid
samples. The technique of SPE is offered in a variety of devices, such as pipette tips,
columns, membranes, and 384-well plates, to mention a few.

[0017) In drug discovery, still other sample presentation devices have been developed for

use in known analytical methods. For example, ADMET (Absorption Distribution
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Met abol i sm Excreti on Toxicol ogy) studies using the Enpore card

(http://ww. 3m com enpore), a Cl8 RP (reverse phase) sorbent enbedded in a
menbrane, are touted as capabl e of reducing the nunber of steps in sanple
purification and the potential for archiving and concentrating 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 Enpore
card could be used to | oad peptide digest sanples on a Msif the elution

vol unes MeebdiBpt a¥xcietivn as Toselddy, ctligsw sesiow abnceriniaté on cpept i des
are belowthe limt of detectign. 0181 Therefore, exists for sanple
present 6%%1’18@8“1{%0%% Ct}g @88“‘?1?‘?13 ?)QHB@’FWOW{BW%E ot PeELafal yti cal
met hods str@to@erd%rcawbtemfhemu@eﬂe hlhhyertoyst%sqhqgmgeIpuaﬂeanomemﬂeaﬂotéﬂamet I es.
Moreover, there is need for sanple presentation devices that are

conpat i bfoe whtlﬁﬂ% rmldsatmeetmtmuhwuseom eedgd rsemplesr ad Kendndyi quﬁadlple

chromat o r ct r i

separat i pu}olnf i @lﬂ{elsgjr]lr% g%ﬁﬁ %"g%é 0{ ﬁaé‘gﬁgc??éne@g ﬁ% Eﬁ% 85“3““ q—f Car oftt ai ni ng
anal yt esrh& eluger candf dlmérh H}”O%tosmeaﬁmm difenilyrinze atries pp@hbeiasﬁer a&s@etp@teed W th
sanpl e heter eneit hat result in an incre in sensitivity of

det ect i offrd ¢ or:%b ?§|t%1 adipegtdst diggt Hplanme M%ég@ﬁteéttioﬁﬁo@é%ﬂisée%k%&ﬁl d

enabl e al‘d(w%?%é‘s?olé%‘iﬂ%hﬁ eH:HPE ShtPGon ?&ﬁﬂe@a%e bEB 1§éﬁHPL'c€fdeféE‘n&nhe life
science industry's stan ti-we | ate processors and |iquid handling
robots. MBiY i nﬁbﬂrtﬁmﬂ,IWneqdhe)ystalfeloseemmpeesﬂrteu@ dedtes el tacbé onednd
subsequent NA ; anal y of c onat o t hese
capabi |1 ered B SRR ) ERRETL B BBt ar bt bl GERE on an
measur engeini@f nidi@leagi PRkeoab thdre caaheeﬂ'oﬂoetsamgleu@bmtambe deafceo st apal yti cal
techni ques known tq those of skill |n t he é These and ot her benefits of
the preseWPafhlsarith Bis sarele wluges mudnsy rsrov eredidion Hapd| GHemaRRs 2eF THE

| NVENTI Qi Q08 S Lt &%m%ﬁ&ﬁm £ RS RiHaR bE &Ba:%é!ﬁ/ﬁ&?ﬁc%’floﬁ REenREESeME: dipvent i on

provide attractive “alternatives to known sanple presentation devices used
in vari olntautémamyh c:mtalmeg haodiytasseda doofingchererdents fto catirore ghe gheercal and

bi ol ogi cal 0 e _present.invention .des net hods of
ki g ¢ rao i PR ol B b b PCRUR oS RBa5F YRR e t o
perform aha/\nadﬂabﬂlmgemf%ucﬁn@dmﬁﬂe GMseitBIREUHOABAL 800l andly kesnmodt anfed in

liquid sanples. The unique properties of the sanple presentation devices of

the pr esBRECSHRGERCh g8 foidarmpls. warje dfc sHwcs naqhtsem figsladd eslt-red dlabove)
associ at gﬁ! M fgo rﬁégﬁhhg?%boté eLip %\&}F&m@ﬂﬂ, s SREPLELRT BSeMEAET ON
r use th them "8

devi ces cont al ner I'n” connection
collection and subsequent MALDI-MS analysis of chromatographic eluates. Furthermore,

these capabilitiecs would collectively enhance the throughput of the detection and
measurement of biological and chemical moieties using the varlous analytical techniques
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 attractive
alternatives to known sample presentation devices used in various analytical 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 using
them to perform a wide range of analytical measurements of analytes contained in liquid
samples. The unique properties 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.



[0020] In fields such as genom cs, proteourics, drug discovery, clinical

di agnostics, biosensors, and detection of envirorunental toxins and agents,
mass spectronetry is a technique used to identify chem cal and bi ol ogi cal
noi eties, wherein often only very small quantities of the sanples are

avai |l abl e, and wherein rapid throughput of |arge nunbers of sanples is
desirable. OQther analyte detection nethods, such as fluorescence

pol ari zation, inmunofl uerescence spectroscopy, gel chromatography, ion
exchange chr omat o%r ﬁ{)hy, affinity chromatography, can also be used for high
t hr oughpi#02@et ebt ilshisofuchias| gryiaeds. amdeonshsndrugl disvoveti ebnicalndiagnmtiesshus al so
be used {. i i 1.t hethe [ n j i of .t he present
inventioﬁaﬁﬁgggl%ﬂgﬁggggﬁb %eB§E§%%%%¥ﬂgﬁE§§W?§%%R%Tn %S %%?gﬁyyﬂﬁﬁgntion
provi de gthmactised to dehgfynakbmual aidblheal saigts wirtese ofiat ooly Weyvikass used
in various analytical nethods., For xanpl e, the present .invention allows
for anal 9‘{3@%‘“?308% © SANBRIEY P(Fe?‘?llﬁ‘g?»a%“ﬁeﬂheéﬁﬂ r%ﬁé@ﬁf‘ﬁ%éaf e PREbEyPf ace of
the bi Océ'ﬁnfblésnis\ﬁé&i%%?e? e An PR deiectibh nRfds] QR BERAUSERPHNLERiA €
detected froma portion of the sanple presentation device that 1s designed
to be sulsnartivaiessenchepedsiondipmg gok chiontiomaphgsiwt gnthangheshromagtopaplget ect ed
at high sgnsitivity as,conpared.to Jdirect detection on the surface of a

bi ocht p- SEoR i PIaRE P EaPROMES e Sredelot B, PRBEL 0o PELE AT B devi ces
i N whi chciehtica widi@tesamf canhBudelvd Be sisdiinecositghitibh aant thafskplet prededtatibhe

anal ytes__ [ 00221 The present invention further mnimzes the potenti al

| osses aSedes &t B8 PIFSEH B8R r ansfer of anal ytes from one surface to anot her

because {dag1Pr eSRO! R AP bR sBRARBNHALERQNE @!@Rﬁé‘éﬁ ihPer@oR! GHEHUE efrgihodi ment
require only a single’liquid mani pulation. This, coupled wth the

anal yt e- rlésspativento ropesaninés prsfentdtion slampteusst ¢ amicusizonlytealindbeiar fReces,

results in_a, reduction in the |oss of. the .analyte dnterest as is the
Coce 11 Phgbie nEHER PRk Ao OB oy DR R h iy Al SRR ARAES 1O
n?]'E_ i _I’IVObNﬂledﬂﬁfﬂbfgbf_ﬂﬁ lﬁéchﬁ}@hﬂdolﬁmaé Vi &s 100 m‘x} t1haddp@hnbe@ﬁsec§m;mearby an

a |n|ty captu e evl ce, t rather uses sanp resentati on evi c__es

wher ei n éﬁ%ct%fbé%m%ﬁaorb?ﬁﬁ% sATyRle Brepyiihon devirs ﬁ@gwrﬁg@lﬁﬂﬁi WoreaptaEREbl e

af ini ty, QL pRHRE R%hinfhg tORANALA GRy IR ddhAledSHTHAC SonsHRS 3L dofhpaddisdi on,
the liquid sanplFes can %e mani pul’ated and noved on the surfaces of the
sanpl e pregedeationondw sescobdl beochipelsed affmitgrepore device, conthepkinple
fashi on.

wher et e SR e Te pRnered i RS o b Bdrore s o neeaup el W e “°°
sanpl e peggasd ation device. Mreover, this allows the analyte-containing
sanples to be npved to different zones on the surfaces, each zone having
di f f er en{®08Ebperlite gesapt Wvensiop datthe gniginiagiaing heteniMi lesrenpssorigtef ofith the
purificaphi., IS RhiORANHOfurface to another because the present sample presentation

devices, in a preferred embodiment, require only 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 as is the case in known methods.  In contrast

to SELDI-MS, the present invention does not involve desorption of bound analytes from the

point of capture by an affinity capture device, but rather uses sample presentation devices

wherein the desorption of analytes from a surface having no appreciable affinity or binding

of the analytes to that surface.

[06023] in addition, the liquid sampies can be manipulated and moved on the surfaces of

the sample presentation devices of the present invention in a conirolied 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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9 nodification of the analytes prior to detection. In addition, the present

i nvention involves sanple presentation devices in which the properties of
various portions of the surfaces may change in response to various chem cal
or physical stimuli (e.g., heat, UV radiation), such that the properties of
such surfaces with respect to anal ytes can be mani pul ated during sanple
handl i ng. Such changes in surface properties nay be designed to be
reversible or non-reversible. 100241 These and other features of the sanple
presentation devices of the present invention are described in nore detai
bel ow. Thedgresentf {hmwenlyics priconpitte@®ns dnpidditiopr ths gndsant mrerdiew iicesvesmet hods

of maltin anpl e presentation. devi ces, and t hods of usj] sanpl e

present atsigBﬁe c]j"ee\??[ggt on %gff‘ﬁf’ & IﬁPlﬁgé‘Pﬁ HPP%ﬁcs[%{/T\? ERYS PYHS8] Oﬁ'ﬁ[l]i‘g sb&@gngmay

i nvent i oRhdngk &t eSpbie IARBHOUIMIRESR 8f LRI EPWIEES (4 NaheAl BVUAEELIN)I fich _
perform ng anal ytical neasurenents. |In one enbodi nent, the present invention

i nvol ves thad dbg PEOPEIIES dhtsaeh SHTereyivaBs Ipset Ay aselyteaces ki manipnletedrdmpege zones
of differ] ild ' : t yar | t.o | | yzed.
These zonaaPe %ﬂh?@érﬁwn% %ﬁﬁ%ﬁ%?ﬁf@% ég‘ﬁeft?e%iﬂa%“ﬁ%ﬁéé%@%?%aib?flgﬁfﬁgﬁa ilities
to retai mpnecorcenit.rate, and nove analytes in liquid sanples. These zones
may be of wvario shapes and_si zes,_ and nay be conti nuous or _di scontinuous
wi th re_é?)[@?[ _tgﬁ*éa% A e feesed %ﬁewgﬁ%pméessmég@htdawace)ﬁn ofels eEset the
present ipandd aR aRYIIRA GOMRE 886 Relowdi Stk NGbscRONRR At @NERhridisghpleS
optimal with respect to the retention of a liquid sanple. The sanpfe

pr esent atPrespntefeon deaises imatheds of evditg semplermressntabay déiegsheard wethpds dfaisdigst i nct

zones of i f which is optimal with respect to high
sensitivf%ﬁﬁﬁéggéﬁ%ﬁﬁtgpﬁgﬁalytes. [ 00271 The sanple presentation devices

of the pﬁs%gggﬁggggﬁ&%ﬁgiggy conprise two- di nensional or three-dinensiona

surfaces, ng two or nore zones of differing wettability.
[0028] Theo2sanpl Eheppresanimichidsh ciatbsCRSsaafpld bes@itaiandeviday et i o usdnpihi se a
substrate, _ which canage made from.a vari tﬁ_of material s, including but not
limted LPETIOYTIRE aRaiiitde meagprgaens In F e e PrOFERANentigBIIPYRIYS (e. g.

pl asti cS)samBRGratREfod WAAQX Yllaﬁhﬁ diPREEGA R0 or Brofe zomeh B2 @R AL WeGM ity A1203
on alum num étc. Preferably, the substrate is a nmetal, such as gold, or

sem condugthoespesiuotvadgussiaplosrio bi @02eed Thiess anpise{ ghfésmatvattiabifitidewilcies  of

A T G T R T
zones may be of various shapes and sizes, and may be continnous or discontinuous with
respect to each other.
[0026] The sample presentation devices of the present invention may be comprised of
distinet 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, ene 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, each of which having two or more zones of
differing wettability.
[0028) The sample presentation devices of the present invention comprise 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,
e.g., Si0; on silicon, Al;O3 on aluminum, etc. Preferably, the substrate 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-modified by methods known to those of ordinary skiil in the
art in order to create various zones on the surface of the substrate, which zones have differing
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art in order to create various zones on the surface of the substrate, which
zones have differing |U properties with respect to wettability. Such
surface nodifications include but are not limted to the addition of

sel f -assenbl ed nonol ayers (SAMs), polynmers (linear and branched), and
Langnui r- Bl odgett assenblies to the substrate. Using SAMs as an exanpl e,
when added to the substrate, the SAMs create a surface of the sanple
presentation devices to which liquid sanples may be exposed. Dependi ng on
the conposition of the particular SAMs used, the surfaces of the sanple

pr esent aPioBertigevith SPeT t¢ wettghily e Such nykat meAilivalors anadudt it arearst impiedper t i es

in terns 4-abi ki i i ni c | ene or

onal yt oe'q e WSROk Ldlags @bl dr Bl RoARlS) LIt Pinch RN BRHIER] hnd

pr esent ala@mudeBlodest afsemnbigespo elsesubstratnvesing SAMnasaan@angle, bhat adtceas es

di stinct ,zon se erties reflect the, SAMs used is a articular zone.
O her suﬂ’Faﬂ:‘gﬁﬁ?ﬁgﬂT&i %&%%ﬁe%ﬁz AHfa5E8 %?r?&WﬁletHe’ieﬂ%Bn SEViEw "PFW}PW bHedart are
al so i nckaiaeh iy bOSxYsed eDLpddAUEH BB cohBPOIIn W thb phaRRBESSAM {8 &inds of

zones that the surfaces of tﬂe_sarrpl_e presentation ‘devices may Include,
t hey ares@harsaet 816 wewlp drasemthtlion gevices rof (tbe Gresefeinventionf ey hevandiffeadsit | i ty

wth res 10: 0 b n L i rn results jn.zones
t hat havgleogl&?l ée)ﬁ %§n§gmef‘?§lg¥’ ? %Ga%néei{%ﬂﬁ%g%?ﬁﬁtﬁzma%g%31 eeYEOfF?lorla}nal G| uéarrpl es.
These zoligsdaaeplbs.odtid FAMs mey be hdrednd dreysazplepreSentdtioq Wediceedfant peienzones, "

and "anal ysis zones." e present._invention only requires the presence of
two t ypeé‘%{';S‘Fm?dHé‘él?an&FTt ‘ﬂﬁﬂg?ﬁt‘?srfg?t%i BREOTIRE PEORHI T tﬁ&?pgé’g\%s Béfegi‘bﬁes i's

al so conhampliat Rde. TiRrRHERRMhodiNNEIBE HQRHTEY 18l$8 tbMedsHde s nlchanone zone
of each kind - e.g., the sanple presentation devices may conprise nultiple

liquid resemehdad infbperssedapsknigtn whi ch nay have different properties with
respect ﬁ)(fb?yg]f I quidl 30016 t%.ng{nﬁ% of Bhes 3‘1[11&%"[%& ?xﬁgaﬁgﬁ%ﬁklﬁe&ggspegﬁlg%glwihg 031] A

first type zone is’‘terne oundary zone vol v stantially
non- wet tialites rpniachmie, heveap ehdratiarizel erisanpl ey votubef ded Jiffedng Waezbilowndar y
zone is the zone with the highest contgct angle with respect tq. the sanple
i n conparfSoRiPeY 1P HrHET t%@ﬁﬁi@d@é@ia&tg@b@ﬁw}tstlyﬁ@%%f@?&}%? ?ltf%rlﬁ%d the
“Iiquid EELEEY LORtARNG: binkl SanbRA@thVigha RRRSles WelHeaD |z8ndsNar OBTBaNY $9MeliO- t he
boundary zone with respect to'the sanple to be analyzed (and is relatively
| ess wet  bbindary heanes heligndirgtenisonz omes,” dad Cenabests baledn) Thesseiiguyentioet ent i on
zone ha cqQr t angl tivelw | [l .t he. cont ac nal e .of the
boundar y%@ﬁe@%ﬁ 1ea& e%gﬁ étg{[\%atl){a Se%rzgﬁéé??lgleolgg ! H]“‘g%‘e"(rh han tt ‘élqévgr%ﬁgeét angl e
of the apfikonst & alonentedpbasd. bkid phakmihventidhmal kyuiietludetiegrt illon czepeeadn al so

have equal or | ower contact angle than the analysis zone initially, but
because 6FNcHBMicaE- She pHIRIP PaFSCPHIRAGVIcer Heay Fejliere Y IERte did sitettisay

aSSUME & zgnes, each of which may have different properties with respect to a liquid sample and/or the
analytes contained therein,
[0031] A first type of zone is termed a “boundary zone” and involves a substantially non-
wettable zone with respect to the sample 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 relatively more
wettable in comparison to the boundary zone with respect to the sample to be analyzed (and
is relatively less wettable than the analysis zone, described below). The liguid retention zone
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 equal or lower contact angle than the analysis zone
initially, 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 stimnli, which

results in the liquid sample being directed to one zone preferentially over another.
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hi gher contact angle than the analysis zone prior to the chem cal or

physical stimuli, which results in the |liquid sanple being directed to one
zone preferentially over another. 11 [0033] The liquid retention zone can be
of two subtypes. In one subtype, the liquid retention zone is designed to
operate for |liquid sanple retention purposes, while being substantially
anal yte binding resistant. In a second subtype, the liquid retention zone is
designed to retain a liquid sanple, but also to substantially bind anal ytes
within a liquid sanple, and can thus be terned a "capture zone" in that it
capt ur es{00hHE andhydigyid rerentos @eomern bubf ywe swiypesl sk onechubtiepea theulidad e t hat
is substapti.all nalyt i ndj -ha econes. ..subs tiall. on- bi ndi ng
upon beiﬁg%gu fé% égd%%ggﬁéﬁi@%%ﬂggﬁ%hggﬁégpp%tﬁﬁ%$§g]%%gﬁaﬁsfmﬁbgmn%xanple,
WV r adi agubemntiatlyeatalsite bindingofesivaat . Iif @034dndAsubhipe diteyidfridetzong onetier med

t he "anal ysi s zone", anﬂﬂLa the zone that i s the npst wettable (and has the
| owest cEitEREd IAAYRE)2 WAYIH 2RBlse Ot ¢80 thaitshnpiply Pwdcoalysei WHHO tollt¥e ot her
zones. . TE!J‘?n;ﬂ‘é]%d’§éx§th§§)ﬁ'@tehﬁecg§36a?fﬂl?éjz§n9” Remanat (ﬁesbﬂhe%élgteg.eﬁa@%&ehd The
anal ysis zone may be optimzed In terns of size, shape, and surface

propert i abtipe resthake éndlids & ewdiceitlrttiy suffstantiplly amedyty diteding btthéadbgiomes

anal ytes, ,[ 003 The .l i.qui d capaci.t f. .the sanpl e presentat.i on,devices of
the pres&h mPW@%ncwgﬁm#ggua%bgﬁﬂ%%t%%%ﬁfﬁgﬁgpygén6wgﬁﬁ SBRYs SRS 8T 37
di anet er exinipta) LAr razltition, dderidifygetitdacapacity can be up to about 100 |. The
sanpl e presentation devices can contain this amgunt of liquid sanple

wi t hout tHédheed Pu tiwydizens sggurddns caalysiagery ond & the poggethptds thegeosyar i ous
Z0nes Caletife PhE%Has &loYioRORichh@fet glen WAL 4EY e&tqoftﬁ&gélxgslésxpc&ﬁpah%@o&matI bl'e
wi th hi gh throughput automation off various anal ytical instruments, such as,
f or exanpthe; zomes slspeelysionety i defigretlteheatagyte pOOBEredisiaran dhbh eral gywde mnent  of
the sanple presentation devigces ,of the present .invention, .the sampl

pr esent aPFbAe GR0T ded EARPEY $ ine- 4 o BEF ER st S e e PR 4

wher e " atheiagal@sipuntie ideddeddesignati on referring to the nunber of distinct
zones on_the surfa%e .of the sanmple ?resentation.device, where "n" can be
any nunb8038k omhe diguidrpaitpl thejsapls gesengigngpacesf1he prgpgbinveriey ihas t wo
zones, agd3niah QRthEBR R JREECFAAE inn Bhbete] BRARLEIAB the HRVARLRY
contenpl at'es sanple presentation devices contalning many nore than 2 or
zones anah bhesapriotabbutnitfgdl The semplavargsentatian dpecss e comaib éris afozdréEquids t he
nunber of zqnes, i.ngcrea , the gverall effect approaches a.gradient. Target
Chips. ar Egan SR LowBE S M EAR e s ST LSSt and o HEPEIBEE ¢ hat
are desi gpgedi@iPeokiishdd antord@ AN&Nitee bbb NBmpafiPR34}th With hespest to a

T2 target chip, for exanple, the sanple presentation device
automation on various analytical instruments, such as, for example, mass spectrometry

instruments.

[0036] In another embodiment of the sample presentation devices of the present
invention, the sample presentation devices can be termed “target chips,” and abbreviated Tn,
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 to 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,
[0037] With respect to a T2 target chip, for example, the sample presentation device
comprises two zones — 1.., a boundary zone and an analysis zone. The surfaces of the zone

that contacts the liquid sample are designed to be analyte binding resistant — i.e., the analysis
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conprises two zones - i.e., a boundary zone and an anal ysis zone. The
surfaces of the zone that contacts the |iquid sanple are designed to be
anal yte binding resistant - i.e., the analysis 12 zone is anal yte binding
resistant. The surfaces of the zone that contacts the liquid sanple
effectively confine the analytes during the drying step before analysis,
[0038] Wth respect to a T3 target chip, the sanple presentation device
conprises three zones - i.e., a boundary zone, a liquid retention zone, and
an anal ysis zone. The surfaces of the zones that contact the Iiquid sanple
are desi gmeds realfje baldmgylteelsibuhdirhgslrl‘é’@ﬁ$@%ﬁhﬁ zong thet contipgs thiej lguiddsangtient i on
zone and i ar e_bi_ndi ant. The surfaces of

t he zon%&etaﬁ Kg?gc%ﬁlf zlcetm@ﬁ’ - u&ﬂg g‘ey&é & "j ?r}grceta?l\%fg?tﬁ concentrate the

anal yt es[o0as]t heV\aﬂaley;&rcStoz@me targletr dhiyg tlhchﬁrrrqbﬂalprﬂ@nﬁitﬁn del 00 3hprifee tigaapl €
presentation devi%es of the present invention may thus conprise  distinct
zones, eHWFS of-CwAj ewdésahmaetellamﬁnrﬁprﬁ%zaﬂe aa%?amiw ff1eh %abéaes b

anal yt esye 300400 cbmaawlrtﬁl d gfrﬁgﬁg aré%@a Q4 15 BE R b LS REAL L fevi ces

of the present invention, Fesentati on devi ces can terned
" capt ur elighi pgention zorlecmdtthq: emerlmmmbmat analykd tpsdmg amlstamb Tey slafwd: ofrthe wher e

"n" is a nu caI ion ferrin of, zones. on t he
surface o ?ﬁ}? %"“ﬁ% lrC!]rgsaie 78&60 Wc?gnce% ghe' ks es afl ﬂt)) ﬁ?mr‘?ﬁ%er from
2 to |nfdmhgmhe&@u@s&bor exanpl e, an X2 capture chip has two zones, an X3
capture chip has three zones, etc. The present inventjion contenplates sanpl e
pr esent at%0 8% devt %ésmE]SnIflé?eﬁlFaﬁ‘and&ﬂiPe?rﬁf éhg REFRCTS 18Yendlon gHas R CPPrigst

limted !il@tlr?dwoﬁ@@yea&@?f @111%19@;9{151&5% RUTREN o%ds%ﬂﬁh%ﬁ w;ﬁﬁre&ﬂ?:%t t@%ﬂ*ﬂ%s of zones
i ncreases , the overa fect approaches a gradient. Capture”chips and

capt ur e/ B9d8kent lataochhi p:mbadenmnqﬂ thepras@ataticontidevicyass dother psewit of one

or nmore zones that are eS| |nd analy%e I& % lLﬂVVth respect to an

X2 capture chip, oqmg? ERD%H Fe pr B3Rt ATTEN dSHEE C%WHN|ses t wo

zones - r‘ca@tmereonbaumhabhrpgbmed aabdrealawlpﬁ(ur ehzena” ithe sunhétbsedfnatibe zones
that contact. the |iquid sanple are desrgned to capture the anal ytes - i.e.
the capt tr@Tingethe gpmaer aikanespn e suface bh the sagplenreseaittion €& MHESFOgi cal |

properti gg, @f ad %Dﬁim%k‘f fr@rﬁ%sto%ﬁﬁlﬂﬁ THEPHHLE @e“%n Xbha ﬁr!r'é Erﬂg?ﬁs Qo 4oh&;, zones
that contact t 't qui d sanple effectively confine t ytes during the

dryi ng stegiXbefpns etmallyasrthlee[maiﬂ]etWtﬁw es:pfetttmtf@tlan d@templates sample

ones - PRt B Ted NPl bR Rl BE7 S0 B Rt R LRy SRR SR e

boundar y a Zpsiéfid 1fndRs bURREs. tﬁsﬂ&zﬁrﬁ{b‘éi ahtonad ihyrefen; Wetdvahlleffedingpoagiur e zone
is designed to capture_and hind anal ytes. The analysrs zone is designed to
be anal yt‘iéxﬁ:}zeﬂgl ,{éagt\gglcgtpérﬁn capture/conicentrate chips are sample presentation 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 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.

[0042] With respect to an 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 be substantially non-wettable. 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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Anal ytes are transferred between the capture and anal ysis zones, which is
done prior to analysis by one of the various known anal ytical detection

nmet hods. The surface of the analysis zone that contains the liquid sanple
effectively confines the analytes during the 13 drying step before

anal ysis. The transfer of the liquid sanple fromthe capture zone to the
anal ysis zone may be acconplished by virtue of the properties of the surface
of the capture zone -, i.e., if the capture zone has a | ower degree of
wettability than the analysis zone, the |iquid sapple will nove fromthe
capture Some fiep bHerearalyyisi Ihedwesian ehbadiapkysmply romthe papse izeve to the

Al t er nat L.vel r : i : s dol ) i es may
be. _changesy o A dnBR Mo fRE BRHARE AR OB Sy Bk Plfacer B SBAE 5

radi at i omdne caesifribe tdpture capt biuser Ipwore déemedalivrecttabilsywrandbg peyspf zonet thabi | ity
t han the . .anal ysis zone, and thys causin the liquid sanple to, mve fromthe
capt ure %‘8‘9\‘2 %/aBIP?%é‘“@HH?VS%QmZ e“PIEB AT I @%taﬂgll;{&s hzé’FqgeWHF E@Pﬁlc%f t he

sanpl e ppRseaitah] @xmced@ﬁizag,&hgtapm@ 76888 Nbe ddsipienhicBRhat §t8 Srcp@ARL Bray be
presentatjon devices can be conbi nations of the above-described target and

capt ure €hingsd in respaiise te phroeiratenitbhytipd ssamp| (e eprhedte RiVatddériots vt @ee
conprised, of i i : i j e i nd. sanpl e
pr csent at Hane 2l (EERR BVER B SR ERbILY Bph RO} b el KL R one
zone to drdiduet samplatecharifoal theraptsre(zengto, the miadyspi qoet.t i ng) or ot herw se

(e.g., vi e differences in wettability between zones). As exanpl e, a
" capt urel'?[lr4éﬂsf gfl-yc?gr?ﬂgtﬁ?rr EPEOd\é\ﬁF?}, ot Q’ﬁb%@‘?rea?‘%m%ppr el ?@E PISeY sanpl e
pr esent atm@fti¢le eGBmpRIMEdsREoPlc IRt Bapbe XnteiMtRnS ONBE hb&R-REcrthee tzpRes
(i.e., a boundary _zone and a capture zone), as well as a T3 chip conprised

of three3daagueichis, ohisdambpdiesns, the spypledPressiahien eavigsrise canariwAallysi s
zone). A Lt I [ . QLy;.0t | . _ ;0 s ,pet ween
he capt orerasnsng TEQB SR PR RRRTY SR PR GiondRers pls. 13
chip. | mabaithe oagsferhd admjuabsamgit Sowforkrensanpbthepbe senbatdabmedevieges t hat
i nvol ve combi nati.ons of . capture zon and Liquid.retention zones,m

fur ther B BB PRF BUBBHST RaF or ol nERrerct & Ysoh ibe et efier at &° Huri 1,
and nodi feyarafa) ¥t@8ptufe-thdndfet-doSaMPAe chi),t Qbbre@aleheX - 1dRIfECT3 0R. 2 s@@plef OF
example, a liquid sanple may be placed onto a T2 chip such that the anal ytes
in the mypitaticydevicsrpmpesrd of roffeanfal gyl eommgised offtvsn zagfple mbgunddien be
transferr , i t t ak ) | r one,
and an ar%gﬁeygén:asd 28%%?9 r?ﬁ)’taﬁiws%ﬂeaigﬁgl Cglw(?%ﬂgprgg(ggfﬁ%éeé ég%g(’lﬁﬁ?/&%@&gezgfléned to
bi nd (andigtldustenigsmxoal, dndphalysioi@te).ea tfanein trieehdricplivtothsiavip) ef thsuakiyiehat

shen (he Samblc,t s BROLLSS A0, LS GLEL) 1 e, om e haundaty  one

noi et i es rj Rddihish, tsadid RiidotiRe §RGIS oAt 0Rlctibe BARLIIE BaMhatidfbit he

remai ni ng sanpl e noves to the
capture zones and liquid retention zones may further be used in a combinatorial manner to
isolate, concentrate, purify, and modify analytes in liquid samples prior to their detection.
So, for example, a liquid sample may be placed onto a T2 chip such that the analytes in the
sample are confined in the analysis zone. That sample may then be transferred to an X3 chip
that contains a boundary zone, a capture zone, and an analysis zone. In this example, the
capture zone may be designed to bind (and thus remove) lipid 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 weftability). 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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anal ysis zone (because it has the highest degree of wettability). In this
exanple, the liquid sanple is confined on the T2 chip, and then the I|i pids
are noved on the X3 chip, such that the final sanple that is analyzed from
the anal ysis zone is concentrated and purified of |ipids. Because the
capture zones can be designed to bind a nmultitude of different anal ytes, and
14 because various conbi nations of any of these zones nay be used, sanple
presentation devices having a vast range of purification, concentration,

i solation, and nodification capabilities (vis-a-vis one or nore anal ytes)
can be crbecaues] vaf@@epmbitrsione ofi amy sofi theset ramas foery bé usédyuiachpapbasationom one

sanpl e present ati.on device to.anat.her may vary. Using.the above_exanpl e,
the concéntr %’t g‘ltijw%gr?praeﬁ FABER £5 H‘Fﬁ&}cﬁg’n’ Fé’}ﬁ?{}%%mﬁpéﬁog%ioélaﬂ@ ‘P%C.EB?QUOBy
pi pet t i n@ppabildieplas L istihe dr ERPAIRALResX3arSi i Lcdpr esent ati on  devi ce.

Al ternatiyvel ¥ the T2 and X3 sanple presentation devices may be connected by
a zone, [P4] wet thsunscheysiel prser ordigridsamplsh Jaek s sABRisaReentedorcdeivecal or

physi cal (S bhdthlr may @ U @ggﬂ%pséé 9,%)}“5@ e dBte e HANE ARLT RS B, 5RTPI € 11

the anal ysis zone "of séntation device s trans red to
t he capt uerowedneechinitdly (X3.,devpipativg)end tphecdrpasupeaefXhsanndnercbaitapan t hem

to WV radjation,.results in trability that.is higher than the al ysi s
zone of g2 RHETREEIR b 1O KRR Rre B HalRAe ary Bomagred i a3
devi ce, sugd) thdabudbiiey of AVHUEMEP B Thilg@Mid Zshéhs&Ie chERCH, orgghgzélcaa swash nunber

of surfaces (havi mf:; different wettability and anal yte bin mga_groperties)
1p

and conf i{8r &Y Baslipmepishithatdbmenneeniratesesamaleiip the aelissegnnal/ibpd 2aamalst range

of purifi | LOF . j 1S i i.fd i ild ties
R R it S i
pr esent atzooh betepérc Bsmoo W Haaginbere rsulinwentveabilityrtbdies hghew ikde tizomatysof

different wettability havi,ng different .shapes or terns. . For amle, in
one enbodi’ Irlr%ﬂﬁ t,%e 35 dgglﬁep o 18%8%@&? glaf%thaéﬁq'érg Z%?Bﬁ%gjz%ﬁ’éc& ?Iﬁﬁﬁ}?g&ﬁor m of
concent r isamgler @b as, frovh 112 thE3cenban, wapnevRenngbéher anpkysirsviagneiferent

surrounded by the |iquid retention zone, surrounded by the boundary zone.
Because t'dabibheand-ailpe bindug egrerien gna coaligusiiong Narenipsttrle wraseptation

techni quegy;andaif aa”%?srt] kx‘tﬂﬁ%\{“ ro@ikﬁ{rf?fc&%ﬁ O AGabSCNOLGNGS HOMbER L

tremendous vari ation ting patterns, there i$ a vast range of
possi bl e ehdpless (Pabiveras,or ande emhftegywamlbd @emed. of the vari ous zones.

Mor eover , varj ous properti.es of. the different zon of wettabilit

A ow Tor BT o B PoRRoReEaiE B esdn R roRhoRYPEas TaaBIE bt ar Bt i ng
anal yt es difershtNgdtRbilief haVide dipe@nt RRGds dr@ait@hs. PF&-&eingleMnad dopaiiansa on the
surfaces (e. addressable sites, lanes, or fields). [0046] The sanple

present atﬁa@ﬁ?ed’@%&ee@ammlewww eaysrvpngsrip dit fiogm oh pencenfric ables.futh thpgenter
zone being the analysis zone, surrounded by the liquid retention zone, surrounded by the
boundary zone. Because the zones can be created using a various photo-patterning
techniques, and because known photo-patterning techniques provide for tremendous variation
in the resulting patterns, there is a vast range of possible shapes, patterns, and conftgurations
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-determined locations on the surfaces (e.g., addressable siles,
lanes, or fields).
[0046) The sample presentation devices of the present invention are suitable for the
handling of both biological and non-biological liquid samples. They are also snitable for
application in a wide range of analyte detection methods, for example, including but not
limited to, mass spectrometry, various chromatographic methods, immunofluorescence
spectroscopy, and other known analytical methods of detecting and measuring analytes in

liquid samples.



handl i ng of both biol ogi cal and non-biol ogical liquid sanples. They are al so
suitable for application in a wide range of anal yte detection nethods, for

exanple, including but not Ilimted to, nass spectronetry, various
chr omat ogr aphi ¢ nmet hods, i mmunofl uorescence spectroscopy, and ot her known
anal ytical nmethods of detecting and neasuring analytes in |liquid sanples.

'S 100471 Each of the above-described variations is designed to allow for
maxi mum flexibility in design and use of sanple presentation devices having
enhanced capabiljty to present analytes for detection and anal ysis over
known rretiﬂ%‘g"é. TE?%S?f thfe aBeppleacrise cwsistions &n dedgiede® aHow nlr ppedapm
inventio t; sl i j ; ik one
dosi gned 1o i Pancs R R Seh gt Ay SRELH DRIk} RRnb An ATRNENR 2

pr esent atgremnidevdlples fof detetipr ese ranalysiv esiter dmotvnusietifoflor d Thugpriby edmple

deposition of analytes. . Fabrication.of. Sanple Presentation Deyices 100481
SULTT ot HEFRABBARRS of e Prescl iRy Be i e e Bt PloUsREr SAYE Prigh or
fabri cat inglykifezonamebigndd s enhakt tigifedseREy desctibRed aheng. [M0049hpl:n an
enbodi ment in which the surfaces are conprised of self-assenbled nonolayers

(SAME) whiressuiebemileyices phibe Prpd dngepenidrhyiod inpoved deposisdop et wabiiest he SAMs
used, the sanple presentation devices of the present invention may conprise
vari ous dhbricationed Semple PagsentatiemPedcasy known phot o- patt erni ng techni ques.

y HA 1
A di th t. i ‘ .1 NG of creati
Sl o prOtisl; AesB BT emb BN DGt WP BLG ShIRES RIS e Xl P, "

met hod, phbtoipaticaamnplRrgréseathtidgiseies QOS5 abbe:.surf ace of the substrate of
t he sanpl esentation device. of the present invention is typicall
modi fi ed @P‘%att ﬁ‘BdefB'iﬁdﬁ‘B?fHoals W% STHTES ST COBBTRTE o EHESSHIIS  an

exanpl e, hhg1seRsERAS vhisHotACRstaa R MRdhdihedn alirPalctepdgsye RRAMS of
appl ying sel f- assenbl ed nonol ayers (SAMs), which nodify the surface of the

subst r at esed, theeanspippresentpiansdatags i0b hedeticaeingpriioniose carprisssgriswy $ades may
impart p ' r .St 3 St r - |l ect rl SAMs,
et udi naroes Yot e By Bl pholf paBllbl ElihiocE PRl KR, s
t he sur f aoeentibntthehs ubsitideat @ethbdshollniegpirtg  suvifl@ pezsediati ac teri¢es tdoaprisain of
propertie Igl#n.iﬁarticular, pplicatjon of nultiple SAMs results in the
patternir@’ii ug %JB§BBEFﬁ§Fg %PT%B%m?Fm@ﬁﬁPﬁﬁﬁ MUt urality of zones, each

zone havingseli f f enertyfser dfoge subflAalia st Bl Slits pRchtRAP8shdeest 1Meibeds of
patterning the SAMs are known in the art, and "include vaﬁhoto-patternlng,

phot ol i t hisgerdishiictypaeemailitgd onpaticwst pratepds &hewr fothosseafiskilpathearhidy, and

reacti Ve'éllpé](ag{[p‘feb itl‘Qegsubstrate’s surface can be modified or patterned by means of applying self-
assembled monolayers (SAMSs), which modify the surface of the substrate of the sample
presentation device and whose exposed swrfaces may impart particular chemistries to the
substrate. Selection of various SAMs, including 1°, 2°, 3°, or 4° compositions, for a
particular substrate provides the surface of the substrate with unique surface characteristics
and properties. In particular, application of multiple SAMSs 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 are created on the surface of the substrate can be in any shape,
with circular shapes being preferred. In addition, the zones can be either continuous or
discontinuous with respect to other zones — 1.¢., the zones can zll 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 substrate 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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10051) The zones that are created on the surface of the substrate can be in
any shape, wth 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 each other or one or nore zones can be
di sconti guous with one or nore other zones. The zones that are created on
the surface of the substrate of the sanple presentation devices preferably
have a plurality of zones of differing wettability with respect to the
sanple to be analyzed. 16 100521 As anot her enbodi nent of the invention,

met hods H0SERbr i‘sathetbers ampbdimept efefeativontiaeving@seds hdt fabrieatingp abhwle of
precisel y_ i.{i.oni .yt es as to facilit omat ed. dat a.

acqui si t%ﬁeﬁ&zér&eohp&r%\{}ig%g%? %Eggpa;bnedoiglﬁ 1|S‘£“:lgt |081r§1§)§{3§ @%F EfSeSOPEriSetsoeﬁ Cgit?tgn

Devi ces kM0m3fed dtaanptidiesn ashadident, the sanple presentation devices of the
present invention find many uses in conbination with various anal yti cal

t echni queRredhd AplicRduE 68Sankhib PresbM@ionIRsRAt 1 nvention incl udes nethods for
usi ng the aforenentioned sanple presentation _devices. Mre specifically,
present il¥#eht i dm apetbsr ey dimetiolds sympla Srasentatine devigsk ef tsrrsesenitiavendandevi ces
of the prfﬁﬁ%ﬁtny 'uglééelmsbrﬁginﬁf?ox# Qﬁﬂ%hﬁfiéﬁstaﬁﬁﬁ a??e%&ﬁﬁué%fanngl?éo\éafr@s.' Th &lgrrpl e,
and to analyze a plurality of sanples, either on’'a sanple presen%atlon

devi ce orpreventainpérival intpdenmealaondpl for prséme tteabioosmetgivher SampB0bdlentdtivhual | y
any anal yti.cal t hod that permts .the.detection, jdentification, or

rosur emdHtcnr Uy RELER PICH (R A RelSE I SISO wi t b
the sanple:seitR9QRYRES HMhE BMLER IS 1RMBSEME pr¥eRldrARalyieX aMPlagpiof such
anal ytical nethods include but are not limted to, MALDI-MS or el éctrospray
i oni zat i 6Ad pEnalyRea shwdite opfasarden githepAn 2 devple descsartatipadvicer ar by lwelity sui t ed
to us in | nat.l M -high throughput analytical neasurenent

t echni qué"g,?ﬁr‘@dé;ﬁ’%@%“ otrdg\élgéasfrpl e, for use in MALDI -M5 in which the sanple

pr esent at{#dd] deWictealgnaty singlypcalescthod teonfergits able idetesuah) iflagHicatorasort o
pronmote high throughput data.acquisition, 10055] The. sanpl e presentation
v cos. rttheb D AtERRM VR R 1T Pl B tseisat b cPBTIRNT e e SRReR o

sanpl es, paRehthti RRREY bEHe GRAEA iNeshtibA e ERhp B35 akhARalk e tHekifoldE iMide
wettability properties and capture properties that the surfaces of the

sanpl e prab@amat liwied %M&E@I-gﬁ/%@emwrgﬁmmtabmh%‘“e, They sareplerpicaentation
present atj devi : i one 0 i.pul M elo] t ition,
Storer ¢ risnerent sATRuR 98 SRRORCE: oo MR, SOt BESIhbR Fab 808, i {1
or W t houteapmehaniiedbiguad, eustend ifarexamaleatoy 2es IMPAENI-BIS jprddeste (svmpleuse of
e 4 e b SRR SRR oS T £ i

throughput data acquisition.

[0055]  The sample presentation devices of the present invention may also be used 1o
manipulate liquid samples, 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 samples
or the analytes contained therein. Moreover, because 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 irreversibly, and may further perform various combinations of these functions

1 response to external forces.
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or the anal ytes contained therein. Mreover, because the sanple presentation
devices of the present invention nay be designed to acconplish any of these
functions in response to chem cal or physical stinmuli {e.g., heat, W

radi ati on, pressure, electromagnetic radiation), the sanple presentation
devices of the present invention may acconplish these functions reversibly
or irreversibly, and may further perform various conbinations of these
functions in response to external forces. 17 [0056] Any liquid sanple (and
anal ytes) can be used in connection with the sanple presentation devices of
t he presdMt3s] nvedti bauid Femplex@nil inalyteshearpbesesit i1 pymseionwithrihbsampled to
f'inal yze %Fe@gt{tﬁtﬁorﬁ%ebﬁgéjc\/ﬁﬁg greg{n?mvleﬁtﬂ)w. %of Q{a?n nger@%'é%t inIgﬁi R %genﬁsefi

i nvention c¢an be 'uséd to analyze enzymatiCc di gest prepareg from &1t her
protei n spahgdy@xiticsions foovardDigal liqudd elabmaplaeipigi STherprésenmniemimhi an e
collected fromaffinity chrgomatograph i.e., |CAT | sot qpe- Cod Affinity
Tags)). PAE 1orelge op ‘Fi‘gEPSESa‘He%g@%ﬁé‘@ fﬁ@lé{:lp‘t%e‘%ﬁé(ft§/fé“gegnf&?%?% £dcover ed
from bi 036R8GRrestN®r PGS SfhctioRY RILQE TR AlfaRiHP&hHteHodi@hyl (il SaARIre
transfer wth standard nulti-well format roboti'cs and assays. |'ndeed, the
sanpl e prilsept-dbilohAdeviyckgs))ofTht peesprtagemtion parenise be ussdrio lipelyzredntpbeshand| e
and mani pul ot o4 il SRR 65 QpLAINEdAn oM, Vil LHALLY AT SOUCR, uhet her
such sanﬁ?gslggg‘f PR ]prﬁgﬁr3¥ory“exper?neng Such a8t hé %zynatic
di gest andthitasiensailtsadploam&xobmiceand shenilsi fidedd, aloia@)ple pltaataned dkviesm t he
environment. (such as a water quality Eanple froma river), or aqbtained

di rect | y °f fsnREsePt IMyention gam e reed @ didpdla dnd MRnmiR UG e SEBE) )tainghBisty] The
present LAyent.go s%@e,%lﬁﬁleﬁ?‘é‘uaﬁﬁ%pﬁé&rm—é HRrage: &fla&ﬁ%}féwpfeﬁﬁleﬁtr(%ﬁhvé%' _
purposes or for further analysis. I'n other words, the detéction and anal ysis
of the anld ynaymatic digeali ansldbiosensorgpaingles exapipds idegdied gtbovdc abtainmiddimatiel y

foll owi ng_transf f the |iqui sample to the analysis ;zone.. [ 0058] Thus,
var i ous. SAveRTRen(ed e fftg it SRRk 8 AP, O Bkofhd EBRE, o Tkt

ment’s o rovi de

pr esent atorg@inisgs\Viehss hhainas efivesampvdr i ety of |iquid-handling functions,

i ncludin ut no limted to sanple/anal yte handling, as well as liquid
deposi t i 31%‘?575 et ehltq Bigseny rlél}ﬁf'élftlgi*,capo@ﬁ%’c PhgscAdar Perqesclt PRl Ebralge.

Feat ures andAdyant a982r hOIRA. 1o@d0kiiONnd Qe A&nBRAYanEBAL WS Adfltes
advant ages ‘of the present invention described in the summry of the

i nvent i orcosteteil on lapol samperditcdond| ocbwatmmedatalydfodldwingt werséer i of che diguialt
| east th%;FOekoﬁ%g§: hoqg%k Anal ytical nethods to detect anal ytes present in
a |iqui d B8RS DeAtai 1S £Mm D -
[0058]  Thus, various embodiments of the present invention provide for sample
presentation devices that serve a variety of liquid-handhing functions, inchuding but not
limited to sample/analyte handling, as well as liquid deposition, retention, transfer, locating

and re-locating, and storage.

Features and Advantages

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

[0060] Analytical methods to detect analytes present in a liquid 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 results from different capture zones.

(0061) With respect to sample liquid handling, increased sanmple volumes — up to about
100 pl for a 3 mun diameter zone — can be analyzed, surfaces can be patterned having SBS

(Society for Biomolecular Screening) standard well formats (i.e., 96/384/1536 well formats),

18



M5, can be performed froma single surface that is substantially analyte
non-binding, resulting in increased sensitivity of analysis, increased
reproducibility of results, and conparable results fromdifferent capture
~zones. [0061] Wth respect to sanple liquid handling, increased sanple
volumes - up to about 100 Id for a 3 nmdi aneter zone - can be anal yzed,
surfaces can be patterned havi ng SBS (Society for Bionol ecular Screening)
standard well formats (i.e., 96/384/ 1536 well fornats) 18 and thus are
able to be interfaced with common robotics and ot her ough

anal yt i caihd s prols lofhsaeeriagedcrideosuaniobeiif ot ofst htghghr@a%hpawagﬁaqﬂyt i cal
met hods (gaifhds MALDI - M5) can be achieved, in that zones are precision

pl aced for |gh t hroughput data acquisition. Wth respect to MALDT-MS, the
anal ysi s [0n2g i slnareaaapttlmmaghmt fex the vemquSI?esb/tlta'ianetQOMe,g dﬁaLD@f\é$b¢aabl y

| ess tha | e/ matrix h ave II|zat|on ing to
i mpr ovedrli oaﬁmefdi ﬁj@iﬁ@?éta@%e@?c\m%’ l?i%}é%g? Py ﬂga STy ﬁﬁlﬁi

anal ysi s 1z90e @SMAIINPASE thd @nﬂiglsego@p@tofminyaﬁlsszer@%ullte@ fhin ags’ afa to
interrogaté, resulting in high  throughput of analysis. [0063] The sanple

pr esent atireifragviessethanfl mpe). prigs samplofrasivg hah spanFd caiskllizaiian, deading tout ed
sanpl es % [@%@%orﬁﬁ R0 ﬁ&%ﬁé}l mhh]oﬂﬂe%%\?ﬂé'zx & et 41%11%{;%1@{@5%&{%“&

[ 0064] Sep ration analytes’in a liquid sanple i's possi out the
need for mulpbiepl @ dse:bapan aoalysd egreits Suclbssagreni fohidérmebateg resuitingt es high an i on
exchangeﬂﬁpronaEOE%ggp% colum and then having to isolate the anal ytes from
the col urfFoMEIRE: 8 ent wash step. Indeed, by using SAMs with different

surface cfp ést rTigs sﬂﬁ[sibg;ﬁeﬂniago@ldadw&sooﬂlu{ef Ffe@éﬁt iavaltihesabled@hky smpeci fic
isolation and purification of particular analytes is possible. [0065] A w de

array of dijugrdisguplgppy esansgrf ﬂaﬁapwe%at@aﬁf B@lﬁaﬁwhéénwsw FaCsanpl e

pr esent at dev es onlngs
of known mg@ﬂsen§§§??§£8£€§%@éba%@ﬁ caﬁmﬁ%ﬂh%ﬁﬂﬁ @%grﬁ%28§§'%@% | e
t he sanpl qulﬁ’[ﬂiﬂ’leﬂttlﬂt swwh asdeth bleémgfanalhtes pr:esmntexnmngntchmmmgmghambluem ar I y

well suite Q use in.th icte and. | aser desor tlon i nlzatlon
mass spectdugoly e §0te B RR T (el P bR TR P e

clai ned dgviges SHMsﬂQfﬁlhldiffé‘r@Mt YWaPacd chariie@ict Aeaplad fohiihd fib liftbreBRnERtes,
DESCRI PTI OF THE FI GURES [0066] FIG | a depicts a san&le presentatlon

devi ce of highi sprecdisdpriationasd g Hcatioh of earﬁwlﬁeﬂnab&wmss al ysis zone and the
S“rfound'rg@ dal]' quidyfet %) 8{“1%131'2& gré) e sCARCEMILE Y HD Hdﬁ&g&g}y 59 s a%@ﬁen dary

anot her, wher el n t ion zore 1S surroun
zone. preseniation devices of the present invention, which avoid the shortcomings 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, as is 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

[0066] FIG. 1a depicts a sample presentation device of the present invention, wherein the
central analysis zone and the surrounding liquid retention zone are concentric with respect to
one another, and wherein the liquid retention zone is surrounded by a boundary zone.

[0067] FIG. 15 depicts a cross-sectional view of the sample presentation device depicted
in F1G. 1a.

[0068] FIG. 2 depicts the surface of a sample 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
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[0067] FIG |b depicts a cross-sectional view of the sanple presentation
device depicted in FIG |la. [0068] FIG 2 depicts the surface of a sanple
presentation device of the present invention, wherein the surface is
further conprised 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 surrounded by a conmon boundary zone. In this
instance, the sanple presentation device is organized on geonetries

cor r espondirdigded by e gatac BEndesy ponst dn éhis [roee9q, e @mpbe prepangttion hdcsisr f ace
of a sa % L L af | ' ] .avention, wherein a portion
of the gﬁ% ysrgﬁggﬁgﬁgﬁ%;%ﬁéﬂﬁﬁdgégiggyﬁﬁf§gﬁéugkgicontiguous Wi th respect
to one arfodddr, Eiffer®idepictsode pofité afsa chmbhepepatyt®nsdanet bt qd gresefitent i on
zones that are not .contiguous with respect to gne another are surrounded by
a conmon "BEHHENY TZB AL TR OWHE BT HSIE fents Bgud AT BB LW & ARRANHPS zone

i s smal | afinf RgRct BOn UhbREE WikreldBosel doftttind of el-SRbIVRY 1AL RGuid kRN FhG 42
depicts the surface of a sanple preséentation devicCe of the present

i nvent i orthat\ghenet aentigious Wibercerfect teeongmabipsi ere soneuriiad b sesemiaei gredatyo
facilitate the t e cgui si t f.mass spectral ,data. FLG depi cts
an_enl ar daherie oMt AL e RS a0 iy TR R SR AR i llistr
appr oxi mdiqaldyrett@formzoneand whi ch correspond to the individual regions that
may be sanpled by the |laser during mass spectronetry. [0071] FIG 5 depicts
the surf s aﬁ(lgiarf& eRiFies %tsaffg%?n9Bév$8@§ﬂ%fpl'ft8ﬁéa%qﬂb§§wee of e rirF6H,

wher ei N tiRe abk | fiGelnS tHeUsDE o CABTILESE e %@dsp@éeﬁsdég%ng@ ab YiadififORRs and
liquid retention zones, wherein the analysis zones and liquid retention
zones ar eutrortancqiisitisntdf masesyretrdl datr. dHe dndiphes an emdrepenteiirthp aialsisof

anal ysis zones.and Liquid retention zones.are rrounded a _co

boundary égng].%ml%ﬂn% #; gg Nt e “PHE @ Blrﬁ})(fnéat%l? e@g Atat | nocﬁwgggicglemip gl%) b

or gani zedhomdpednakicpio@s tiaomeae 5o emailatbit e dassit dndamthsOenrbheipl.at e. The
liquid retention_zone is elongated to maxim ze |iquid-halding capacity and
mi ni mi ze PREldi sFibhce detcledls Sufasectft 2 PoRES pfe,&e@%meﬁ?wf‘e ohalbe grrrents

overl ai d ;gnfibg {hdiSh theurto¥ss At @rtARR! 6 9§ ESAN BNk OSs ABX £& 1FQid
indicatelt g}pdth éescr{béé’by %%p&éipﬁgh p? a ﬁ?quid s?réan1of ‘ q}

chr omat ogrtapinérc zonek,usthaeiduht aelput oomes edd fligaict ietsntioo Zdres tavo poncE OOT 2§t GS.
6a throu gh K. I L Iusﬁratedtqi_stegs ipvqhved in fngio%;ion.of a sanpl e

pr esent at Ta TS SR oY SRR EH P AT B “Uie ANA PRV RTINS B°g6fd ar e
utilized duabwsiebacecontmei bdeadidy @onankh thiY-phaicopat tefiplt PEstBa@xleoicked for

surface patterning. _ . o )
orgamized on geometries corresponding to a staadard 36-well plate. The liquid retention zone

is elongated to maximize liquid-holding capacity and minimize the distance between adjacent
zones. A serpentine pattern is overlaid on the first two rows of the sample presentation
device to indicate the path described by deposition of a liquid stream of chromatographic
eluate during antomated fraction collection.

[0072] FIGS, 6athrou gh 6/ 1] 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 sieps involved in fabrication of a sample
presentation device of the present invention, when alkyithiols on gold are utilized for surface
modification and photolithography is exploited for surface patterning.

{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 expioited for surface patterning.
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[0073] FIGS. 7a through 71 illustrate the steps involved in fabrication of a
sanpl e presentation device of the present invention, when alkylthiols on
gold are utilized for surface nodification and photolithography is
exploited for surface patterning. [0074] FIGS. 8a through 81 illustrate the
steps involved in fabrication of a sanple presentation device of the
present invention, when al kylsilanes on silicon are utilized for surface
nodi fication and photolithography is exploited for surface patterning. 20

100751 FI GS.  9a [.0 Of depi,ct varjous stages during the process whereby
a large [U5Plne Fggsagg Eﬁw‘ﬁgg}% %ﬁé‘“d\é%’é@? £@8°% ‘Ttnﬁetﬁg WH9osee Whereby addisee

pr esent ambgaﬂaedﬁ\ﬁqﬁgo@fsaﬁzpﬁ dePhERE T thOVERIE QR a@'éfn?ﬁ: WedeliaRoh REviAS 68,
corresponding to the analysis zone. [0076] FIGS. 1l0a through 10d depict the

surface ardendiosnden g vaihar te neaicoresponding sobt anadybisyonh. a sanpl e

pr esent at dewy i a,. liquid retention zon nd nal ysj s ..zone.

FI GS, Ioimﬁﬁ}ouéﬁgﬁoﬂﬁgé%g%@ht'@y§%P¥§é@3§H§aﬁr%%Fé$§%ﬁgﬁg d?%%?%?ﬁgFics
associ at askociatetitwith s aampple pprasaivhaddvive hdev edignalictgtian zaedndsicSaaBRe and no
liquid retention zagne. [0077% FIGS. Il a thrqough 11h depict |nmages. recorded
on a vi dé8"%ontattlVangreetablntepitishe sifengnd HEPdhyng Fhepcianigicopsviaede
surface Qfjind SRHPN ﬁeﬁﬁﬁﬁ&?&%&%ﬂ%ﬁ%‘%‘%ﬁal%s the a?{i] g& Fxﬂﬁid,ré PMERMAQD, wherein

L
t he anal ysi s zone ‘nmeasures O. i amet er and li'quid retention zone
measur es {497] nm IdGanblathrongd @ T8 et tGmags reerdedgmaptidtchenntastizngly ippesitishe

| d idt h d [ ' d with '
dopi ot e TAErech e B o G5 R0 9ok fR8 PR el Al b BRER

pr esent atim@ntiche witgeinthe ahsly§is asehedneeNBingA divhidier ahil e Iequwbictimgsn ednef rom 5
Lto 70 L depo§i%ed thereupon. [0030] FIG 14a illustrates a sanple
pr esent atiGRIEeY? &8 8RMeKE present invention taken immediately after |iquid

drops of pe@P S A 9240 bhpMRE«HERAT L @t LRBLesRen drc%%f@ltlpind,tcﬂ@p héibgui d
drops contai ned an equi val ent anmount of al pha-cyan-4-hydroxyci nnam ¢ aci d
(HCCA) . [:008Rtcdryith the dbages HepttedinddGShélaHB@Mchd ¥ ng been concentrated and
directed he y$ ne _due to s | e .dr.vi ng,,on_the sanpl.e .

or esent at O devi B8 JauDlSrEa" sPPel RogRIRbR oFfe, 3P oRCplsi ey SRS i
concent r ilguiziongsndssoiopes (Ipe3edl aspawtted ieredpéred HCCA. [00821 FIG 1.5
illustrates a variation of a process for extracting desired analytes for
anal ysi s [0¢500; ziaEJ&- d4g anphatepn SeBmtcap iR ay deece Pgé@ﬁeaﬂmw&ow st r at es

desi T ed apalsy beinguborns Atidde 1aB4NE 2802:0LitN GrdABR! E.dipagnt ati on

devi ce. ustrations of associated mass spectronetry spectruns are al so
liquid drops contained an equivalent amount of alpha-cyano-4-hydroxycinnamic acid

(HCCA).

10081) FIG. 145 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. 16a illustrates desired analytes being bound on the capture zone of the
sample presentaiion device. [lustrations of associated mass spectrometry spectrums are also
shown. ‘

[0084] FIG. 165 illustrates desired analytes being focused onto the ayalsis region of the
sample presentation device. Illustration of an associated mass spectrometry spectrum is also
shown.

[0085]  FIG. 17q illustrates a mass-spectrometry spectrum from a sample contaminated

with 1M NaCl which has been processed with a capture chip.
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shown. [00841 FIG 16b illustrates desired anal ytes being focused onto the
ayal sis region of the sanple presentation device. Illustration of an

associ ated mass spectronetry spectrumis also shown. 10085] FIG 17a
illustrates a mass-spectronetry spectrumfroma sanple contaminated with IM
NaC whi ch has been processed with a capture chip. 21 100861 FIG 17b
illustrates a mass-spectronetry spectrumfroma sanple contamnated wth 1M
Urea whi ch has been processed with a capture chip. 10087] FIG 17c
illustrates a mass-spectronmetry spectrumfroma sanple contam nated wth |
MTRI' S \Aﬂﬂ‘l}ﬁﬂ hasFlbedi? plwtess edngustshecromapy ypetahi from] H688dle EbiGaminAckd

|IIustrate clronetr um froma sanple contamnated wth IM
NGl wihi CRhEY TEERA fas el prdee iRy & ‘%éﬁf‘liﬂ“en@ﬁ p. [0089] FIG 18a
illustr at[e@’@ NESE: IPEElusatRt hYmsRepdckidmenl speck@rem! Hadmme sothmattddy

applied on an X3 chip. [0090] FIG 18h |IIustrates a nmass-spectronetry
spect r um™gh )(DHJPQQH‘SII‘C@ Rap Been pigceagsd Wik capirachia. chip after ZipTip

fl Iterin 00 091 Fh &y lﬁl%@mfek'a% %) &:?roﬁleg?ss?ecstﬁ‘ﬁf:hro é%&%@@@f t he

nple t s directl applie ess ste sur ace 1 FIG
19a il usﬂlﬂaﬂ‘éé\hﬁl wﬂu&dathaahtai@rmﬁes:tdfvnmm (atptu)@tslnype surface using TPA
protocol 93 I blllustrates a_sp ectr ived froman X3-ty
surface U g l\/é]pﬂé ?B?é BHBIES apEApecRpRet 31@%3#] %t{ar sAmRle Qlagﬁ’éifi}rfﬁﬂyof a
cl ean di gﬁﬁheddﬁfdn\beﬁclﬁpom a T3-type surface. 100951 FIG 20 is an FTIR
spectrum whi ch confirns the presence of the NHS-ester grou 0096] FIG 21
shows t hdO@HY geﬂ%é%éﬁswe& & SWPTSPeEEME esPeetrHn 6f Bxeégr@nkégatms dewicde

utilizing,di¥f & Eﬁ g5, (Anti ACTH C-terminus vs. Anti ACTH
N-term nﬁbsn VS. n er P?ﬁlﬂe ﬁ%use lgG. Two types of antigens (ACTH 18- 39

(Cterm @by} andFIEC‘IB{: ﬂlLuS@ates( 4 ulaks-dpectgtuiryvepe@runt bf theedmpla thavovas dpartbt e
anal vt ¢ VBE GOT T ER S RGREEt rati on (in parentneses) i< an actual
antigen sobagji ONFICL NB@NTIKAEAtEN a tspadtReh UBRedr BoM! A2 KA Rpé RErfeRr iBsPeRdi Ng
posi ti ve/pr;gt%g)tll ve result.
[0093}  FIG. 195 iilustrates a spectrum derived from an X3-type surface using MOPS
protocol.
10094] FIG. 19¢ llustrates a spectrum of a clean digest derived [rom 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-terminus vs, Anti ACTH N-terminus vs. Non-
specific Mouse IgG). Two types of antigens (ACTH 18-39 (C-terminal) and ACTH 1-39
{(full-length) were utilized in two separate tests for each antibody surfaces. The + and — signs
indicate whether the analyte was detected. The concentration (in parentheses) is an actual
antigen solution concentration tested that resulted In the comresponding positive/negative
result.
[0097]  FIG. 22 illustrates the spectrumn for 125 fmol of B-casein in-gel digest on the
IMAC-Fe X3 chip created in example XX VI.
[0098] FIG. 23 illustrates the spectrum obtained from a 100 fmol phosphorylase b
solution digest + 5 fmol B-casein solution digest placed on a T3 chip.
[0099]  FIG. 24 illustrates the spectrum obtained from a 100 finol phosphorylase b
solution digest + 5 finol B-casein solution digest after processing on the IMAC-Fe X3 chip

created in example XXVI.
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100971 FIG 22 illustrates the spectrumfor 125 fnol of (3-casein in-gel
digest on the |IMAC-Fe X3 chip created in exanple XXVI. [0098] FIG 23
illustrates the spectrum obtained froma 100 fnol phosphorylase b sol ution
digest + 5 fnol [3-casein solution digest placed on a T3 chip. [0099] FIG
24 illustrates the spectrumobtained froma 100 hnol phosphorylase b
solution digest + 5 finol [3-casein solution digest after processing on the
| MAC-Fe X3 chip created in exanple XXVI. 22 [01001 FIG 25 illustrates

detection of ph hqQtyr osi ne-cont.aining peptide in sanple solutions with
varying &88€knt bole g%slilb?_rlraf%ed%“éﬁf”ild’é f?@@ﬂhp%?%%cqu}lgdﬁatu%w &HBPYY ¢ he

| MAC- Fe X3, 681sPwitth SRbER doRe@x@itsCo MY lpeptde gnmt%nbhean@%o L2 @E the
phosphot yrosi ne peptide's spectrum peakljJ [0101] FIG 26 illustrates the
spect r umMrshtaXaickiparsitadaniergbe MK i 6~ indigetesithe ppgition 95He phesphiotyrosine

non- H s-t agged Lquiti (nr/zZ --8500) after the m xture had been process
wth thgei%l%&é-sgﬁu%ééﬁ?); created in exanple XXVII. As seen in FIG 26, only
the Hi s-{@egpd Rat 2anilusdfatel e Ypdchuint {ro@ 4 Snivtufd hinéng POLOREL-thided RV

illustrates one variation of a _s,asgﬁlx)ll e presentation, device conprising, three
concent r Fe>¢P gy 88n- Bosqd yhagaun ﬂgh@s@@)_r%ﬁeéghea{’f’”é“%%ﬁ?‘il §Eedoies pitbnot e
movenent uef pv AL 85 chip W difexa AL KX Y8 01ANcel LAY, 261 Galy 2fbra]slibiishr at es
anot her variation of a sanple presentation device, in whi Cf‘{l a "drop zone"
i s provi dedearf of the sbmifina g \asiblanpl e 1iquid. [01041 FIG 27c illustrates

anot her riati of,,a .sanpl e presentatipn device with. four. integrated drop
zones. [é%f FIC%G' 774 lﬁlllslwl%ASGIS AP SETARYL Hgfl Var leaPﬁeafﬁﬁ%lfont 6 Eaffpirasine

pr esent atliod cslRVmEE cir€lePTheSdurfica dfitaiticbldsr A SRaTgurddagippsmbiomdveasdr t i ng
liquid across the surface of the sanple presentation device. [01061 FIG
27e il yé‘ﬁ\‘“&ﬁ@“%f“%ﬁ@?ﬁégl?i}-a_ri ation of the sanple presentation device
conpri si fgy e8] dr GRGZ 9L illudd it Htothet VATRRALE as&ApR PresBntati W bEiLLLRELRA ZONe,
and an analysis zone. One or nore of the regions nay have a chemcally
active stliffopcend os phyiviidil gy refeivingasmimgligidh an anal yze in the sanple

sol ution e CEessS _the_ sampl.e.present at.i on vice. .[01071 FIG 28a
illust rat[éa@“g s&rblg%egt% f gﬁls§¥te%%110§$erlg}%m%tf&pcr’fz%éas%élﬁ 1%Sfe]tq%téo%ﬁe%“ﬁe\v&é%?%ti on of
a sanpl e ipegsrRndadp Aesdevi ce. : -

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

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

presentation device,

[0106] FIG. 27e iliustrates yet another variation of the sample presentation device

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

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

device.

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

a sample presentation device.

[0108) FIG. 285 illustrates one of the individual processing sites from the array shown in

FIG. 28a.

[0109] FIG. 29 illustrates one application where a photo-emitter 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/measuring analyte

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

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

ionized particles toward the detector.
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[01081 FIG 28b illustrates one of the individual processing sites fromthe
array showmn in FIG 28a. [0109] FIG 29 illustrates one application where a
photo-enmitter and a photo-detector are wutilized to nmeasure the anal yte
presented on the sanple presentation device. [01101 FIG 30 illustrates

anot her variation of a systemfor detecting/ nmeasuring analyte on a sanple
presentation device. In this variation, the presentation device is utilized
with an apparatus which ionizes the analytes on the sanple presentation
device and directs the ionized particles toward the detector. 23 [0111]

FIG 31 ifbtugt r afles 3anduhienesapillict appiRatio ehercederedyisi tiantinaRs Thichgd tfehr ough
the sanple presentation device to analyze the sanple presented on the

sanpl e pre8gist BEFORUORSAFVES. toDmpe By PRStR mysenRd om  heesammir PRRE[Rton

EMBODI MENEES;101121 The fol I owi ng detail ed description should be read with
reference to the drawings, in which identical reference nunerals refer to

| i ke el ements through out the different figures. The drawi ngs, which are
not necessari | y RO A3 &EeDEGERIRTIONDE dHE P RiGHRIRB HMBabdVENT Shot i nt ended
tolimt the scope of the invention. The detailed description illustrates by
way of  efaldl e, Theobollbyingaletaited dewriptdd duopldtbieaeqt itk rgfbeaccob thehdvaivingent i on.
This description will .clearly enable e skilled in, the art to ke and use
the i nven]f]iwgﬁc,h lgﬂiﬁl"alefsiﬁf"r%é‘“éé‘ Tﬁ%‘o‘" toglﬂiﬁ’oe gt gl,m‘%é’b‘{ Q’Fidbfﬁ%“?mg’%meéti ons,
al t er nat i mesdrantlgs! SAScIOhret AR nkBQMY RNscaleN8fiel RRMA ¥ mbolisnd eS8 Mrd Yot
believed to be tfg1_e best node of carrying out the invention. Definitions
[0113] Uninisadeddeflingetheoichrs @i B, inggniion. e & defaiiedagricriptionnt pftiagestbermay efsed

herein h e j |y rst Qo - o] Ll led.in the art
o whi ch PRAPBRT AR sh 5P RaR:Y IARLEIRRE &Y 1 R e b i Fave

t he neanidgslyaseble bad skiletihenhenti és snakpaad fusethe pivhaion sed déLidbd]several

" Anal yt e(s%" refers to conponent(s) of a sanple which is desirahly detected.
The t er mi"CiA T 8% PIARRIRNST HGFEEoAIFOMENES 10 1565 RUMEIBYRUIEBIRIRERE $2/h the

sanpl e. [Q}lBdntlyPRIBIE (S thedk8mbodQf Yy B R ihAhvERihved from a biol ogi cal

or non-biological sources which is presented on the surface of a sanple

present athom,igigni ce. The sanples may be applied to the sanple presentation
devices in their original, untreated formand/or after treatnents,
i ncl udi ngl0Bid] notnlesnilefedd tothemedt. f allctattingm)] ad swdritdicatinorysedhereackivethe and
ﬁgz?ﬂ] ;L?%E%@%%gggosn?%glcﬁ%stggd Igyha? pgsro%ss?:ﬁlted Iil‘? N rfla}tl t8 r\]?vh(lzc%nthlbsem\!feln gl‘ll gel(?nrgs.
As used herein, the following terms have the meanings ascribed te 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 sampie.
[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, including but not limited to modification, fractionation, extraction, and

concentration. The samples of the present invention can be liguid or non-liquid samples.

[0116] “Substrate” refers to a material that is capable of presenting or supporting a
surface.

[0117] “Surface” refers to the exterior or upper boundary of a body or a substrate .

f0118]  “Substantially non-binding” or “binding resistant” or “analyte binding resistant”

refers to the property of certain surfaces used in connection with the sample presentation
devices of the present invention that do not exhibit appreciable affinity or binding of an
analyte to a surface. While some binding may occur, these surfaces are specificaily designed

to minimize binding to levels below the limit of detection of the analysis method employed.
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[0116] "Substrate" refers to a material that is capable of presenting or
supporting a surface. [0117] "Surface" refers to the exterior or upper
boundary of a body or a substrate [01181 "Substantially non binding" or
"binding resistant™ or "analyte binding resistant”™ refers to the property
of certain surfaces used in connection with the sanple presentation devices
of the present invention that do not exhibit appreciable affinity or binding
of an analyze to a surface. Wile sonme binding my occur, these surfaces
are specifically designed to mnimze binding to levels belowthe limt of
det ect i orf0b91t he “Swrdicy $énsionB réfod terprapped of ligddd BvBith 4 Sgridatrep temnsitan”

refers to_a praper of Liqui i,;n which a liquid drop deposite on a

sur f ace toéhﬁssuﬁgcecggﬁgsr L?cf: Orﬁ'ﬁ?c{jﬁce ﬂ?nﬂf‘?%é‘t pcb%lgjgtl BPTEa ozﬁ?aagfcaﬁ?ce f Batpse of
unequal helkagat cdhest@TBSEYRal HeGRSadeear the surface. 101201 "Wettability"
refers to the degree to which a solid surface is wetted by a Iiquid sanple.

Unl ess otlAE30i se™ Wpabitty e sefersiteythendegzaepp sxhigl @ selidiswihseiin wiskecdibe 2 ool 1|

" Cont act e i : : : t the solid surface
and the St%@%&%{ﬂﬁ%%?l?rn@% %J%?ﬁgﬁl’lqlsc@bl%&g%ggreb%ﬁ%@lasrq@ﬁ%ﬂegi nating at the

poi nt of [h2He pHaseactanmdietieterd 80the dngie Hervden tp@igne f G2)id " sMiEkdel aad thieef er s
to materials used in S _Sspectroscopy techni ques, such _as LDl - M5 or
SELDI - Vs, @& blé‘%?rtﬁitﬂ‘g?’ﬁwg %ﬁ%rbgyn Y OREnHACR G dopy SNSTIEF PPRG PREEL ener gy
t o anal yt@go Qs or). enabl i ng ionization of |abile macronol ecules. In

SELDI-M5, the matrix is referred to as "EAM or "energy absorbing

mol ecul e. 01F8agenvistiiky agitents ynateeads ased mtmase egedtoscaphetedestiqussi owrhofis

bi ol ogi c I i u e not limt to trans-3, 5- .

di ot howy Ao 69y SERERNAS. St BMel siehih i by phd Bttt energy

a- cyan. o-t-diybtoxetdcnRanemabigd Gonif:did&C0GA) lakbilkdmdeiomdidayids.o XiybSFIZDI-®iSa ahdl
(DFIBA). O her. sgﬁi{rj’g&eﬁbl e /mtrijces are known to tho”siﬁgki |led in this art.
[0123] " SARFXFRIErEdidas diiMast etsrdbrhge dielc shegeatemrEbused 2
assenbl i egatribodfor 3he dERERLSRONLRAL RS tYs BYIBSul AFBLS Bt PRaARPEOPr i at e

substrate into a solution of an~active surfactant in an organic sol'vent.
[ 0124] | tdimgtoxakdudivsyciotaaictdeat (sinepinits edd.i AL hi-sysspdelividrogtinommignatid he

appended i he,.si nqul.ar_ for a- ap” and. “the" includ | ur al
ref er ent sﬁ{ﬁ“gﬁ ang h@'%f%{g tbelézfoécaflﬁg@ (Dgﬁdgt)at @gle{)tsﬂlég} | SETIORR E %i"g’ 1 B anpl e,
t he termihasdmrlirauh @is 48 | ntended to nean a single nolecule or a

conmbi nation _of nolecules, "a fluid" is intended to nean one or nore fluids,
or a m x4z t hebaly refers to self-assembled monolayers. SAMs are molecular assemblies

that are formed gpontaneously by the immersion of an appropriate substrate into a solution of
an active surfactant in an organic solvent.

[0124] It must also be noted that, as used in this specification and the appended claims,
the singular forms “a,” “an” and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, the term “a molecule” is intended to mean a single

molecule or a combination of molecules, “a fluid” is intended to mean one or more fluids, or

a mixture thereof.

Description of the Sample Presentation Devices

[0125) The following description of the sample presentation devices 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 detail 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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Description of the Sanple Presentation Devices [0125] The foll ow ng
description of the sanple presentation devices of the present invention
provi des a nore detail ed understandi ng than set forth above in the summary
of the invention. However, the sanple presentation devices of the present
invention are further described by reference to the figures, the nethods of
fabricating the sanple presentation devices of the present invention, and
the uses and applications of the sanple presentation devices of the present
i nvention, each of which is described in detail below 10126) As noted
above, t heethadphedpoedlenidthiifoutide wf chanh) hfk bjpl@sah tenittiasentn addiforgvhde

attractive alternatives to kn S e presentation devices used ip various
anal yti cafresed5! atf‘%]d%roﬁ’éig%l WGW§ ﬁg%ﬁ‘k@ﬁttg‘? SUBPY JHERIAE AL AF Heps azin"éielp as

bi ol ogi Calne@Bdd bf BSing Fen@@Eigel Bl al PRe (BESSENhndITHMEN WM BhAYd Be8ndRENOdS Of
maki ng the sanpl e presentation devices as well as nmethods of using themto
per f or m acantadeedrip Hgeidspmaleal Fhe saihvamsapariendiths saviplapmbsptasion devingsatiried i n

| i qui d sanp]es. unj operti f the sanple, presentation devi ces of
the pr es@g%en? }R}%ﬂf cino%idg%g rrlgéng %&1’% %I?)(fl PRESS h@?ﬁ@%‘?ﬂd ﬁb{s%e?jﬁl é@%?ti”bde%fcp%n t he
backgr oungbosecdsksuiatediti &hoas S@ellyadat techhitheskamdwhe aaadly bisaltat@chnigues and

the sanpl e p[esentstion devices or containers used in connection with them
[0127] MofS aHEList ¢npanpeciqmevidufe present ati on devices of the present

i nvent i onyypfovi 46 atdbLagidiNe at i, i ) 0N
devi ces ugedlin a @ﬁé% ranég’g %§§§|y?¥%iﬁhﬁ%bﬁggg?§$H@§eﬁg%§§3§§???gna
benef i t s, proudh atimetiveorlicenedingd @, knalvh stplg pfoentatamadopices usead 1a alwidearahgsafipl e to

be selectively retained.and concentrated op the . surface of the, hiochip in
Vol uee. b RatA08 R R AR AR Rl B FroBBis AT L' B Sxipbc e e ol o
portion gfalftdeinSaiqi® sqngs enbatdeniveevéieRed Bad coeiestdnethetsarfRR of the
substantially non-bindin? or bindig@i_resistant, they are detected at high
sensi ti vi PYCHB e bipReeP i 19 phctn &l Perusnanahdessiip flageded pmga portion

bi ochi p-b L Ni t I; . tshe 8Ser i .devi ces
n ahi on has e Bt R iR Esightd RLDELORATRIG rBl BARM M BRIAES
anal yt es. rdsBth28theFhee petegehtt hipv emsitiony fucdiysrcdiondiracrz ésedioe opabentifad

| osses asspcj.ated wth_th transfer of analytes from.one surface.to, another
bocause ¢ A" BRSBTS CHRE sehEirdts Srotgoprelereiantdh fents i G hisbi ront
require ORkfacés STitMOdeidel AN i gTRMdRLATBRIHOR: thENinglytegoupl ed with the

anal yte-resi stant properties of the sanple presentation device surfaces,
resul ts i 138} r edlie Proant inveten fegker gfintHeesdha lpgteadaldpssphespaaed wWibihe] | n

addi ti on, trQS‘s?é?“osfeangE‘F aﬂ@gyc%n Ssugfage {?P% OQ%F .”n%céugc %Jﬂ%{ysén\{ 8 B%%@seﬂ&% es as
in, for exanple, [~ I'ochi ps, e iquid sa es can mani pul at ed
and noveddencdsha a preferred embodiment, require only a single liquid manipulation, This, coupled
with the analyte-resistant properties of the sample preseatation device surfaces, results in a
reduction in the loss of the anatytes of interest.
[(0129] In addition, because the analytes are not bound to affinity capture devices as in,
for example, SELDI-MS biochips, the liquid samples can be manipulated and moved on the
surfaces of the sample presentation devices of the present invention in a controlled fashion.
This allows fer 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 modification of the analytes prior to detection.
[0130]  The present invention involves sample presentation devices i 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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surfaces of the sanple presentation devices of the present invention in a
controlled fashion. This allows for the sanples to be concentrated to an
anal ysis zone where there is no substantial binding of analyte to the
surface of the sanple presentation device. Mreover, this allows the

anal yte-contai ning sanples to be noved to different zones on the surfaces,
each zone having different properties with respect to an anal yte, which
allows for purification, isolation and/or nodification of the anal ytes
prior to detection. [0130] The present invention involves sanple

pr esent atrespactde\anglates ican ki rodnipiiaed gnope sanipde hefidlingr | Busd qhengss onsuidécet he
surfaces maF}/ tc@%pagg)eidnsire%qogse to.iar_i QuS. \(;er%éalgiiecal or physical stinuli
(e.qg., h&AtP 0 A dP At %rhe) Rl il Eﬁ’efsﬂj?mtrf%"l roperties of such surfaces with
26 respeqbiiig andeiré@nGatedtien MBRirdktkaicadmiltriragnsaopter it mdh hiedise fSUEh
changes in surface Pr operties may be designed to_be reversible or

non- r everf§ripmang ppalyice! Thasyermeapt [ Pre sbeAhsiie dresersiygtioa gy dves
present ats, ofcAfiefigfior Mkcheyip Shitlect i REL LRI GoROBY YirkehR JRASHEEMENL S.
I n one enbodi rent, the present rnvention involves sanple preSentati dn
devi ces havli rgpesttchacess santplesanec enalymid e Them esnafol difidren waylabieitt msilt int y

with respect to.various..sanples to be analyzed. These.zones of .differing

wet t abi | 1765 i ab TR Ehrepo, srPartngud IO Rl B RS TPICorl b6 r at e,
and nmove R ¥heDeiol vatiGd shapaMPheSizes] BRS ay ZRNEMtIABYISE GfcoMiioal Svihapes
and sizes, and may be continuous or discontinuous wWwith respect to each

ot her. THESPSEIn{s! eachr elbeint dthie oympds iprcsentgiont Aigss edfee Pistah i GRtipmynay
conprise -di Mensi r 2e- di [ | ~ j havi ng
e L e S i e S A LS
devi ces ofontshe dpffemgntettailignt i on conpri se a substrate, which can be nade
froma variety of materials, .includin t not limted to, for exanple,

gl asses, a@#ﬁcat ke salnRls PERERIALSY g‘f"l‘fegﬁ'ghﬁhq Rresepl 1Y fauprse %P%{I?tﬁ’s) , and
ot her hydygixly k@t B mat@Eek ahssict F matdial® iMudingd beoibt 1AZA30 Ofbr *k&AHIBUM
etc. Preferably, the substrate is a netal, such as gold, or a

sem condudesses, Siigaies, agmispndugtsns, , Thals pelymerpicas anesiicso Andielpciasion latide

present i 1 fURt het. ise rate ol a L
B ace- rodery sd sy 0 PR SHEST PG SRR P PhotBhliohe 3oty ¢
order to smrleat godasi ousnizombstop sucheas silichac Fhokamplhersahatisratieiceahi die zones

have differing. properties with respect t ttability. Such rfac
o 1§ catiBHEC el e T SrEiee RomAed 59t Rty GG g8l Pebeden! ed

nonol averigowhS6Mdse oPAIIRY Siifllih BRadr: ANFdQ1aRFRARDaiod dodeanant sinfibogdget t
assenblies to the substrate. Using SAMs as an exanpl e, when added to the

subst r at ethe sHhstr8ANEhiek exce havesdifftaempropertitrevits eavprice tpwelkdhitat Borh weices to
which | i ql%{bc(ﬁféﬁl%% ?r?ch%yblpcear%xﬁjoqSl?rgi‘tedD?oD ﬁﬁdﬁdﬁicﬁp o% rgglf-assembled monolayers

(SAMSs), polymers (linear and branched), and Langmuir-Blodgett assemblies to the substrate.

Using SAMs as an example, when added to the substrate, 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 analytes in liquid samples. 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. Other surface modification
techniques known to those of skill in the art are also included in the present invention.

[0133]  The sample presentation devices of the present invention are comprised of distinet
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 anajytes.
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conposition of the particular SAMs used, the surfaces of the sanple
presentation devices of the present invention may have different properties
internms of wettability, and in ternms of affinity (or lack thereof) for
analytes in liquid sanples. The SAMs may be added to the sanple
presentation devices of the present invention in a manner that creates

di stinct zones whose properties reflect the SAMs used in a particular zone.
Q her surface nodification techniques known to those of skill in the art
are also included in the present invention. [0133] The sanple presentation
devi ces dfl¥e pWetbarsperhipetheildisnf orwnpei hedughcediofithheamply prrsentaigme of
uhich 1S QRkEIRLy ! 8R0GR! cthhcfelfed ShEANY 89 Vol ffrRRIRIRaL e
sanpl e presen & i'0n devités of the present”i vention may Turther conprise
di stinct wanespwf to thetshaplel tb e aosgzedf whideh din turs reypits imatonas tHat hespibtitritgo hi gh

sensitivity detection of.analytes. 27 101341 W respect tp the Kkinds of
zones t haP{tied '8 JFPaL 8% bH“?in ?W%“%%F‘Ppﬁgmérsé‘%’ at &B € %ﬁ’g‘?ﬁ ébesgrr?ﬁ@lyi HePdde,
they are «RafBEG! 8red e d RN REdntiYn BYned il drde a@filytibebhesti FTIRr pra@nvaiveadiid i ty

W th respect to the sanple to be analyzed, which in turn results in zones
t hat haveondy fefeirgsrige pesencetof éo typey ef zonps, aithoighdnelpspy pbsorenthin Bs Breanpl es.

These zongs ar8. Qéé’&‘}hé@]@%{eﬁ?‘ﬂhe Hllgéjeﬂp%@%r}ﬁoﬁqﬁ]agfszflso i}'lhhﬁlé’&grertﬁ%ne&}ei e gPNeS,
and "anal ysi's“zones. presenP Invention only requires the presence of
two typesea0f kix@nes,g. atht kamgle preehtasbodedtesmne comarisd woltipypEguidakterdones i s

al so contenpl ated.. Th resent_.j.nvention. may _al so i ncl.ude, nore than one zone
of each ¥ eac%é%fg‘?l;,lﬁvﬁéy E%;ﬂ! erﬁl}’t@é@%{%ﬁ%ﬂl TgRRFFIES A %?HH’EW‘E‘Z"WEH tiple
liquid rel@RkdsOfbnidacthered@C MRS vaMius BoRBY cdtaue fdididBr eplitiff-apar bideswM th

respect to a liquid sanple and/or the analytes contained therein. The
various ziembgtecan be pwewitiblel yigodigh dwredelipyt orudanaticn opagpiiduEatealyicabe
conpati ble_wi th.hi hrough t o .on . on.varjous anal ytical
instrunen]tn%tmntéeﬁ%%g%gag‘;} or &gﬂ%%?r%f%?s Sr'?ag?fsdngepgép‘cfnou%leétn?sy i nstruments. 10135) The
"boundar y[0z83]e" Thy thoimdad BubsShactend bybstaatallyekdmbeablonmewitthraspspect to

t he sanpl e anal yzed. K The dary zone is the‘hgtggiéwith t he hi ghest

to ou
cont act aﬁg,ﬁ@np itP e rpaiyaed {be %’g%‘é( P& 1§ recoRpaY PEHEBEhEE ones.

101361 Thei bdspust & hetemtiE AckYRRson 18 ) iRdriz¥gdsy more wettable in conparison
to the boundary zone with respect to the sanple to be analyzed (and is

rel ativel 1Bdss Wes {'apnid teteanon whee”anak\pbvey zove, wefedbr itbeanpreison)o trhe
B L e
contact amghealpdis tdne, dnalitysl iRl@0N Ghe digsidrtkleatbrb/IineWhs a Thitadtiaqgie delawdedNnt i on
zone can al so. have equal or |ower contact, angle than the anal ysis zone
i L al |y oWy B dgBHC el e BTG 7B GAY AIcouRF iele e RREY Pigbipidbe
retenti ongzepRgadTaygRITUIELRIRISHIRE, (eQPHEE heldRY! &1t NaRALNEion zone can also

have equal or lower contact angle than the analysis zone initiaily, but becanse 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 results 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 to 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 alse 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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anal ysis zone prior to the chem cal or physical stimuli, which results in
the liquid sanple 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 to operate for Iliquid sanple
retention purposes, while being substantially analyte binding resistant. In
a second subtype, the liquid retention zone is designed to retain a liquid
sanple, but also to substantially bind analytes within a |iquid sanple, and

can thus be terned a "caphue zone" in that it captures the analytes. This

second sUi®pe ridy “‘anaiysis gendidis the soms Bekis Hatmess wedighlet(apd pay 1y lawastyt e

bi ndi ng 2 S iall. - bl ndi N syhj.ected to
chom cal i kp S TR a°hE Ll i O N H R D ae it a6

el ect ri cizbyg isodesighahto b2 8ndlP@ IrjdiiTh eesistanal fhe snadpne zonessmahde Aptienitddan i s t he

nost wettabl e (and,has the | owest contact angle .t.h r ect. .o the sanple
in conpar§'&s r‘?f%@e’t AP PR SUSRH SEOPETHRS 18 FARANSS gle 5)58%“%0%%5 R f’tnﬁe

anal yte Riadiindayesi stant. The anal ysis zone may be optimzed in terns of

si ze, shape, and surface properties to enhance the sensitivity of the

anal ysi s [B¥38] he Ao pider benghifs éhe sarpiapresoniasiog dsviser b Bsareelt invpEioganp| e

present aty Of At 665, 8hafd1E REEREAL: LONRIL LN EARk ek GkAIsANY hand e

| i quid sanpl e volunmes tha e larger I pS use sanpl e
handl i ng,sadple liandltidpe diiftb ehe nidfsenoes e tweabbilityt etbetmeemesz obsle thiliqeidt he

liquid capacity of the sanple presentation devices of the present .invention
i s depend@ "’“?Sﬁ}[‘.ihﬁémg? é’éesggt?n?rﬁée"%ﬁgg‘glef&eﬁeﬁ Iy CRHOHS SR mc(inrtgﬁf’%?s zone,
the |iquiggucanpmed; tr £2 A tidieii0iRERkH orkOthe llq,ui@ﬂ%_a@fy te@astupi dheuafpout 70
hL. The sanpl e presentation devices can contain this anount of liquid

sanpl e wittheud alt!prst vistecrbpwt 7Gomly.s Thasanpbuprgsaniasion dedsesappicpriainghis waropal
101391 1 s g0knGh, EURALITED b rol DB RAMLEARLSSEA FhisOR fgK] ces of the
present 1n ent|oh, t he sanp?e présentation devices can be terned "target
chi ps," dotB%bbrieviatted dinbodimber ef "th¢ sasiplk pueeritoal deasisgnhtthorpresefiter ri ng
to the nunber. of distinct zones on the surface, of the sanpl rresentation
devi oo, RETEOR e P CReAl AP PBRF 276 RHEhFRYS FRUSCHGISE Eranpl e,
a T2 tar gglere M As RASmEMEN] 4818SitioR refdrh@ @8k ehber SREsthRl 29 eZ ONES sufth® The
present invention contenpl ates sanple presentation devices containi ng many

nor e t harPfZgienpleasereptatiandevies, wherel hikaneed any napmpengEgm2go anfgpecithps ferunber
of zones -exéﬁqfe% T? wﬁg&fmﬁi hfs%%szopéé,‘%ﬁ%atﬁ%t%t %hn(&) N& QY&rAhls &ff efle Sﬁ%@ﬁoa‘:hes
a gradient. “Target cHips are sanpl e presentation evices’'conprised of one
or nore zZovmtoh batterapletcd @snge pokstoatha deelsestoambiinih® ranamorethhn Adir 3gzonesW t h
respect to.a thaat_gt chip, for exanple, %he anplelgr%sent tion device
conpr i Sesan{iv% not limifed in any way to a speciflc number of zones. s 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.e., a boundary zone and an analysis zone. The surfaces of the zone that contacts the

liquid sample are designed to be analyte binding resistant — i.e., the analysis zone is analyte

binding resistant. The surfaces of the 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 — i.e., a boundary zone, a liquid retention

zone, and an analysis zone. The surfaces of the zones that contact the liquid sample are

designed to be analyte binding resistant — i.e., the liquid retention zone and the analysis zone

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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zones - i.e., a boundary zone and an anal ysis zone. The surfaces of the zone
that contacts the liquid sanple are designed to be anal yte bindi ng
resistant - i.e., the analysis zone is analyte binding resistant. The
surfaces of the zone that contacts the liquid sanple effectively confine

the anal ytes during the drying step before analysis. Wth respect to a T3
target chip, the sanple presentation device conprises three zones - i.e., a
boundary zone, a liquid retention zone, and an anal ysis zone. The surfaces
of the zones that contact the liquid sanple are designed to _be anal yte

bi ndi ng rl@&#¥Yt ankn anpther emppdimepty ¢f the eERlg @FFSE‘H?@%%S‘”P% ohrilf yE$Z one

are anal Vigpbndig LaRS! atecndhtn SUMAECRaO bENEFACSIRAE CARLACH: the

liquid sanple ‘effectively concentrate the anaiytes to the analysis zone
duri ng t h&sapteseiqegeastrels. chiihg” sadpibbreviptads Emt avheron“rdeisi € esinficalhésspnesent

i nvention th conprise distinct zones, each of ich . exhibits.a,

i mum o P SRR s Shub PR ST e 85 s Sroeb TR 1o g S

embodi mentantk dheusdepirem gsiefibial | DiisdRY ieg@8plef art X2 1R S8 hasitR¥ ©Bhdson, the
sanpl e presentation devices can be ternmed "capture chips" or

" capt ur e/ brce gt R Hiap sthrecazcabEE evil BE aestpt WhERED gonteypktegysasinic al

desi gnat | QB LELEA&; AL btallf Hﬂé&{mﬁére%anzzo&-eﬁzo% oA érﬁ?:l]?ls A1 Ak iﬂfaﬂt P{iﬁﬁc?”p' €

present ation device, where can be any nu romz2 to in y. Thus,
f or exanpt specifin n¥X@berrfgenes Whpthh asmbavwi zomssncreaes XBe tengétifohiepprbadet hr ee

zones, etc. The present jnvention contenplates sanple  presentation. devices
Gont ai i ri SIS SPR L P 0P P aacaAL Srror | FRPLE T A R 0 a
speci fic cumpIged of ora@d@fore Asnek figit BidRE Rl (o HRNIBMalyRG! A5 @fistict hpaumal |

ef fect approaches a_ gradient. Capture chips_ and c%pture/concentrate chi ps
are sanpl ©F SrRISEIR RN WevrlbeompbappicdidusRoomeddicate dhayl oifedesignsd aar e
desi gned 0 duiRGyianaRE Yafse of i {Egh&é L&, r?ﬁc@@@ﬁﬂfﬁcﬁﬁo&ﬂ&m&ﬂ%ﬁ?'6691 goal ytes
typically conprfse specitic surtface nodifications that are des gneg as the
di sti ngui bikicggalf ead whemodfal trheetampthar dixlorealyEhepeciSenllyatechodi fibsatdrmhs may

conprise _hiol.ogical and.chen . ca ieties that bi al ytes, cifically
(such as HORGERGRERon ARCHEO0T COrk of SiachreaBetat e e B 68 SRERYEHS gr oups
that bi nda@hctiohpobasi ®utfinglof Of EStadkdctive &lrtdsaqhia@fi}ioRfo ABWMbERTRI Adtiron of
such attractive forces. In addition to the ability to capture an analyte of

i nterest, a AEe Shinigee. hrae Prie innsiiorignamey afsetsian thherakiesyn asliqwd 3
liquid  Samhe! rﬁﬁrspﬁgeq\ﬁéﬁ?ﬁﬁgﬁﬁgﬁmm, fﬁsr?e%fnpﬁ; a SBupll gfes&f{ﬁ{m' RvicB opanpl e
presentation device o the present 1 nvention at COper I Ses a capture zone
i n whi ch thhersantfiaesmtivodhdti cwatpriess 4 sapture rono ol whizh thn turbodmatiycabbmds a

Chereat BEPSHER TG SRMRE HVEUT G PBn R e S0t LOPe EREPSPY HO00 Kt he
device, bLhiedaiiletilenest St sdfpdebeds i9tndlhdfRbTerssuAcoetthabilidd y. The
retai ned antigen may be
through either physical transfer or differences in wettability. The retained antigen 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 modified
antigen can then be transferred to another portion of the sample presentation device for
further handling, or removed from the device for analysis by known techniques.
[0141] 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 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 an 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 be substantially non-wettable.
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nodi fied via the addition of other conpounds to the capture zone of the
sanpl e presentation device (e.g., the addition of an enzyne that cl eaves
off a part of the antigen). The nodified antigen can then be transferred to
anot her portion of the sanple presentation device for further handling, or
renoved fromthe device for analysis by (nmown techniques. [01411 Wth
respect to an X2 capture chip, for exanple, the sanple presentation device
conprises two zones - i.e., a boundary zone and a capture zone. The surfaces
of the zones that caontact the |iquid sanple are designed to capture the
anal yt es The gapiire Zangds desiangd éo sapitae apd hiad ap#@*cea-n;}ﬂlyft@gy&s a8 égdesigneh e

chem cal i e rtj f . 1e. The
surfaces %%a$ﬂ@5§%%§@i{ ggﬂgoﬁ%gﬁgg%ﬁ%mﬁyﬁﬁ%%gggﬁg%é'%??%@%%5%#53%% Tne the
anal yt es zhmes,nghithhes dond poprstoemmalysisdreomnal yisi gariowé tkhowe spelgticdl aleantiofd

capture/concentrate chip, .the s | e presentation,device conpri.ses three
zoges - im8§?¢% aéﬁﬁwggﬁprﬁgiaﬁﬁgﬁbfﬂﬁéﬁME&H@FmaﬁHejﬁmﬁhﬁi §ﬂigﬁgh’The
boundary Z@fifed hed@siyiiedute B SHUbs et hath swelThabh®sfer Slhe TRRIFAPt ure

feYarfd
zone is designed to capture and bi nd anal ytes. ?ﬁe anal ysis zone is designed
to be anﬁlrryr?feﬁ'w AR PRt SPptta e analyalsyzors may de peeonstishdddy the puperics he

capture afngd aBalVs ke céﬁﬁg%né"@ii%h if he ; a@tgrse_oédla%rhaw l?\ggrl é’e%;-e% ywe%ﬁilli [ the

vari ous known analytic etection ne e surface 6f the analysis
zone t hattheotieaimdystshent, teilidusianaplpée &ilf ectve fely thecapfura esnet thehanadlyties
during the drying step before analysis.. The transfer of the |iqui anpl e
from the GuBrE, BhEReb ALK 4R yURETaRE: ey BUTaEut B Shet B eHe
properti egaois prb;ﬁlﬁti@l&fﬁ)a&‘eec}ﬁﬁ%édhﬁ r@s?mslé & cARIBal or phisical !;tfmﬂilhﬁ. £3RhUER Zone
has a | ower degree of wettability han the analysis zone, the liquid sanple

wil | roverfiba Resigpbu cepteisrent & have aalvaiey degec poneliabiitndan hhysileas

I ntervent)on. ,/alf&r ﬁéi}é%gﬂe}fiﬁmh*‘s%ngf%ﬁ&) WoGe ﬁ%&%?@%}uﬁ% 2G6Sh G a@’éﬁ Dopd hat 1ts
properties nay be chan i response to chem cal® or physical stimli (e.qg.,
heat, UV [0ddZli at imrnpthenwsibodinidne ofathi usaenpo needeotahiav eleaickowdr thdegrsat of

wettability than.the analysis. zpne, and thus.causing the liqui.d sanple to
move. 1t oV GaE AP ENZ G P B Gk e oTBHEnn § Thoforh B o o

enbodi menndofaphR€ cBREPIIL tE eHB0sialchOMhd ot 4 $rebnthil® RNRSERte cdniRAd ben, the
sanpl e presentati on devices can be conbi nati ons of the above-descri bed

target afidfaeeipbariee diffeputt funstippaldy.enheen kiwds of shaplsapicatapeie deviest an
devices a i i S U f i.ng. dif . i | These
i nds.of ISafPERIEERL 8L S BE8R SR 00l GG EREs b PELLARE ik (BTG ¢
sanpl e frompgmetirgne dieraisot(hgl vhythaeikfiaanealin megals!ifebaween xinas)pi fetd i ng)

exanpl o, B 7 IR EREPEPT CBRBGRET BB PR pE U By EYFRTed o Ot SReter T3,
i's a sanphReendiRsRIRE cORpARYI & BohOMPX D $EH BnpRistdoeREnediiR,, emkdSed 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
occuis between the capture zone of the X2 chip and the liquid retention zone of the T3 chip.
[0143] These sample presentation devices may 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 surface 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 physically separate
them using mechanical intervention. 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 capture

zones, and thereby sequentially process a liquid sample.

3



zone and a capture zone), as well as a T3 chip conprised of three zones
(i.e., boundary zone, liquid retention zone, and analysis zone). A transfer
(mechani cal or otherwi se) of the analyte occurs between the capture zone of
the X2 chip and the liquid retention zone of the T3 chip. [0143] These
sanpl e presentation devices may involve nore than one "capture zone," such
that the surfaces may exhibit binding affinity to one or nore anal ytes. The
ability to bind analytes seriatimas a liquid sanple is noved from one zone

t o anot her gﬁ the surface of the sanple present atl on devices is a feature
of the priéd&Ht i Mpentpreiitas teaemprdimenss ¢thibe SIS STeEcyptivnadyvieist Hat ent

fracti onsi0f1v@ chih GinthihR HTRLEW JAeVind f‘&mﬁ‘?&&lﬂfoﬁ z%Hé’sShﬁ?'fﬁrYlB:? SPALAL @ o L hEM

usi ng mechani cal intervention. Instead, the different wettability properties
of the sm@l@twraémnatﬁoomlate,wome@n@fe ptmefypmecbmndlfy AN IES @nhcmta@ sathplect

l'iquid sa es 4.0 ereg zones, of .th j.Ges | egvi ng
behi nd an% yt et G%ec{) Ord‘?xlafné’l’eﬁlhq'él pt mpg m@’o‘??e@dce r?(ﬁl éﬁky such
sequent i ajhhiythp lf':l@aﬁﬁﬁ§1rﬁth|elsﬁmplé SagfRed Enlth[e Qhdi4dis brice ”sm.@@mﬁpl@ ahdythert e
enbodi ments of the sanp qusent ation devices that involve conbinations of
capture zBHEEEHE w%ﬁaichlprt tEPRtABH A POV fA AP RES 2058, 4islew applygs zone.

conbi nat ofy t?is e%ﬂﬂl%rth%%abtﬁ%'el&%@ gm?%%@i ﬁé%lt i<y blﬁd(;ginﬁ%husax@fi’m@qwl&’ m%g-?ilesy tes in

liquid sa prior tot ectio exanpl e i qui d sanpl e
may be pl ﬁmadhfohcmod aan'rmlecmt:b tisdotben tﬂtaaanmhﬂs atpplhqylttes}m K3tche, stanples fame

Chip ¢ hat VERUA AL L IR s e (R UTLA BeUSnE el SHORNa YL sne,

In this exaiRptein ﬂhh%aﬁl RUMAE 1@ BREsURBYe bﬁtlﬂ&ﬁp@lﬁﬁﬂodeoaﬁ)d i leanthitghisnplenove)
lipid noieties fromthe liquid sanple, such that when the sanple |s appl i ed

to the X3MEHispo thetanﬁwé§anr@ﬁeatl§%hq§dh%fah%ﬁt desee ¢fovqtiabilibaptiuiie eemele( whi ch
has a hi ghl%rh Qﬁ%ﬁlgle% cWBfidRARI hi &rb,ch%,h%]d {heh the 1REEAE 8Vl oh e ﬁ@%ﬂitpe bi nd

to the surface of the capture zone remai ni ng sanple noves to the
anal ysi s suwhdahat ﬁl@d&lﬁb@lﬁﬁle ﬁmSistahéytﬂdg”ft@sﬂlede@wesze 1wecultcaﬂmdt¢ct and.putified hi s
exanpl e, e liquid sa confine the T2 ch G i pids
are noved® H Piflf e BESAL; EB Cagjﬂléer'n Z?li"?étcaquf ?‘?qﬂﬁﬂed tgrﬂﬂ'ﬂ %Mﬁ% %ﬂg'lti %egh from
t he anal ygia$yt@0Rad ibscA00GaALIAL@ELIAAGNPWE iahy e thak donpi dsy BegrUSSuihe
capture zones can be designed to bind a nultitude of different analytes,

and becauBEsiPB ASvisSHDINIE Bngsbrangayoloputifivdiens sprssntidipnbésaldien, asknpl e
Present at [, an ek aaRuhRALNGA HBsk: fNAE AT, PYCLE boaklep, concentration

i sol ati on cation ca ities a-vis one or nore anal yt es)
can be cr fH#8d. [[04aEFhanhen nﬁtrzhmfer shiigfid smﬁ;ﬂsa‘ﬁcummhc bangple qjiesanqjioesieﬁm)m one

sample b peshlat LoD Govi eo, oL, ShOLTEL IRV ety (BLIL LA shete SxPpp

pi pet ti ng}enafdd RleaigRitalR (&S BPaPipéiEniIng PIHREE 0P b SRAIA NI 0Rmple prescntation
device. Alternatively, the T2 and X3 sample presentation devices may be connected by a
zone, the wettability of which may be changed in response to chemical or physical stimuli
(e.g., UV radiation), such that the concentrated sample in the analysis zone of the T2 sample
presentation device is transferred to the capture zone of the X3 device when the exposure of a
zone between them to UV radiation results in a wettability that is higher than the analysis
zone of the T2 device but lower than that of the capture zone of the X3 device, such that the
sample moves from T2 to X3. Again, with a vast number of surfaces (having different
wettability and analyte binding properties) and configurations thereof, sample presentation
devices having a vast range of purification, concentration, isolation, and modification
capabilities (vis-a-vis one or more analytes) 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 (a few examples of which are depicted in the Figures). For
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device. Alternatively, the T2 and X3 sanple presentation devices may be
connected by a zone, the wettability of which my be changed in response to
chem cal or physical stimuli (e.g., U/ radiation), such that the
concentrated sanple in the analysis zone of the T2 sanple presentation
device is transferred to the capture zone of the X3 device when the exposure
of a zone between themto UV radiation results in a wettability that is

hi gher than the analysis zone of the T2 device but |ower than that of the
capture zone of the X3 device, such that the sanple noves fromT2 to X3.
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that |iquigy SAMRLES-Ar nenakyd %§mf>l%t ﬁie%@at@ah dédﬁ%efép%s%&gt |hQH<ﬁ¥n'c°B§ can
be processed by an anal ytical device to neasure the analytes of | At erest .

I n addi tummlpmlalcpn de-ganphdgicgiona piryicaonp r @eentragen, t h‘res)ebpr enatisr esamipied
| ocati ons ‘e en%u rV%rLDved fromthe sanple presentation devices for
subsequenl P?H% o  mani pul ation (e.g., nodification, purification,

concent r amnm] ellhe kahyleapedehRrios aRplke oPHRSHBiAL i1M11d@Via&ESU1{aB]}:4f7)1 tiidhe
sanpl e pr esgnt ation devices of the resent i.nvention are sui t abl e for t he

handl i ng ¥0dbeg AT bpth| glpeistl %&%OIBQS? lolgedpaplesi dhenms % Uil faf e al so

sui tabl e ff¥ication in a wide range of analyte detection methods, for example, including but not
limited to, mass spectrometry, various chromatographic methods, immunofluorescence
spectroscopy, and other known analytical methods of detecting and measuring analytes in
liquid samples.
[0148] Each of the above-described variations is designed to allow for maximum
flexibility in design and use of sample presentation devices having enhanced capabiiity to
present analytes for detection and analysis over known methods. Thus, the sample
presentation devices of the pregsent invention have the capability of directing analytes to an
analysis zone designed to enhance high sensitivity detection of analytes. The sample
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 pL, 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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application in a wi de range of analyte detection nethods, for exanple,

including but not I|imted to, nmass spectronetry, various chromatographic
met hods, i ni munofl uorescence spectroscopy, and ot her known anal yti cal
met hods of detecting and neasuring analytes in |liquid sanples. [01481 Each

of the above-described variations is designed to allow for maxi num
flexibility in design and use of sanple presentation devices having enhanced
capability to present analytes for detection and anal ysi s over known
met hods. Th the sanp resentation devices t he esent inve tion
have the %’é%%?o"lrf‘ar Wasafmaqu% A lsﬁavl;ﬁtregertsauaﬁd 2l WF %mﬁ?lydléﬁt ted to
enhance high 88R31 birkdting tg@a@%tmommmltbfﬁ%ﬁrfacm@ea%ﬁgﬂahﬁng EE&ﬁﬁﬂéb@hﬂ on
devi ces ofn@g present invention thus afford inproved deposition of

Ty

anal ytes. | Tadilistesthmphpropriedpntiaen offnndltes ot aofoneraltp eweaase mrhméht i on
T s | e, SPREAAES HEVAGRRIRARBR By SSeLoR gy AR BT 0 L

sanpl es i v unes up east up bout *°7
sanpl e pr @s@ntaabm ﬂmlflf(vﬂtﬁeﬁrc@ént inventngsevitles avuefatd bt axbibits ahistankiel williky | zed
as sanpl e posit.ioni hat directs the deposjtion of .an to a

33 surf acktrash r‘f”e%?g%r élq}g’g@? 4P §2RASH Y £ Ang ﬁ‘?thoﬁﬁ%t(@f’o%‘éfﬂ’aloéd‘“?] X‘%ﬁ% and

pref erabl y.f.ge8 ehma&me%&o%s caiﬂ’gma@r{ @Pﬁthnﬂllets heroterasidclat of sanalifes to a
surface area measuring | ess than about may facilitate the inproved

deposi t i ofetestiomnéfpmeabout ¢iold te ewgt@nthaaraboutri@%a@@s|can@116ﬂ to isagyen gfnple

aut omat ed dah§ acquisition and sensitivity of detection. Consequently, the
sanpl e pré@%ﬁiatlon device of the present invention provides a surface that
exhi bits gabgt antd ahe winbbditént, Dot kaovsié brdsﬁﬁﬂﬁmt devirel afgiie résohidinmgntioapaci ty
and control |l ed g F05|t|on of anal ytes. preferred enbodlnenta this

conbi nat i BRIRSSCGPY #isRARE: éi‘thPiFH@eéHffﬂfﬁc‘i‘féE\% ausiraig di fyrihiey ceppisted ofdETt i on

of from abQubuds zghéi & galﬁie%qﬁgrcoﬁ&%m%%%eﬁe@@ ~fiRldh 8% CRAMANAYsit SHdenown
sanpl e supports. I n one enbodi nen the sanpl e presentati on device

of the pr s@@nndqddxzfemMMMt@tmwm asbohotinghslipsd rejension bt igiswrauidediy f ace
of the Su? %%Jn%gr? zlos f}»'-{‘r {lveq%qpé‘ éa regﬁjet ese%pfmg F\%(?en (1_;) tgg ﬁw%en%?r?veﬁtlon I%%m zed

in a concentric-ar an e erel e centra ana S Zon

surroundete bymgrided @i adsdb@ttrz&ﬂ,t Widtcia ahe suréind ivietet ﬂoﬁnbﬁseﬂl Sfuhgkereehgniouon zone
i s surrounded by . a bound zone. Alterpatively, the sanple presentation
devi ce of 23K OFPBiIZEhin Fh %ﬁerlbﬁ*{l%W%e‘v%ﬁlﬁrspgﬂwoafonapféh%%Lﬂfahases'ezonwa@f} ein

the surfaggnd Sodibh to??l'iewﬁ MR8 &ehnCJonk *&E@@orﬁ%?&ds%f?ﬁ‘%es é&ﬂ@%n@hﬁ@t’ﬂ%%ﬁd' n an

adj acent arrahgenent, rein sone portion t he ana ysis zone and sone
portion ofvherhig thosgpicdioneoé titeiapalysio aml baed comttiog gouss tinitahe 1@ spaEERCYOWINe
anot her, %qutmcgr%n&hthose Q&t%ﬂPﬁa8Lm£m$m%% aI¥S|§eand liquid retention
zones thaf Be cont wﬁ? y '
[0151] In an embodlment of the sample presentation devices of the present invention, the
surface of the analysis zone has a contact angle of preferably less than about 40°, more
preferably less than about 30°, and most preferably less than about 20°, The surface of the
analysis zone preferably exhibits minimum affinity or binding with respect to analytes.
The surface of the liquid retention zone has a contact angle preferably in the range of about
40° to about 95° more preferably in the range of about 60° to about 95°, most preferably in
the range of about 80° to about 95° and further preferably exhibits minimum affinity or
binding with respect to analytes. The surface of the boundary zone has a contact angle of
preferably greater than about 95°, more preferably greater than about 105°, most preferably
greater than about 115° and further preferably exhibits a minimum of wettability with
respect to liquid samples.
[0152] In another embodiment of the samiple presentation devices of the present

invention, the contact angle of the analysis zone is at least about 10°, preferably at least about

20°, more preferably at least about 30°, and most preferably at least about 40° lower then the
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respect to one another are surrounded by a common boundary zone. [0151] In
an enbodi nent of the sanple presentation devices of the present invention,
the surface of the analysis zone has a contact angle of preferably |ess

t han about 40, nore preferably |ess than about 30, and nost preferably |ess
- than about 20. The surface of the analysis zone preferably exhibits m ni num
affinity or binding with respect to analytes. The surface of the liquid
retention zone has a contact angle preferably in the range of about 40 to
about 95, nore preferably in the range of about 60 to about 95, nost

pr ef er abl §pnfagt artgllﬁaof% Badaufreihbon 280, vberbobe C%tac’faﬁ% o ofr i difuigriefeatiem| y

exhi bi ts islnwg} Zon Iéaet Xout Ph g{ eéffem gg?&lgl 130abyte §rprtl‘l§9dbﬁwface

of the bound as a contacé I e o greater an "about
95, nore giresestabt Y0°gowart then kﬁmmﬁnbaﬁglelﬁ)ﬁthe mmdagr Bfner dblay1 engiodaisat of han

about 115, and further preferably exhibits a mnipumof wettabhjlit jth
respect tY°l SF‘&B{%PTEWUEE Jet”@i%?f thh PERSE H@YEHE%O@EWC%Pr%hQJ by g

present atj.@ntisleyieas pRiterkh® PiLseHout Jl-@M@ %‘ida&@, mbRerERALACE 180 ghERfi0l he
anal ysis zone is at Ipeast about 10, pref erab% at l'east about 20, nore

pr ef er abl {pldagrepten gnd amstipr e@@ablhﬂﬂleﬁﬁ%OW ¥rethpleytenthan dbg ﬁulﬁib@@team theower
then the %ﬁ/s%% ﬂ{kggu (c,)e ar%ggf heql 518515 ?(51{%'1%;ppe@elgﬁpqe%%%r’l%l Econt act

angl e of the ZONne i’ s east about fror
pr ef er abl ig ;adnelmaf‘stabazbmuﬁle JrSugeaaﬁfrmsdibopr szemablty abatit D @amm® abmtitls 2@}5{ ovver

than the coptact Ie of dar n an enbodi nent of the sanple
present at?%ﬁ ag’@(/‘iné laaﬁe?hftéo%ﬁg ﬁt ‘?’%véﬂﬁ OB'h OfH2- surface area of the
liquid rpysntiomhZongples pRisel@iablivials beast pbeut idvdhabd Qiealeetuntepre
preferably at |east about 10- fold greater, and nost preferably at |east

about 50- mmmwgd éfa@ subsrA@nwhereingilie Sudase of dae phbsiraie mazrbel fyghe C@mésedacﬁd t he

surface af6a0fhAPARALY SIS ARG 8 BLELLTARL Y] 835l DRR: APOHES luill

nore preferably 1n the range o roma out
is nost paiefef aﬂmﬂyysm portek eantl alixged aétefticonea@ee utre Qrrdngmalad enl&bmmhce@ur& mﬂ

[ 0153] The sa e presentation devices of the present invention
further ﬂ'ﬁ WIeLHR PP P aﬂﬁxﬁésr Eé’idﬂlqt”%l%gﬁlﬂlf”é@%neéfm‘f Tﬂé‘oélﬂ‘g%tbr Yat e may

be thit heéorﬁaﬁambmqrwiom bette £aipld brkdi®fioh VevicELRhphLRd b 3I0UIRRE R 9bs
anal ysi s zones and id retention zones, wherein pairs of analysis zones

and | i qU| @rlabétsewmbowd 1@1@09ﬂpmg@@re§@a@y chidiguesshisenmaiter epalogudf acent
pairs, g] ‘Q‘Q?lnria% géR?e'llr @@3& ¥§§65w§1?;f]ﬁ o géjhsdﬁ rb%t i; e HN&R:, é{lﬁlzed

surrounde c¢onmoh oun Zohe &t on devi ¢es
conpri SEdeTtl mall[l plaﬁllﬁo@@soﬁsSarmh‘labcaﬂaiMm]ﬁd ZodBsg ﬁ)lhdtsl iquid retention zones is
preferably configured in a manner anal ogous to the standard 96-wel |,

384-wel | pagripBabofvt Figatedt €s so as to be conpatible with standardi zed

[0154] The descriptions that follow are merely exemplary, supplement the disclosure of
the invention set forth elsewhere, and do not limit the scope of the invention.

[0155] With reference to FIGS. 1a¢ and 15, the sample presentation device of the present
invention is illustrated, showing a substrate 1, wherein the surface of the substrate 1s further
comprised of three contiguous zones organized in a concentric arrangement, wherein the
central analysis zone 2 is surrounded by a liqud retention zone 3, and wherein the liquid
retention zone 3 is surrounded by a boundary zone 4. The surface of the analysis zone 2
exhibits a contact angle of preferably less than about 40°, more preferably less than about
30°, and most preferably less than about 20°, and further preferably exhibits a minimal
binding with respect to analytes. The surface of the liquid retention zone 3 exhibits a contact
angle preferably in the range of about 40° to about 95°, more preferably in the range of about
60° to about 95°, most preferably in the range of about 80° to about 95°, and further
preferably exhibits minimal binding with respect to analytes. The surface of the boundary

zone 4 exhibits a contact angle of preferably greater than about 95°, more preferably greater
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mul ti-well plate processors and |aboratory |iquid handling robots.
Description of the Figures [0154] The descriptions that follow are nerely
exenpl ary, supplenent the disclosure of the invention set forth el sewhere,
and do not limt the scope of the invention. [0155] Wth reference to FIGS.
|l a and 1b, the sanple presentation device of the present invention is
illustrated, showing 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
ret enti onthg® AR 1031 gnash aredsraPly iwEeter dincabopiet bt f1enfusibeiersierls eitEbitirtled by

a boundar y;z00& F-weldBiliBy l?f%@péaftotlfh%idaﬁﬁ}#/e%j s zone 2 exhibits a contact
ly |

angl e of preferably less than ‘about 40, re preferably |l ess than about 30,
and nost [#i8éler ah¥igh fuetbsr tefeagncabobkGR ¢ aah db faprefeared pmbbdnehl of thxhinkild s a

m nimal  binding with respect to analytes. The.surfac f the liquid.
Tetenti onbsiatzign dopids bE R resgiromfition s ikeed HiafthTieh andia S thk JBI87S apout
40 to abogtne2as praEeblpraeicasabbit 1M hdie prdfrally af leaQubut 20, h&rc pbIehbi99t NDSt
pref er ab|%ﬂl n the range of about 80 to about 95, and further preferably

exhi bi ts Brsiiahent W nadngosti nreferablypa deast abaah 4P losgr therdhs gpptagangle affibe
boundary 1 o) : ! : ef.er at about
95, nore 16 e?gertégﬁé%rr}éeg’ts\g%rgggg ef:ﬁ)tgtna%g%iéﬁ% &ffBg,[lﬂr%gsr?Q%?Og%)rﬁaﬁﬁ{/p %’%g%tl}er t han
about 115at leastabautl A maqre pfedaratidy pt Eadiiabingtsi 5§ andinmishprafadblnet lcadiabbaty20M t h
respect to liquid samples. [0156], Wth further reference to Fl l.a.and | b,
ot or r Bk HBdhn e fgh t Bihsatets Bl i w6 Thevr bt G dpiaednt
inventi Onreite‘i}tiQﬂQOI\MTETSerETeiaBgr & b EebutNel € grbtet REora PAINEHIS at ZARGLAt 19-
preferably at |east about 10, nore preferably at |east about 20, nore

pr ef er abl {pldgreatep i 1aeBpreigebly hdpaiponpp&fad gisrier shan thasuriaggoire oohe | oner
t han t he I lj G e i - Wh bR, nt act
ool b SRTERIPIONE) Shebleus L Cotel e Lol onee |oEie) Kieygont oct
pr ef er abl ybeat 2 krew's is raboytefdBblyam themmege of fiefrerbabl §2 atm teaboutdfont’ 26nd ik ower

t han the contact | e of the boundary zone 4 erein the surface area of
the |iqui HlOStrpé?%'rﬁ%Bg‘ﬂ%}eolﬁjég%oeﬂfgonb[?}@fuéb['ﬁﬂﬁui) Téﬂtabf’gglsé M¥bout 4-fold greater,
nmore prefenahl y avith egskn@RoWG1P-thd ednthlgpRadneition ABicHBS ther&bR atdnYioRt

| east about 50-fold greater than the surface area of the analysis zone 2,

and wher eisrroptpaised e aawbsurte s Wieraingeanrpgesis futhsn eompiissd i df eprishiyici rags t han
about 2 i.S: mr r rahl y. . im t n f1Qr 2, about
T e i e Ry B SHAR Yebhn el FEPoChuLA A Snoihat iy S0mb0e S
about 1. 6bnwudzry Zbid B71n Wi instmekepanad tirgetlnBligRid refesticanple agraesent at  on
device of the i |

dovi co O JNSRLESSIL ATMENUI.ON ! S cRIBrLSeA Of B SUBSLEAIS Hbersly the

corresponding to a standard 96-well plate.

[0158] With further reference to FIG. 2, a preferred embodiment of the sample
presentation device of the present invention is one wherein the contact angle of the analysis
zone 6 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 7, wherein the contact angle of the liquid retention zone 7 is preferably
at least about 10°, more preferably at least about 15° 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 1s preferably at least about 4-fold greater, more preferably at least about 10-
fold greater, and mwost preferably at least about 50-fold greater than the surface area of the
analysis zone 6, and wherein the surface area of the analysis zone 6 is preferably less than
about 2 mm’, is more preferably in the range of from about 0.2 mn” to about 1.8 mm?, and is

most preferably in the range of from about 0.4 mm? to about 1.6 mm”.
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of analysis zones 6 and liquid retention zones 7, all of which are
surrounded by a common boundary zone S. In this instance, pairs of target
and liquid retention zones are arrayed on 9 nrmcenters that would al |l ow
six of these devices to be conbined into the format corresponding to a
standard 96-wel| plate. [0158] Wth further reference to FIG 2, a preferred
enbodi nent of the sanple presentation device of the present invention is
one wherein the contact angle of the analysis zone 6 is preferably at [east
about 10, nore preferably at |east about 20, nore preferably at |east about
30, and rBt®] pr el eﬂrlamoyta@ttto Ingtesthataiseher the ababyses zonhaar thedl Jtea?@tlolaﬂ@fﬂe of

the liqu l%t et %l@&d gn sh ﬁer aMl ratee:éiellfl q:lbh?ag%c%ﬂa%ba QIQ%%S% %net il h%ql{tlllu

retenti orfnzone east "a era at | east
about 15, retenttbonmst nmyeafsambh ya@éty loé sisdpeaionty BOreqhoedto cbﬂilﬂaﬁhzé bammah@ct

angl e of the boundar zone 8, wherein the surface area. of the |iquid,
ret ent i orPiZn¥mplg %le%/w@:ﬂeﬁ 4pvige T FERER 126 HUICHAY BRiCi Ut éﬁi iphgHlg i is

pr ef er ablyogiali 88 Slor@ iRt tnedfle- iRl Qlagrsﬁsa&c%@,n&mﬁe TREtd pasliRRaRlY Als! gast
about 50- fold greater than the surfdce area of anal ysis zone 6, and

wher ei n tdeecepire widle onr awtict as Hastated 1sF1675z dn encBZ i BOF}T &t enalbily zdngswd thean

DU 2 W TR ) L ol ER SR A0 R B R 0, 2bout

about 1. Geifii¥nandb of(hd s&iplblprdsenthtipodd RBtvithQedpatiao b hatticoRl fygicatidhe anal yS| s
zone nor the liquid retention zone nust be round in sha e as illustrated in
FIG la. B%Y th‘é‘/lférraf%lp% to, BiGE 3aHe PRel nresrglion deash ione PERE iU une a

vari ety of c&ag,t?&a A% IBYirRE 9B Ll 99&1%1”&&1%)1%& OB E&utipRbust Rgessanpl e
presentation device wth respect "to a particular application- "Additionally,

it is inpemizedtintan mﬂcﬁcentt angnmr:mthe&lemehescamap@mps of dhre apdysit penel 1Gaid

retent|0n Z0one S ntr|c Wt not her._. d n Fl GS.
In and 2. 5°B5 %OTF"EeEf ﬁgl 1;, 0 il 1S 811%011 7OHe LH 28 con Lﬁugus Wi nEeS% c'r’? Slé %101;}1
posi t i onedhdeia it PGHYnASS M8 Yindlesis et Eihe(ﬂlqtlﬂ rephiidh Ze tmrai@mmnmeguoﬁg t he

sanpl e presentation devi e with res t to a particgular appljcati 01601
Wth ref eVBhESPIch oL angt e’c Ré 5§‘dﬁbflldg3§? @<t @w.ze&e gf ltlh‘é“bgé% %*1

inventi ongei $,600P0hse efnigS HoShiRL nde f@vlslefar@ Syt agg, fystihar aepmori sed

of three contiguous zones organized in an adjacerit arrangenent, wherein
sone por t preferably lt:ﬁehan@doysﬁ&" awimeost Prederebly @@ﬁ‘émp@bctutéﬁ" ofid tilrthet ptqb;raﬂ) y

i 11. h h wh h
L L o

cont i gUouB] exXMitlifi alc@8RECdngledroRbaNAttRefangd 6 Ul ANl ghdY5B nehpRRrdpundar y
zone 12. The surface of the anal sis zone 10 exhibits a contact angl e of

pr ef er abl ¥ thewags plabogifdlito ﬂ@uﬁrﬁ? e mopiaefgrahly 1y thegrgase Haborb¥lito ot Fd nost
pref er abl %4l G5fer!NoR:BROUiH g AR HLBRE WRELSIRPY 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 115° and further
preferably exhibiting a minimum of wettability with respect to liquid sampies.

[0161] 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 east 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 refention zone 11, wherein the contact angle of the liquid retention zone 11 is
preferably at least about 10°, more preferably at least about 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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exhibiting mnimal binding with respect to anal ytes. The surface of the
liquid retention zone 11 exhibits a contact angle preferably in the range
of about 40 to about 95, nore preferably in the range of about 60 to about
95, nost preferably in the range of about 80 to about 95, and further
preferably exhibiting mninmal binding with respect to analytes. The surface
of the boundary zone 12 exhibits a contact angle of preferably greater than
about 95, nore preferably greater than about 105, nost preferably greater
than about 115, and furfher preferably exhibiting %Pnininunhof wettability
with respesthangbopyhign’s sppesoreietrbbn by ravee of fREY 2008 Bldie i BPpf 8623, a

pr ef erred, gbodioRpl: RifebbS S HERhGe o@rﬁ%ﬁfmoﬂm@ e acty iaF@ut@f.é the. present

0
invention I's one wherein the contact angle of the analysis zone 10 is
pref er abl[§162] | efast ingtootant t0Gtertbateneptherftbe atmlysisatonk @as thedispyut reROLompeRE

Phen t no Tnvact 80 Baa: oo s PR nTiCs Rt rish 2orh v SRRk o cont act

angl e of jiduel bdtetiod Fo@keaniy asuzeng vidietySof phpéerably B répasd tab@uiini&0, nore
preferably at |east about 15, and npst preferably at |east _about 20 | ower

t han t he reefAmRance ghibe sasple precHipndisyipe yohaespoct thA BAdcHlat #PlisdiPace area of
the |iqui t enyj; € [ I : - aboit . 45 d . greater,

nor e pref@%% |y g?&nggﬁ‘eéﬁggﬁ4%6-%§#ﬂﬁ%ygatg#ﬁﬁghvaﬁnstegﬁéggrabﬁg%at

| east abdetobprifedlod agubsitagr 1% hring heurfage fater evreprisedfof three sondigysisszonone 10,

and wherein the.surface area of the analysis zone 10 is preferabl 37 less
than about B4 7ife: AR REEYE BABEIAbIY I (heSHERgeIBrS FPBr bl 0% Hre 1o
about 0. & 1igmﬂ retediiéh kSneMPStanar@hesiabhy lighidt Rentiangenof s fis emrabaud b9.4 M
to about 0.6 mR. 10162] It is inpartant to note that neither the analysis
zone nor tMedAY gendlt-ePeitiebrerse e lin it tsehrrsusfdhs Ardidbeonasl4 PIsgetrhat ed in
FIGS. Ta, g a0fitate ?ﬁgﬁ&e& Q@%{@ﬁe&m ﬁags%ggqtﬁpgatﬁ,hﬁ thdt 104 B spEliE B Lianezone may

assume a variety of shapes as may be required to optimze performance of
t he sanplmesigredsémegivison device with respect to a particul ar application.

[0163] W efe ce.to Fl da, the s | e pr.esentati devi ce of .the

bresent 1ol oWEEkheh i Lich e u i Sr BN AR o e PR BBt T e

conpri seds @émpie@@f 6 OMsuPRATTOARIAES ofBI6gANS ZRhalRisFof@NGERINIGEidEeaR@eMENt

wherein the central analysis zone 14 is surrounded by a liquid retention
g

zone 15, ZMeF WheH el WiHedle pereuandedbearramos brendesy pagicslr rlp dla destagge. ahe
boundary zone 36nai If f at Ab,. t Ysdis zone
14 (a squ(g)r gl)% r’r%%}l\%! ago{uf%tag% g&g}%t g%adt:ég[ %{:(l:qbbi ﬁs]?ﬁ on o dﬁéggﬁgggg?lrée{? ]gat a,

i n that iplateolhedpoddstentmnsione 1P ovaa beeragbegatedfto 3G xiregE digsid-lbOiE 6 dapW¥itsh
reference t,o FLG 5 h&g@gg%#%ggr sent ation. devj ce of ' the Btesent i nventi on

i's conpriaéléldnﬁ?m%festﬂ%télfs CEFOBE Geta58iTPY- of* STHEPYYT BaFghes 18

and | i qui gheflgti@RtthOfirst two rows of the sample presentation device to indicate the path described
by the deposition of a liquid stream of chromatographic eluate during automated fraction
collection.
[0165] With further reference to FIG. 5, a preferred embodiment of the sample
presentation device of the present invention is one wherein the contact angle of the analysis
zone 18 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 19, wherein the contact angle of the liquid retention zone 19 is
preferably at ieast about 10°, more preferably at least about 15°, and most preferably at least
about 20° lower than the contact angle of the boundary zone 20, wherein the surface area of
the liquid retention zone 19 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 18, and wherein the surface area of the analysis zone 18 is preferably
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zones 19, all of which are surrounded by a common boundary zone 20. In this
i nstance, the concentric pairs of zones are arrayed on 9 nmcenters that
correspond to a standard 96-well plate. The liquid retention zone 19 was
been el ongated to nmaxim ze |iquid-holding capacity and mnimze the

di stance between adjacent zones in each row. A serpentine pattern is
overlaid on the first two rows of the sanple presentation device to indicate
the path described by the deposition of a |iquid stream of chromatographic
el uate during automated fraction collection. £01651 Wth further reference
to FI G Sessahagragperd een’ eispetiernseferably infee sagppeiropradbeuh dtpmntadeicb8of t he

. Sevedlipriboe . t e he
< orof ety AE oSl FdulelSr AOR APk APF PG IE AN 20, “ror e

pr ef er abl : 1 _ d.nmmpst preferably at | east about 40 | ower
t hen theF‘%—bl ation 62 pgf% %Qk}qgamx retention zone 19, wherein the contact
angl e of [01s] 1 i cfiild orlet esmhbodimaonesflihei mvepival erchklkeymatholedst cadadug <t0, nore

preferably at |east about 15, and nost preferably at |east about 20 |ower
than the f@@ﬁ?%%ﬁﬁaﬁﬁ? ¢ Bresiaiopslenss P57 8id aé‘b‘:e'*ﬁ F@WP%JH%‘“%W‘F%@&‘EG% ea of

the liquisd JiglieMel QPfélNge t8upsis® 6f 8588} Ynodd sdiRasbmeRAYhodbidyeldisgneat er,
nore preferably at |east about 10-fold greater, and nost preéferably at

| east abowuticlsprinofistingt eenasrdephiating he dfisrétee belwsan taf SANG wdl Yeissmplsne 18,
and wherein t.he surface a of the anal ysis zone 18 1s pnreferab 8 |l ess
han anodres il AL AE DRt BRORIR FRLEAREE Sobs SENEBIR Hoane T
about 1. reamgithy, kiduwth pifotevpsiterping fiedhalys. | Actdiginglange @escht ove@bautrt@erd M
to about 1.6, Mm?. Fa?rication of Sanple Presentation EEvices [01661 Stil
ot her entBdP#eMEhads of REating, WA ATFHUIGA S et HOETIsEt Ok p NS 1gofs one

fabricathﬂg&ﬁgﬁnaﬁggbgmgggﬁﬁgﬁﬁ%&aﬂmﬂgyices descri bed above. For exanple, in
an enbodinent in which tthe surfaces are conprised of one or nore

sel f - assdfbiidd nidnrsl gepenely,(BANYacewritiechsubsrate dif Sieisanplezorrestatiepdadieng on
differen t he SA he s I r.esentatiqn.devi.c of the
present THVBRT bR R as TaR UL BB r R B FRE BN W iR nown
phot o- pattheeni ng ieednipifelse sstaedisghye, cdnhie podéisentor ipavendd ONnftist dter

i ncl udes neﬁhods of creating ggpple presentati?n devi ces_ conprised_of SAMs
using, asPBRYS B TedchatRBdcdgnetbpat BeMinyick iy tes surgq 671hemor e

gener al | yabithe SPrhacempl bRGmMRA! baL@ Qhd thRsSaBbeaPLesent aliop,davi ce of
the present invention is typically nodified or patterned by nethods known to

t hose of peRidular plremisthies rthe sybstrain. Sxlacipinef viohessSiidds riatiedisg $URF aeorcn be

modi £ ed 2h g%k)t% eSr oerda b%ﬁicuansubosir t a;p E\lfi%{isn%;eonlref o of Bl setlrefte_ %%1%etml)lueed

nonol ayers : nt ERTDAT FYPRE B ac R ot e 4
surface characteristics and 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 surface characteristics and properties. Methods of patterning the SAMs are kinown
in the art, and include UV photo-patterning, photolithographic patterning, microstamping.
electron-beam patterning, and reactive-ion etching.
[0168] The zones that are created on the surface of the substrate can be in 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 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 substrate of the sample presentation devices preferably
have a plurality of zones of differing wettability with respect to the sample to be analyzed.
[0169] As another embodiment of the invention, methods of fabricating a sample
presentation device that is capable of precisely positioning analytes so as to facilitate

automated data acquisition are provided.
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substrate of the sanple presentation device and whose exposed surfaces may
inpart particular chemstries to the substrate. Selection of various SAM,
including 1, 2, 3, or 4 conpositions, for a particular substrate provides
the surface of the substrate with unique surface characteristics and
properties. In particular, application of nmultiple SAMs results in the
patterning of the substrate so that it contains a plurality of zones, each
zone having different surface characteristics and properties. Mthods of
patternlna,ﬁﬁe SAMs are known in the art, and include UV photo-patterning,
phot ol i t HBEIUphi Moparpesitisaly, approaties atpisugace SPLERivgn- %@a%qnpatéwwbwg, and

reactive sh@ﬁra?etsCﬂ‘e@ﬁaﬁ({noéfas%]f-azﬁﬁ]b?éanﬁﬁni%h & elFé@@ﬂﬁdaﬁ%c{cﬂ@s Sufmce of

the substrate can be I n any shape C|rcu shapes "being preferred. In
addi t i on,medibcationere deagritisd beﬁom&he@@dﬁsmmms amrmer@ﬂly%anpianua)ﬂsiwm hoitespect
to ot her £ONes ftlh V,ettpo% zones can all he contiguous with each other or
one or nore’ 28hes €4 e di scontiguous with one or nore other zones. The

zones that7gre TheakRck OMhd ma;ﬂapﬁemmh detiee 61ubs bieadr i0knfidiels parRh&l
present ati on deyi ces preferably ve a plurality of zones of differing

vet t abi | ity % fh S?Vés%éa@tmﬁfaﬂeﬁ wén%haﬁfﬂf%alflas 15@11%&11192%110* lyiteb 10:Ad) Nt her
enbodi ﬂerrthoesfpa&é}ﬁugn ﬁ@élf MembRY hﬁ&%xajmf Alk/ﬁjitphﬁﬁréa 8AAPLE tﬁ%gsam 2tion

device that i's capable of precisely positioning anfal ytes so ds to facilitate

aut omat edrotsga neeta siugade; 61 Pap@hmogmpdeqzattagu{gmmvm gaspelcort iatalthip)s
approaches to surfac

pat.t er ni.n | ectio sui tabl.e. su at es
P arat 1t gt A B BN duBite 28 ShvF b RBeine® et iRiegs 4
surface dJm gélaaﬁa] Girfadee 0has e irhediibRbRwhic ThaaenideSsr SAMO RS kel Y
exenpl ary and do not limt __the scope of the invention. [0171] The surface

of the saprialapreseidie; 8nsiliron ek gaﬁs EWdacsr 6DehleciroryBenn gRTTEINgathEhed by
one of s 9@%@ &kgﬂg £d to:
(1) Uv- %%{E; g%ea?? Fe% ni gq?)?%\@gﬁf sp% ﬁ%ﬁ@éﬁ tllléﬁo ye?rep‘%mﬁﬁ%g?ée%a;dgk lif rom

al kyl t hi olcieper eithec dj npgeatet el ths w\f—ah;(e;)pa(d@r)nlr@m@bodss tlerogberpin UnipdtSt@eni ng of
SAMs pre re r l.kyl t hi on_a coina

M cr ost a ?{gl\{(?f Q%X%ég%%g%&gdmﬁ%fﬁnﬂwr? S%ﬁ%sc’taﬁ?]ed o J@é ﬁ&&iﬁsr%‘fe& Neyrf ace:
and (4) PhetDI31t hegraapich fatdcefpdlnei RireibAiePrcapar atefboly, ahkydushlianes on
either a sjlicon or gl ass surface; (5) Electron- beanlpatternlng, and (6)

React i ve-¢idhe suaplp wgese@?weamewmf@wn%b@ aflie e hjfplwwll}g%mﬂ PALEEERY at i on
d h t tt
evi ce Sgﬁlfj@églg‘qb é:\gsc_u%g e tegtﬁaIthfsld Qﬁgﬁsgérﬁd't&gﬁasgggﬁl%dg t%? Orp otopat t er ni ng

process descr nite by the
m cr ost anf0p¥g pWﬁdess&de£HDbEHﬂin6MW&UE@hSﬁ@téE:E@Deﬂ&fhbmws5fﬁﬁ2Jﬂ31,

Bg: P e?];]i io%o%aﬁér%xﬂgnotfcg’mg %{t)i%gris% ? aﬂcyﬂ}{lo se(];neé 15 deplctgc? ' ﬂ%ttialfg? a%ﬁita:brl]ee
substrate 21 such as a silicon wafer (750 um) is appropriately cleaned by a combination of
wet process and argon plasma etching. An adhesion layer (25-50 nm} of either chromium or
titanium and tungsten (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, 65, the first monolayer 23 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 surface-modified substrate is then washed
with ethanol to remove excess aikylthiol 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 exhibits 2 minimum of wettability with respect to

liquid samples.
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of the sanple presentation device surface nmay be achi eved by

phot ol i t hographi c patterning processes described in the literature and
understood by those skillect in the art. [0172] Wth reference to FIGS. 6a

t hrough 6h, the step-w se process for UV- photopatterning of SAMs conprised
of alkylthiols on gold is depicted. Initially, a suitable substrate 21 such
as a silicon wafer (750 }rnm) is appropriately cleaned by a conbi nati on of
wet process and argon plasnma etching. An adhesion |ayer (25-50 nm) of either
chromumor_titaniumand tungsten (9:1) is first applied to the surface of
t he waf er [0t &l onddthypfeaenchitg HE| o, tha ooleroomdtif’ Sbstpds i piwio-pettegned by
deposi ti 00, LS, .l - I - Lt r t hat
nas. been SRPTEY TR TAECial oRpSRHlogh L Aty BEDY in e BRRLE BTLOREREER®
ti me. Thetospxitizerogpnprooesdingayitba thederpaidenond tthereint @etersvafze nenamei t h

i ndi vi dual ieces diced fr .a fer. 0173 ith reference to FIG 6b, the
rst monsiafer 55 SbEFdeatlud S Fhebit bur bt g PRetBae BRo6r ¢ he
substrat e29 fes@tsSiQlthl Edtionostt RAtRled 8f 2O AADsIAPe tOr&pdddi & ¥ ighidoktehton

et hanol for a period of froml to 24 hours. The surface-nodified substrate

is then w&¥Red w th ethanol to renove excess al kylthiol and dried under a

stream o g}?'é;?r Ogaﬂthfrggc}%c{ t'ﬁgfi&g. %I?)%nl%té%é/ﬁfbs %eﬁt%a%gaﬁgaff@% o%oﬁ(gmrﬁge Alybd hi o

whi ch aff a sur X s’ a cont act reater than about
100 and f mohdres sediatestasd affoidsianmunmnodifiedtegaini dfighld 34. t Therses@eatortoteyed 2ui d

samples. 40 [0174] Wth reference tq FIG_6¢c, the surface-nodified substrate
e Phot o- BatTBPREs ) SRS teeS aedaten ¢ BobeiEEen) groCBhr G ERF SUh o
first masko24 § mM BEyREGPRNGEanS! f@XYB80I SOA@S | hB4Mduel ZEheNRARIBASIf@SI di Ng
wi thin the exposed zone there enerating nononer sul fonates that exhibit

: er eby . ! )
| ow af fi nPubylrasg istihgngsgsbed with ethﬁ@c%g@r@n@aﬁfi%éaikmolo@érﬁrw@ upder phsedyngk 25
results ip ¢ i t Si _ - Engat.o the
ot d v ePubB TRl et 8 Bhedlucd i AR PAARCLPLERREERLEDULE on
washi ng ofxitithe gohtesargamethe enmpead aboordher atsut f Fratdesitberdiffafdsar disfaan
unnodi fi e eqi.on of. d.26. .The second nonol ayer 27 is assenbled on the
gol d surfg%é“%&“ﬁﬁ&@B%fF@ﬂ“@ﬁ“ﬁH‘%§HH§€P%F8&in a sol ution containing from
0.05 to .5[01hyl atky tdp&d: thrriet F%nﬂila Jaférnad Revstatt R fufthemmplotd-Baiddnddory s. The

surface-tnodi|l ed substrate is en washed with ethanol to renpve excess
al kyl t hi ofXPapie &y anadtigielet Light seyreatirogh 2 freopd guesk 25 Heths preseige abmoicayer 27 is

gl e i n tha pansR SRt red i SALRE U ot WRS HeiRy p L Eiofnpll ¢!

t hat exhi bilfegatas thaedhithi lodi afgniv whh reepge ot the goldnsatfatse sThe opening in the mask
29 results in the creation of features of size and shape corresponding to the analysis zone.
[0177] With respect to FIGS. 6g and 64, subsequent washing of the gold surface removes
monomel sulfonates and affords an unmeodified region of gold 30. The third monolayer 31 i
assembled on the gold surface by incubation of the substrate in a solution containing from
about .05 to about 3 mM alkylthiol 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 alkylthiol that
affords a surface that exhibits a contact angle of less than about 40° and further exhibits
minimal binding with respect to analytes.
[0178] In this manner, the step-wise process for UV-photopatterning of self~assembled
monolayers prepared from alkylthiols on gold is cxploited to prepare the sample presentation
device of the present invention, The above-described process of UV-photopatterning of
self-assembled monolayers prepared from alkylthiols on gold is exemplary and the invention

18 not limited to only the process described.
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[01761 Wth respect to FIG 6f, the patterned substrate is further

phot o- patterned by exposure to an ultraviolet |ight source through a second
mask 28 in the presence of oxygen so as to oxidize nononmers residing within
t he exposed zone thereby generating nonomer sulfonates that exhibit | ow
affinity with respect to the gold surface. The opening in the mask 29
results in the creation of features of size and shape corresponding to the
anal ysis zone. [0177] Wth respect to FIGS. 6g and 61; subsequent washi ng
of the golgyﬁurf _? re ves ng&gr sulfonates anﬁﬁaffords an unnDdlfled
regi on ofl® OTHE ﬂFFd Abfayerd rqugh  J&selff| SHPoMSY hergetd f8ur f ace

by i ncubaiyoailingfordhe: w&%ﬁlﬁgto@ MM@ &%ﬂx‘ﬁs&cp%f%ﬂmllﬁidllé _g %cn@rn; Rbeul. ¢, 05 to
about 5 nM al kyl'thi ol "in ethanol period of from1l to 24 hours. The

sur f ace- nodhble gdbstratsstd auch & ¢ Sﬂh?@n W@é@hedpmpmm@r leteantd angt sneahvsiomkpess
alkylth'ohd%ﬂﬂm%ﬁlc%fp#ﬂﬂﬁ$0€l§¢§&%f% P&s aiﬁg‘ The third nonolayer 3 1 is

pr epar ed oman a strtiaCe that exhibits a contact

angl e of {0&8% t hafithadeferdncd & BIGH 75 ubt fiest mexblainr 38 is sserhbiad ob thedionsunfiatd
respect to an 01781 In this manner, the, i cess for

UV-photoHﬁtF@%&%%gﬁgf EéP?“%@%%hﬁP%@hO%ﬁﬁﬁﬁﬁygrga%ﬁgggkég g&@ﬁ%&h@9|ﬂhlols

on gol d 'éhﬁ%PhﬁhiﬁQmﬁQﬁHﬁ%P@ﬁ@2hh%u§aﬁﬂk%uHE&§ﬁBH§%ﬂ%ﬂwﬁ@@%b%%thmh&?
present invention. The above-descri bed process of -photopattetm:&a
sary and

sel f - assewﬁh@ﬁmndn@hﬁy@V%epﬁ@p@k@@ﬂﬁ}@niém«wmvhl@h@twntébhu0$® eke
the i nvenIt[ll 8&%}(6&%4”3 é)rx%;haredt f?ﬂn_flﬁ ﬁ?}ﬁﬁnol qgatpaﬂg %qgr?ac%r %)[ eqdnbd%g‘ al&%Yd%fL With

ref erence
photol it hm@ﬂeaqﬁhess tipat40e and ﬁughafex%h’s nieimar blﬁ&ldgWltllahiwtttthlamdlﬁleﬂn gold is
depi ct ed. SUIgﬁgg ubstrate 32 such as a silicon wafer is app riately

cl eaned aWéSHn a refl‘a?yé‘t‘ ndcatin ?‘t‘i?ﬁi‘:ﬁnf‘ﬂdb@edgé‘lﬂﬁt‘ 33 1(51%5@@06@8 nfy) is
sputtered Hokﬂcﬁ'éﬁé’l@@'buo{ %@tﬂl}grﬂlﬁh Tkﬁ:ﬁ@zﬂﬁ@l@a@r ﬁecbel fBgatlR tohd6: ﬂdbﬁl@fe tdfng| ayer

34 is assembled on the gol d"surface by incubation of the substrate in a
sol uti on ewAtie whiagreswlom Oc@S:sedsBuliyan Kyl axppei regionseafibmsisist (bhus&ﬂpegl od of

from |t 0 R OUL R T PUL AEIDIAT LR SURRH FALE. 13 L0R0, UARARA, o

et hanol to r HOV e CEss rie reant o rogen
The fi rstlesmmahcawos&%cglsnmlﬁm@iﬁdg hlpomv@emnaﬂgkyélﬁtmeab mehrahskaﬂfmrudesoaa :
surface that. exhibits a cg angl e of Igi ao and further. exhibits
m ni mal  bPHYI R A dEREEECt lﬁdc%%awtléesapp §11?u Irgpe PEARESS OO EIG,  7c,

the surfacgramal kieds 34Re b ipheob®r OPRY Rthultchibed rRBRRRAERoRL WAR rBBLAN, O

| it hography. The Tresist may a negative tone or positive tone.
negative Késﬂbuknﬁﬁahdgﬂﬂmtd@bmeasédégoﬁdMKhlty in the exposed reglons of

the resi s@ﬂ&?% hus \)91 (I;e 'encaé nel% the);u ?Lcrlﬁoaahe&lgubsgatthgpﬂgts atiébl‘ngcpgl tive

resi st ase ub|1|t
exposure to an ultraviolet light source as required for use in conjunction with the particular

resist employed. The photomask 36 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 37 results in the creation of features of size and
shape corresponding to the analysis zone.

{0183] With respect to FIG. 7e, the substrate is initially treated with a commeicial
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 thereby generating monomer
suifonates that exhibit low affinity with respect to the gold surface. Subsequent washing of
the gold surface removes monomer sulfonates and affords an unmodified region of gold 39.
[0184] With reference to FIG. 7/, the second monolayer 40 is assembled on the gold

surface by incubation of the substrate in a solution containing from 0.05 to 5 mM alkylthio!
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resist in the exposed regions, thus giving a positive inmage relative to the
mask. The use of a positive resist is depicted. The resist nmay he applied
through a dip-type of process, but is preferable applied using a

spi n-coater. The manufacturers' recomrendations with respect to resist

t hi ckness and curing tinme are used as guidelines. [0182] Wth reference to
FIG 7d, the surface-nodified substrate is photo-patterned by exposure to
an ultraviolet light source as required for use in conjunction with the
particular resist enployed. The photonmask 36 may be prepared from a nunber

of commrinyther]] @%aen%@%ﬁ@rﬁﬂsto i RoMrs; HBICLFGBSUﬂEﬁJtS ta%“’ﬁ@@d itk glsaok 6,
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t he mask resu he creation o ures sl ze an
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regi ons n@isHxXpowed RBhebOtd PR 1o B T, @he bdn@ihing PUOGEsEEIBIID régdbibyel y

i nsoluble. After renoval of exposed reS|st an oxy %gwﬁ$lasna or UV/ ozone

treat ment kg Washingpthsy aubsirate with ding eofascrytal MIrgniGrs dgpi hiendistedvéexposed
zone ther ; t..e f Ly With
I R S R s
nononer sulvw enapesdand tab f distdstion zonwodi foeed! megi GrsiofhgotedisBY] pri1841 Wth
reference Eo FI.G 7f f econd nonol ayer 40 is assenbled on the gold
surface bYIPHERMAS 6116t #9&substrate in a sol ution containing fromO0.05 to
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substrate is then washed with et hanol renove excess kylthiol and dried
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photore5|st 38 . furth he substrate with

everal oRgHRTTE o R B Gt Sbpye B USphERa BBpSe b 556t one,
1- met hyl - ZhipyheR! i 8bRORE cxfded B4 dthe SR liRhN@d:@UBShiIhat Bt vaPWsEanRr | sed
of two distinctive zones is coated with fresh photoresi st 41 prior to

| i t hogr aphijeragmged i pspeped sovie: alf ov@sh PAFRA O d&yeaenet earnag is inpksed 7 - t he
tt d i ght
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source throu secon onas descri e opening in the
mask 43 ra&hhmssmmt@&Mnthm&mﬂknwmmhf&mmmneﬂmQ@kbmzﬁmanﬂumhqmmtm@ﬂnmgsbondlng
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[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 S mM
alkylthiol in ethanol for a period of from 1 to 24 howrs. The substrate is then washed with
ethanol to remove excess alkylthiol and dried under a stream of aitrogen. ‘The third
monolayer 46 is prepared from an alkylthiol which affords a surface that exhibits a contact
angle of greater than 100° and further exhibits a minimum of wettability with respect to
liquid sampies. 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
comprised of alkylthiols on gold is exploited to prepare the sample presentation device of the
present invention. It should be noted that the sequence of patterning depicted (analysis zone,
tollowed 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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commercial solution specific to the resist enployed that dissolves the
exposed areas of resist while those regions not exposed 44 to the
ultraviolet light source renmain relatively insoluble. After renoval of
exposed resist, an oxygen plasma or UV/ozone treatnent is enployed to
oxi di ze al kyl thi ol nononers residing within the exposed zone thereby
generating nononer sulfonates that exhibit low affinitywith respect to the
gol d surface. Subsequent washi ng of the gol d surface renoves nononer

sul fonat es _and affordﬁ ﬁn unnDd|f|% |on of g | d 4 EOIB? Wt h
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under a §tr§ﬁqlof nitrogen. The third nonolayer 46 is prepared from an
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}han éooimn?]funﬂMﬂﬂ?mekﬁﬂﬁ@1ﬁnmmmwmuﬂmﬁﬁﬁmeﬁﬁabeMtpmthﬁ@1ﬁE&geghp$o )
iquid sanples, Fina ,..the remail ni ng p ot oresi.st _4 enove further
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di stinctive zones 0188] ’ hi's manner, the step-w se process for

phot ol i t hegmébjsdi sorfpees hes mmgiemnbgﬂkl(/bmbm@nﬁrﬁsé’ahm Bl kyltchSoMs: bnoged,d i s

expl oi t e% t(%‘%ga’ﬁae %fn?h S%Serygl(ﬁ%ag‘{oﬁﬁﬁg%?& 5196@1 g?s\éb%?y 1?1{ %golag se 81?9 E){d”

i nventi on. sequence o
(anaIyS|SnznmeFﬂnhphkmwed(UMnqumLdﬂoep@nLﬂQnAzmnaucﬂbhhpﬁﬁdIbwgmoﬁmﬁary
zone) was sel ect d argl rily and that the reverse sequence (boundary
zone, foPP%ﬁ%ﬂmﬁi TGP d°Fet'ent i on zone, followed by 43 analysis zone)

woul d al §@199 OVel‘lﬂssafété'xﬁeﬁ%ﬁedax%ﬁeﬂﬁ aSRRURNCAadst ftedSter B8 moldies associated
above-descri process of photolithographic patterning of self-assenbled

monol ayer\@tlparll@riﬁn@@f’ﬂ\ﬂ%mth a¢skedt thibslseifans egeriey of theeseampiled riaees. thectigsvent i on

is not liggte gj{fé? 110#1119’ “;engblg ;08538 an(g?use ll?glﬁta%jﬂe()%?%w’\ﬁ%ﬁirgﬁ' i & 41(1\44}}5{3' ol

nononers are Su se I'n preparation resen 1 on

devi ce Oho&hﬁm@b@@ﬁnhdumﬂemtm&mxnlmﬁmﬂwﬁtﬁéﬁHSBQﬁHﬁ leyhHhi ©ONHprRod®Is, their
assenbly into_nongl ayers, and their C|%§Slfﬁ tion with respect to tg
surface t@fapPhike gforentiodecmpistienss sgop 564 B C g8 mngé&otﬂﬁaﬁa@e is,

E.; Pal mgresBihad- abOLl:t@f%'? §ene\Ml y s]ﬁﬁﬂhé‘%whe@lhif affﬁlgdgﬁél)llylwé"ﬁb@)é&tfﬁ@§ Lu% of

Organothiols and Their Assenbl’y i nto Monol ayers on Gol in Thin Fil
Vol . 24 (compeised wf hydeape) fopd agcepiors, Awéd:@ml Gomt dewgrs,Saldt co chelg@lonf:ﬂ)meof

| ncor por alte]ugn 8Iejtngieﬂesb‘¥\ncﬁ a% %llrgcfleface[s er n-lt;g tca\];fgllia%q?ty an I%d[hlES su1tnge r ticle

has cl assi a5 948sh
the preparation of liquid retention zone monomers include, but are not limited to: CN (60°,

10), 0,CCH; (63°, 11}, CO,CH; (67°, 10), NHCOCH; (68°, 11), SCOCH; (70° 11), OCH;
{74°, 11}, CONHCH; (76°, 11), NHCOCF; (77°, 11) and CO.CH,CHj; (89°, 10). The contact
angle associated with the assembled surface and the corresponding alky! chain lengih is
shown in parenthesis. Generally speaking, moieties which afford intermediately wettable
surfaces tend to be comprised of functionalities that participate in dipole-dipole interactions.
Terminal moieties which afford minimally wettable surfaces and are thus suitable for the
preparation of boundary zone monomers include, but are not Hmited to: O(CH)CHj; (104°,
11), O{CH,):;CHz (113° 16) NHCO(CF5);CF; (114.5° 2), O(CH;)«CH; (115° 16)
O(CH3)sCH; (115° 16), OCH,CF2CF5 (1189 11), and (CF;)sCF5 (118°, 2). The contact angle
associated with the assembled surface and the corresponding alkyl chain length is shown in
parenthesis. Generally speaking, moieties which afford minimally wettable surfaces tend to

be comprised of hydrophobic and oleophobic functionalities.
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with alkylthiol SAMs with respect to the surface energy of the assenbl ed
surfaces. Miieties which afford highly wettable surfaces and are thus
suitable for the preparation of analysis zone nononers include, but are not
limted to: CO2H, B(OH)2, PO3H2, CONH2 and OH. Each of the aforenentioned
noieties is reported to afford a surface exhibiting a contact angle of |ess
t han about 40. Cenerally speaking, noieties that afford highly wettable
surfaces are conprised of hydrogen bond acceptors, hydrogen bond donors,
and conbi nations thereof. Term nal noieties which afford surfaces of

i nt er medilBEE] wethrasratht ottnBhedirgctt anddicid retibion pomes qfnbe prreIe peeserontion

10); o2carg( 85ty o CRDRIET b Myt sl feRehan ot el ety

OCH3 (74J,p01111)8, as@éﬂ\lﬂ@di—l%ux(fﬂc& Ah)lmbNHm&s(;ﬂ*@parélcﬂ)’roﬁﬂaﬂkﬂﬂﬁﬁkﬁw@l@lc( 89 10).

The contaﬁt ﬁ. C|ateg th the ass%rbled sgrface and t he

cor r espor§fhiP K Cﬁerfzé G FPecdn dhigadsarbiar oh PHIENS . Teemastarpigin

speaki Ny, ARARLI B !M}fa%!@s afuf @ rehdttearnediat eklyvéaeﬁ&rﬁ%&m% mﬁﬁ dend to be
conprised of fumetionalities that participate in ol e-di pol e 1 nteractions.

Ter mi nal ahgpthiveese wiideh(QEHI¢I) minis. mBld ytilwe of ébBQESLE césaeesiimndeseniedttyus

i sed Comnep B SRR Bl L R B T R B e e T
(114.5, 21)071432[;"15@04%6@ haizin H}&)&fermﬂ)ﬂﬁ)ﬂﬁ%oﬂﬁr%tUIé@)Qpe@kﬂﬁEﬁﬁﬁﬁs ¢f118,

11), and 2)5CF3 (118, .2), The ontact | e ciated with the
assenbl edV gF “ﬁﬁap¥ﬂ%“€%WH§@B ﬁﬁﬂﬁﬁmﬁngﬁmeh H%P@Hﬁbﬁ-p§I§HBWH Rn

par ent hesg STal@?ﬂﬁé & I wnapeaki O9v, mg%m%omms@%fs%w lmcﬁwﬁkb Y¥erdRigyabl e
surfaces tend be conprised of hydrophoblc and ol eophobi ¢

functi onakfetanes. Kacep@mgat ]mlmberf ef apitipiohotSihéarabget stamd 1oi quiildt eetdent i on
ZONes Of ﬁar?c%qgg?otgm%[% 01{3 olmgm VRC@ ejlen t}? Qlesn%r}]t Fﬂg}\/ef Ia%‘ &

prepared rom non protern ré5|3ta 48%ebl ed
surface. WhinsitdesrGoil. SaMnapr, eman e.w 2gont@| ﬂwdrpdsmmtislemh gelrdeﬂeaaee anf@en

specific %Iy charact rized wth respect to the adsorpti.on S_E)rotelng)e The
most  pr ot @FRPOTG BEPaRK Mseitl phanabisisraResOiRg 0 fher qospwAtien oAPEhbhEEE Her i ved

from mnw&swg&ﬂeﬁa%etogldta%@swmﬁne oxi de) (OCH2CH2) units. The
utility of these surfaces was first described by Prine and Wit esides

(Prime, 1{@192] ankbh paafetred iendgdim@ntsMhe dnalyeiy zoDlaext rhhe Sopls pregFA8ition i6yice of
10714- 21, |nconﬁo r at

vl ati onsht BEBR ety packe e Pebi BTG ar rSHelRl PontiL R

(Gstuni, @)GHE@Pg RN, wherefd m HORBhI 8,10 P2, Mgnomél'_@l?ﬁ%%ﬁa eneral fW‘l‘aJ esidgs. G
M Langmnuir 1,717, 5605- 5620 I ncorporated herein % reference).

Recent |y, suafamsrtb&rethbnzwmace phgieH i@ tBANInge oé o SO ts hkmm 3680 Aditloiyh theggood

rest stance 40 oL ATHY R Told Bl Tt e Sy DBy SRRIRin

G ;
to the1r superior performance with respect to minimizing the binding of proteins.
Furthermore, analysis zone monomers of General Formula T are preferably ufilized in
conjunction with liquid retention zone monomers that afford surfaces which exhibit contact
angles greater than about 60°.

[0193] Similarly and preferably, the liquid retention zone of the sample presentation
device of the present invention is prepared from monomers of the General Formula II:
HS(CH2)1-(OCH;CH»),R, wherein m = 3 to 7, and wherein group R is a terminal moiety
which influences surface tension and wettability, Preferably but not exclusively, group R is
selected from one of OCHsz, OCH,CN, CO,CH;, CONHCHj;, and CO;CH;CH;3 moieties.
Each of the aforementioned terminal moieties affords a surface that exhibits a contact angle
in the range of about 62° to about §9°.

[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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Whi tesides, G M Langnulr, 2001, 17, 2841-50, incorporated herein by
reference) and are therefore potentially useful as analysis zones owng to
their conbination of highly wettable surfaces and good resistance to
protein adsorption. [0192] In preferred enbodi nents, the analysis zone of
the sanple presentation device of the present invention is prepared from
nmononers of the General Fornmula I: HS(CH2)u- (OCHCH2),,,A 1, wherein mis
from3 to 7. Mononers of this general fornula afford surfaces that exhibit
contact angles in the range of about 30 to about W Although these surfaces
do not exHb@iH)nBeHiGest Tho sginbtad beua adictan@lHe € sH4) heshitats epagiioatae raidiky

ot ek . it oo . tenality
oi nai ng. of thrapat Re ks BNkl CERUT SRR oL e AR Coot Relhbidl o mul o

| are prefmeabingleidfiabbmedein conjunction with liquid retention zone
mononers that afford surfaces which exhibit contact angles greater than
about 60. [UEBAo3] Ingiraterrsd pyabogimepis dhe bamdiry zopeo] theysaePle Blessitation deviseodf t he

sanpl e presenaliipRntigeW GErREd i ' I S LN
nonomer s o? %ﬁge téengﬁlal F%rrg%ul ah?%: aoﬁlﬁlic(%gf{ﬂlﬂl}’(ﬁ? %5—%&%@% ﬁeet{aé@w m- 3
to 7, andwithesspiohtgipupsarples whereimihnadal i e Yissabkddah aijmdoue éniies, sparfiace

t ensi on an ttabi.lity., Preferably but not exclusive . up .R.i

sel ected ¥ %evﬁﬁﬁlﬁg%i‘ z ,ISD&E%Q?%W%@W&%@X peﬁh#rt%%%ﬁg%%ﬁ?%ti es.
Each of thenahews e Hdveneeidubs niingy iMehietbesd alh@d, ds ; 444l fracelhhat rexhi bits
a contact _angle in the range of about 62 to about 69. [0194] Alternatively

and pr ef eFaBmgyrag.He J| fgaiite FaeantdWn’ Fohé3-083 irereanpil Berpndyapiesnron  devi ce
of the pr t iRV - : 4 i
s G2) 1 BT o O o B R e T B D A e el AR
utility wifrtparsdsipaota mon@arpifebe tirmsll RE@Hh (@ GHATR ):60], wartsn drdiqdid or ds a
surface that .exhihiits a ont act angl e .qf about [.O ferred
erboa menLmERgong it RS PO B oS ingr et BSR AT ey RETEr M he
present i G%g8il Ofci HoRARPAT €End I &M BrePRBO Mo ChneRl@r Sofa ik NifeRMN1PT
wettabilit W th resgect to liquid sanples wherein the anal ytes are

di ssol vedHéﬁp%dugg%c df oS o Bisfrmbingder, ehmenarmers Alber dir & srfage mégfein
Mononer i t ] . h: i .eL ) 4 t
nave part Ear o g ik Ay lis RGAC 1Rt REhEHh FRL"h P BalANS, agf 3R AN, 1O
Commeyr as38°A62°hnd Fl Gorespreti@ien- , 2000, 104, 173-183, incorporated herein by

ol erencelyy{ C196] & bl eny o cnbod el of the prcsent, nvention L one

HS( CH2) n( Xa{SHZRO0E- drepiB@redm 4 Reonbin@tiod the formula HS(CHL)(OCH.CH;):0H,
wherein the liquid retention zone is prepared from a monomer of the formula
HS(CH;)11OCHCeH;, and wherein the boundary zone is prepared from a monomer of the
formula HS(CHz); 1 OCH,CH,{CF,)sCF3.  This combination of monomers affords a surface
wherein the contact angle of the analysis zone, liquid retention zone, and boundary zone are
about 38°, 91° and 117°, respectively.
10198] Mixed (binary) self-assembled monolayers prepared from two alkylthiol
monomers have been exploited to precisely control surface contact angle and wettability,
(Semal, S.; Bauthier, C.; Voué, M.; Vanden Eynde, J. I.; Gouttebaron, R.; De Coninck, J. J
Phys. Chem. B, 2000, 104, 6225-6232, incorporated herein by reference). Contact angles
have been adjusted over a range of greater than 40° by mixing monomets utilized to prepare
highly wettable and intermediately wettable surfaces. Preferably, binary SAMs are exploited
to prepare either the analysis zone or the liquid retention zone. Alternatively, ternary and
quaternary self-assembled monolayers may be expicited to prepare either the analysis zone or
the liquid retention zone. Ternary and quaternary SAMSs are prepared from binary mixtures

of either substituted alkylthiols and hetero-substituied asymmetric alkyl disulfides (i.e.,
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retention zone is prepared froma nononmer of the formula HS(Cl12) |

i (OCH2CH2) aOCH3, and wherein the boundary zone is prepared froma nononer
of the fornmula HS(CH2) 1l OCH2CH2( CF2)5CF3. Thi s conbi nati on of nononers
affords a surface wherein the contact angle of the analysis zone;-liquid
retention zone, and boundary zone are about 33, 62 and 117, respectively.

[ 0197] Another preferred enbodi nent of the present invention is one wherein
the analysis zone is prepared froma nononmer of the formula

-1 S(CH2)u wherein the Jiquid retention zone is prepared from

a nononerH é@cﬂﬁv ﬁuRa(CH%E (L0 DposiBe baierowHetisited t%léml?@ﬁﬁd&]rk)}’ zone
i's prepar I 2 , 2)5CF3. This
conbi nat i %ﬁmfg?&g%ﬁoﬁngpgﬂg Sf g¢C szm?ségﬁnwﬁ)ﬁéggﬁrﬁ&e cont a angl e of the
anal ysi s maser | Mgt drefetmet iton F2GRe, Scandardmghncﬁr ytheors&pawige aboets 387 91

or epar ot PROSGIILGRTRIGR olnRaEor SR b aUn AR Pt i eD Bt cce y

control syicHARSHGOSM ﬁﬁ&onaéiﬁﬂ @aarbq feRdtioa Bt §her aﬂ<$?ﬂﬁ{e;thy&hlor8§.lahbd %l'k,yl C;
Voue, M ; Vanden Eynde, ., Gouttebaron, R ; Coni nck, |I. cg
in tBnit act

Cheat. B, dlz@dwlallsrmsﬂmfz5albﬂ3tzlhaiomé6@ﬁpo@ra@léml rreﬂlérxrxsweﬁrér élﬁ%:ﬁlé@ri
angl es hfii\é%f@gg‘ﬁi %H&Et%gdwﬂ'ﬁ ea%lﬁili’e'a%t greater than 40 by m xi ng

nononer s ized to prepar e e and internedi ately wettabl e
sur f aces. [(R0&f er &bikty reflemnzriy EBGI\/Ba ar :aurzeklplspbitmcb 4% mcpraepasnhccal wier, ddse

anal ysis zope or the liquid r. ntiqn zone. Alternativel r

quat er nar YAEE|F el i BIba Gt A3AG) S ﬁi}‘@’r‘ g‘lﬁfﬁﬂ‘? d5Rossd Hierupay ! %3% TﬁB’e %‘l“ ?tﬁ‘gr t he
anal ysi s zpn&valent bhighhlefitlitgl dehRPLIAR BPNE prob@ENAFI 1aﬁara¢rcna§aﬁa8é\l\/s are
prepared frombinary m xtures of either substituted alkylthiols and

het er o- subwtimintws falbyvadeby osidatiny Pt diessirfacelée gencrate silangd (NSOEPRPORtCsand

R2(CH2)i1 1 ) Y

di sul fi deg %%%ﬁ%\/ﬁ% %ﬁ“@i@@?éﬁ?&%{‘?&?&%@%ﬁ?@ mégg(jd%? fhi“lr’éh‘??mg
respecti vailytion[(@ﬂr&ﬂﬂa S kthond,eheé nl&mmgnih&reﬁle@ith&&z,rgehr degin 8 hifothan stiepledd se
process for tolitho raphr C of S rised,of alkylsilanes
on sili coh‘“f@gﬁlg aEPISEen Fﬁ‘gﬂi er’l STHPFRG ﬂ&%g’%@@@ rﬁy reaction with
ei t her kau]dl rrwlrryllgﬁaleﬁaw%lme%b Fbikting diTRlch¥dtah KX YIS h@s@ea&z(y1alahyl
trihal osilanes, or alkyl trialkoxysilanes is described in the literature

and is una@ﬂ@ﬂmd9b§ apsephiedsiq t’rhpédlcprmsmrﬁwarsulampmmoman herfasfed epelebY o FI G
Sa, a sui Ecﬁ'@t ci% Qaﬁﬁ&fto? bfv?/a o‘#cd*é %uo% Sﬂlg'f‘%&%u‘é@b[l Ahe m%L@r%?a 981 Sl Q01

nmetallic X|de epose ereupon’i's aproprlately
act i vat edprepared ﬁﬁﬁﬁ&eailtcylaﬂmﬂaﬁﬂﬁﬂiffm@s a@ur&ickythas iekBbes by01aacpraﬂgre$>$ gigawepl vi ng
removal O];han %6 ang further exhibits a minimum of wettability with respect to liquid samples.

{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 positive tone. A negative
resist results in decreased solubility in exposed regions of the resist, thus giving a negative
image relative to the mask. A positive resist results in increased solubility in the exposed
regions of the resist, thus giving a positive image relative to the mask. The use of a positive
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. 84, the substrate is photo-palterned by exposure to 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 zone.
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contam nants foll owed by oxidation of the surface to generate sil anol
(Si-OH) noieties. Preferably, the substrate is briefly treated with oxygen
pl asma, washed with an oxidizing solution (Piranha Solution), and then
again treated with oxygen plasma to afford an activated surface 48 that
presents an average silanol density approaching 4.9 Si-OH/ nnR2. [0201] Wth
reference to FIG 8b, follow ng surface activation the first al kylsilane
nonol ayer 49 is assenbled on the silicon surface. Silanization may be
perfornmed neat, Wy sol ution_deposition, or by vapor depgsition., The first
no @?e

al kyl si | alfe04tor FespEt ite BVt efaaisng Yot arerarr Smimiall Fegrdi vahe whi ch
af f ords acoang%crﬁﬁlesohﬁﬁﬁ sﬁé&m@fottﬁe ?esﬁgé‘l%llﬁigg'ed&mﬂ?tl KsBfved ﬂfe%&ﬁtﬁsed Lhan AR sand

further ts a mninmumof wetta respect to liquid sarrples
[ 02021 W hila bberegioss nocb eF}IJC(Sed 8¢ o nhh@ltsaivioémiligbbbogmbgcm@neelﬂ@veésom@ldb with a

phot or esi rap lgyede it hgr tgtnegatl ve

t one or Idg ?rtlle{}](geﬁioq%r ngseﬁ Séft?\% °X¥%e§’| ]r%]fisr?aegr némTi n glepcrease G ity in

exposed ra@aonss af plep@aii@s i tfurthdiUslagibationd Enen@o@id Mﬁylsﬂldjiag@orfoﬁﬂyalt Eyés to the
mask. A positive resist results in increased solubility in the exposed

regi ons ofssepled enstheactiyairesSIigar syeface. pritanizalen mange P?‘é?rﬁteid\i’éatt By ﬁq”rlé“‘i‘ﬁas k.
The use O%pt%ﬁfm' {]bys%mﬁ 8SicdkiohS frﬂspecsﬁcﬁgkg»lgﬂwmmayﬁ G s lbgreplﬂa@ fogsist nmay

he applie rou I p-type of process is préferablfe applied using a
spi n- coat gkylsikne tIMraffbalstwmmfasé ﬁm@cﬂnﬁ%ﬂa@mtwsanmetlh the smpeot abort MéSist

hi ck h d 1020
rof or oncottn: 1 cd Suet ARG % SRR TR0l PRIy SRR an

ul travi ol pos]i ghtvigouEsRt 85 FIGYUSE 8sH BRI thtl S€mAiRing Ostiotbiesidt B3 MirtRotddeby
particul ar resist enployed. The photomask 51 may be prepared fraom a nunber

of commonfwthenpreyeg thratehsfrales Withi @15 of serl oreyt Salr"émﬁd‘f“ol“inn’fot disele
chrom um e t At And he st§neiis 8 QBERkNg N
t he mask g% ?dé%ulrtssm:\% glahaécegﬁlgat |r§%h% }relgc%hg!rdeos o?r gl zeealrj"fgue ape

cor r esponctimgistd of heo Risgoitrermtienisi wated ovigh a $ofpG2B4F6 Wibh te BSpewphyt es FI GS.
Se and 8f th% sEbstrate isinitially treated with a comercial solution
specific fleﬁ t g’ &t st enpl oyed that dissolves the exposed areas of resist

whi | e thoproslegi BN RYPecERIUSSISHHALY, thé Gattbriddavibatael 1s|fh1@l|ili pEediRteh&mai n
relati velg insoluble. After renoval of exposed resist, gq)iﬁ%q pl asma
Y

tr eat ment 0T &XRompF &Y e vkigviedatiligat wurdsehroggh fla@é@mmsli B/ B @‘i?é’ri v§. oifh<¥ urt her
si | ani zat | ngm@ne%ﬁ %é&@%hﬁ&ﬂ@&&tm&?k& Ls éf%l esand%gﬁ f{%h@gboﬁ&n

acti vat ed | con sur ace I I'ani zat1 on nmay or ned neat, %I ution
deposi ti oth,e apalyfy zargp oFhadepesatt iiothen Tisated entbxnscicmmmwcal Isalmeomqnmifa;yterthéSS is

prepared [Lom S el ane, Lk ol Lords. 2 suLaoe L et Xl BLLS, popont o

that exhi fj théuhiatibRRlighisec® geritdif ReldrRsResdonitde. aRNAdERSval of exposed resist, an
oxygen plasma treatment is employed to activate the surface 60 in preparation for further
silanizatiomn.
[0207]  With reference to FIGS. 8% and 8/, the third monolayer 61 13 assembled on the
activated silicon surface. Silanization may be performed neat, by solution deposition, or by
vapor deposition. The third allcylsilané 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 alkylsilanes on silicon is exploited to prepare the sample presentation device

of the present invention. Itshould be noted that the sequence of patterning depicted
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[ 0205] Wth respect of FIGS, 8g and 8h, the renmaining photoresist 53 is
renmoved by further washing the substrate with one of several organic

sol vents known to di ssol ve unexposed resist (e.g., acetone,

| -met hyl - 2-pyrrolidinone, etc.) The patterned substrate conprised of two
distinctive zones is coated with a photoresist 56 prior to |ithography as
descri bed above. [02061 Wth respect to FIGS. 8i and 8j, the patterned
substrate is further photo-patterned by exposure to an ultraviolet |ight
source through a photomask 57 as described above. The opening in the inaslc
58 resul t ®oimapheonsy Edloiien bufliagpdarisnesn ainesfolewahdy Shalpds eone é‘@tp@ﬁm% to
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61 is assenbled on the activated sil |con surface. Silanization may be
perfornedpweﬁﬁdﬂmybgblutlon deposition, or by vapor deposition. The th|rd

allcyl sil Epat r m an. al k t

surface tﬁgﬁgbxh?%m¥s B c&%ﬁgg{ ﬁ%g]g$o:% g%%nkﬁﬂzwﬁggﬁﬂ%ﬂ%gg a%n&

af fords adewer Hfate présaht Bxditont sllilgiianel arblmmhtlryg:omnﬁdncmle;s p@mabltemlﬁrthhyt es.
Finally, the r emai ni ng hotoresi st 59 i,s reno ur 1 t he
subst r at eSYHeR!s GRS Lt INSBRE A0 ﬁ@ﬂ?@‘”@@ﬁ@@ﬂtéﬁkﬁb%hﬂF id&s%ﬁ@% Sﬁ%@kposed
resi st tonRhfien dyd.Rat-Ainasesd At GHIRT HOd L cd BiGRle Mtk DEEALME ZONes.
[02081 In this manner, the step-wi se process for photolithographic

pat t er ni ngratic@Anpr Oéitﬂhe(l?alﬁ%a&" falﬂd)rhlﬁblkﬁ $i.| alse S hontesill PatmdilsiiestptyoPreed t o
prepare t re C of the present invention. It should
be not ed phgﬁgﬁ@k]nta %ﬁ%@%&%?] mﬁﬁb depicted 48 (boundary zone,

foll owed poz10j qudﬂrzetgeaat a;@mazbmlmt dif@elri- swecyvipy fanathys bsilizahs)ovepsctisekect ed

arbitrarily, and that the reyerse sequence (analy zone, .follo
i qui d r eFiFRY BSAY b | SR asg Vg cfapvpméﬁw%a ayjngg %@hlﬁg

sui tabl.e, ﬁx%wft)hﬁaﬁﬁ%&%{b??urichbx&b%&éc%)e&bpeﬂ'&lﬁg q?é?l%ﬁt Q}%i“e@}r !hQﬁdmlP&?H@% ﬂ%d
phot ol i t hogr aphi ¢ patterning o f-assenb nonol ayers prepared from

al kyl si | aweatgiitysi Alteaatively, e\ﬁlemllqirsﬁamﬂdwrﬂhemtahlﬁenqtmmﬁi ingicties ateianpidadie, t o
only, e yBragaee R Lsdsa P00 AR kgl gt angR, LS, 0
Al kyl si | apeparatien oD8giel ymplenpreseniagbh Yedvabl gkl gedndinyBRion include, but are not -
limited to, those described above,
[0211] In preferred embodiments, the analysis zone of the sample presentation device of
the present invention is initially prepared from 3-aminopropylirimethoxysilane, and then
further functionalized to afford an immobilized silane of General Formula III: (XO)Si-
CH,CH,CH;NHCOCH(OCH;CH»),,OH, wherein X is linkage to either 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 respect to minimizing the binding of
proteins.  Furthermore, analysis zone monomers of General Formula III are preferably
utilized in conjunction with liquid 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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synthesis and use in surface nodification is understood. (Shriver-Lake, L.

C. (1998) "Silane- nodified surfaces for biomaterial immobilization”

| mobi | i zed Bionrolecules in Analysis, A Practical Approach (Cass, T. and

Ligler, F. S., eds.) Chapter 1, Oxford University Press, Oxford, UK

i ncorporated herein by reference). [0210] Utilizing an approach that differs

sonewhat fromthat outlined above, activated silicon surfaces may be first

derivatized with an appropriate allcylsilane having a nucleophilic noiety

that is further functionalized bé %&sendln a termnal noiety that confers
B “%ﬁ@

t he requi r(@@)ssi@izf%hpﬁizwcqqfﬂzé@ DR/, H &l ik {inkigedn eihes thy suhsiretabl e
termnal noietjes are av be nogi fi d|na5|ngle
step. Ter i Hatnar pPulid iR 1 BPREE S AREREB SRR Fatta e
pr esent at iyhichdefth@CesOfurfalietcpsies et whithbany | PRfdrawdl Bdlenot B lnavety NBbup R1 igi t ed
to, those described above%?[0211 In preferred enbaodi nents, the anal 5| S

zone of t Kecdsinfion pregbt VP @t Rl R EA, | nderi e GRS CH

lur el ondRSRe! S Lo Mea - RORLARY Gk S, pARR. AOTEED Mhar éammer
(_xlo_) 3Si - @bﬁ@lﬂﬂﬁﬂﬁ\lﬂ@@ﬂ%@@@-ﬂ@ﬂ%ﬂﬁdﬁwv\?ﬁr g: n Xel salnl nkage to (ri;l Itger 't he
silicon s e ,

P s ot o b etBr ARG R Mo ordte st MR BB BBl i e ace

angles in tﬁ&preeamg@va‘nn@ﬂin@q@qu’ﬁolﬁ ) s@@%ﬂsteiﬂoﬁﬂom@n’[ hlayghadehebieh sdohfaaces do
not exhibit the | owest possible contact an they are preferabl

utilized WPy ooft REftADEH Yt rrespset 69 nﬁ]ﬁ‘é@‘swsﬁfﬁplleés?fe&enﬁ'@ ANz Mg t he
bi ndi ng of r u r of General Fornul a
[11 are pr(g @r@%ﬁ @ﬁzcﬁ% {ézﬁel%t?%r)l \?Beﬁ%%lc%@ls{oﬁuﬁeyﬁ ‘f‘%ﬁ ?et ention zone
mononer s t]6ZlH] af ffbrvduawdfaﬁtemam sdnfacenmdtﬁcaumonluﬂmstl Iamghcésur@rcea;tamrntﬂgan 60.
[0212] Sim]larl éand refﬁqC% t he {?gwd_ etent| f? E saml e
present at i“BRroac ?/ln&aé' EHE B &8 BFPHen e Nt Prses‘?nﬁ Pfl quccf)roép ¥ E6F om

3- ani nopr ggyehtisd. BIRAUNS EdranRitions @éf niaharhawfetceﬁly frnetd pnakdi 2eth degeafbord an
i mmobi li zed silane of General Formula [V:

( XO) 3Si CHA-pE P NHCEoMo tea B 1ap wfaeewﬁ’évww serfages nHiey erengred; fiqve eithyie
substrate am%lu%!‘o?ﬁkﬁﬁmk S‘MQW@bc}%@?fr?prﬁlﬂcﬁoﬁm £éa By Aeif @ %ra g%o%‘?e&ﬁ' n

group R is’atermnal noiety whic Fuences surface te
wet t abi | i teymp@nediertably dwhcnot gexelhpgiokehsric gropnsitRns ifsom gkt ectfad feream one

Che ot or o aher M F R T NSy 20 R RE S AR ek Aeirfes

contact amgl €8 199! % chaBge MHah Aot MeBetgeRWOUuRhand 1 Heed, N ; PIBHEH ed
enbodi rrent s, the boundar y zone of the sanple presentation device of
; Hawker, C. J.; Heédrick, J. L. Macromolecules 2000, 33, 597-605; and Hyun, J. and

Chilkoti, A. Macromolecules 2001, 34, 5644-5652, all incorporated herein by reference).
Recently, the first report of surface patierning by adsorption of block copolymers appeared
(Deng, T.; Ha, Y.-H.; Cheng, J, Y.; Ross, C. A.; Thomas, E. L. Langmuir, 2002, 18, 6719-
6722, incorporated herein by reference). Polymeric thin films grafted to SAMs have been
shown to resist the adsorption of proteins to an extent comparable to, or better than, SAMs
that present tri(ethyleneglycol) 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 1s 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 may be particularly useful in the

context of retention of non-biclogical moieties that might interfere with the analysis of
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the present invention is prepared in a single step froman al kyl silane which
confers a mninumof wettability with respect to agqueous sanpl es of Ceneral
Formula V: (C-13)2(X )Si CH2CH2- (CF2) 7CF3, wherein X is a surface reactive
noi ety. 102141 A variety of alternative surface-nodification chem stries and
surface patterning 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 from

ei ther ateliies fileowvewss the kyrfases ahke sanplerusenisten deireses neuiBibIvat ed by
ei ther gr i I | L4 L - - 1 neric
composi {1 e PR R PHCRUE e IBRRTL hanSed ol T MRS R e phy ey
Hedri ck, mhaly8is zoebthiat mal. be handifglewr pflvessed skmiratelEdirorho@e, andBe-Ghvai g,
Shah, R R ; Merreceyes, D ; Husemaim M: Rees..|.:. Abbott, N ., L.:G . Hawker,
C O3 HedR, e An el bR Beerabet bha A ise! Hetenii megiens Y bhng

Chi | koti, retind¥BCHi5®| REk)EFEd2Q084, suBlbequbfii 188924 @ikg HRC Q4L akednhansi n by
reference). Recently, the first report of surface patterning by adsorption

of bl ock Buopusyafeihe inyppiatedhe (Deseyt inventigugthergfare allows chanymegretention Rbss, C.
A.; Thomas,..E.. L. gpﬁj : z 16,0 ' i r eisn. by
ref erenc efﬁ.megg? f;]nzg blg% itﬁanf @%ﬁé"lé%g}?et @éﬂ%&d%&ﬁof&%@ﬂ%@giﬁ %to %ﬁ%&\% nt& (t)ﬂhrt esi st

t he adsor pitisequeaf arphyeiself wst moamieextag vt dednphr dhbetatte] amouiiebf tie ankiges SAMs
that presept tri(ethyl eneglycol rouyps (Chapman, R. G, Ostupi . _Liang,
MN T b Feseveg i n Srbally FithRedit fnegs lhepgiigost 18 the Gies  ds,
G M Lanpgint bf R8@bilitk7 ThdZ3e, iﬁzﬁéeommmmr@;aﬁag1ehefrz@ih?¢ebmr>@fsecryelasee)-
102151 It is understood that even the | east wettable surfaces may

never t hel 8&9TALEN APFFIrogeOPY ol hitangsit ardlilss Ferabiad i disi 2gns afprbs! Weldnliy pra iptonl y a
non- Speci fik &AM & bR ACER fak Dot hE Chn B reSARMiToh Rl L O the advantages

of the sarrpﬁ e presentation devices o?ogtt%e presént I nvention by, for

exanpl e, en %ﬁi ik ﬁ)inEof”‘@. il ¥k QGG LLat e anal ytes by renoval of those
noi eti es rh%—arfgirm&meﬁlécnﬁu%m*anal ysis. This may be

particul afd2lepsefllle dachiih@ns ebntagxts afesr @tiemiplioniont afoie bamprgpesdntatibhet | es
that mght interfere with the alysis of 5 n anal ytes. However, the
surfaces BfViggie! %ﬁ‘ﬁ%ﬁnb%%w%éﬁﬁ%eﬁ‘fd@’gelarﬂécm Py 406k dodept {IBUIGHE JEOPE hi s
exanpl e, Bolheh@lngsn. MYy conprise surfaces that bind noieties in regions
other than the analysis zone that may be handl ed or processed separately
fromthe 7Yt e-ldensaaiplt peesersatinpl devidenddedte rarseniroiventon fiad may besdnal yzed

0y 20y Ly DB 58 TEMDRSE RS o RALIRS, FA8L AL uldprparad. and

i nvent i oninchides pheiedyt fornveingi o ifbesmehdoscdakhone pesdntdioneddedeent iNigte Of
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 sample
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 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.

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

manipulate liquid samples, and the analytes contained therein. Based on the differing
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noieties in zones other than that having the highest degree of wettability
is possible, and that subsequent analysis of those noieties nay be
desirabl e. Substantial anmounts of the analytes of interest, however, are
not typically retained in zones other than those with the highest degree of
wettability. Therefore, in the context of the exanple of analyte analysis by
| aser desorption spectroscopy, the target analytes retained in the zone of
hi ghest wettability are not desorbed froma bound state to the surface of

t he sanpl e presentation device. Uses and Applications of Sanple Presentation
Devi ces [ DRUaflity HEORRERES: #)sh Faphye Gronpsics dhat fﬁ% eyrtagrg ofgpt isemplegreseahtiphe

| i i t j i h f.al |
sanpl e pr ﬁé\g%}s g%é}ﬁg% cﬁ?%‘h&pﬁ) Qhvel h’lge Q&%@Q%es‘eﬁk\éﬁ&{ R cds I&)% Wl kQwnad ¢, merely

exenpl ary an t the scope e I nvention. 171 The sanpl e

pr esent at imanipdieie] cesentfate, lpesipresent, tianvien(widnarfd wichowbmgchaas! infervegitivdyi, nat i on
wi th various analytical, technj ques.and procedures. Thus, the present .

i nvent i on™CPHEIW Hﬁsorr?%lf}i%lg?effb ICG‘E fIﬁﬁrV?lﬁ@n};\faﬂPlé’ﬁ%HW%ﬁe@ grgﬁﬁgéwfjrué%é’ﬁt ation
devi ces, WMbilfe nﬁ)_ﬁﬁ?iin% ir€e@bhtY on B8Rl frovBRtibPledidts), YeRscvaLD Qi@[_ﬁid%ﬁl'nﬁ&is ng the
sanpl e presentation devices of the present invention to identify the
presence 6f thagaslyteesontained tharpi eMoarer Becanss e sanaple progersationdeyicesainBf es,

ei ther on | e.: ' i QN PRV
or esent at PR Gulh FHERIEEORTE) fEodhA0ad Bl Ml kiRl FERRNe
t he det ecthannicalicd @hysifdl cétnubn(e.gqrheatrds radeattent prefsusen aleytr@sagnatia rddiagian)d
sanpl e can be used in conbination with the sanple presentation devices of
the pr eseﬂ’te TP %Pi'eé?ﬂtatfze}?a#f‘ﬁﬂc& Ogﬁhesﬂlc?ﬁenéﬁ‘é‘feﬂl %&ayﬁfﬂgﬁé&i t:l?ﬁﬁeutg@cmﬁ'ﬁt are
not limt ?&eﬁsﬂ)ém—@‘w@@im, Al 4y REBEReriofNvEAbhObMBaatibAe o 5 88T Rinctions

evi

presentation ces are particularly well suited to us in conbination with
hi gh t hr oligteprimsaivanieriad fcesreasur enent techni ques, such as, for exanpl e,

for use i DI i I gh. e j A LY¥S| $.z0Nnes
are confl Qureh | v Subly P AL M PRTRAE anB S EREEN O R R AL Y e
acqui si t i omnplp pRiatatithalesmapbichp pesenimeitom. deviegesplofthe presqut esenionicazent i on
may al so be used to nipulate |iquid sanpl es nd the .anal ytes. contai ned
Char ol n BE4Sal Gnele Br s T verd ol RRET KRRy -Sbmoy: 08 T CiagRied
properti esat habsel Reasiytagesmale &8st ne iRk atdtan spAeVIERS fivay2be
designed to have, the sanple presentation devices may be designed to

nani pul at ¢l elereeheress or- s iftactens ewilseted foppadmdy rgrerogAdYWLEhSab D).

rechen el SHALNSROON v PRSI M AOU PRI Sl

reagent s osohdnee danpiserspr Beembsnt ovedew @es)so wruskd dat 1:0nanelel tragsfedwihnpl es
standard multi-well format robotics and assays. Indeed, the sample presentation devices of
the present invention can be used to handle and manipulate liquid samples obtained from
virtually any source, whether such samples are the result of laboratory expertment (such as
the enzymatic digest and surface plasmon resonance biosensor 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 htuman urine sample).
[0221] The present invention can also be used for storage of samples for archival
purposes or for finther 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 analysis zone.
[0222]  Thus, various embodiments of the present invention provide for sample
presentation devices that serve a variety of liquid-handling functions, including but not
limited fo 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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or the anal ytes contained therein. Mreover, because the sanple presentation
devices of the present invention nay be designed to acconplish any of these
functions in response to chem cal or physical stinmuli (e.g., heat, W

radi ati on, pressure, electromagnetic radiation), the sanple presentation
devices of the present invention may acconplish these functions reversibly
or irreversibly, and may further perform various conbinations of these
functions 1in response to external forces. [02201 Virtually any liquid
sanpl e (and anal ytes) can be used in connection with the sanple

present at mbzﬁ]dev%\b@lsre&reﬁchéo prigs atthiongle A wnlouFsiepemity! erocesi eofprapwént

| nvent | onu oD bauAga! O IBLYZE LERGILONF deSANSE S LM ablidlor e

chr onat ogr_élb]ﬁ AT resent nven 1 on Ze enzynatl
di gests piegar e:d/eﬁﬁ@rmlemtmd’re prrfatceldmpsmﬂsOxem swedtrite ofD ZE)mpg@Id of thlec

electrophore5|s or- fromfractions col]ected fromaffinit hr omat ogr aphy
(i. | CARFUITCHTH, £On55 URERTIL {r? abais 2Ars 83 %Slﬁ@éﬁd@(dgbyaﬁ]ﬁ?w@ rg‘éﬁ%l’”es

Fecover ed; k84 éllarmg@n me@ramr}eteﬁ%pme ¢ iPhARENSALSndedE i @aiﬁaarﬁf i,pyention
can al so be used for 1:1 sanple transfer wth standard nulti-well fornmat

robotics @nd assays. |Indeed, the sanple presentatlon devices of the present

vty eogR) Bey e RIS At R Bl M A SRR o

exper i nenthe (sﬁmplfa I;&Ssenﬁaﬁ@i andsTRitAlydiegestin aﬁﬁhl&ué(ftﬁﬁﬁ'nﬁh@ﬁefm rmf S QR e
bi osensor sanpl e exanples identified abaove) obtalned fromthe enV|ronnent

(such as &onyekynedoas %u%]fa%‘-‘a?fﬁh% agal g %mFlé'@é‘Pﬁ‘ thegiquichrstastine domfi #e taPlS r om
living orgg 'c&%e(nfegmsa% d@orn YRR r e %séﬁ%@éo@)acd[\?;%?@h% ﬂh@edp\n &88Mry of

i nvention can al so be used for storage of sanples for archival purposes or
for furthde Fanlatiwl @glolnn653t hEepomoiepssitidn ghel epeiptt @nglan@f theabysils dodp tihe

anal ytes _contain a diiately foll ow ng
transfer BPYRE ﬁe&ua to g@ﬁ%fae&{pg? E d@“%“’%%ﬂ%"eé’ tﬁ% K“f gn%ﬁm?hzﬁse vari ous
enmbodi menpog28)f t h’élt}pﬁﬁ&%ﬂie tVERS. 0n tpbadi de, horhes adrpble drpp eSien toating o
devices that serve a variety of |iquid- handlln functions, including but not

limted t&28aHr%/beinihyralivhg tha gontad %hewfé%e frop arda apdishe rsbus ¢fdbent i on,

transfer, moE%@ﬁ&?Qmﬁ%&ﬁw{SﬂhQ%%ﬂHﬂﬂxm@nd storage. Sone exanpl es of these
vari ous use he sanpl e presentatlon devi ces of the present invention

are provi 86} 52 ‘»’fmmﬁe]lemettm Fief ¥ wheaetheoadiings! Ba smhplemlgdxp ot awfairhhtaufghcst eps
in the process of

DT PTERERD, 9 SATPLS O W g hOBLTAL 6, BySeoRvRCkigRl ¥ o o
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the central analysis zone 63 is surrounded by the liquid retention

continues to dry owing to evaporation, the 1ad1us of the sample drop does not further recede,

but remains constant as analytes arc deposited as a thin film on the surface of the analysis

zone. In this manner, aqueous samples of variable volume of up to about 100 uL, deposited

on the surface of the sample presentation device, alford upon drying a thin film of analytes

confined within an area corresponding to the analysis 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 surface analyte

concentration. Consequently, in principal the sample drop dryving process described above

would potentially afford an about 36-fold increase in sensitivity.

[0228] With reference to FIGS. 10a through 104, in the absence of the analysis zone

(only the liquid retention zone 68 and the boundary zone 69 are present) the sample drop 70

dries without a significant reduction in radius resulting in deposition of analytes over much
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zone 64, and wherein the liquid retention zone 64 is further surrounded by

t he boundary zone 65. [0224] Wth reference to FIG 9b, depositing a liquid
sanple drop 66 on the surface of the sanple presentation device initially
results in sinmultaneous confinement of the sanple drop volune to the
surface of the analysis zone 63 and the liquid retention zone 64. Sanple
drop confinenent results fromthe surface tension associated with the
limted wettability of the boundary region 65. Upon deposition, the contact
angle of the sanple drop is approximately equal to that of a drop residing
excl usi vedfytheprfage of thediqhid etention apnez bneWithoeksineyya RiGeide dneeeh YWirings, oc

through 9g, [ y) 4 adi us
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si gni fi cafea pedadiarigrreicntiomeingstd demipted mgFiCn laeﬁeéhet foficopreanhiytegdydver
much 53 0 t ref eto
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FIGS. 10e sence 0 ti 6n Zzone (onl y
t he anal yshalez dmﬁ tHﬁQstﬁfmde tfee of)thlﬂ ﬂdlafdyretkﬁﬂil@ e, (amﬁnprge:ﬁleljrte) depbgtistolouie of
the sanpl s?ur BeS %reéllo ﬁle ana ytsgdzog 1esu ts m usllcng g&lnglllrllcgl't?d%g 13 Ciilé %.\fé:l)ggt‘,t shu?face
concentration of analyte presented to the mass spectrometer with a concomitant increase in
sensitivity of detection.
(0230} For example, the sample presentation device of the present invention with a liquid
refention zone having 2 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
liguid retention zone, with an about 36-fold concomitant increase in average surface analyte
concentration. Counsequently, 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 zone, which afford an increase in
sensitivity of detection, are demonstrated in the video contact angle images shown in FIGS.
11a through 11/ With reference to FIG. 11a, the sample presentation device of the present

invention 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

M



anal ysis zone 72. The sanple drop 74 dries without a significant reduction
inradius resulting in deposition of analytes over nuch of the surface of

t he anal ysis zone 75. 102291 A significant increase in the sensitivity of
detection results fromthe process described in FIGS- 9b through 9f. This
phenomenon i s best understood with reference to FIGS. 9a through 9d as well
as FIGS. 10a through | Od. In the absence of the analysis zone (see FIG
10a), the average anal yte surface concentration per unit area in the quuid

retention zone d%g!cted in Fig 10a, 68 is equal to the total analy
concent r atlfesh ths WSt 2y° %%P@Woiééemeér dedrop af WABT Preguticd Wothe f"l*féﬂcéﬁﬁl ysi's

zone depi ﬁlfeeo@ocmﬂj A4oH Gras Bser QB ¥ lalgk&ﬂrﬂ%ﬁaﬂéﬂmﬂ%e aRR2L%E ohcﬁn%%rﬁ]éned to

t he anal ysi's zo wherelin the average anal yte surface concentrati
unit ar ealiqpgd egerglontzong el th@timlymm‘inyl ) hcomtuféﬂttfr gitlé ad ﬂghltsmtécboblylcttmglesur face
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of anal yt gy Wainglte ipSepaftd @ont &xclhevelaiht @ @1& rét&ﬁloi%ﬁ@ﬁ@noxaéxeamhe 1R driequi d
retention zone, 6 depicted in FIG 18 to the surface area of the

anal ysi s oWigeto F@@Pmé@’?ﬂ eeedlis Highogh Himdeoth He ebiersd gadbeanbronan
anal ysi s an%& bete®laOMiell! H@hANs o? Wgé 'd‘?ép Egﬁé'ép&ﬂﬁgst‘dr{hﬁp% hEqnfhsid '2?1 d| qw d

retention conflnlng anal yte deposition sur ace area o
anal ysi s Fonlmrmee:u hg ishe idropadreidghivhs clasatved tict desentencf the denpemags ts [ﬂ‘[&’fl@ﬁ?

concentration of an res nt.ed .to the ss spect er, w

concomi t afit & FPC?I(LP&% Ch ? Wd]tf)?v%lfﬂlﬁ SPEEYT ovPe [_@%n%% S#jc?ranél%ég%{)fﬂge t he
sanpl e presfd: %h%l@@re@&‘dbd:ﬁi m tilpg uefee&ﬁmouna\t@ B¢ 398°, Wi afucawhil il bdrebspdidl ent i on
zone having a 3 nm di anmet er (about 069 m® surface ar ea) and a anal ysis

zone havihgahegiteg; by @ﬁl&fﬁéﬁéwreqaspéomch@n@%trwh%@%Eﬂﬁé@ezcmeéaqnon@énffmes t he
d t f I d
eposi tiof,d %he@ sur‘?’a dtcsmactaa%g yc%'tasle\g&qw gx%f e@ﬁél&f\%fﬁl e ém%ﬂl%fﬁq&’

smal | er tha ce area o ent1on zone an about
36-f ol d conggedt@Ectd imdGSath: nhm@héﬂbgsesusmraﬁxaeregmplatqltyen FeGnkent rati on.

Consequen rinci t he . sa dro [ cess descri bed above
wout d ot BRSRL ks PRl ol R et dReiey loaly REERSERAGH o 0391
Anal yt e- ceahbﬁynﬁed [h arer 4B eSAﬁfdlﬁsﬁ@h@:ﬁl@hésl Ssik0fepl ket froadi@nofi Mer ease
in sensitivity of detection, are denonstrated in the video contact angle

i mages showEENANERES! shawsdthe (Hiewiaghof samplevirem velames énthe rarger) el @ 78 ult he
sanpl e pr ggentat pop, deyiy ggeaﬁ)sf td Eﬁggr(ﬁglﬁfﬁﬁ%”%mn tﬂéé%]ﬁaé]]g%ér{:@%oﬁ ehangd ML a

l'iquid retention zone neaSuring ana ySi S zone
nmeasur i ngpaetxouity 6f the adgmeﬂ}aaxfﬁ@ffaaﬂydm iraltlelutdleteobaezmm on of the focusing s
1 effect 6233 anal e was gl ace enter. o'!% ofd wat er S
appl i ed tJ) le Suf-}; ming properties of th e ana ysis zone are urther demounsfrated in
FIGS. 14a and 145. The first illustration (FIG. 144) is of a 16-site sample presentation
device of the present invention with sample drop volumes in the range 5ull to 40 pl. deposed
on the surface of 8 of the 16 sites. Each of the sample drops contained an equivalent amount
of a soluble dye. The second illustration (FIG. 12b) is of the same sample presentation
device after allowing the sample drops to dry. The dye is now deposed on the surface of the
biochip in proximity to the analysis zone. The relative size of the analysis zone and the
liquid retention zone is 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 spots.
[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, polynucieotides,

oligonucleotides, nuclcic acids, carbohydrates, oligosaccharides, polysaccharides, avidin,
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t he bi ochip and was observed to rapidly confine itself to the surface area
corresponding to the Iliquid retention zone and the analysis zone. The
initial left-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 owing to evaporation (see FIGS. 11b through Il h), 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 stmqattavrtihve l@em, Pepsating mwt@ﬁt)pnhrmvwesd ptotein e agglyhinin, bepads, motewl Gow t he
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t he anal ysis zone nononer. drop heig w dt.h and conb Ie dat a
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extraordlnary 1 qui ng capacity of the l'iquid retention zone is
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device of the .pr.esent ntion shows, the ref entlo | unes
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pairs of analysis and liquid retentlon zones. [0233] Anal yte-confining
proper t i eRICHOSIEpR SuaE, yerads YRids.dpgalions Aaigs. JOHBARET HREES. PRINCE) C@@OXI]A% and

14b, The fhdStidalillS LE@tdQR kel Galcs,ﬁag maeﬁgfde@ ﬁe@mﬁt@at@ar&aﬁ@ Bér?ﬁﬁmsatl on

device of thé present invention wth sanple drop volunes in the range 5 L to

40 L depomencmlﬁ tpialtsgmf'vﬂceegmﬁat@.‘s,ophttspmt&@stsm ed nEelebsidf dmhesyélaﬂmhe dr ops

cont ai ned a amount, of .a so ustrgtlon
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sanmpl e dr ﬁl@ﬁorﬁeﬁs Oeptidd Beal 6y sfefoid @ualoep aaisltoe) 1ﬁLh@ge$1§,r(fa&ﬁ@0g@fls tahemibiiochi p
in proximty to the analysis zone. The relative size of the analysis zone
and the {598ui MPWIShHt IOBPPILEIe ApUumetaRRlitsSm3dR agifofnalqee Bﬂf&z@lﬁﬁ%alf ggents,

conpari Soﬁ'alﬂgc%ilf‘%ﬁ%ltoxs s}.utfbc% ach{ﬂéta%&ﬁ? (s %o%&?sﬁh%% &'ﬂ%‘r&% ERUNELS

required to visible materi resutlnglnt
tightly-fboased alyat, yt@xm]spt blonpg)zbtt)]tmﬂmdsacqnm[eaupd&eselaNAr,| dmdevilmeof t he

present invention pioited to faci at e ensi t

P oot T ot A BT R B G S DBt PG Phed S darocbispdetl BT om
but not | iifdrbgldstt RihctRinCinBiBit6R! clPREMOTRLES YhEisrs v heasptRSPlyntREs sPfsahiet NS,
enzymes, enzynes substrat es, enzyne substrate anal ogs, enzyme inhibitors,

pol yuucl e®ialegs fosirgjentet FesERgeand salagafe Phespatases arbsfesrarg @galogs for
ol i gosacca sgs%m PRk 206 %taﬂ%ﬁodl afatfameag%h{sepm\wep anlaﬁf%ts éﬂﬁunaﬁgét atin,

proteasel itors, protein A ag u i nin,” hepari
handled by the sample presentation devwes of the present inventions may be non-biological,

and include but are not limited to, synthetic polymers, such as oligomers, and copolymers
such as polyalkylenes, polyamides, poly(methjacrylates, polysulfones, polystyrenes,
polyethers, polyvinyl ethers, polyvinyl esters, polycarbonates, polyvinyl halides,
polysiloxanes, and copelymers of any two or more of the above, as well as oather non-
biological analystes such as pesticides.

[0235] Analytes may be dissolved in aqueous buffers, organic solvents or mixtures
thereof. Buffers are preferably selected from those prepared from volatile constituents
including, but not limited to: ammonium acetate, ammonium bicarbonate, ammonium
carbonate, ammonium citrate, triethylammonium acetate and triethylammonium carbonate,
triethylammonium formate, trimethylammonium acetate, trimethylammonium carbonate and
trimethylammonium 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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concanaval in; fragments of biological macronol ecul es set forth above, such
as nucleic acid fragnents, peptide fragnents, and protein fragnments;

conpl exes of biological nacronolecules set forth above, such as nucleic
aci d conpl exes, protein-DNA conpl exes, gene transcription conplex, gene
transl ati on conpl ex, nenbrane, |iposones, nmenbrane receptors, receptor

| i gand conpl exes, signaling pathway conpl exes, enzyne-substrate, enzyne

i nhibitors, peptide conpl exes, protein conpl exes, carbohydrate conpl exes,
and polysaccharlde conpl exes; and smal | biol ogi cal nol ecul es such as am no
aci ds, nusheeinisst andharaldespriEng srogertiss okthe poaldss Zpiepi degenivspFNt gifs,
drugs, hor r ynes,
al conol o, Par AR, RSl o MR Gron BRI gl A R T ot
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Buffers are pref ergdw%gse ected fromthose prepared fromvolatil
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containing matrix are added to aqueous samples prior to applying the sample to the surface of

the sample presentation device. Alteratively, stock solutions confaining matrix may be
applied to the surface of the sample presentation device after sample deposition and drying.
In this instance, stock solutions containing a high percentage of organic solvent are
preferably utilized to minimize dissolving of the analytes deposited on the surface of the
analysis zone into the stock solution.

[06238] Numerous applications exist for using the sample presentation devices of the
present invention. Examples of the types of samples that could be used in the present
invention include, but are not limited to, samples that arc to be analyzed directly without any
processing done before analysis, as well as samples that are to be analyzed indirectly, in that
the samples are to be analyzed after some sort of processing has occurred.

[0239] Examples of the types of samples that could be used in the present invention that
fall into the category of samples that are to be analyzed directly without any processing done

before analysis include, but are not limited to, biofluids; tissue and cell extracts and fractions;
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may counteract and anal yte-confining properties of the analysis zone.
Organic solvents are preferably selected fromthose know to be mscible in
aqueous buffers and to pronote the solubility of biological analytes
including, but not limted to: acetic acid, acetone, acetonitrile, ethanol,
N, N- di et hyl f ormam de (DWMF), N, N-di net hyl sul foxide (DMSO), formc acid,
hept af | uor obutyric acid, nethanol, N-nethylpyrolidone (NWP), 2,2, 2-
trifluoroethanol and trifluoroacetic acid. [0236) The sanpl e presentation
device may be heated during the sanple drying process (either on the
surface ofelia ltae@tmngntsbﬂo:lutun@ndeimranelmmfonmﬂmdl ﬂaudp& wuumd@ﬂalaalssmmgof hot
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sanpl e p(rjﬁ,apep_} leg@‘){ asg&n@%? energy and thereby assist the
ioni ana ts Trequ

i oni zat i Reagen ently used as matrices for detection
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contain 50%to 100% organic solvent. Wen utilized in_ conjunction with the

sanpl e prédemugitas Gb@ﬂ@&gf@hﬁf {f€) priggieatitipm {Eent $9% digssise RasPRLEPOALC
|
cont ai ni “Q?tgﬁgte& 0%2%1 @{uﬁo@sd%qT %}9&6?‘%@2@*‘2?@% %%n?%rb&h&ﬁcégﬁkﬁéb{%%%céa”p e

to the sur e sanp evi ce ternative st ock
sol ut i ons{(SPdNtai stheargbinshsar, mﬁMUmgcompmlmﬂﬂmteothM£umﬂammooﬁnmhe sangl e

tat ft l.e d t | n thi ,
Cl ook ol B IGURGRIS H g AR e B A0E DTGy e "Corye gl e

pref er abl ¥hovbi dridz@ith: tRenfieAliofpBsichl 5i9eds¥dsnd Qhy tdgbinnalny iggsesdeposi ted on the
surface of the anal ysis zone into the stock solution, [0238] Nunerous

appl i cati BR4llexi She signplagirergnietien davipn ef heeBEmnatipemtige gk fosilitekes ther esent

present  TROSRE e R e ffloRtel 3R by SO BelFBRiclche 1B
anal yzed elxpicﬁteﬂt};ermlmhmuiquahg/lnorpatogaﬁhj mgclelnm@hthlesﬁiér & ga:r&ibx;&sli scili@semﬁkl as

sanples t re tq.be an i ect in_t A are to be
anal yzed Prefe Sy gfty?)?‘%‘élg?:k[i st G 8%[“«%3‘3«%@% 8Lt the
types of §@lfé@d1ﬁ§ otfhéﬁml%%gﬁ R Haqfn ”sén'ﬂﬂec;loﬁnﬁﬁﬁéﬁ Hy”\é%@ﬁb;ﬂﬂmésﬁatsanﬂai%U into
the category of sanples t F are to be analyzed diréctly w thout any

processi niedoned fibwfsompleanedeyistion dedtasded supleareeovrned fromi tiesdntoes wishawt | ui ds;
tissue angrigreézimp%(tv RGeS 1c§p&10§15 agd 'tl?enﬁt‘emse positioning of the sample and increased

sensitivity of detection (which enables automated data acquisition). The liquid-holding
capacity afforded by the sample presentation device of the present invention enables direct
collection of fractions recovered from, but not limited to, the following techniques: affinity
chromatography, hydrophobic interaction clhiromatography, ion exchange chromatography,
immobilized metal ion affinity chromatography and size exclusion chromatography, as well
as fractions recovered from orthogonal separations involving sequential utilization of two or
more of the chromatographic approaches enumerated. Furthermore, the availability of the
sample presentation device in standard 96-well, 384-well and 1536-well formals enables
biochip-based sample collection and processing on multi-well plate processing devices and
laboratory liquid handling robots. Consequently, the sample presentation device may be
exploited to enable high-throughput mass spectrometric platforms as are needed to support

the emergence of proteomics and other important fields of chemistry and biotechnology.
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57 cells, bacteria, viruses; culture nmedium environnmental fluids;
environnental air sanpling; environnmental nedia extracts (soil extracts,
solid waste extracts, elution fromw pes, elution fromair filters);
forensic sanples; and libraries (conbinatorial chem stry, oligonucleotides,
pepti des, sugars, lipids, cells and conponents; chronosones, and viruses and
other large protein and nucl eoprotein assenblies). [0240] Exanples of types
of sanples that could be used in the present invention that fall into the

category of sanples that are to be analyzed indirectly, i.e., after sone
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handl i ng cmmamgmmnamumm ynvditieg shmptaeoblsmslér}maettleonpsdpmke@ Wity nieite

exploited to.enahl e high-throu ut Ss..spectronetric platf S are
needed toq‘?&Bﬁﬁr"? C?f QM@%H%QEJF@%%B%)C l%ocoé'{]ﬂléﬁpﬁrﬂfg?st gipleithel ds of
chem strysQREnPbPHRENAM RN with a concomitant reduction in sample volume reported to be

sufficient to enable the sample to be applied directly to prior art mass spectrometer devices

for retaining samples. The sample presentation devices of the present invention are suitable
for direct collection and subsequent analysis of protein digests desalted by micro-column
RPLC.

[0245) In general, the sample presentation devices of the present invention can be used to
accomplish the following with respect to the above-described samples: concentrating;
diluting; locating; transporting; storing; presenting for analysis; fractionating; washing; and
post-application processing (including digesting, derivatizing, and eluting). It should be
understood that this list is not exhaustive and merely provides examples in general terms as
to the various applications the sample presentation devices of the present invention can be
used,

[0240] Once the samples have been 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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5S [02421 Contenporary protein identification often involves enzymatic
digestion of proteins purified either by colum I|iquid chromatography or
exci sed from 2-di nmensi onal el ectrophoreses gels. Protein digests generally
require desalting on reverse phase liquid chromatography (RPLC) or

sol i d- phase extraction (SPE) prior to mass spectronetry. The sanple
presentation devices of the current invention are suitable for direct

coll ection and subsequent analysis of protein digests desalted by high
performance RPLC or SPE. [0243] As a specific exanple, surface plasnmon

r esonancevisPRped; igsepsonat et glaid sarphp Bierdone thep fodlowiings appicgtiengycan be
protei n- }E?rfo?rhéh &g, QL e siﬁ'l Cf!f g&'s&&énoh”&e‘éfc@%érfoaﬁ Yl Q05 YRGS BleYdevRel ar g€
vol ume of uant 1S requi ed ecover e Troma biosensor —and the
concentr aIt/IIAﬂJiDIdMSanm}heyt massn spdeeomatpl tectinéquieo srllrﬁilrlef plasr@cm |rrmmrrms &SPR);
spectro é%¥ The sanpl e $resentat|on 35&@86 of t resent nventrq? IS
suitabl e SHFIECt 2RBIY e &4Pon THEOSORY r ei?]i‘bt\lféi e& §H8AOBY osle‘ﬂsofm

syst ens; éﬁenﬁmrmreece@le@f ')QM?e%hB@c@ct%rﬁn@%&ijos&ﬁayV\eEihpscfrﬁé’tﬂm cRBiréheinabe
conpatrble w th sanple collection devices already integrated into biosensor
syst ens adefectian; ﬁﬁesré»@mseﬁmecﬁnﬂ&‘énfabble apdii prsceescopiap| b sbolld beapwecidtet nass
spect rome apal,ysi rat i r | urmes.
[0244] Thttel,\ ﬁt%l(i; g ((lelrlﬁ L;tlr?g fi ﬁ ncsaﬂéréss (;rgslhgpﬁgals% l{eqﬂi@ %tsoog];ha gn)g& o

spect r onesieie Sy nmye&enmabmememeMreeﬁmhﬁ&eamwmmpheMxéh@pﬂ@uebpﬁnemt of

various mcro-colu romat .o ppro ches i nvol ving the use of
smal | pi p@%ﬂb@ewl&%ﬁog &F’F‘F‘F ﬁnoﬁH{déf%‘*tﬁp S)chr omat ogr aphi ¢ medi a
(e.g., Z miuﬂs(cmmeMLerfpa@s%prﬁ@eep@rc@eehseteenebbenwe lidsrald RIsHippr ot ei n
digests with a concomtant reduction in sanple volune reported to be

b
suf fi ci enpresepiaginnigeece h‘“etheamﬁble ipeenben a@tbn e,diut exstioy confinseitorsuglh ficldass
spect ro”eliseé S]‘{é vgﬁ{reonﬂcs %‘m@hé&gg%.lo%%? Bf??s cP“I he tﬁﬁgﬁ}rc% HEBSRI E%O uge‘“ CES

of the preés ntion are sul rect ¢ Ion an ubsequent
anal ysi s d)rfscq%t}zﬂcﬁ'uglddleg@&teﬁtfd&ﬁ@ﬂ tréai ndoytiteringyt @x@ologn, dikjloics] 824bhmemal,

general , 1he sanpl resent ati on devices the present invention can_ _be
used to ﬁe&%ﬁﬁrreﬁ‘f%gr ﬁ“év&gﬁal‘?\ﬂk VRERCRY PatETrotigT h“e?ﬁ‘é{bﬂ'\’ﬁél Hearplra gt
sanpl es: genpsidatishd Bihe Hinbll progntakiof LVIRG: ard HBRSBE! beIBG: BiOAdsBYtions
presenti ng for analysis; fractionating, washing; and post-application

processin 1a(f0HeWt@©ﬁ Iiﬂgletﬂ ijeglﬂﬂlamgandd@rlwélmltzﬁlﬁ«‘rgiopeﬁﬁﬂleFnjfterlm}) It should be
under st 00foRt (Gl LdS Uk ROl X 1USLL NG BRI TSl AU Y s examml o5 1

gener al e Varl US appll cati e’ sa rese
devi ces Ofnobhﬁlbplﬁzesmtessleﬂt\mn]f;remfpueﬁ&’l ob elesaltsgd thel D246 «Onc endlire(sp @Eﬁpl ee have

been appl :0%9221‘}1&1 ' rgdl?lgn ly thrs dr:sS t?ntg%g Ipe?r?on%%él/ Ibgtgrs e tge satmpele 1s placed on a MALDI
source. In one embadiment, the sample presentation device in an X3 format can accomplish
the desalting simultaneously with concentrating the nucleic acid analyte(s).  This
embodiment is comprised of a reverse phase capture zone and an analyte binding resistant
analysis zone. Another embodiment may be comprised of an X4, wherein two capture zones
and a single analysis zone would be employed. In a concentric arrangement, the outer
capture zone would specifically bind polynucleotide analytes through complementary
hybridization with immobilized capture probes; the inner capture zone would perform a
desalting function as described above, and the analysis zonce presents 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 Discovery/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 js useful for only about 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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present invention, and the sanples have undergone any of the
above-identified operations 59 with respect to novenent of |iquid sanples
t hereon, the follow ng applications can be perforned either on the sanple
presentation device itself or after renoval fromthe device: MALDI -MN5;

ot her mass spectronetry techni ques; surface plasnon resonance (SPR)
fluorescence; atomc force mcroscopy (AFM; optical spectroscopy; bio- and
chem | um nescence; x-ray photoel ectron spectroscopy; ellipsonetry;

el ectrochem cal = detection; phosphorescence; and UV, visible and IR

spect r oscEPEd! in moshewed tisepenwitionicatsy betdivided fiie likglyomsapoderpapd inan- | i st
of such St 0 ove
analysesaﬁg%hﬁggégﬁﬁPﬁ%h ﬂgﬁ%@lél |dﬁﬁ%%ggg§§d8$£0fHhkggg¥gﬁ%?%p%f ?P

t hese anmkmsaﬁgmawmdﬁu@ﬂnﬁﬂﬁﬂmdsdnuenmimeMhebdmmﬁmdhwﬂmpﬁnmkhb&amdbyte(s).

[0247] Nunerous fields of use gre con | ate be| plicable to.the
sanpl e  pi*E¥ERHt é‘t“%l SHRGESPEE- ofﬂiaﬁé‘“BWEgg‘}gtcaﬁl Pé%tl o‘r’?eaglboaﬁr#ﬂ g‘ﬂge“nb’uf’f are
not confi fgflitions SHEhr fulBEAefin@Sen88NRTHGS itsBF Ot €0mi cs, phar macogenomi cs,
physi om cs, toxiom cs, metabonom cs, drug dlscovery/drug

devel oprreWﬂﬁQill i nDoaappiepall tontv P@bleﬁgls tpcghtmmlp@gﬁles tH- ;g proén, cogrbohydrate,
envi ronmept. ? koS Qtrﬂei‘?% %eto&”%u%o' 2982l f_r"élﬁ ch%n%lﬁf? corr?ldtet ese profiles

meapons/bl Poriem W speci fY’c exarnp ions of the
sanmpl e pr @ﬁ& Itﬂlaﬂtﬂeﬁ)ifmd@mha: eScvardd edﬁStﬂmebt@d:flﬂfbl mweniﬂﬁlm&ﬁrhemppmdsto siblat

foll ow are er nmpl ary and. do.n I|n1t e of t |on
102481 GeBfFESSaAE @pﬁyl%leﬁ‘f i Bie ?SS@@@%& o8 ?P%@Bﬁ Cgﬁé%tsyﬁue&te

phenot ypi gne @Rk @Mheas paltcRFSLREhads RLREEMM B ttl@séatm@laés%maédn&ow%uaucI eic
acid analyte(s) prior to ionization. Traditionally this desalting is

per f or medapmpbrdmeireorahhiphia chemetessmlly cmd ahaviapionated gratssialsimodwed et nent |
the sanpl %e@qp@%&ﬁ]%%t §OMhed g & £ o ﬁ en@ﬂ&%ﬁ@ 1e%?r§at?o% %S)spe%lﬂaqngﬁsal ting

si mul t aneou concentrating the Aucl &r'c Pacrd ana yte
enbodlnenmmhsmcommﬂhaﬁﬂhpﬁmﬂpkevmfaﬁﬁphaﬁmuﬁaghu&ﬁma@l@zamdmﬂmdamahybe

bi nding resis anal SIS zone. Anot her enbodi nen e conprised of an
X4, wher epwwﬁﬁ%%ﬁw 8°9gHewIth SFRiurg Zep it iﬂawaﬁwimafoﬁél%aws BE? t@tﬁn oyed.

In a concsa{sfel&d%hﬁamg ‘Eﬁﬁ'ﬁe z&{e@ o@ésﬁmem@@@;wgp%cﬁeﬂﬁ buRW dasReab fah&?ilé y bind
pol ynucl eoti de anal ytes through conplenmentary hybridization wth

i mobi | i zé@e&aptdufefé ydpcﬁnelgfsm tzhecsi Andrs gapaasr Birfaosreviflo diffirgpé sasiivitas can

desal ting t bedabove, and. t.he anal sents the
anal yte f ggr Hsgg b Ib%fij] 5111 ‘D 8{11}%11191 i at a%tomate Juannely t\%‘ ﬁi tf %rantéonfﬂeg diatyes ¢
desal ti ngpammroasmmaﬁu a08lyEi0 zonad &l Y&k Spedtiotbey.sane chi p | ncr eases

throughpu zes sanple |oss, and decreases cost,
Di scovery q%ég]]e &?é‘htspﬁﬁ“ioﬁie@é’l Previdas Oofh PraSHesn ghe I\fHHymﬂﬁéuﬂ%"CT&W@) 388 fl8eti ve

gpugm Y 2oRREuhi®N P LndiBgRARY e spRBAEXANRL B0tk S RAGRATERAD R t he

spectra can then be collected into a database, and multifactorial analysis tools applied to
correlate 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 nses described herein, represent an important tool
that can be used to conduct further study.

[0253]  Environmental:  Analyzing environmental 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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Herceptin, which is useful for only about 30% of breast cancer patients. In
the case of I-lerceptin, the genetic and protein basis of the sensitivity
was integral to the design of the 60 drug, but in nost cases the popul ation
cannot be divided into |ikely responders and non- responders prior to
expensive and lengthy clinical trials. One of the principal challenges of
interpreting such clinical trial results is to understand the biol ogical

and/ or chem cal basis for response and non-response. That know edge can
then be used both for targeting of populations and for further refinenent
of the drauogtarirsetsf may 0:@5@]85@1@ aamouacﬂimtiab arfdi soljr wigtenimsi sTit gersialaiswch
profiles wecar m.t Ll s before,

duri ng, fSt‘al gefst“é‘%hfe ng?tflrlé’ﬂtex rac%ont gelévcﬁip?aé'logt Cttlﬁesleonp?ngfdl%l%eéon gtelfsh t r eat ment
out cone- [Besgr al TimpeedniRRViSeOmay e pRisent dewinbe clwapetapRl ifthstsoofsuch
studi es Sarrpl es (e.g bl god, urine, tissue) obtai ne?7 fromthe pat| ents can
be subj ecﬁﬂéﬁowm%ﬁé‘“ﬁksnn?@sﬁfeh?rﬁélebrﬂ? Ef’rpff‘é%‘ggﬁ“ﬁ’g bHe OR JWs eI 2RIEE i n t he
section AHE zoRMClAn W Susl i atgtctf%&%éc%@loflah&tweg R grRLeg 2aphy,
and the fractlonate material s produced t ha nmet hod” applied to the

devi ce fdrqumbmm@lm, r atdr orxasptt, ptaeslemtoéthydmpﬂloblc msclé@ectidmﬁ@mcaqwn@l ysis.

o mor e i SER B Ru R RS e re ek P R EST oln E sBER 16 ) ” e

anal yzes @murhifgnnd kst ehrRdosl e The Capctidemden scaaf theopplansgaiar y
specificity before transfer to analysis zones, or directly to analysis
zones- | rdifekils “Pr@ﬁﬁé?ls zgtﬁSf ér@@tgoweﬂhbmtrfaépéntalaélﬁb@?tﬁf@ {0 eptwarongseolised
both in Sc%rﬂﬁén@tttq RRig ﬁtfah Rardfer 3440 @Qngw%nsfwrtchﬁtmht hagLd onat ed
anal yt es esent et on | t|ca anal ysi's zone mass spectronetry.

[ 0251] Nlatssanslpiecatwl@mtoy)onpmvncdesaf bsiot h:cknnq;tﬁetsleasmétated ihuhe sedioss dpeobedum) and

t he opportum nanbi uousl |de ecifi | ecul a etlt es of
nter oot Hoee bituc Bt Ry 3 BekahufeO ko i Bloh of AR dsRsndet bARS
mul tif actt@au@duca@@ﬂhyﬁlIﬁmttm@h@a;aﬁﬁbIb@dtpbt@ed ChHd gkahe déhiespaehish s wskd ks

pati ent response. In this way one can di scover patterns within the profiles
and/ or spBEYIPYY %Pré*aemtapreé%ﬁtuapdfesfrﬁmlatéﬁ%@mr@ls BHdECEIBAHPL hesEenek to

therapy; . %Bhﬁ%tél“&a%xsﬁ%%&?&t?oevet Ogﬁé" FRRY s de ek 'c%f"@&'ufste&%' Oﬂa@&n{@ ecul ar
entities that affect ‘response to t py, thus allow ng increasingly

sophi st i chriedizraglytesig pres@ﬁm1 fdﬂmslyas enalofedsiorrentFiof Exaniphe wilply ; andl;’mke t he
ot hers desc bed erel n g&%?r%dent g Iar E nmeasure,_on, the abili

neasur e azhcﬁ t&m?ﬁsllﬁlahltff &\ Qrbesiipides VigFesEht & id5HCE By PRk of the
present i iHaaiHdueds ldaﬂitiﬁctah@t6f1ﬁ§l@§ul£’r%&ﬁéth&ed herein, represent an inportant

t ool that can be used to conduct further study [0253) Envi ronnent al :
Anal yzi ng éﬁs/h Z‘.lf_"a'-l. G fbpmical Breapois/Rietagaige dhe United States gowemment

is confronted with the need for platforms and analytical techniques to facilitate the detection
of chemical and biological agents in both military and civil scenarios. Challenges for
biowarfare detection include sample collection and distinguishing between innocuous versus
toxic organisms. The current battlefield technique for bio agents utilizes pyrolysis to convert
biological compounds to small, easily detectable molecules by MS. A technique relying on
peptide biomarkers is largely anticipated, since it would be imore specific than current
methods. Tests on individuals to determine potential exposure to warfare agents should
involve breath tests or blood drawing techniques. Stand-alone biosensors as alerting devices
are also of great interest for use in public places or in the battlefield. All these methods
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 or purify 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 detection in a manner similar to that described for

02



contam nants is a worldwi de effort. Anmong the particul ar problens faced by
such studies are the | ow concentrations of analytes and the diversity of
sanpl es that nust be studied, as 61 contam nants may be present in gaseous,
liquid, and solid materials. In general, such analyses involve collection,
extraction, derivatization, fractionation, and detection steps. [0254] The
present devices nmay be applied in a nunber of ways to the anal ysis of

envi ronnment al sanpl es. These exanples are representative, but by no neans
conplete. Devices with capture zones can be used for direct collection of
anal yt es émvommgasaoasptes. Thiadditidn, niedices whbcuswampbtere gaps varebodesigndd ophobi ¢
pesti ci de rgsidues from aqueous . sol ut.i ons by abhﬂdro hobi c..surface .may

repl ace | FUGPAPICTOqERARSE H ARFICELOm SR ORTERRT BePipii g Sl AP R P e e ner at e
hazar dous,astdls (Jhense) kerlask MBiRikal, 68 rdif mdie raranstetsediondi rectly to
anal ysis zones, fractionated by serial or parallel transfer to capture zones
of conpl ¥aget ar Yhe pledipming teyapplebrpreide rasdgfoas! tdetagnabysi tez eprerositomn,
transferrg t Vi l.ysi . f

teonni qued aifiale, i SR SE R ABpRARRANTRLS pO0eo BRLBCR bhdfe 1y 1
gener al | yexeagibr§ orlyiadédd nbi inahy ony hitphs fdogt dethe esiseltdsventdf. ot her

techni ques such as i nmunoassay nmay be applied. The present devices can al so
be used as previously described to prsggeal and/or fractionate materials
resulting fromany of the steps of _environnmental analysis |isted above. The
present devi CEPHHELRE ! s ek 051 7at:$:.0:8m Hdscaponearhtppeundsenl e éland

present themfor analysis in altered form For exanple, silyl- and/or

acetyl- noieties my be added to pesticides ﬂhﬁb i,f f'z&d on the device to
enabl e unambi guous i dERt FCatOR-OFATDIET . [ 0255] Biol ogica
and Chem cal Weapons/Bioterrorism The United $tates governnment is
confronted with the need for platforns and anal ytical techniques to
facilitat e detection chenj. c and bi ol qqgi cal ents. i h mlitary
and civiIﬁE%ZEar' @“kﬁ%ﬁ?@ﬂ&gg(ggﬁgi%W@ﬁa E?g Héﬁé%ﬁgB W%iﬁdgghéﬁﬁ%le
col | ecti operbstoditstd]l NI SHIAY DAL WEER WANRIOUS O SHS0%4 aXletuP heBhmTs. The
current battlefield technique for bio agents utilizes Syroly5|s to convert

P

bi ol ogi cahy&efo (iRdsmmpls mhhe solais wap wamed tabf eCniiresduipedl Bynuis, ang 3.3
techni que_reliir ti [ S 4S, I L Ci &, oS it
woul d be %%#gwégg%QEW%Bgﬁaﬁggbgf%ﬁ@5Eﬁ%ﬁﬁ% §Fﬁ#%§9ﬁﬂgﬂﬁ%%hﬁg% uaﬁ§kpgf

det er m nehpat entli HlC exflosu(lexime) wanfedriee sigeing Snadolmas comwuoley eTHr gatliltit est s

or blood draw ng technjques. Stand-al ope bi osensors as alerting devices are
al so of gERRITHRILP et 'gdPOIE}s‘%mPeﬁatﬁ'iEbP‘?dédﬁ? é@@ﬁ&tﬁx_drﬂcﬁﬁ@ PAEETERrE Al
these "Ethﬁﬁ§(291%%%ﬁi)Qﬂﬁ|Eﬁﬁgﬁsx'ﬂ}%ﬁgph%eQﬁﬁﬁeﬁkbﬂﬁeﬂﬂ&?%&&Qﬁkﬂe&kr and
presentation of sanples to detectors by roboti'cs or other renote neans.
Techni quesaghestuncauhiate, Gitered aadhtheublaens evaporated in vacuo to afford an oily residue. The

residue was purified on a silica gel flash column (50 x 300 mm, 0% ethyl acetate/hexane

followed by 10% ethyl acetate/hexane). Fractions containing the desired product were

combined and the solvent evaporated to afford 4.52 g (64%) of 1 as a colorless oil. 'H NMR

(400 MHz, CDCls): § 5.80 (m, 1H), 4.95 (m, 2H), 3.69 (t, ] = 6.8 Iz, 2H), 3.43 (t, ] = 6.8 Hz,

2H), 2.39 (m, 2H), 2.03 (m, 2H), 1.55 (n1, 2H), 1.36 (mn, 210), 1.27 (broad m, 10H).

Example {1
Preparation of Thioacetic Acid S-[11-(3,3,4,4,5,5,6,6,7,7,8,8,8-
Tridecafluorooctyloxyyundecyl] Ester (2)

)]\ F FE FFE F
SW/V\O F
FFF FF F

[0258] A dry round bottom flask (100 mL) was charged with 1.0 g of 1 (1.9 mmol) under
argon and 10 mL of dry methanol added. To the resulting solution was added 426 uL of
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e

concentrate or purify sanples or those that can be coupl ed to aerosol

i npactors currently wused have the potential of attracting the interest of
def ense agenci es. The present devices can be applied to

bi owarfare/ bioterror detection in a manner simlar to that described for 62
environnmental sanples. In addition, devices with custom capture zones can be
designed to «collect mcroorganisns of interest from environnental or

bi of luid sanples, allow processing of the cells (or viruses) to rel ease key
mar kers, and present those markers for detection. 102561 The foll ow ng
exanpl es gaighcede asiddistd anadl) dell@idd Bpaat mghst mrrpmlsm—mthylpmmuﬁmmmep, and
use of the sample presentation devices of the present invention, Li

exenpl ar y4 18)‘4190}%‘?{610 ed8-Zniginoy )nTQ?&eE\R}a?ﬂ Ppkopdrd 1§(?o%g TRt 3eexpPEddAt 1ght

i nvention r t % e

L1 (3, 3, 47gTe Brers oy AR T, Bhent remeotes 7oLy Cdec - “ene 0Tk ¢

F F FV Fevéaldd tlEaﬂ-‘tthlﬁrt{ngm&rlaAhatahtmrcoshemdd Vhako (/&Im“hlﬁsyapmetbiivamg@d Wi t h
3.0 m. o 1H, 1H rQoct an was added
T4 of gt depiSHie T Rk erife 5 abBRrabt b T AT Ok Gl dimn

war med t 0p%0ethy &E!afdﬂﬁdaﬁeofolﬁﬁ/emB}UE%SctﬂﬂdqoBta&!heﬁhne)OFlal"ﬂimﬁr cmmimdgahd ene
(1.5 mml) added. The reaction was mai ntained at 80 C for hours until

TLC anal yd¢syeq produsiayers srikiaed #sl 18e sl 51H §vanerassd ta|afffaa%8%wgéﬁ% ofhe %r oduct
was allo ol e [, ed_teos 190t eihy! saces af,e and
extract e\dlv&\gfivﬁn{1 S%\%at%wgqgéﬂw nt%ﬁ?élg) br3|6%cei((Ei f= x 50 m_gm ThSQMet hyl acetate
extract waR),ari%oh, g3 Ifadidsi dﬁ(muﬂﬁhﬂép (rlhl, I}tlbrléd (brwdd thé0dpl vent
evaporated in vacuo to afford an oily residue- The residue was purified on
a silica gel flash col urm (50 x 300 xmpl%ilet hyl acet ate/hexane followed by

10% et hyl et at e/ he a rac C i ni.ng the desired odu wer e
conbi ned an IePHaNYHP ‘b%rﬁdréﬁ 23 %ggflgﬁﬁagugmgﬁy]@xe)éﬁ%c% hi lséa
colorless oil. "1-1 NVWVR (400 MHz, COO 3): 8589 , 4.95 (in, 214),
3.69 (t, J =6.8 11z, 2H), 3.43 (t, J - 6.8 H"\,S 5 3%H§rn 2H), 2.03

(m 2H), 1.55 (m ZWHSW Exanpl e 11
Preparation of Thioacetic Acid 5S-[11-(3, 3,4, 4, 5 ,F6F6F'F , 8,8, 8-
Tridecafl uorooctyl oxy)undecyl] Ester (2) ~~ 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 methanolic hydrogen chloride (15
mmol) 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, CDCls): 8 3.69
(t, /= 6.8 Hz, 2H), 3.43 (1, J = 6.6 Hz, 2H), 2.51 (dd, J = 7.3, 7.6 Hz, 2H), 2.39 (m, 2H),
1.58 (m, 4H), 1.32 (t, /= 8.0 Hz, 1H), 1.25 (broad m, 12H).

: Example IV
Preparation of 11-{2-[2-(2-Methoxyethoxy)ethoxy]ethoxy }undec-1-ene (4)

[0260] A round bottom flask (200 mL) was charged with 27.4 mL of triethyleneglycol
monomethyl ether (171 mmol) and 9.1 mL of 50% aqueous sodium hydroxide (114 mmol)
added. The pale yellow solution was warmed to 80 °C, stirred for 30 minutes and 26.6 mL of
t1-bromoundec-1-ene (114 mmo!) 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 temperature, 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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FFFFFFJ[02581 Adry round bottomflask (100 nm.) was charged with 1.0 g
of 1 (1.9 mol) under argon and 10 nL of dry nethanol added. To the
resulting solution was added 426 gL of 63 thiolacetic acid (6.0 mmuol)

foll owed by 52 ng of 2,2'-azobis(2-nethyl propionam di ne) dihydrochloride
(0.2 mmol ). The reaction was shrouded in a foil tent and exposed to |ight
froma | ow pressure nercury lanp. After 4 hours, TLC analysis (5% et hyl

acet at e/ hexane) revealed that the starting material had been consumed. The

sol vent was evaporated in vacuo to give an oily residue. The residue was
purified onlea, solbilesa ogel HNMBHAQOMHmEXAQY: & 5300muURL), 4.094wt M), 3.68-3.56

acet at e/ hex % ) ract, S, ni ng
fhe desi P pPodtibe: der BLdbmB el i the ol bett” biashr aied 150 7brd 856
298(&6% 2?%?”%%0%” 05| %% gl :-lz jLHzH)NR (24g8 ?/HZ (2]31)013)2:32 ? 693(H§’ i 55
: : -1), 3. : = 6. : , 2. in, , 2. S, , 1.
(m 2H), 1.33 (m 2H), 1.25 (broad I"Exail,{%lr@y Exanple 11l Preparation of
11-(3,3,4,4,5,5,6,6,7,7,8,8, Trldecafluorooct¥I oxyiundecane | -thiol (3) F
F FFF F F Baspagtionyf [hiopcetiy apds-( L 22 {(dzsshoxaphanbethostehoxyinadecy ester ) was
fitted wth a Teflon-lined silicon sept %l) charged with 850 ng of 2 (1.1
nmmol ) and 5 nL of 3N nethanolic hydrogé chloride (15 mol) added. The

resul ting solution warnmed to 40 C for 4 hours. The solvent was renoved
to afford 782 ng (98% of 3 as a colorless oil.  HNW (400 Mz, CDC13): 6
3.69 (t, J= 6.8 Hzy 28I 343 26 6o - P> 1) 02 5T (dd, J=: 7.3, 7.6

Hz, 2H), 2.39 (m 2H), 1.58 (m 414), 1.32 (t, J= 8.0 Hz, 1H), 125 (broad

m 121-1) npl.e .l V. _Pr aatl

11-{2-[ 2- {ﬂf%;(ﬁt h&(f}leyt hox%% t?fgxya]s}é?%oxy nge ChIﬂrged W”ih4§ 1%3%6@%5 r“é“&%‘

bott om f | agder GROA afidl ) 0 WAS Oﬁﬂ‘@l’r@ﬁlﬁhnw tvhis zﬂiﬂeé fﬂ_ﬂl@f whd ddded §loenie gF yridjcetic

i nononet hyl _ether (171 nmpl) and 9.1 nL of 03/2% aqueo @ sodi um hydr0C¢ ge (114
mol ) added. (The npard ellewsid sby ut‘4?"3)n s OharredzelsigonehylRropionay ding

m nutes apg,d8choftke Of 6 nﬁﬁol?rﬂﬁ%M‘éﬁ WaseRuidd & I denvasa added: dr gp)

The reacti on was mai ntai ned” at Cfor 7.5 hours until TLC anal y5| S (I 00%
et hyl acefratme) lohgwessurt hleersurarlmnptgAfmtb‘?ri abuItSoTbQ an@kymsdﬁtéml acEhée/lxaciuct was

exanes. (35 B6 Rt Thtn ekt Eherte e el o B Phele i iyERee M 1
to give a residue with a strong sulfur-like odor. The residue was purified on a silica gel {lash
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
g (94%) of 5 as a colorless oil. 'HNMR (400 MHz, CDCl3): 8 3.67-3.54 (m, 12H), 3.44 (1, J
~ 7.2 Hz, 2H), 3.38 (s, 3H), 2.86 (t, J = 7.2 Hz, 2H), 2.32 (s, 3H), 1.57 (m, 4H), 1.36-1.26
(broad m, 14H).

Example VI
Preparation of 11-{2-[2-(2-Methoxyethoxy)ethoxy]ethoxy jundecane-1-thiol (6)

HS/\N\\/\\/\,/\‘O/\/O\,/\D/\\/‘O'\

[0262] An amber shell vial (20 mL) fitted with a Teflon-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,
CDCla): 8 3.67-3.54 (m, 12H), 3.44 (t, J = 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).



magnesi um sul fate, filtered and the sol vent evaporated in vacuo to afford 20
g (56% of 4 as 64 a clear, colorless oil. "HNW (400 MHz, CDCl3): 8 5.81
(m 1H), 4.96 (m 21-1), 3.68-3.56 (m 12H), 3.44 (t, J = 6.8 Hz, 2H), 3.38
(s, 3H, 2,04 (m 2H), 1.57 (m 2H), 1.36 (m 2H), 1.27 (broads, 101-1).
Exanpl e V Preparation of Thioacetic acid

S-(11-{2-[2-(2-met hoxyet hoxy) et hoxy] et hoxy}undecyl) ester (5) O 10261] A
dry round bottomflask (200 m.) was charged with 5.0 g of 4 (15.8 mmnl)
under argon and 1 D nL of dry nethanol was added. To this was added 3.6 nL
of thiolacetic acid (50 nunol) fol ﬁb%ﬂelw 434 nmg of

2, 2" - azobi s( 2- met hyépgféﬁghgpgqg.@t 108 Nec- - W&B@ﬁﬂo%kﬂﬁxﬂéthﬁnm ). The

reaction was shrouded in a foil tent and ex osed to ght froma | ow
pressure nercury |anp. After .15.5 hour nal.ysi epjhyl acet at e/ hexane,
1:3) reveal ed the startl ng matérial had ‘Bee \fyﬁ‘e/g\LThe sol vent was

evaporated in vacuo give a residue with a stroné;] sul fur-like odor. The

resi due wHE63Lri 4 E‘iﬂmélboﬁo@l flgsk 42 gemLy vas isharee] with Q/4bmk Fooetrlenamvsobt hy |
acetate/h d t X i n he
desired p?@c;guctl) %e@(rjseg’g[o&ngf Eg/ %ﬁ%ﬁﬁgblssﬁ 13!21 ?%deelzg egégg?na{?@g‘%%@%df gP %I 5. 83

g (94% Ofsolﬁnca:SWa; \emhmd ltee $@&0 T Istlrred-lfoh\IBRnﬁAﬁGs Mdz22 [CRCIE)!! tﬁoﬁoﬁﬁe@l Bde ( m
1214)

(s, 31-1) 3 @y gy 3 iR 3%'7@013 e s dsé@w%?w %%UU%WCFE é‘Hfﬂdea & ppeliblite 22

Prepar ati gs@fund brotddd. 2T Ne2reMRioR Q¥4 LR AN € ENDXYICEfol D ROl ENGREANE-dhalk il Ol ( 6)
H5 O~~O O" O 102621 An anber shell vial (20 nmL) fitted with a Teflon-Ilined

silicon sépehimmonadyl ewrsatyjberans.t H18) oevgaled tist (4 srtingonytedsido bengongman

nmet hanol i e ds T r med

to 40 C fgglp%&hg(%} [slf.a § Cgg‘gdso {/0((3 n e lﬁ ee\;\@ﬁlée?glq%r a(%ogl |‘?1f0\\!\/’%%ﬂu%{at %@%? t}é\@

4.40 g (98%h lm&arﬁesa@ al1e®indr)l ?Fhs ommyc Egerlacts 'vkduﬁ\lhﬁnbmem Whdbed w@BGRhE: (58

3.67- 3 54 J =
i

( &{\ , 3.37 (s, 314), 2.51 (dd,
73 80 g disfoves Hgcshins aplpte aieatic. THboaR sybiead W ioc W oG i,
14H). 65 'e:)ﬂﬁrl’@h&lewlrhepf@%l%a'khsoﬁiuﬂﬁed on a silica Uel flash column (50 x 400 mm,
2-[2-(2-Undec-10- enyl oxyet hoxy) et hoxy\g et hano

methanol/ethyl ™ acetate/hexane *5:5:90). " Fractions contdunng the desired product were

combined and the solvent was evaporated to give 20.8 g (69%) of 7 as a clear oil. "H NMR

(4006 MTIlz, CDClL3): 6 5.78 (m, 1H), 4.93 (m, 2H), 3.72-3.55 (i, 12H), 3.42 ({, /= 7.2 Hz,

2H), 2.64 (t, J=5.6 Hz, 1H), 2,01 (m, 2H), 1.54 (m, 2H), 1.34 (m, 2F), 1.25 (broad s, 10H).

Example VI1iI
Preparation of Thioacetic acid S-(11-{2-[2-(2-hydroxyethoxy)ethoxylethoxy}undecyl) ester
(8)
O
)ksf\/‘\/\/\/\_/\of\/ox/\of‘\/OH

[0264] A dry round bottom 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"-azobis(2-methylpropionamidine) dihydrochloride (1.0
mmol). 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)
revealed that the starting material had been consumed. The solvent was evaporated in vacuo
to give yellow oil. The oil was purified on a silica gel flash column (50 x 300 mm,
methanol/ethyl acetate/hexane, 1:1:8). Fractions containing the desired product were

combined and the solvent was evaporated to afford 2.44 g (98%) of § as a light yellow oil. 'H
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0-0~0.0OH [0263] A round bottomflask (250 nL) was charged with 67.0 nL of
triethyleneglycol (0.5 not) and 8.0 nL of 50% aqueous sodi um hydroxi de (8
m., 0.1 nol) was added. The solution was warmed to 100 C, stirred for 30
m nutes and 22.0 nL of | 1-bromoundec-l-ene (0.1 not) were added dropw se
to give a dark yell ow solution which produced a precipitate of sodium
brom de. The reaction was nmaintained at 100 C for 2.5 hours until TLC

anal ysis (methanol/ethyl acetate/hexane, 1:1:8) revealed that the starting
material to be consuned. The reaction was cooled to roomtenperature,

di | uted i NV& 3060 Mz SIDGRX 6B TAndSetanrideh et4? (i £ h SHeHardh: £83 4. 4607 4Hy. The
organi c d r dried over
nagnesiuﬁﬁ?ﬂﬁﬁ %%%%1%8”?%?§6N{$ﬁ%930 ve%H'EVEQ§ atednrhmgacua to give an

oily residue. The residue was purlf‘ qn 2 S|I|ca gel flash colum (50 x
400 mm net hanol / et hyl acet at e/ hex Enge % 90), Fractions containing the

desired prOdUCtPlﬁlﬁhﬂxonQﬁllt{Qr[QC{IBr!Mi:r(Ia SusMcvRIRY clRsy RiRRFaliad 0 give 20.8 g

(69% of 7 as a clear oil. Il NVR (400 Ivll-1z, CDCl3): 6 5.78 (m IH),
4.93 (m 2H), 3.72-3.5 w\l/zw/d\/bz 28 2.64 (t, J= 5.6

Hz, 1H), 2.01 (m 2I1 ﬁ) 1 54 (m 2H), 1. @4 (m 211), 1.25 (broad s, 10H)

Exanpl e VL1l _P t o
S (T {2~ 38515, per GRSt Moy Ve WIrTEeCro gyt TeBgriped pion SRR 0/ o
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(6.6 mmol ) under argon and 10 nL of dry nethanol added. To this was added
2.85 nmlL ofamtohy asided dihe cembing S(Jbugon wapphest o SREE Toy 4 hgyrs rﬁ}u%oﬂoh@m was then

2' - azobi ngva oraEeHXflq .“fjlt‘%’)gﬁ{;nda—' re%ﬁp }&lg ggb@ﬁ'@ﬁ@%é{ﬂ? g?r Rk ?iééla_dql@ll-fzeacu on

was shroudé ed £ "\l pressure
mercury | amrlg)ﬁ&f 3.62 36 shal)n8H), Bl4C (gat §.8itk, QH&,tmﬂn(dmldadtshyH) ackx @t e/héxane,

1:18 led that the start d. The sol vent
vas. tvapol SEGAZTh WScha: GRogh Laryer F i GF1E0Thes BRBe ROr 11 d on &

silica gel flash colum (50 x 300 rain, t hanol / et hyl acet at e/ hexane,
1:1:8). Fractions containing the dest ’W@@fgﬁoduct were conbi ned and the

sol vent was evaporate dyight yellowoil. 1H
86 NVR (400 M. CDClgg’lteﬁargtﬁJn?ff%r%gé‘f'()—gn)(lgﬁfneﬂlfyH:%nﬂeﬁe@1 )J_ 6.6 Hz, 2H).

2. 83(t J= 7. 2&& 2\§G(b oa 1H)., 29.(s, 1.52 Un 4H) ,
1.36-1.23 (broad m 14FD nple | ;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 N-dimethylformamide was added. The
resulting solution was cooled to 0 °C and 2.16 g of 60% sodium hydride in mineral oil (45
mmol) was added in one portion. The frothing mixture was stirred under argon at 0 °C for 30
minutes. To the chilled, stirred solution was added dropwise 7.7 g of bromomethylbenzene
(45 mmol) in 5ml. of dry N N-dimethylformamide 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 ethyl acetate, extracted with IN 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
column (50 x 300 mm, 94:5;1 hexane/toluene/ethyl acetate) and the fractions containing the
desired product were combined. Finally, the solvent was evaporated i vacuoe 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 (5, 2H), 3.46 (t, 2H), 2.03 (m, 2H), 1.61 (m, 2H), 135
(broad m, 4H), 1.24 (broad s, 10H).
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Preparation of 2-(2-[2-(l |-Mercaptoundecyl oxy) et hoxy] et hoxy}ethanol (9) HS
O-id O-i0H [02651 An anber shell vial (20 nL) was fitted with a
Teflon-lined silicon septum charged with 2.40 g of 8 (6.4 mmoi) and 5.0 nL
of 3N net hanolic hydrogen chloride (15 mmol) added. The resulting sol ution
was warnmed to 40 C for 4 hours. The solvent was then evaporated in vacua to
afford 2.05 g (95% of 9 as a colorless waxy gel. 1 H NWR (400 MHz, CDC 3):
6 3.72-3.55 (m 12H), 3.43 (t, J- 6.8 Hz, 2I-1), 2.71 (broad s, 1H), 2.50
(dd, J- 7.6, 7.4 Hz, 2H), 1.62-1.52 (in, 4H, 1.31 (t, J= 7.6 Hz, IH, 1.26
(broad in, 14H). Exanple X Preparat ESABE Xndec- | 0- enyl - oxynet hyI benzene

(20) 02061 A dy FUPS RO AREEL RSt 001 T yES KRBT SRR 1 50 @ of

undec-1 0-en-1- ol er arg

N, N- di met hyl f or mam de was pdded. The resulting solution was cooled to 0 C
and 2.16 g of 60% sodi um hydride in mneral oil (45 r cool) was added in
one portion. The frothing mskture™was-stirTed unde ‘ahgon at 0 Cfor 30
mnutes. To the chilled, stirred solution was added.dreopwi se 7,7 g of
brononet hyl benzene (45 mol) in 5nL of dry NN-dinethyIfornanide and the

reaction [ t I r

hoursl. Bﬁ%?act % gkétgd u(!;etlr?g%a%t OFBQ/Q{PF]] (% ow a é?tle\%'nh%gF& IWG&{Q ﬁyl
acetate, eMtinaadiepd aw'it hl] 328 hydwodc IiLZﬁraz(dnﬁ@nmtl(ﬂpmpﬁﬁamid)neanaﬂlr@ﬁrmhloflﬂk X
50ml). Th ra' | ayer wasdled over sul fate, filt red nd the
Sotvent O s ekt S sl Pyt et e SR ten e e
purified gmiR Wkt a@?mﬂ%b i, éﬁléhhyﬁfﬂub‘ m&u{aé& &ﬁdmo%f t%ﬂ:)aéetﬂe acid (92 mmol)

hexane/ t ol uene/ eth acetate) and fractions containing the desired
product weiees igisatoil rméd thepiepgtidnyvesteh endsthb verieninas thevgpot aeedstingdy Beeuesied

735 (o At PRyl ylf vRaERG: 3% Gbn GHGMN Sl SLrnd) U iodttay” P
3.46 (t, 2dikhtedZan@3hé riﬂib(ttﬁd:‘i)ima(ﬂatﬁd. uhden, argch‘l) with. @bstaftbstovadg ifor, 3 4idys. Th24

(broad s, 1OH). 67 Exa Pre ar a f Thi oacetic Acid
S (11- Benzwmwmwpnﬁ e ecﬂmaef ptswf( thﬁfflaerz@wdmﬁs%wdrb&aﬂ& b vessel

(250 ni) W@i%zgf 'tlﬁesl%h&t}q‘ée&ﬁgn%ﬁ&s? Ond 10fctid® vebsh- 2&5“91'13“@1”% Qo@lz% Gosh

2,2' -azobi s( yl propi onam di ne) di hydrochioride (1.9 % The vessel
was seal e@mmwél@raalnédhtamivmw&ﬁd\fam&éd\m Eweardg‘orﬁﬂ(os\ewér(é@ 8 @y)cFlesyil waswhi | e

mf; ar go{l]ll.ﬁedo on a sxﬂcaagayﬁjasgucsolurm%{ ?Szbn 30ﬁnd 99%%01%%{&8 fetth?f 9@6&%)' é:ndat%ied (92

fractions containing the desired product were combined. Finally, the solvent was removed i
vacuo to afford 5.0g (77%) of 11 as a colorless oil. 'H NMR (400 MHz, CDCl): § 7.32 (d,
4H), 7.28 (m, 1H), 4.49 (s, 2H), 3.46 (t, 2H), 2.86(t, 2H), 2.31(s, 3H), 1.50-1.66 (m, 4H),
1.20-1.40 (broad m, 14H).

Example XIi

Preparation of 11-Benzyloxyundecane-1-thiol (12)

[0268] 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 hexane,
and 12 mL of 4.9 N ethanolic hydrogen chloride. The resulting solution was warmed to 40°
C for 4.5 hours. The solvent was then evaporated in vacuo to afford a colorless oily residue
(2.8 g). The residue was purified on a silica gel flash column (25 x 450 mm, 9:1
hexanc/chloreform) and the fractions containing the desired product were then combined.

The solvent was evaporated in vacuo to give 2.5 g (94%) of 12 as a colorless oil. '"H NMR
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were injected into the reaction vessel and the contents of the vessel were
stirred. The vessel was again evacuated and back-flushed with argon
(several cycles). The W lanp was activated and the m xture irradiated
under argon with constant stirring for 3 hours. The reaction was
continually cooled (water jacket) and the tenperature maintained below 38 C
during the photo-reaction process. The reaction vessel was allowed to cool
to room tenperature and the solvent was evaporated to give pale yellow oi
(10.8 g). The oil was gurified on a silica gel flash colum (50 x 300 ruin,
a

98: 2 hexafféPYHy CRESD at €)32ddd4ihe’ 2§ (facllilbr‘ig‘“)c@nﬂé}arﬁ-ﬂrfg(ft RED.desi(detpr oduct
nbi e e t d i t fford 5.
were co ﬁgq_sslﬁh{g%%,yl'zg Peo I&f}w@ﬂ ?\ﬁ%%i ved in vcrcuo to affor Qg

(77% of as a ri'ess o ‘MHz, CDC13): 3 7.32 (d, 413),

7.28 (m 114), 4.49 (s, 2H), 3.46 ( xﬁﬂ%ﬁg %86“, 21-1), 2.31(s, 3H),
1.50-1.66 (m 4H), 1.20-1.40 (broad 1, ﬁ{i . Exanple Xl | Preparation of

11- Benzyl oxyunBepatnied oftJeifohsseihBled MaodlcArnnabdiéCoatae Shlicoh @ubgtd@snl) was
fitted with a Teflon-lined silicon septum charged with 3.04 g of 11

(9. 03mmol Jo2k9] | owseboRy wafsts efoodieh) brigFetivane, Gritd iconexenewereati@ded 2o L of
4.9 N et hanolic_hydrogen chloride. The resulting solution was warnmed to 40

C for 4.5ptiiunl sohsagpimfericanghlo affed asvdpsiared fpvervbaul) patides Grlg v

col orl ess . 04 i ) i : iofal b1l gel

i ash ool vy sERQ ke ol aqpfal 73, Phepasn W Co ERoPuieip shidh

cont ai ni ngithhebade piecsee pf DU’ mer & theeputcombichadber, ik eulsdiatee mterarelsaned
evaporated in vacyo to give 2.5 .9 (94%. of 12 as.a .color|ess oil, .. HNVR 68
(100 W SRhErifE 53 8P plifmqhar SR kg iR 8 5% 0 (i 514
2.51(q, 2kputterel. Ha-rdtctd 5(A0s tdthkhiclinedDofl2 AOA ( Gbldadhsitheb @it at 294} of BBaNpI €
X Pr epg/ati on of_ Self-Assenbled Mnol ayers on Gold-Coated Silicon

Subst r at e€V§ @pE9]2 GrickneginohdfWt4. Sybiratam weee toppled Ypdpian @rartellay| B0 100)
were di ced. Q. 1 ndividual substrates and cleaned to afford a surface having
fewer than 10 particles (0.16 lutr to 3000 hn) per substrate. Metal

deposi ti o024k cdirior éd noublayer @s@RAy 9980-coped vemsirags syst elmnedi iyhtraitbas e

f.5 x 10-7 tter hanber, . th b
Ol eaned S abeun i b0y SRS B S GaRnerainay epthorht 5 Hikand
tungsten (laddrriasto sPuUblienigd @lut@nl ajfe BDfA?15-(&,/3,54,4,9,5@,G,T!F}Elﬁ?ﬁﬁ'ﬁie@efﬂﬁﬁﬁ A.

Gol d was then s)puttered at a rate of 20 S up to a thickness of 1000 A
Subst r at eScixrEEdeeag L ikighr napthand) ornds insWbakid 8F 1wy pwRergare for a period

ranging from 1 to 24 hows. Finally, surface-modified 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 (0.5 pL) applied to the surface-modified
substrates were in the range 114° to 120°. Surface-modified subsirates were stored in fitted

plastic containers with transparent amber UV resistant covers.

Example XIV

Preparation of Patterned Sample Presentation Devices

10271] Twenty-four (24) surface-modified substrates were prepared as described above,
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 liquid
retention zone. The jig was placed 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 ethano! and dried under
a stream of nitrogen. The exposed substrates were placed in a 6.1 mM solution of 6 (11-{2-

[2-(2-methoxyethoxy)ethoxyJethoxy} undecane-1-thicl) in ethanol and incubated at room

[



[02701 Prior to nonol ayer assenbly, gold-coated substrates were cl eaned by
treatnent wth argon plasnma at 200 Wfor 300 s. The substrates were rinsed
with ethanol and then transferred to a 0.1 mM solution of 3
(11-(3,3,4,4,5,5,6,6,7,7,8,5,5-tridecafl uoro- octyl oxy)undecane-1-thiol) in
et hanol and incubated at roomtenperature for a period ranging froml to 24
hours. Finally, surface-nodified substrates were renoved fromthe assenbly
bat h, spin washed at 1000 rpm w th ethanol and dried under a stream of

nitrogen. The advanci ng contact angles of water drops. (0.5 plied to
the surf abBIPRGETS fUP PLFIPREREE Rel I Phhawse Paitrgred 1Silnfaff‘omfé®ed Wstrates

Sur f ace- Mdiel jegdvalBBHT AERsURHIS BalOL ﬁq Mghéd bt 88ho RIRSHIICaRAN ahdQkisq Wi th
transparent anber WV resistant covers. anple X'V Preparation of Patterned

Sanpl e Pregins ametaanomwgﬁ@s T[hezdﬂe]ncmg@mtgctfaogics ¢tersdropsoapelierbidi the leqiid

substrat es e ared _as des ol e n a,custom al i.gnment
jig and CBB\/%\? GRS 15 PR @E Ego 5?‘%?1"2‘%“ &R Cﬁ IJ[Cégjse OBy 2y %\‘;v”%ask
(0.002 |nqﬁ)raﬂ'gavumfgtof1eaﬂt ures corresponding in size and shape to the liquid
retention zone. The jig was placed on the noving belt of an air-cool ed

ul travi ol &27¢r | rﬁ’@ﬂelg ﬁ@ﬁaOﬁr%qdéféP%l{bﬁtraes ws‘@prrl@%rsm & Asteigryaigngistt Bdur ce

rated at :c]n%p Ong%r]ﬁﬁgs&éﬁf Fﬁil Hé!?‘igt%fed eldi€d bih@ss §t9é1 rsﬁ@do‘%@mtaé?\ Hide! f0RSre®V er

the course of our ow Ag UV exposur e, substrates Were renoved
fromthe pomgspeping massihzetuildazhapma@herM}wstmn@tThlan@I wandaatrl icedhamdemng balt st r eam
of nltroge The exposed substrates olutlon of 6
(1l P8P s iR S ey Feb Bl Patony BR deebiufiinitr) SR SvRREl and

i ncubat ed catrser@mme holr. tEﬂI@)@\ﬁ@%U'\f@exﬁ)@é’m@- tRESIbOEhtEANE e n@nﬂﬁ\feafﬂdm te jgdstheur s.
Patterned surface-nondified substrates were renoved fromthe assenbly bath,

spi n wash&@shet ZaH80r i wnith cberdnad dird urdeed stisge ol AggeaatPorexpref ogen.
The advanglllﬂggatggnt aLte angllagesi of ; Watéarmgrlqm apPlikRe t oo hey Ii eulid ;> pgt enti on

zone were I n the range 60 to 65, and en applied to the boundary zone were
in the ramgmpmmmcletc@loxmthom]zﬂ@x}f}lwtan@l) e ethgrnl fand anqubalicf |aem0$rul:r$npeames wer e

ot chea st A Cobo BT b B aab ke RRb TG et bb s REC BB R g ol 2o

and shape afsemblyebad) @bnshgshzd Be1 00Themi wigh Wasnop kA€ 8dedindehe stoath Bgniekén. Of
the ultraviolet curing systemand passed under the |ight source 45 to 75

ti mes overthg ﬁtévanrelaaﬁ@@aﬁfanélﬁéomaer dnops ApkeH & Tthvaeaéré%ss gone, werh&ess Bt at es
wer e renoyed L E&%@esulrf'a&-m% Ra MBI g fd abe 1090 1rp'ﬁteé4itﬂ?as%F han nef”s”@zng“ ed
under a streal ni trogen e expose substrates were p ace
sol uti on efmb& t{a@sgaRerlt ZI-\( tdsistant covers.
[0273] While various 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 is not limited by the examples described above. Thus, the breadth and

scope of the present invention should not be limited by any of the above-described cxemplary

embodiments.

Example XV

Sample Containment and Positioning

{0274} Analyte-confining properties of the analysis zone, which afford an increase in
sensitivity of detection, are demonstrated in the video contact angle images shown in FIGS.
I1a through 11A. With reference to FIG. 114, the sample presentation device of the present
invention 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 zone was placed off-center. A drop of water was applied to the surface of
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mer capt oundecyl oxy) et hoxy} et hoxy} et hanol) in ethanol and incubated at room
tenperature for 1-24 hours. Finally, tw ce-patterned surface-nodified
substrates were renoved fromthe assenbly bath, spin washed at 1000 rpm

wi th ethanol and dried under a streamof nitrogen. The advancing contact
angl es of water drops applied to the analysis zone were | ess than 47.

Tw ce-patterned surface-nodified substrates were stored in fitted plastic
containers with anber transparent UV resistant covers. 10273] Wile various
enbodi ments of the present inventjon have been descri bed above, . it should
be under sthebipchipard e bssaned theeillp pedia el wyhanstyiass 28R sAptseouHng o thhd not
imtati Ofyih ferdiioh LG & thd BRIRRLSHE A A AN GSIBIM ol v dNG; RRBEYS S ONE,
liquid retention zone, and boundary zone is not limted by the exanmples
descri bedwelsoverdsinamg, wirh bothrieadt fo twnd.1°sz egdee vhichhverrpspesdnto thahexhibiteh

should not be Limted any of. t apove-descri bed exenpl ary nbodi pent s.
R R i S T R A e R R LT A
properti eswh thheapitadoiSisse FIHR, 1 Mhihgdnghf 10y, dhol tHeNsHse88€ rhdlus S@NSdrkdcyi ty of
detection, are denonstrated in the video contact angle ipages shown in FIGS.

Il'a t hr ougfielas1iscedat wtil dhereditse of shrdmp Pougsperded danPrleoprlss avles &tredevi ce
of the pr PaRnol WAL LOR 4R iPREPHESe MR cbhBUL RS Bl i@ & @Gigh:
measuri ng about 1.6 nm and an anal ysis zone neasuring about 0.7 m OD

To facilitatetd dibvolsetropta omtofitstHevbotusinalgsis ebfedihe leheidamaliyghssizone was

| aced off-center,. A drop, r s . applied t e surface of 70 the
Pt Rt TR (ke Ok b M T a s R YRR T B A R Y
correspongj g &ikike byl 4 Sude pedpaRtI &BIUZQNS A tHeh@aBRal 39k Sn@RARy. The

initial left-side and right-side contact angles were recorded and were both
found to Bwpdright, vedihand sonipit ahsleseieaspudrisinconiupatonsyif Bictasgrisibgn of Bor f ace

pr epar ed - ' Nenld g e X : t he drop
dried omﬁﬁ%g%gégégﬁgﬁgp¥b% (séggEFg%E%F%%hP%%géaﬂﬁ%qﬁ??@E%fﬁffhe observed
radi us and contact angles receded QﬁﬁhB&Qﬁ radi us of the drop corresponded
to that of the analysis zone. Furthermnore, as the drop dried it was
observed that the Idgritéfoldifig Chgacily opPaevied Sampiei®@esenghitn Deoicass to al | ow t he
drop to center itself over the analysis zone. .The.left-side and right-side
contact arug7ep r geer eathotdindry Qiquidholaize chalchy f ounk tiqube Bendon aonalivie
whi ch corresponds . to _that exhibited by _ a surface ?repared_exclusively from
the anal y4¢Rossgasd ipddRedd The llyhgpomaf gnto-si grwlapgsewioicievisigtichtat a
recorded | ol ' i : LSl o 4 (ox: in
i Gs.  T1al Ao o) S oo bl B Pgfin 4GS FRENGYEGL

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 Concentration

[0276] Analyte-confining properties of the analysis zone are further demonstrated in
FIGS. 142 and 145. The first illustration (FIG. 144a) is of a 16-site sample presentation
device of the present invention with sample drop volumes in the range SpL to 40 L deposed
on the surface of 8 of the 16 sites. Each of the liquid drops contained an equivalent amount
of HCCA, FIG. 145 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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Exanpl e XVI Liquid-Holding Capacity of Patterned Sanpl e Presentation Devices
[0275] The extraordinary |iquid-holding capacity of the liquid retention
zone is denonstrated in FIG 13. An illustration of a 16-site sanple
presentation device of the present invention shows the retention of sanple
drop volunmes in the range 5 L to 70 ph. The only factor that appears to
significantly limt the sanple drop volune is the relative proximty of the
adj acent pairs of target and liquid retention zones. Exanple XVI1 Analyte
Directing and Concentration [0276] Anal yte-confining properties of the

anal ysi s ®&%acLhidst yrther denonstrated in FIGS. 14a and 14b. The first

il lustraty (FI j eShd e LesSeRbAlkL Iceof the
present i llr??/?r]t i Oﬁ} av[vll%?lﬁe} gg%ﬁfl%ef tﬁ? i’%eéﬂéﬁnﬁﬁ%?gﬁh%tlﬁe r aﬂgg 5\5&5‘@( % SL 8eposed
on t he susfrage aoily® Bidinhegl@ssithe bindigciegiohs tiag beiagpliad drrops aelhteifoed an

equi val ené]ﬁtﬁrmunt of HCCA. FIG 14b is an ill str_astei %ngdetvp‘:% HCE(]:A havi ng
been concBRIFafEEeSiE ATV RL LRSS PHE o gl TS ABHEHIR" ¢ V8&mI 8 8¥Vi ng on
the sanpl gpptfmani@drithe degrdGRagepied etirdd by G bindida redibg thebaticeafshae of
the anal ysis_zone and the liquid retention zone is superinposed above the
HCCA for  wgmipapicasintisndsiseds washeddp rapeveamplparaplg2peqicy nlhmdtcHes avpdpgett of
the i nvent.i ele | i i ¢ nal yte
R A
further pfooclegsdrnpesnairent mpdisumermessingon Altleenasastpl thepbindiwat mgicon mbgvbece. | n

one applicatio after the desired anal ytes are,captured by. a bindi

ogi on' Wt s st g Al PR Beshii R & U STRET S Rbene ' PErvove
undesi r abh@ HPREHOS, at et gtatbd etithanadatres spediee alchenmeeheasgdutr.om vhige

bi ndi ng regi ons so they mag, be directed toward an analysis zone for_ further
measur enelE TEHdL ke prraResehish. camics dharsgerpalyiehes SHANFh G MEYF OREA)e he
appl i ed ton.{jd8n feRRLGE arﬁm&orwﬂ&%ﬁf@b' e species (e.g., salts,
detergents, proteins, etc.). In one application, at |east portion of the
undesi r ed{Bp8lci e&n anevarigtion, vé thei samalegaptutptovdneenbil e el “‘cegtreshipshe

sanple, whigh carries the desjre nal . is allowed to nove toward the
anal ysi s Fon@Proy s e fiuRt-s 2 ﬁﬁﬁgfv%ﬁeg?&ﬁ‘ﬁrﬁ I’[Oﬁ?“Silurp?{ngﬁge%}ﬂL%i on,
of the sapphBnpresent@abirT 2Hem Gese 6@thcber thekhmgle Baphiiier igswher@rn”
"capture/concentrate chips,” and. abbreviated Xn where "n" is a nuneri cal

desi gnat i & Do @ appidg ek 4 Heinfiniber e forsrasrisnan K@ waek GiehitvorerSanpl e

presentatjp @(ﬁ?ﬁfh&echim%etﬁi‘ggl zones, etc. The present invention contemplates sample
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 mcreases, 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 distinguishing feature of the capture zone. These surface modifications may comprise
biological and/or chemical moieties that bind analytes specifically (such as monoclonal
antibodies) or non-specifically (such as charged groups that bind on the basis of electrostatic
attraction) or any combination of such attractive forces. These bound analytes may then be
further processed on the surface prior to analysis. These processing steps include, but are not
limited to, purification of the analyte of interest through various washing steps, modification
of the analyte by chemical, biochemical, or physical methods, and isolation for subsequent
use. The bound 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 concentrated to the analysis zone upon solvent

evaporation.
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can be any nunber from2 to infinity, Thus, for exanple, an X2 target chip
has two zones, an X3 target chip has three zones, etc. The present

i nvention contenpl ates sanple presentation devices containing many 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. Capture chips and capture/concentrate chips are sanple
presentation devices conprised of one or nore zones that are designed to
bi nd anal ytes. The noieties _responsible for capturing analytes typlcally
conpri se WA i i wer Yasetionlpstatedan bis ltshéhe @PpRrGedp gﬁ@dm%?@rlsqs Hesurtace

di sti ngun%.@sd”ggarf G 'fsezcgl fé%e %p f%oﬁeom@ foREREa SUREAGR BRdL fa+o%ﬁa'tﬁms may

conpri se I 0l ogl ca noi eties that bind anal yte
speci f i cadrlalysi{ssnh 13% ambacb@lumw Zormntﬂtﬁlmdnesf}ngﬂle m@wtu@p@@pﬂ%adsmyo‘(@mh as

conbinat (B B ST b rECR ot cap il e ani TG PPRLERE TR B

further pepegssesda9test(be., suehass, pldcBmicd, a3 YEIGS 15Thasmt@rmmpmosteps
i ncl ude, but are not linted to, urlflcatlon of the analyte of interest
t hrough vatieiie capiusi 2e5e 8% 52 extirsd ﬁﬁsl@atnptéwul%ffrqnhé ligi grdethey causemiadal |

bi ocherm Ctk.oRfedRUBHAR! oIFHO R ANIc@hat L Oid 90 SURSEAHERL andi5es T he

bound analytes may t e rel eas er being su cted t'o cheni cal

physi cal ummmmﬂQRﬁﬁgcmoﬁstMEﬁgﬁsemnapmun@haﬂbmskmdesb%ﬂdﬁﬁ b@dpgsﬁmmon w
radi ation, electricjt r eat ele t he t t hen be
concent r at&H8 ?rﬁs’tcﬁg{aﬂﬁ%ﬂ%ﬁ? Hjéacﬁg Vﬁthélblﬂv c{uhd%\sfadﬁzpcé% b ﬁﬁe ?#Tlﬁf%ﬁ I'n
one vari atg§gns t,}td“ulsmrs&qud) SIFIE. @5, 1%e ahdlGtes agH bif@ 1@h1emlﬂ,a£bnslogrmgssmha
surface haV|ng an anal ysis zone 182, a capture zone orm ng

concent ri iR of B £ApREonRd 84 atraihpendn sRECIE T Ca ke éﬁﬁbﬁd&éP90§8ﬁﬁli86
surround! B, 406, PARLMGS 1RRS: Midacifh SRR IR oD (2) of FIG 15 The S

in the capture zone 184 conprises binding areas 188 for capturlng anal ytes
(e.g., ChgﬁﬁmalSQO%WQEhBﬂﬂbabn&EUcd)mﬂ@MEﬁ195 194, UPBr attbsn avasledaavplye anf

hen concantvarated il tpl bl EREsc Bl SR TRE LI Ik T

190 cont apaidaglcs, h@thalmahma@@dquo ﬂl@k@jﬁteﬁtzoﬂ@284 ﬁ}dghe qmpﬁ@lﬁﬁ 13peRtshees,
etc.) and undesi red mol ecul es 194, 196, 198 (e, ts, deter gents,

cont ani nait¥ep @ of ¥K3§5pﬁ§€@ﬂmﬁﬁﬁﬁfﬁﬂﬁﬁ%18%@ﬁd@ﬂ¢°&@ﬁﬁd@ﬂ“593$ﬁ%m%@%bﬁre
zone 184,, A% SRguA gk N “?I‘il?F}el(e?a) %?uéc?mo-[&'filcénﬁjzyﬁl% 1469%11%%0111}09 f he
functlonaf groups on the surface o e capture zone , as s P step
(c) of FI GtrodétioAbt elrenacap\@nuthdn@fz dtuprré 11|q31d 2fe duiretbdtiowodliduodwot ol enbwnldi ng
interaction,.t

FRE R TRENC AT MY AL Sl X A RN R

FIG 15. éxoneMordcRingdfin ngmaagaﬁ}Zteni‘p@@mr@,for WiHde Shen@dal and/or physical changes.
The liquid is then removed from the capture zone 184 and the analysis zone 182 through
gvaporation or other means that are well known to on of ordinary skill in the art, lcaving the
desired molecules 192 to concentrate onto the analysis zone 182, as shown in step (e) of FIG.
15.
[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 variety of materials,
including but not limited to, for example, glasses, silicates, semiconductors, , metals,
polymers {e.g., plastics), and other hydroxylated materials, e.g., Si0> on silicon, AL,O; 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-

73



nmol ecul es, is then introduced onto the capture zone 184 and the anal ysis
zone 132, as shown in step (d) of FiG 15. The anal ytes of interest 192 are
then rel eased fromthe surface of the capture zone 184. This rel ease of the
desired nol ecul es 192 may he achi eve through introduction of chemicals in
the new drop of liquid 202, introduction of liquid or solvent with
particular intrinsic properties which facilitates the rel ease of desired

nol ecul es, photon excitation, change in pH, change in tenperature, or other
chem cal and/or physical changes. The liquid is then renmoved fromthe

capt ure zoRENEIEE 1a¥Hs MR hevaleyisciive reip18ieh ek rdagHNA e 6F atlasrereyr Beher
nmeans t hat Ry Y f i V.1 SKi i - i t he
desired an%ﬁgég‘llu\gghég ?%@%%I%Eag%t %a?’g&%rﬁ%htcﬁglﬁé%dgflfg ia}s1 Qg(gﬁgeﬂoi%%sﬁéé’sgls own in
step (c) fkmAai.of aibolequl28T]e truletdler atmr may BANoligayche oppdfmenedhadimgrwitr ot ei n

assays. Self-assenpl.ing..nolecul Jayers may.be faormed directly on a
subst r at eﬁmﬁroéf“(g rsn‘%r'i) ?J%IhHég' sﬁF§?F tes {\;@y gpﬂg%/ﬂgp’ alsodjayp, afungopgf g%8'1’13 ghat
sen condughPrbe AHERIy28MPIokEL AR, a RUptufBYndidi¢| (@de Rotka ol ednyibediesyBée hirdles ,

including but not limted to, for exanple, glasses, silicates, )

seni condudtrbiEized to gesniglascaptusoiuyiees. sA cample preseniatiancleyice ahHe Graser ilyraHoxy| at ed
material s - Ol sil .G : | et bohid 1S
preferr edthtagug'n rrhs?g gl% f ﬁtgrseskedﬁ%ﬁ? ﬁaém%ﬁng%g%%%ﬁg@ﬁg{%;ﬁ} ? %i ‘gf’%‘lﬂ%\rﬁﬁl\/%@ibah or

or ganosi | aagbindn winplieentagr argigas Som g uShddniayndoetaadidiechrtigent Whilstapdse
present at i devi.ces of the present invention in a nner . that creates

di sti nct Qg sh%‘iéﬁmplﬁr%B‘éergttPe@oﬂjéf Ip@&o t e SEARE ﬁgﬂﬁ ﬁ?eﬁ % g'ﬁ?'ﬁhcﬂf}ﬁf zone.
Mol ecul espriard] k@nkQrdh dfbienced 3n A%@BMk. NTht MUSHE] FRYzeNaNS ubs@pekdy Be gr oup
such as a termnal thiol or _ silane group that reacts with the substrates

surface. MoHyigH oisathp 8dditeraphothes rompasndgrio Starprtupp eyl teasimplesigesenigiin® par t
of a nol egul:e.,.Th oAl i i , i.c-ehai ns
ot " A e SRS %o ol DR, Sl BADELS e gl 01T R e

alns may optionally also have a
functi onakntgeoupn theathe trmyfebel hto tetahylyenmpbey edbassed asaptapiue apiuet itselie. g.

o ot1 1 o saRedeR) ot Luer el L, Lo SR, RogaRLune g face. A

capture zef ihRvhidH 6B shife SdiRGaonmdlibticaky emmdi Sstepfoaclioralanantihedy may
bind a conplinmentary antigen froma |iquid sanple and retain that antigen
whi | e t headiggid sagple e reiaguibat gk whilpihsgest@f difotitied spaple nyfves eanptiicf ace of
t he devic i r I : it : in, tapility.
The 1ot ai RSuE g sk IR REURICER ShiEBR:h! Rincfirot SHERERE RERNEY o iy
conpounds The rdtheed sipiptavediz-binkedoinat she negrppbeqpergly et mbdibnd véethe edditien @f, t he

anti gen caiek ARRPRESE A4t SFHGG FHE & TLHE SBREIyRre RORe eyt Do Bg g6
capture St ead th&€hd transferred into the analysis zone, or be used as a capture surface itself.
[0282] A sample presentation device of the present invention that comprises a capture
zone which is created through a convergent technique may be created through surfaces
presenting reactive groups on their termini. These could include, but are not limited to,
amine-terminated and carboxy-terminated SAMs. Amine-reactive or carboxy-reactive
species may be introduced to subsequently create the capture zones surface. Thus, an amine-
terminated surface may be treated with a copolymer containing maleic anhydride moieties
and various other group including, but not limited to, short-chain (C4-Cy,) alkyl groups which
may be partially saturated, long-chain (C3-Cz) alkyl groups which may be partially
saturated, aromatic groups which may or may not be substituted, charged groups,
nucleophilic groups, electrophilic groups, etc.  This would lead to the copolymer being
bound to the surface via the amide bond formed with the amine-terminus and presenting the

functional portion of the polymer for use as a capture surface.
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Simlarly, a sanple presentation device of the present invention that
conprises a capture zone in which the surface nodification is biotin may
bind a streptavidin-linked analyte from a liquid sanple and retain that
analyte while the rest of the liquid sanple noves to another part of the
surface of the device, through either physical transfer or differences in
wettability. The retained streptavidin-linked anal yte may subsequently be
nodi fied via the addition of other conpounds to the capture zone of the

sanpl e pr tatjon devic modi an t hen, pe transf rred
into the ﬁzgﬂysi PRt arlf'é’p @abgn {h E%é\ﬁ Efrécf‘@n?t]%@fxfmpmfbé 21 A
sanpl e pr 53%&,@!5',62617 d%\@ @Qn@écaﬁh@ro@ét?ﬁﬁﬁﬁm&d&!&ﬂIJtlﬁﬂl @Hi@ﬁlp!éqmrth§3§\@lrpapt ure
zone which is created through a convergent technique may be created through

surfaces thpragertiong 1Bt aempuies i capsxpierminaiad pabyandsialkytieigiatecdihitpsidac| ude,
but are ngtyl i i f.8d Iéa%cs 1 A LALM AaLedoand; '9‘??‘3!7&02 (f’ﬁlgg@é SISV

Anmi ne-reacti Ve or y:reactive ~species’'ma e I ntr
subsequenidayysizrend eszt dmmma@st afitgrdray egmsnatddaedyetibh bk yl mmlaa'(hwnpﬂee]r)@t @at ed
surface may | ei c an drld noi eti es

Lgetr wi th a copol.yner conta|n| rrg

and vari otféR%t HeH SPIEIRG WY'esHd MABEYES Med ‘““éﬁ]&}Pt‘ Lk {'84- c11)
al kyl grogpscwhish, artﬁg With a@rtda@zésyoﬁﬁtewsatee@ pebfig- a‘ﬁﬁaﬁt@teﬁ@[f%npg&ﬁmm Kyl
groups whi ch may beé partially saturated, aromatic groups which may or may

not be sulbeyibe @t@ddedcﬂqap@é@ﬁsgmpﬁm capit ebiphi Thecprgpese saowie e BIG- dishiney ¢
groups, {h%laeér hér% ét‘ 1 e@%&%we{sﬁ%& oS PRRI L RS Wit dllaQéért e @nkl§ %g{cﬁ ace

via the am ne-t erm nus an presenting
functi onathepmﬂt:sneﬂ nﬁ:ﬂecﬁlhﬂ apoteymmied flanugls theaW ah Cajptple’ estaumﬁean:epec&dm[et@)%?»l In
one parti cuI @g atl on, the SAM %g t he bound on 186 conprises 11-

p Pt

(3, 3, 4, 4, 5%, epel enéh@ac&waéeaﬁr Horhigh 8y e PR GPOYERAND e

111), thepRAMgan Thétet«“@@etAtta@ytéﬂ@epli%epf@ﬂm ﬁ)eéorféf:ntf%ﬁé RIX ¥nd RETh e
pol yether alkyl thiolate (Witesides "G M, Lahib J., Isaacs L., Tien J.

Anal , Chemaln%@neﬂﬂ( AYlass7sppctraroglyy, man dherhee BAKRTIMedt Hetheamalygisizeny dh 182

comr i ses lyioxtal &f tiaahad Raly et DR odl it B 9hal 3ol XATRLEAL D A

sanpl e I|qU| Al ning undesire ecules suc
chl ori de an:dttsmsinm FIG.deidewyFEH h‘ﬁat ene a;hrom@ thatt thetfbetsmgattmz eszyatgniiffrttaeﬂ;est

e.g. peptides roteins from rovi ded for sin
Chs bapt GRECKR BER Pt s4© Shun T4t FPerons ey tiai el akr Soed ¢o

extract thewéeeuemtﬂatg%cmeeat&re BRANS T F Wt t\kgt@ésaﬁ;p%hﬁg{manym@f Ler the

undesi red nol ecul es are renoved through the ' mass
spect r omepayiculprgly ubeﬁllp&rfwmdhcmnmheamlpt u@l‘@ Qf)madlll?&ﬂ i iwtlkec At wseildl | ead

(0, SPREAI S Dol St B TR B BREPEL S SRR PHLS

t hen be petsdfidaned amﬁortdmaceamahms bBthe analytt82desirable before performing an analysis or
measurement on the analyte.
[6284) In yet another variation, the analysis zone is configured with a binding surface for
capturing and/or binding to analytes, while the liquid retention zone and other surface regions
surrounding the analysis zone are covered with SAM having substantially nonbinding
characteristics. This design may allow the sample liquid droplet to concentrate onto the
analysis zone and further allow the analytes to bind to the surface of the analysis zone.
Mass-spectrometry or other detection mechanisms may then be performed on the analytes
captured on the surface of the analysis zone.
[0285] [n another variation, both the analysis zone and the liquid retention zone are
configured with binding/capturing surfaces. For example, the liquid retention zone may be
configured to bind to one type of molecule while the analysis zone may be configured to bind

to a different type of molecule. These configurations with multiple binding zones may be

applicable in applications where the analysis zone is implemented to capture the desired
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whi ch woul d yield a spectrumsimlar to the one shown in FIG 166. Conpari ng
the spectruns in FIG 16b to FIG 16a, one can see that the focusing step
may significantly inproved signal to noise ratio of the nass spectronetry
measurenents of the desired nolecules. Although the above exanple of the
capture chip configuration may be particularly useful for use with serum
sanpl es, one of ordinary skill in the art would appreciate that this
capture chip may al so be inplenmented in other application where
purification and/or concentration of the analyte is desirable before

per f or m ngolatulenahysils lguid weatdor zmeid ingierhdieedanabytie. ong 02 8vie umieyiedbleanot her
vari ation, thq an ﬁ%is zone is .configured with a bind%gglsu§fac$‘for
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t he anal yluether [ea@kdingor meestemesur f ace of the anal ysis zone. [0285] In

anot her varjation, both the apalysis zone and the, liquid.retention zone are
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nmol ecul es may be selectively released fromthe binding area and transported

to an anabysilewsdie feqs anf{pr tasapenyeiscede ithey serondeasigne Aeaiyss poden luilsot her

aspect of i L i fi i: / i.ng

ol vt s ROt HAThLRT, CAIRNESBF (B Ps] Thi EANETS T8 B PER

Pr ef er abl gy teheurfaedshiomt to svaripdod or lmpdt enfaac susfoacde diffmemgireaspduthalsutfyceof SAM
.the nethod . conprises foll ste First,

el ver alTorgii B Bt PRI AL JOEETTE iIeLPred Shoe cEToht o &
surface; %é}ﬁmm@@@ﬁ HERTRE cBinBfsds RQed@Tbh @M HRNA Y UeSnbyAifil eSS Aigdi on of - the
surface; the undesired species are the washed off; the desired analytes are
rel eased R8P  In ancother variation, a liquid comprises both desired analytes and undesired

species are infroduced onto a surface. At least portion of the undesired species are captured

on a first region on the surface. The liquid carrying the desired analytes is directed toward a

second region through variation in liquid surface tension in the different areas on the surface.

The desired analytes may then be concentrated and/or focused onto the second surface

region. Analysis and/or further processes may then be conducted on the desired analytes in

the second region. The liquid 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. Various metheds for utilizing the

sample presentation device are also described herein.
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the first region and directed toward a second region on the surface; the
desired analytes may be allowed to focus and/or concentrate onto the second
region; analysis and/or further processes may then be conducted on the
desired analytes. The liquid 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-binding. In addition, the
met hod may be performed on a surface conprises a series concentric rings
defined by different SAMs. [0287] In another variation, a liquid conprises
both desired anal ytes and undesire&*8peéi’dd are introduced onto a surface.
At | east portion of the undesired species are captured on a first region on
the surface. The |iquid BEPrgtioRoleme Vaeationef apatye 918 s directed toward a
second region through variation in liquid surface tension . in the different
areas on [R&lsur fr&’(‘%@t}"fo%ézﬁeﬁff"’é%rﬂﬁ’ﬁ&%it%‘?Stfﬁé'iﬁ PR PEFPAENee AECHPEY Tand/ or
f ocused o [ i . Ly si ndl e r r sses
Ry hen Be Eare Ao i e g ge A AR AR B S e sERRAE RS
liqui d mayted shaioreneskd 01002 fdcbhvhonng fretusuchaepsndiog it vzavad shtpedn thenliquid qui d

surface tensi.on in different gregs on the.surface. Preferab . t he second
eqi on i s CRURR7RM: | A9 - BGRE. OF P oM.t RE Har AU A R
per f or med s@EnafiGdd #Ak 8 SQPRIESE Sncteurd BEI85uISE 1 AQNAESIUIW kol lang padlef iitrd by
different SAMs. Various nethods for utilizing the sanple Br esentation
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Vari ation i - - f r - 1A i
subst r at o4 e R Y oo B T3 TSR E H00d B R UAET RS Bl
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had k (0.002 jnch) having feat . ding.in si hape t
the 11 qui &t eanEr bOShIE M RET BB pr adet BROHd oM Ag Dbl B
ai r - cool edndlidciipatt O ketoodl kdrigbratEieSloe M deiribl Gangthd Hrod: 100 DI @5GUI EPaRMEdr Y

| ight source rated at 120 WcnR2 and passed under the |jight source 45 to 75
times ovePWfaeIKYificdsubiiraligavase (LOVES OBV RA gsselnbses ipe, washe! atdafe it es

wer e renoyed hiam iiSiddddingSPh B las BF%U@E@%E@% é‘%"é‘g% :Egﬁtsf}ga@gﬂgs i%ﬂ%g%% i idm\/l

under a stream of nitrogen.. Tﬁe expose
sol uti on dfopd dpiriino theliqud etanien zbnd weBoh ithedengbi & anlSat, 2fectmokpgisddp | nc.

pr oduct Cﬂd A4423- 10]')e in ett?anol 1?(%d h ubated at roomtenperature for a
period rafli MY FFOMT 0 TARGNEE  'Pd? t et ned surface-nmodified substrates

were renoy@sof r omht hgt@aRe mlrfacealdiificd Pidbsivas §@ntabddd Qveid Mhowtddhire tihanol
and dried under a stream of nitrogen. The advanci ng contact angl es of water
&

drops appPliganangjig fied cpeied wiltescpshpizopsiped etohad stenlesarripsl sradew ngsk and

when appl ihﬁ"wgné Ratures corresponding 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 source 45 to 75
times over the course of one hour. Iollowing 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 0.1mM solution of 6 (11-{2-[2-(2-
methoxyethoxy)ethoxylethoxy} undecane-1-thiol) in ethanol and incubated at room
temperature for 1-24 hours. Finally, twice-patterned surface-modified substrates were
removed from the assembly bath, spin washed at 1000 rpm with ethanol and dried vnder a
stream of nitrogen. The advancing contact angles of water drops applied to the analysis zone
were less than 47°.
{0290] These twice-patterned surfaces were then exposed to a solution 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 substrates were

subsequently washed with warm chloroform (2x), followed by a wash in a mixture of
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t he boundary zone were in the range 110 to 1 19. [02891 The patterned
surface-nodi fi ed substrates from above were nounted in an alignnment jig and
covered with a second pin-registered etched stainless steel shadow nask
havi ng features corresponding 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 times over the course of one hour.
Fol | owi ng UV exposure, the substrates were renoved fromthe jig, spin
washed at 1000 rpmw th et hanol and dried under a stream of nitrogen. The
exposed s@b@nﬁ@pgﬁlamlf@tw (8t8:3),and tien thaywsso Placsdbin adi0”esqlytionfof apmmania.

met hoxyet ho y+et - = |-t .hi I Al d at
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angl es of 20g&s &f WaRbpoPsplied tp the liawid refratiaponc YEive*Wer e | ess than 47.

[ 0290] These twi ce-patterned surfaces were then exposed to a solution of a
| ong-chain poly(al kyl) co-pol yner mepihii Qixpg am ne-reactive sites (I ng/nL
in dichloronrethane containing 0.5%v/v pyridine) at roomtenperature for

four hours. The substrat epuiEk@ionSIfRSRBMEM 4 Yapvaziadp W t h war m chl or of or m
(2x), followed by a wash in a mxture of 77 acetonitrile/ethanol/water

(84:13: 3)jo2end t REMAINEYTORERCRbREEHH thdioizARH 8@l thé @eonaimmalas (dor 30
m nutes. The amoni a sol ution was replaced by three subsequent water washes
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anal ytes . 4. epti,des, proteins, sugars, oliggnucleotid etc.) ,may be
subst ant i é@%ﬂ?ﬂ?ﬁd@%égﬁw qfﬁﬁglyﬁﬁrrqu‘?g@Hdnd%%ggMeisﬁwp F ﬁﬁ%sesué"i"}f)‘r'aés to be
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(e.g.; sodiumdodecyl sulfate, SDS), buffers (e.%w‘TRI ) and area may fully
suppr ess BifessHalee ap jagitional gnaifipeteos step peei B MATIN-REF engivpist elBanpiest These
materi al s . he: ; Fed AL C i ] anpl e
rocesal T S o R e SR Y L B SR POT™
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routinely.i.ncl udes .reversed:phase |i.quid_.chronatogr or spolid phase
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holding capabilities are within the effluent volumes common to these processing steps, may
be used to perform the analysis. However, the use of an X3 surface 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 materials) may be obviated.
[0292} An example illustrating 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% trifluoroacetic acid (TFA) as well as
one of the following: 1 M sodium chloride (NaCl), 1 M urea (Urea), 1 M TRIS buffer
(TRIS), and 0.1% sodium dodecylsulfate {SDS). Thus, enolase digest was dissolved in cach
of these four solutions and the final concentration of analyte was adjusted to 1 fmol/uL.
[0293) The analyte-containing solutions were applied to the liguid retention zone (LRZ)
of the X3 chip described in example XVII (16 sites in a 2 x § aray) in 10 pL aliquots (10

fmol total analyte) and allowed to incubate on the surface for 20 minutes. In paraliel, the
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When enpl oyi ng these additional sanple purification steps, a T3 surface,
whose volunme holding capabilities are within the effluent volunes conmon to
t hese processing steps, may be used to performthe analysis. However, the
use of an X3 surface containing |ong-chain alkyl (LCA) groups in the liquid
retention zone (LRZ) may facilitate the detection of analytes from sanples
contai ning these contam nants. By allowing for the on-surface purification
and subsequent focusing of sanple for MALDI - TOF analysis the need for the

extra processin steps (and equipnent and materials ? obvi at ed.
102921 Arsagwamyfians Wrﬁﬁp’éﬁq tog sinplesiswech MALRbpetpen é%ﬁgge“t%a QRSE P9% TBept i des

IS |||USt'56??§\;9\AP1n RELWco géétth@@ﬁéc&seaﬁu fant v&l\/ﬁﬁwrﬁm@fahpofm@rsgwn&s steel
186002325, ssProt P00924) was dissolved in mxed solutions of 20%
acetonitrs'utriace(,ﬂfe‘l‘ﬂ)mso‘iﬂa:q"umpbcomldmathmapgheﬁfferent contam nants. The
aqueous port| ons alhavconta ned O. % r|fI uproacetic Ehcl:l d TFAI)/ as wel%vI as
one of thl@294| | ofiPHRYVing IHGUEHACLIR flHe PRAEEIGULY (O B SUYIPYEIFOVeM TRI S
buffer (FR R th@&%s%ég%éﬁﬁﬁ%}ﬂp%%§ b @fa%nﬁe‘@Dﬁ):mdﬂ_amMémd%ﬁ%ea&‘é@faﬁﬂ gest
was di ssolved in each of these four solutlons and the final concentration
of anal yt aftendis tholfl wetledras allawddioaly &nd thgmz 93] of Ehew lwtival opiigindignibe matrnge:-

solutions were .applied to.the.lj id.r i on zone the chip
descri bedcxaﬁo“gig‘é’ﬁ%xémwc pcfd (Qﬁﬂ@‘sw erﬁ TR BTN d %7%63118] BUIE qdbt s (10
f ol t ot ahceratidle@ananel 18 TIOABE: 18 3) WS e tOachRAe SURE aaeixfBIutidl splemut es.

In parallel, the 7S same solutions were appl ied to a stainless steel MALDI

pl at f or m ©BABKEE TAIMBndEancar of s, silepeAEBN ARings F8F SPBPEoMaMEIThevet f ect s,
Due to th&n\é&lt}m hao%a hél%E 49& %m ogttgeﬁtk 5858 va{h,e@imh sukface,cikbe Tl ! 10

pl L of sanp I'e coul'd not be appli | owm ng I ncubation on the X3
chip, t heszmgl@ms yhenfsemkred siplautolden nwas:pmehmvé@i Madd ltHeh antigsisi Sesilar e

hed th % R d th ft
Uhe Chi vk e Emelhar o8 Mp BT titieronces Bt i, Sad R PE Rt b B g
the matri i"«aﬁ m a:[‘l@nﬂ/f,hygf mg@gﬁm c acid (CHCA, Waters Corp. part no.

186002331 in _acetonitrile/ethanol/O0.|% TFA 84:13: 3), was applied
to each s(® 8 ] Thggfhéw TQFs@IalYﬁSéWS Spifermed T Ghefropitive ie od Gl AFEREEF  of
the site. , 1At t.ont he
anal ysi s oneQ(Ak g%% btY he Si tlgte?\np%%&eﬁ e ﬁsé%gcggglgégll Iga[g;é@ (j'lgr?el&)sarrpl e

was then slé&jwdeadtmmloa fmod etelacqetmepmepaftaga azfnZO‘ b‘r’ I\]Zldt_aljhstilmjrenamm y:g@rgted n
Simlarly ev¥a es were at

aerrg{cedto Bﬁﬁﬁ%i_nless she ate, matrix
was appl i EHCEHE OFECpPEPe 2 v '6?8}31§¥ﬁgdprl*)6°rco U HhEl %’l s 0?@%@1
MALDI - TOFpaiR@lsits,i 28 -3RshoPSpdr Qi@ Ghoidl. 1Re: RESidlie¥Rd i208 st¥RdieasOid HBrafX bfMRll CFR
(Kratos Anal yti cal by Shimadzu Biotech, Manchester, UK) using a IQul sed N2
| aser (33msiepypoints and then subjected to analysis by peptide mass ﬁngexplmtmg (PMF) using
MASCOT (http://www.matrixscience.com). MASCOT is a search engine which uses
observed fragments (peaks) in the mass spectrum in order to identify proteins from thetwr
primary sequences.
[0296]  In all four cases, direct analysis on stainless steel resulted in useless data. Each
contaminant caused a noisy spectrum in which real peaks 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 gpectra in which PMF could 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 — 17d illustrates the spectra produced after on-surface purification in
the presence of the indicated contaminant. 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

contaminated with 1M TRIS, while FIG. 174 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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del ayed extraction, and an accel eration voltage of 20 kV. The instrunment was
operated in reflection node using a sem -automated protocol producing,
generally, 25-50 raster points/site, 20-50 shots per raster point. Data was
coll ected and stored as an average of all raster points and then subjected
to anal ysis by peptide mass fingerprinting (PMF) using MASCOT
(http://ww. matri xsei ence.con). MASCOT is a search engi ne which uses
observed fragments (peaks) in the mass spectrumin order to identify
proteins fromtheir primry sequences 0296] In four cases, direct

anal ysi s 18¢tdiedthe égge%t@5?5¥qdeglﬁF@E‘éés ithe E@@F%s@okﬁ’tﬁy WA JORAFRT AN
caused a ;fjoks¥ &Qe&aggmmy Br Wi gb fueale &e%&tlwlﬁetpeﬁﬂlc&%%fnﬁmr&t ih QB the

noise in the spectrum "Direct application of the clean (i.e., not

i nt ent i onatdeyceodinbammaednimingesithout e acst fai ml ebitiagrbpirifzandmdersdi d resul t
in spectra in which PMF coul d be perforrred In contrast, the X3 surface
provi ded spectra which were high i neak?(to noi se (S/N) ratio and rich in
peaks. FIG 17a - 17d illustrates t pec ra produced after on-surface

purification in cht?ﬁaﬁﬂgaeﬁoﬂfamﬁ F\%a]%on =] d?agﬂgﬂ%a%ir@pje FIG 17a shows

the result obtai ned fFom am na FIG 17b

shows {heyssault ol ol Ly st Bk SarpLe. STk, g&qcmlagbcawq@drgg

17c shovvs i ne from sanpl e con m nat e
whi l e Fl Gf p‘taﬁmﬁh@wsjﬁah&ommbﬁ sf O af E&iﬂeﬁeﬁmphbhasszadpiaanng;@]at pintenated with
0. 1% SDS. MASCOT anal%/s of these spectra fromt surfa

.
i dent i i eBFISA® 2o Apstaipeagpripgdp @hgefﬁl%’t anchthel spssay Pié% BCHPR B PIIIWJFS}O%nger.

These resgltmee imldivstimatieadfe fRARY kil ¥naf vt RELEBiZEL ARG eds0d Ghib aftdiy
anal yze peptides of interest inthe presence of commpn contaninants w thout

t he need foditioan Beeiusd Gaarmplasiat thintiesnarstobigs dilER AR caNtR qgilﬁﬂé%ftaﬂﬁﬁdplgl cation
and Anal yghg S?rrallqpol &1\%9%“? Hifida b R ALER PR IR & RhaRA08; Of

proteins Th roac uti |ze St eoni cs.
Upon corrpﬂoeztnaq,msohﬁy MALRI-TRYD @hﬁexttrmqﬂh@ise@r ghiandrifitatoni mg],udgéslqu@ gees are

exci sed and dest ai ned rior to, estion,. and then subsequentl reductl on
and 2l ky| SEPEROBAPRY pb P eRibPEne sHE ST HHE peBt Rl TG B

sol ubi i 2%@u@ﬂ&ﬂd@fg&a@[ﬁqmdegsoana%@éo@nmé@llam: h@Sble BEGRPSRe ERercE A PoSots at
this stage, are often | ute and contain contami nants (e.g. salts, small

mol ecul esfe. get%p?l,p} Fapupifey &avi epriafp rcofaoedce.at Tlon r%ﬁ@m@nhﬁwb@uﬁéﬁb«f i cial
prior toar% ?%B%%@Fﬂgkn%%%oce ”?ﬁk s, TeLhg é 19:[sueH{5ﬁt RUTEL L ﬁﬁ'tﬂ

i ncl ude I|q phase of ¢t e hase exttaction
cartri dge&pamlquuodemhveo&taéaagpapdfmheﬁ meriemn’gsdommmmﬂape hd dedirapleoSedsa and
the Comga%{p en easatll\{gnllén?%{lr ac%orlleliydp oglrdgsaeregl)éhﬂg&tela%g h1gh &J&Itg?lpll’[ platform for
analyte detection and measurement.
[0298] In one particular application, Phosphorylase b from Rabbit muscle (Sigma part
no. P6635, SwissProt P00489) was dissclved into 18 MQ water to give a stock solution.
This stock was then used to prepare the protein for 1-D gel electrophoresis. Thus, Laemmli
buffer (Bio-Rad part no. 161-0737) was prepared according to the manufacturer’s protocol
and used to dilute the protein stock prior to use. Gel electrophoresis was performed using a
pre-cast 4-15% SDS PAGE gel in Tris*HCI buffer (Bio-Rad product no. 161-1176) at 70 V
constant voltage. Upon completion of the run, the gel was stained using Gel Code Blue
(Pierce product no. 24590) overnight and subsequently washed with water. The material was
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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(e.g. ZipTip) can suffer fromtip-to-tip performance. This requirenment may
render the analysis to a |lowthroughput process. Thus, a sanpl e neasurenent
surface with the capability to renpbve at |east part of these interfering
contam nants may be desirable. Such a sanple neasurenent surface may
provi de a reproduci bl e and hi gh-throughput platformfor analyte detection
and neasurenent. [0298] I n one particul ar application, Phosphorylase b from
Rabbit nuscle (Sigma part no. P6635, Sw ssProt P00489) was dissolved into
18 M52 water to give a stock solution. This stock was then used to prepare
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product no. 161-1176) at 70 V constant voltage. Upon conpletion of the run,
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ammontum citrate) 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 a holder in preparation for MALDI-TOF analysis.

[0301] MALDI-TOF analysis was performed in the positive ion mode on an Axima CFR
(Kratos Analytical by Shimadzu Biotech, Manchester, UK) using a pulsed N laser (337 nm),
delayed extraction, and an acceleration voltage of 20 kV. The instrument was operated in
reflectron mode using a semi-automated protocol producing, generally, 25-50 raster
points/site, 20-50 shots per raster point. Data was collected and stored as an average of all
raster points and then subjected to analysis by peptide mass fingerprinting (PMF) using
MASCOT (htip://www.matrixscience.com). MASCOT is a scarch engine which uses
observed fragments (peaks) in the mass spectrum in order to identify proteins from their

primary sequences.
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TOF anal ysis. [0300] Simlarly, the cleaned digest sanple (10 pL) was
applied to the liquid retention zone (LRZ) of the T3 (75 fnol total

anal yte) and allowed to focus and dry. Then, 2 L of a solution containing
the matri x a-cyano-4-hydroxyci nanmm ¢ acid (CHCA, Waters Corp. part no.
186002331, 0.065 ng/nL in acetonitrile/ethanol/0.1% TFA 84:13:3 contai ni ng
10 MM ammoniumcitrate) was applied to each site. The matrix solution
spread to EIl the 3.0 min dianeter of the site. Upon drying, the sanple and
matrix were concentrated into the analysis zone (AZ) of the T3 site with
which it (#382]assBi¢citaplicatioa shnphplestor fhgcetainkess siseh sedegr &d notnp@diesl der i n
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protei ns Fupmgs.heir primary sequences. 81 [0302] Direct application of
sanple to the stainless steel surface did not produce _discernabl e spectra.
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Example XXI

Expanded Mass Range Coverage of an X3 surface

X3-Acetonifrile-TFA Protocol
[0304] ' Rabbit phosphorylase B {Waters Corp. part no. 186002326, SwissProt P00439)

was dissolved in a mixed solution of 50% acetonitrile (ACNY50% trifluoroacetic acid and
the final concentration adjusted to 1 fiol/uL. The analyte-containing solution (10 uL) was
applied to the liquid retention zone (LRZ) of the X3-type surface described in example XVIII
(10 fmol total analyte) and allowed to incubate on the surface for 20 minutes. Following
incubation, the majority of the solution was removed and then the sites were washed with 10
pL 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 mp/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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theoretically predicted fragnents accounting for a 39% sequence cover age.
These val ues are conparable to those obtained by the process of purifying
on a ZipTip and transferring to a MALD sanple plate, but wi thout the extra
sanpl e preparation step. Exanple XXI Expanded Mass Range Coverage of an X3
surface X3-Acetonitrile-TFA Protocol [0304] Rabbit phosphorylase B (Waters
Corp. part no. 186002326, Swi ssProt P00489) was dissolved in a m xed
solution of 50% acetonitrile (ACN)/50%trifluoroacetic acid and the final
concentration adjusted to 1 frnolltL. The anal yte-containing solution (10
4L) was thpphalests 200 (&) P Gai’d sitetvdtit whinh doms asicoRigjedof Thersempls-wyfpes wisr f ace
described, in exa I and allowed to incubate
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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% trifluorcacetic acid and
the fina] concentration adjusted to 1 fmol/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 into the analysis zone. Then, 2 uL 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. Upon drying, the sample and matrix were concentrated into the
analysis zone (AZ) of the T3 site with which it was assoctated. The sample surface was then
secured in a holder in preparation for MALDI-TOF analysis.

[0307] MALDI-TOF analysis was performed one the above samples in the positive ion
mode on an Axima CFR (Kratos Analytical by Shimadzu Biotech, Manchester, UK) using a
pulsed N laser (337 nm), delayed extraction, and an acceleration voltage of 20 kV. The

instriment was operated in reflectron mode using a semi-automated protocol producing,
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t he anal ysis zone (AZ) of the X3 site with which it was associ ated. The
sanple surface was then secured in a holder in preparation for MALDI - TOF
anal ysis. T3-Acetonitrile-TFA Protocol [0306] Rabbit phosphorylase B (Waters
Corp. part no. 186002326, Swi ssProt P00489) was dissolved in a m xed
solution of 50% acetonitrile (ACN)/501/0 trifluoroacetic acid and the final
concentration adjusted to | fnol/pL. The anal yte-containing solution (10 L)
was applied to the liquid retention zone (LRZ) of the 'f3-type surface
described in exanple XIIl (10 fnrol total analyte) and allowed to dry and
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froma 't ryﬂmﬂem}ﬂl@ﬁf&é ARtisYdiRReSRbRLNY 8&ehdhisnkhi S 1S in good agreenment with
the results obtained froma T3-type surface after applying.a cI ean di gest
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a\ga%'aglé,’ anﬁecgllljg}e readily be generated against a variety of analytes. Antibodies form the
basis of immunoassays, which are widely employed in clinical chemistry, environmental
analysis, and research and development. Analytes purified with antibodies typically require
one or more off-line clean-up and concentration steps before application to an analysis
substrate (e.g. MALDI substrate, etc.), 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 ligands which specifically capture analytes can be immobilized onto a surface on a
sample presentation device to form the capture zone. For example, one may meodify an X3
surface through a variety of chemistries to 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 need for additional
processing steps.

[0311]  In cne example, the following series of chemicals. were synthesized to generate
chemicals for the preparation of a sample presentation device with a surface for anchoring

antibodies.
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m xed proteolytic digests, plasma, etc.) is crucial to various biological,
bi ochem cal and chem cal analysis processes. Antibodies are anong the nost
sel ective and sensitive tools available, and can be readily be generated
against a variety of analytes. Antibodies formthe basis of imunoassays,
which are widely enployed in clinical chem stry, environnental analysis,
and research and devel opnent. Analytes purified with antibodies typically
require one or nore off-line clean-tip and concentration steps before
application to an analysis substrate (e.g. MALD substrate, etc.), which
may result in significant sanple | oss. 10310] A device capable of capturing
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roomterrper ure was evap I n vacuo gl ve an OI

resi due. Ih§ gmrH$),d@e (nuvas) S%uﬂ] 3264&11 IM{)Q@hmmﬁJem@BﬁIﬂ@ apybg, SHOX. 0140 X
200 mm 20/ o_met hanol the fractions containing the desired

product wébe&Hnk @%ngﬁ)ne& (Ién@{)[ H@%él?ﬁ Vet was evaporated to give 2.0 g

(21%9 of 13 as a light yellow oil. 'H NVR (400 MHz, CDC13) 5 5.75 (m 1H),
4.94°(in, 2H), 3.69-3.54 (m 24H),.3.42 (t, J= 7.0 He, 2H), 2.38(ps, 1H),
201 (M 2B TBEA~2o T d %\ﬁfro’ZH}/ 1-230(bs+° rxeﬂyo/\f

14
{2-[2-(2-{2-12-(2-Undec-10-enyloxyethoxy)ethoxy]ethoxy}ethoxy)ethoxylethoxy}-acetic
acid feri-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
to 0 °C externally. To this cold solution was added sodium hydride (60% in mineral cil, 267
mg, 6.9 mmol) in one portion and the frothing mixture was allowed to stir under argon at 0
°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 50 mL of ethyl acetate, and extracted with water (2 x 50
mL). The organic layer was dried over magnesium sulfate, filtered, and the solvent
evaporated to give an oily residue. The residue was then subjected to column
chromatography (8102, 40 x 200 mm, 100% ethyl acetate), the fractions containing the
desired product were then combined, and the selvent was evaporated in vacuo to give 1.64 g

(65%) of 14 as a colorless oil. 'H NMR (400 MHz, CDCl) & 5.79 (m, 1H), 4.94 {(m, 2H),
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(2-[2-(2-{2-[2-(2-Undec- 10- enyl oxyet hoxy) et hoxy] et hoxy} et hoxy) et hoxy] et hoxy}
-acetic acid lert-butyl ester (14). [0313] A 50 nL round bottom fl ask was
charged with 13 (2.0 g, 4.6 mol ) under anhydrous conditions. This was

di ssolved into 10 nL of dry dinethylformam de and cooled to O C externally.

To this cold solution was added sodi um hydride (60%in mneral oil, 267 ng,
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t hen shroudrdghtfré@n faqu préfRtreandclry 182 ed fiehlt hBuds] TDC 2hal98s shdvad thai@Bsur e
mercury |lanp. After 4 hours, TLC anal ysis showed that the starti ng materi al

had been E@BtmsErarhad benvonsungss Biragebreat was pyrpoaieddr tvecl Yeslsnatbpiy,
d 40
residue. {{g@%.etﬁ}]glﬂ&l&'ﬂ%s‘w&%ﬂ@n §ﬁ§éc§r %%oﬁlﬂn&ahlﬂﬁazoﬁfl{gg tﬁfggf @@Blyzog%ﬁé?z X

200 mm acet at actions contal desired product
wer e t henl@trbihgkagetaw)d thet ﬁnze:tzsmd ventining sheedaped atoddett wergithen dordl8nagl, 6%D%)  of
15 as a C’Slle%cr)llvgn Swaglevapmat(le_c':l to give 959 g Wﬁ'}) of 15 as a colorless oil. 'H NMR (400 MHz,

CDCls) 6 4.02 (s, 2H), 3.73-3.56 (1, 24H), 3.44 (t, J = 6.8 Hz, 2H), 2.86 {1, J=7.2 Hz, 2H),

232 (s, 3H), 1.56 (m, 4H), 1.48 (s, 9H), 1.25 (bs, 14H).

O
HS/W\/\/‘\/\O/\/ \/\O/\/O\/\O/\/O\/\O/\[(OH

16
(2-{2-[2-(2-{2-[2-(11-Mercaptoundecyloxy)ethoxy|ethoxy}ethoxy)ethoxy]-
ethoxyjethoxy)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 residue was then dissolved into 5 mL of a 50% aqueous
potassium 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 compound did

not require further chromatographic purification. 'H NMR (400 MHz, CDCls) § 9.98 (bs,
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CDO3) S 4.02 (s, 2H), 3.73-3.56 (in, 24H), 3.44 (t, J= 6.8 Hz, 2H), 2.86
(t, J= 7.2 11z, 21-1), 2.32 (s, 3H), 1.56 (m 4H), 1.48 (s, 911), 1.25 (bs,
14H) . ~ |/ O 16

(2-(2-12-(2-{2-[2-(11- Mer capt oundecyl oxy) et hoxy] et hoxy} et hoxy) et hoxy] -
et hoxy} et hoxy)acetic acid (16). [0315] A 20 nL anber shell vial with a
teflon/silicon septa cap was charged with 15 (2.0 g, 3.2 mmol), and this
was di ssolved into 3 N nmethanolic hydrogen chloride (5 niL, 15 mvol) and

warnmed to 50 C. The solution was kept at 50 C fqr. 2 hours. Th | vent was
t hen rennl\?gd‘*ilﬁ(?/&wol%#éj?ﬁ@’ ?%@%&uﬂé‘ Q\ﬂ]s:@ﬁe[ﬂz’gi@s%gge@’ijﬂ 835%1%?_’1 a 50%
aqueous ST ()& hN Pt ul foxide (1:1) which had been
deoxygena(tme?%ﬁ%rlij(g%’?}gdv g)é{dzid"?yg’n ofEt#e%r%esi due. The m xture was stirred at
roomtenperature for 1 hour and then the solvent was evaporated in vacuo to
give 1.6 g (95% of 16 as a clear &xpmplFReXEonpound did not require further
chromat ographi c purification. tH NVR (400 Mdz, CD_CI? 6 9.98 (bs, 86 1H),
4.14 (s, 21-1), 3.74- Frepargtinp opBajened Spanple Pregentatign @eyicey  2H) | 2.51 (q, J =

7.2, 2H), 1.57 (m414), 1.32 (t, J=7.6 Hz, | FQS‘% 1.26 (bs, 14H). Exanple
XXI'| Preparation of Pat(?(érﬂﬁ’&im—bqu@éﬁémﬂaw Epepplees (X3 style, NHS
(N- hydr oxysucci ni m de) Example) [0316] In the process of fabricating sanple
present at I%{/]élﬁ]devlncél@ mpedss ahtialissayng saerle rewpriai® domees Wile apiglpdy j tragad

prepare deyj ith. i } 0N LfJ , N k. .Nng and
Bnchor  ng g 2 el i A BRORS, RIRLL VRAR R R Lok B s mbRTEL ) Then
be cust onezgdnpkhdarshedid artibadits. DDith @sfathepenidiamgleonedechatiomtiendsdnay then

application. The. prefabricated _ sappl resent at j on deyice .be utjlized
in a ms sbeprcﬁﬁ?f@{z?@nw‘ﬁl? obEdic taé‘tlg?fﬂ% ﬁ?lgeéﬁl‘ﬂﬁnﬂlf a8% PR dcé‘g}fqg%ml’i‘br t@?arrpl e,
a large nushehcadd $dag1PpekaitionadRteSampbe uliRkRSaNt alabPprod ot oY e

produced first, and then sel ective batches of the production may then be
cust om ze@nKnizR mEeEchiragtoppies Tor eapmplsodilage nnmbanef therrrafabiicatss a8wie t he

prefabricgte nr taf i [ \Y Nolglo\V) er.

The. ond doer B A A 00 RE 8 e R e b Pl R B

devi ce bythemclirorcistgmizpe civith cspanific bygee of hmibohies.capt umetlzoneptatiohe tsanpl e
[ a hod for creatin

br esent at Lo deut £ ORI A0, SXAIPL e, o2 21 NOf, L0781 B! 09 Ber may
then customize the prefabricated sample presentation device by anchoring specific antibodies
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 thcy 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 liquid
retention zone. The jig was placed on the moving belt of an air-cooled ultraviolct curing
system fitted with a low-pressure mercury light source rated at 120 W/cm® 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 16 and 95% of 6 (0.1 mM total thiol concentration) in ethanol and incubated at room
temperature for a period ranging from 1 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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described below. In this exanple, the capture zones on the sanple
presentation device are derivatized with NHS-ester groups such that they
may be utilized to anchor antibodies. Twenty-four surface-nodified

- substrates were prepared as described in exanple XIl1l, nounted 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 zone. The jig was placed on the noving belt of an

air-cooled ultraviolet curing systemfitted with a | ow pressure nercury
li ght soul3BBlr at Beftested19ppiacyrdilisa subiistes vapdeguntednia 3 potiem sHEPRet 4% to 75

tines Ovee{ndgzlagerg@ Wtﬁed sQ&o:ﬁqﬁn—Mtere{QtlcﬁMtﬂﬁ’le&%t@d( Q%Hﬁvqnaslk@ﬁvipg whateat es

were renove romt1 e JiIg, spin washed at 1000 rpmw th ethanol "and dried
under a sicgamliog imsiEze ageshapd hethe rpogecdzerebIhe figowswiaced ph deadoviimg kelini xed
sol ution cfotgt aitni ng t5%. of 16 and 95% of ;6 éo .%ﬂm\/l tQth' t 'tol ‘ _
concent r at'i 6H) AR HAHEE SEhd™ ieh 35%?%8“%&” DU RS ePaPure ™ P8 O % i od
rangi ng fcamelofofe Béurh®unswinBalv exfiatres thefsab@mmR dickd fthcubsbinathefie, spar e
removed fromthe assenbly bath, spin washed at 2400 rpmw th et hanol and

dried undeshed ast108G mPwr Wiht Sterieh ang rpd 3wder Patieamned nEwErac B nBEosTdd
SubstTal eqpiefis WBHNERC.d T & SUShOMALLANTENY ih | BherBNnE EILRA A Doy SeCONd
etche SS steel shado

pi n-registere stainle W nas aving features
cor r espongiperatune bz é-Zndowhap8inhby,t tvécapateysids setne molie:d hupsiess pleeced on

t he novi ng bel of . the ravi ol et curin st em and passe nder .the 1ight
sour ceVZSI%P’BV%ﬁ?’inrfB‘% aéﬁ?” [Yt %ll‘ LU e‘!(lﬂmgé) IWBU?‘V.%Q fﬁ@%ﬁ?‘ﬂﬁﬁ@ 8B dsur Ieg

t he subst gabgorwargekremoved fromthe jig, spin washed at 1000 rpmw th

et hanol and dried under a stream of nitrogen. The exposed substrates were
pl aced i nlf819. 1 Awssdmircinshened oufaseepigriben maubateicinbat B! ghosplpspputter,
tenperatu 1r24.: rs jnal i t f.a¢@s: I, fi

substr at eéﬁvgéér)gm Eseﬂ‘n%{\}g%' f?%ﬂﬁqﬁéeb%a%g}eeﬁﬁbﬁ%&a ‘%gt‘%ﬁé E%&n%&/\lg)sﬁggogfﬁ%gaggrr pm
wi t h et hasnbiticanghddiresetl witlean aquesty eclntiaf cmittinmgeh [3-{O32O)amedgopyl])-3-

tw ce-patter.ne r.face re,t i.ncubat in 25 mM pho e fer, H
b T o D o B bR o Tt BRI oINS B bR O BER ES  2WDFE ¢ P
buffer seb piiu@R a@Rthnt fegpeRB¥ The ADsRALENLS sERkHIdNAD vaaddalifl DHP water,

1-[ 3- (di met hyl am no) pr opt)fl ]-3- ethyl carbodiimde hydrochloride (EDC, 0.4 M
and N hydkdgiedibe invash geth(apigne aadNpwidey wab arfitsemes nitogepoihe eiepacachr e.

i th acet SR e BB ey s S RREhachle R UTY o) B AR TRS

NHS- est er 2gr oup was confirnmed by grazing-angle FUR (1742 cm 1), as shown in
FIG 20.

Example XXTI1
Antibody Immobilization and Antigen Detection from Buffer and Diluted Serum Samples

[0320] An example of immobilizing antibodies to form a capture zone on the sample
presentation device and using them to specifically capture and detect human peptide
hormones from complex mixtures is illustrated below. Monoclonal antibodies directed
against either the C-terminal (amino acids 18-39; Serotech, P/N MCA2000) or N-terminal
(amino acids 1-24; Biodesign P/N ES54057M) portions of human adrenocorticotropic
hormone (ACTH), as well as a non-specific mouse immunoglobulin (IgG; Chemicon, P/N
PP100) preparation, were dissolved o a final concentration of 0.5 mg/mL in a buffer
containing 25 mM sodium phosphate, pH 8.0 and 0.1% Tween-20.

[0321]  Ten plL of antibody solution was applied to the liquid retention zones of the X3
chip described in Example XXII and aflowed 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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Example XXI'I1 Antibody I nmobilization and Antigen Detection from Buffer and
Diluted Serum Sanples [0320] An exanple of inmobilizing antibodies to force
a capture zone on the sanple presentation device and using themto
specifically capture and detect hunman peptide hornones from conpl ex

m xtures is illustrated bel ow. Mpnocl onal antibodies directed against

either the Ctermnal (am no acids 18-39; Serotech, PIN MCA2000) or

N-term nal (am no acids 1-24; Biodesign P/ N E54057M portions of human
adrenocorticotropic hornone (ACTH), as well as a non-specific nouse

i munog! disld. rExcegsGyasivehiicomas RN vePBLO0he pitesgar gentlo phakie, diedilfsdl vied to a

final concentration of 5 N er, .containin | sadi um
phosphat 0 ’BM §tﬁ‘6noémn5?§%%d§@$)’ Pglg‘g@lsoi'{gwnfogtfl Qﬁg?i%dwgegfoﬁ 8h was
appl i ed tgptibetd thélited ah@hiRFddan iZABRS 6 30tRLM%S at TIIRPREESEE hdiRd dutnda¥anl e
XXI'l and allowed to incubate for 60 mnutes in a chanber held at 100%

rel ative aninfediatyng RetjvatethiHEngroBpaynd ererents nfemel an e pisatl b indgre ethet chip
with exc T - ' | Lty -ai ni 9 -

(oS! Toea e o DRPLSY SRRk e 28 A0 20N, Mok B LT ISR L om
the sitesThy/Toest fremshghkingottie h@ac GitPwhs dikn acatbd witd ef1harfel Baisoati¢:Sogma P/ N
E9508), pH 9.0, solution contai.ni ng) 0. 1% Tween- 20 V\%% applied to the sites
and al | ov‘%@‘“lfli)s?fﬁ@uﬁlé’ll@nf G5 B0iEmA YR A3 ewspimne Crrr dMEer76 i \.‘?%EIF\Y_es any
remai ni ngmﬁfééaegiﬁ@ﬂm- i@ LB AL FURNLRIHECTHE BOR LANAED oReRd] ng
other nmaterrals). Follow ng incubation, the edranol am ne sol ution was
washed of ficamtadome chiptfer 30TRSLEMeE 00T Bh, blloprdhy besltihess Eaotbedisbevewas t hen

treated w 5 u f .a 1% sql ution_.qf ovi.ne ru bum n (BSA;, Si.gma P/ N
43059) - collbathni ng 6. SRETREE A5 B BEIEPHG Got SHEERHP SaPRarHs To% os

bef or e adgidpne/Qf Hisbes, @@l ¥hBinail BRiBSIAIRARU BRcAASPAl oW hQihénNGubat e on
the chip for 30 mnutes at 100% RH, fol | owed by washi ng as descri bed above.

[ 03221 5 1abhit seyueres 133/ Bivean weragpplicdACTI pepel krodd¢ eonchelrations fangagdiom  ani no
acids 1-39, / .l G ' 7 j.ds 18-39 0 hem PI N
' 1215) i A Thals Thb, TS pRCs ol b BTl B B AL i R0 BB

at pepti dblloand entvasitcs ovith TRSIFween, thaVHPR wildr} orh QGpreyl boTie ‘Pepthipdesrmer e

i ncubated on the chip for 3Q minutes at 100% RH, foll owed ba washes wth
TBS/ Tweenthel HERT BsT @etiedm of ABIASEn &py alVdattafe sofien cRpi3RIfEe mykedSdr i ed

25 dinyd CaVkeRTae Sord COrE: rskerBarTsnics pns080va Mo L
acet oni t r adeghngtiteamicinbD0.1%7% FAAith 1001 baél cdinbrassiiem aitrapn{84n3cT) tweat gppligd: 13: 3)
\é\?;rere? EPI egat:]héi?e;si C“hm%lﬁltbﬁohlggﬁ ﬁgr,%gu{ {oxﬁl? ﬁ'lleq%t rlng‘lndiglggt%a gf tthg sIth:.l L‘p})rp Sryglgfrm
the sample and matrix were concentrated into the analysis zone (AZ) of the X3 site with
which it was associated. The chip was then secured in a holder in preparation for MALDI-
TOF 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 N laser (337 nm),
delayed extraction, and an acceleration voltage of 20 kV. The instrument was operated in
reflectron mode using a semi-automated protoco! 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, Spectra were evaluated for the presence or absence of a distinct peak at the
expected m/Z.
{0324] Both ACTH peptides diluted into 13% rabbit serum to a final concentration of 10
nM were readily detected by MALDI-TOF analysis on sites where monoclonal antibodies
{mAbs) directed against the C-terminus of ACTH had been immobilized. Spectra from sites

with non-specific mouse IgG showed no capture of either ACTH peptide. No useful
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the sanple and matrix were concentrated into the analysis zone (AZ) of the
X3 site with which it was associated. The chip was then secured in a hol der
in preparation for MALDI - TOF anal ysis. [0323] MALDI - TOF anal ysis was
performed in the positive ion node on an Axima CFR (Kratos Anal ytical by
Shi madzu Bi ot ech, Manchester, U C) using a pulsed N2 |aser (337 nm,

del ayed extraction, and an accel eration voltage of 20 kV. The instrunent was
operated in reflectron node using a sem -automated protocol producing,

general ly, 25-50 raster POI nts/site, 20-50 shots per raster POI nt. Data
were col IM&PQ&TQ%F%?%W dlae olteingrbwhrgel 04t Taﬁpllt SerP%“ﬁzéraPB]é‘idﬁPé 20dg58 efla wer e

eval uate I Whos, ENCEn e ARRS! &id nct peak at the expected
mZz. [03 4;{&Both %%{Ir'al%peptl deg dil lq}%gldg?rrl?ﬁ?m%rabblt serumto a final

concent r 8325 of Apflicahdn vles ecrice ad |dilyt1Cdstoécacé1dﬁX6§VHmpDﬁe TOFBafateys bsffon sites

had boon HIRBON SR SREETFY FROMSITBES G0 ER BN BT T BT & showed

no capt ur@igf FeG!iiieshohCTid: pefidddantiNg pdERl o wdS Dbt hopeglec k=0 gioul d be
obt ai ned when 10% rabbit serum was ap FI ied to stainless steel _plates,

whet her dRD§BraRqn, cdwe APEC BRI RiseAR e spaptd %Pemﬁgbaﬁllﬂﬁmm gdtghon of a
series of; gwn&aﬁaﬁ@ 0B P& RGTHVRE R 481 'p{tﬁ%@ EYReRs QHMo"E’lE cabtdfel DSE.

illustrate he specificity and sensitivity of antigen capture and detection
on these aXBgemtunpmtralﬁbﬁias mshamé\dtﬂnabothnwﬁddﬁf@n(tﬁ gaanmpammd e 887 L R IGGTY

m st chad 1Pk rD) SRR ToTHEbk BE BTGl e Mot caReEnTRarTBR (100

nM sol utanﬁmdy\/\éiﬂm&h.gm/c\ntmheﬁ\@ﬂﬂed:wl@lr AOTES 181K ttodeymmgt péidZ aieigen, ant i gen
concentration as low as, 2 nM for both ACTI-1 18-39 (C-term nal) and ACTH

1-39  (f UICBRHSrgtH)is pRBTA 8% SXHegst Vel VIR PESPRIVE e dbs BIPIIVtH Hate Ant |
ACTH N-termoppush. ankiibadya eI NaRRinudBERy 'Jﬂ?ﬂué’“z&}fb AGEE JafedQith

(C-termnal) peptide antigen, a negative resu I's obtalined as expected,
even whemAEFRE ledhmttlemthlopeptifle tiltigepeppodievei ISSléISWm gbtaingd, abGBperidd, W'Etih the

Anti ACTH N-t rmnus ntlbod capt z when ired wit

(full | eng]feﬁl) E)é:ﬁf“i‘” HEe é%?llaea% oy aﬁggﬁ i \%g%r gsuclolmrxgmug’t mlﬁg&tlﬁé% e?%ect ed,
even whefpedifie MaRe eg&t_‘r raatlb@iysm measpﬂumm BHRMAM N stive(Camhimal) [@peup,

whi ch utlllzed Non i c Mouse 1gG anti body on the capture zone, both

ACTH 18- 394 &M1& i %%Nyuﬂpl@fast#lh@epfa@?d rosifed fu wgew ! eﬂﬁ@ﬁ@t U BEISEFGe At
resul t ed doﬂcéﬁ%‘aﬁ&d xﬁngﬂ@%dm ﬁé%eeas(n}gw g@m @kt th&ﬁ?&@fsﬁl HPn&8y N as

100 nM These data suggests that t e ls sensitive and capable
of det ectdzpgplant degetingantagenaiva ton cartertativoie.£.€. 1@\4) ZAUM% sarA¢ timkgths demeedt | ne,
the devi Ts a high tolerance for false positive results, as indicated by negative detections even when

the antigen concentration is very high (e.g. 100 nM}).

[6326] These results illustrate the capability of this X3 surface to immobilize antibodies

and use these antibodies to specifically and sensitively detect biomolecules from complex

mixtures without the need for separate purification or concentration steps.

Examples Utilizing Immobilized Metal lons 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(lll)) is loaded into the capture zone. In another
variation, nickel (i.e., Ni(I1)} 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(Ill) loaded on the capture zone is utilized to capture
phosphorylated peptides. In another example, a sample presentation device with Ni(IT)
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has a high tolerance for false positive results, as indicated by negative
detecti ons even when the antigen concentration is very high (e.g. 100 nM.

[ 03261 These results illustrate the capability of this X3 surface to

i mmobi i ze anti bodies and use these antibodies to specifically and
sensitively detect bionolecules fromconplex mxtures w thout the need for
separate purification or concentration steps. Exanples UWilizing I mmobilized
Metal lons as Capturing Mechanism[0327] In another variation, netal ions
may be | gaded onto the ca turﬁ, gne to provide a selective |nd|n§,

i nt er f acdoadgy ORHS tcaPﬁquZﬂggéWf e EPn‘éf’iPW“eEIIS‘tB%DeFI&BE‘i‘?Fg HeoHPPPEPrIEtE et al
fon in the mmﬁ%g/g&n&eﬁngf RRY df S1oBr Ul RRirkdiZ€ dha¥Bladoud bletald fdy be

chr omat ogr aph C) surface in the capture zone. In one varlatlon iron
(i.e., Feelmuv)e)y lp@deld@awe‘dieucmtoretme chpsam@e praBitation derige et thep atilizad; fon,

ni ckel . a ca ded
capture fgﬁge r‘%%\geSBg”ld“i‘ﬁ Iblgl gm?nlb%/oézg?%ﬁa?s ap (Igulgca I oncgdsf -olﬁr)]r a'ﬁ?l@ ar@%sel ected
anal yt es.prdd@sspize exanple, a sanple presentation device with Fe(lll) | oaded
on the capture zone is utilized to capture phosp horylgied peptides. In

anot her 3328l e, Foi cxample-c il presintabion ge\ire &Rt AER) 10p4ef capiye 988 8% on t he
capture t i S ry
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t hat var iddfeemes aiw)stmgnsm@on@emcehiﬁqauemwoﬂpwdledlm’nt\fodnlhélswa@puhwayzorﬁhwof a
sanpl e present hen util.ized to capt, corre

b1 of ogi bSTRsEbags B RS Ra b AT e Shat S S LS G SERRE RS, g
[0328] Fai ok appdotumanls a66al Rehb@ 3@ HoRiltd Plibspigipepiiiewiahb p@otﬂiﬁ'& & inhadegbdcapt ur e

zone may be particularly useful in proteomc research. y . prot eomc

studi es dpdeli f‘ By | SrapspPaRPIo KIMEDf o HONERY: |tW1%S{MtA’rCarﬁ’§q°§L@‘P%rf§?‘f

modi fi catd @RS sGhe %@ﬁo?'eﬁﬁedsﬂ‘éoLa?{chlsﬁﬂ‘iydﬂeﬁﬁ?é RuRBIOWRY:Sle R rRYED steps,

nodi fication is protein p osphory ation which can act as a swtch to turn
pat hways WHizingra effple p@e@tnmmnl devigs edthnemipltidaded eptae émﬁmgbmweptawd@s and
protelns [ iz atfinit hro a NACK . Hoyever,
typi cal éO oyl g_llé‘lel usraénple Tyaug?el and/ /oK mgreXseCt n?élgglecx gée}%cstfo\r} é:aszbll d} L y

require naxlafmpn@] & amutfecel danknihg anadtslrios iemslized Wb lchd:lztb Nk gh@ahaeptide or
presentation device with a netal -1 oaded capture surface the user

abl e to rAtpfEi 2didnHshellopsnde rongiune matpel dases aplgét 2wl eciie et ’é@%leéct i on
capabi lit ag,ﬁﬁgg }
utilized qlgsﬂélﬁreﬂﬁfdest g’shﬁﬁ%)e%‘%t?‘“é‘gdgf@‘”%ggﬂ%?dqnm&ﬁ?‘é E;Ehﬁéen a Ij()%ls t he
non- boundBail&isinady d;egrebf@ thashradl sanenie-haliging Kepatsdhephos plonyicdhedsksenpl e

can then be Fl ut ed, an rI}/staIIized with the matri x for MALDI -
samplé 10ss and con ariRadon’

[0329] In another variation, a sample presentation device is configured with another
IMAC surface in the capture zone. In one example a prefabricated sampie presentation
device is converted to a Ni{II)-loaded surface. The resulting sample presentation device may
be utilized to capture His-tag material from a sample solution. His-tags are often incorporated
i recombinant proteins for ease of purification. After extensive washing of all the unbound
material, the bound protein can be eluted by various means (e.g., excess imidazole or under
acidic conditions, etc.) and isolated. Thus, the X3 IMAC surface may be utilized (o capture
His-tagged protein fo the exclusion of proteins without the His-tag,

[6330] One of ordinary 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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M5. This may decrease the overall sanple-handling steps and therefore
mnimze the risk of sanple | oss and contam nation. [0329] In another
variation, a sanple presentation device is configured with another | MAC
surface in the capture zone. In one exanple a prefabricated sanple
presentation device is converted to a Ni(Il)-1oaded surface. The resulting
sanpl e presentation device may be utilized to capture Hi s-tag material from
a sanple solution. His-tags are often incorporated in reconbinant proteins
for ease of purification. After extensive washing of all_the unbound

nat eri al [033hk bdumae sranpenthe dpileyang sentes i IshepigpiSovae aheied 1y sensslgess

i m dazol e r fggﬁz t X3 | MAC
surface ﬁ%gﬁ HQ@ tPe?&%Qhﬁoﬁgpgdﬁé |§ﬁta bgﬂgﬁﬁﬁgkﬁhggc%he e %u3|on of

pr ot ei ns zmdshmuﬁgutré‘tbfoﬂesmtv&g an{i@ﬁr&@hng)méecmfue ot mawsy skill in the art having
the benefit of this disclosure would appreciate that nethods descri bed
herein may be utilized to prepare surfaces in a variety of devices for
capturing sel ective species (e.g., phyosphotyrosFne, Hi s-tagged species,

etc.) for further processgpgxgp\gpaLys%§,\l tipn, it is also

contenpl ated that other netals (e.g., n, €u etcl) may be | oaded onto the
capture zone to provide a selective binding i for capturing
specific anal ytes. 91 [0331] In one exanple,

the follow ng series of
chem cal s were synthesized to generate chemcals for the preparation of a

pref abr i cat ed 1%*1’!;%;]1{3%%%_%! e 96X A0, GhYIS), ZOnes con i gur ed

for receiving and anc or|ng sel ective

1, 2, 3, 4, t af ndce n X f- y4 dr

200 i+ AR bott ARY P00 R bRAFT NI bR ey d@ci‘%w&? ARERRAES AT O0 50
rnmol ) ungdep n&ﬁ@pmc&m drgaﬁ afl JOﬁnIdbﬂdry&&tfahh&idﬁﬁﬁm (H—H]F)(\Fl"zHF)ddwh§f hadcbadmgThe
resulting solution was cool ed t? 0 C.and a so an ongpo5$i3|u BUIOXIde
(14.67 g,5oP80" iibF9elsaod0C e agp uiipD PR R & 2Fhmmgy fl& e was

stirred ypdgrTag %@ a@dedUrbp it THO nTk LSS smrI@uﬁ&@ aFg!ah lat @dc &toiorhigdiegol Uti on
was added 2, 3, 4,5, 6-pent arl uor obenzyl brom de mol ) dropw se

and the risaibe pbtﬂedm@rracﬂ bduieeh ves widad L3ueS,-pent Ltwbﬂwésbtammf@ (&07 THe 36
neacti on,MRs SUSPS0aH Re LAGIG! 216 30dIdd 8o 8lid0 AiLoglualen, gard e tofal

vol ume of 'on “was feduced ary evaporation of
t he sol vesdetiol hias quaghédiBy the slow addition of 30 mL of water, and the total volume of the

solution was reduced to ~30-40 mL by rotary evaporation of the solvent. This was then
diluted to 200 ml in ethy! acetate and then extracted with brine (1 x 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 used ‘as is’ for the subsequent reaction.

F
)J\S/\/\/\/\/\/\OAI N
FOY F

F

Thioacetic acid 11-pentafluorophenylinethoxy-undeeyl ester (18).

[0333) A dry, jacketed, 250 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
methano] 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 photo-reaction process. The reaction vessel was allowed
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diluted to 200 nL in ethyl acetate and then extracted with brine (I x 200
nL) and water (2 x 200 nL). The organic |ayer was dried over nmagnesi um
sulfate, filtered and the solvent evaporated to give 17 as an oil. The
residue was used "as is' for the subsequent reaction. OFF ~F 1 F

Thi oacetic acid 11-pentafl uorophenyhnet hoxy-undecyl ester (18). [03331 A
dry, jacketed, 250 nL photoreaction vessel was charged with 17 (10.52 g, 30
nmol ) and thiolacetic acid (10.72 nL 150 rrnnol) These were dissolved into

150 niL of dr met hanol and -azobi s met hyl pr.opi ponamni ,

di hydr ochtloc?PP%‘% 1“?(%112‘?“}1’ﬁrat‘§eﬁﬁ‘$1g i¢)50 ﬁ)ﬁyaéﬁﬁ%i’ra ﬂ\KFy 1 %9%&? %LS—F %Fa bd and
the m xt ugg 'suH @é@édaft@@ﬂiéﬁdﬁl @}fr&ﬁﬁo eongt 8gd mudl 1104 leng] fREad/RQUES. The
reacti on was contl nual |y cool ed (wa acket and t he t enper at ur e

mai nt ai nedl%@ﬂlmﬁl\/ﬂ@@ﬂ@lohﬁﬁﬁat?gcqnh@mﬁhm b}’ rlé/aéttll @W}pt%@gl@mrrméum%caﬂddhﬁ vessel
was all OV\Fact ogs co aﬁﬁ’l? t{ﬁg cﬁeﬁﬁgﬂ tq‘%g&%{ awéilé ozillg&ea h%oﬁlg n]\ég ntanefvat?l e CYRARA! at ed

toglveapa bec dto's
chr omat ogé\&pﬂweﬁ%vmzﬁ&ﬁ ghuen3. 74§/<(2§1°/t]y{voafb@§)adfe‘1/8ﬁ@xal@mlemn:@lr $NMRB (e et hyl

tat t [ 19 I d ti
Cont ai ni ni b 0 § 840 Priothibe 4 erticl 86 da S Lot ea P 4hd 8 eotent
evapor at eglsi g, Mqa;;zt th gHyel 54 (MQI{)ZQQ,@ 1t3g\@b1§5@ﬁs)4]qj‘ 18 as a colorless oil.
111 NI\/R(400 pt, 2H) 2H), 4.16 (t, .J=6.8

Hz, 2H), 2.85 (t, J—60H22H) 231(s 3H) 1?2(m oH), 1.56 (in, 2H),

1.24-1.36 (broad in, 14H). HS ~~~ F._F.F
| 1- Pent af | uor ophenyl met hg®y- undecans- | >t hisl 019 | T 3341 A 40 nlL anber
shell vial was fitted with a Teflon-Iined S|I|c|9 lymand charged with

18 (1.55 g, 3.6 mmol). This was dissolved into 10 of 4.9 N ethanolic
hydr ogen chl ori de and the resul ting solution was rmed to 40 C for 2.5

hours. The sol en.evapor at d i n_vac o afford a colorless oily
resi due. The r]\é]s?'éﬂfa 9\%{313 W‘@Sﬁg’&yf"{} ecé'PF'l'tg “Eg]rshchromat ography (41 x 450

IR TG M PR A R
charged with 18 (1.55 g, 3.6 mmol). This was dissolved into 10 mi. of 4.9 N ethanolic
hiydrogen 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% ethy! acetate/hexane) and the fractions
containing the desired product were then collected and combined. The solvent was
evaporated in vacuo to afford 144 mg (10%) of 19 as a colorless oil. '"H NMR (400 MHz,
CDClyy: 6 4.46 (pt, 2H), 4.17 (1, J = 6.4 Hz, 2H), 2.51(dd, J = 7.6, 14.6 11z, 2H), 1.74 {m,
2H), 1.58 (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
XIII, 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
retention zone. The jig was placed 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 ethano! and dried under

a stream of nitrogen. The exposed subsirates were placed in a mixed solution containing 5%



evaporated in vacuo to afford 144 ng (10% of 19 as a colorless oil, '"H NWR
(400 MHz, CDC3): 6 4.46 (pt, 2H), 4.17 (t, J = 6.4 Hz, 2H), 2.51(dd, J -
7.6, 14.6 1 1z, 2H, 1.74 (ir!, 2H), 1.58 (m 211), 1.34 (t, I11),
1.21-1.30 (broad in, 14H). Exanple XXIV Preparation of Patterned Sanple
Presentati on Devices (X3, Cl15-CO2H Exanple) 103351 Twenty-four
surface-nodi fi ed substrates were prepared as described in exanmple X1,
nounted in a customalignnment jig and covered with a pin-registered etched
stainless steel shadow mask (0.002 inch) having features corresponding in

si ze and of Hapecrerptelissadercaipiel aCifeandn? o rPizZEh &0-1 TR fqty hed Goneedation ithe
noving b f - Al fa I i curi. 3 Lt i i

o peec el AR RRETH ol SERMRLELFULRS, BRI MR ||
| i ght sowagendbsitrfacdmotlifimd subshates tWeee cowvsd frof theesshmbly. baglspiawashed At

exposure, e substrates re renoved fromthe jig, spin washed at 1000 rpm
with et hgﬁé&%ﬂ’“gfml@ﬂagﬁégﬁmgf?é‘éﬁ‘b‘l’formr?geﬂgen. The exposed substrates
vere pl aggeshel N apJieRE sSFhdlhOMN {60 BEIR R Qe olRte@fin LOcUFRINE @bt ahax ggecanoi ¢
acid and 95% of 19 (0.1 mMtotal thiol concentration) in ethanol an

i ncubat edndeoyeswshwitle aseqoad mireregistered gener strintems gleagshefoinntask Bavag Fates.
Pat t er ned _sur.f - Lfi t r - bat h,
opi n_ washai 2P G B0 R R e | PRENER L PO PR M e,
[ 0336] Paiftter niedvislet tader sotin pet psebstndat @ Nght aomoedb ad 7 nirsescust dm
alignment ji and covered w a second pin-regi stered etched stain]ess
teol Shaabit ARSI G ROTTEE U Sroaary e BAN G M PP U bt SHage T ¢ he
anal ysi s QA& atTheod irinWRsh Rhaeed N dhibe wiBM AGuBehtof Sfrobdte THet &:g¥ial et
curing system and passed under the light source 45 to 75 tinmes over the
cour se ofsubtgtenonere Fatadow gl Uvndx pddinne of hin stivaelr ankgnanbpted régoed from

the jig, i ed »at 0 ¢ . dri .a..S am of
nit rogen.téﬁ égatgiggg%eg 2231&%’@% alflgéﬂ))\i\metwgccséagg@ghisﬁptgc%&fgwg%%%a?%n%% 9in
et hanol aadovalchdatteraatmblgdnth, tspinpeashtlatel 000 mprb-2idh hdand .anfFidnad hyder a

tw ce-patter neﬁ urface-nodified substrates were renoved fromthe assenbly
bath, spisn“RRShBE 8™ 1000 rpmwith ethanol and dried under a stream of
nitrogen. Exanple XXV Preparation of NHS chip and subsequent attachnent of
the NTA (nitrilotriacetic acid) |EgansgeX0387] An X3 surface with an acidic
group as described in Exanple XXIV was washed wth a 10% sol ution of

ammoni a for 5 m nut eBrepaaidEINKE 5@ dndbiiteqi@bieitaciihér sfikace was
NTA (nitrilotriacetic acid) ligand

[0337] An X3 surface with an acidic group as described in Example XXIV 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 nifrogen. Into each well, 20 nL of 25 mM sodium phosphate
{Sigma S9763) 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 10 uL
of 0.1% OBG (v/v) via pipet. The acidic groups are then reacted with NHS by applying 10
pl of a solution of 50 mM NHS (Pierce 24500) and 200 mM EDC (Pierce 22981) in 0.1%
OBG and leaving it to incubate for 20 min. The surface is then washed twice with 10 gL of
0.1% OBG (v/v) via pipet. The next step ivolves reacting the NIIS ester formed on the the
surface with the chelating ligand. 10 pl. of 20 mM AB-NTA (Dojindo A296) in 25 mM
sodium phosphate buffer pH 8 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% OBG (v/v)

via pipet.
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then dried with a streamof nitrogen. Into each well, 20 L of 25 nM sodi um
phosphate (Sigma S9763) pH 8 containing 0.1% (v/v) octyi-(3-glucoside (0BG
Pierce 28310) was applied and left to incubate for 10 m nutes. The surfaces
arc then washed twice with 10 L of 0.1% OBG (v/v) via pipet. The acidic
groups are then reacted with NHS by applying 10 L of a solution of 50 nM
NHS (Pi erce 24500) and 200 nM EDC (Pierce 22981) in 0.1% OBG and leaving it
to incubate for 20 min. The surface is then washed twice with 10 L of 0.1%
OBG (vlv) via pipet. The next step.involves reacting the NI 1S ester forned
on the the surface with the chel dt¥Rg'9Xg¥hd. 10 I, of 20 mM AB-NTA

(Doj i ndo A296) n 2 sodi ate buffer pH 8 containing 0.1% 0BG i s
applied to the %ﬁn&ﬂd’nf' ]\P%%‘g ”P’i’iﬂ“% S?ﬁllﬁle aml’\lé‘a‘é‘?}‘rfaces are

then washed twice with 10 itL of Ol%OBG(vIv) a}§§ Ex | e XXVI
Loadi ng RE&{38I 1) Tetisxt Hep NriA lgta?c%wa%gwa%fegub\g@ahélmfa ﬁlﬁil@ gfﬁloia EREFOn

[0338] T t i on
Wil take s ange B G PRt POy R Y e AN T PR Kt oo
mVl AcOH (@R@! The metably t}hd’m I@adb%by@ﬁym'gh@ piedfadl 1 mM Féiél@ (Sigad&di 09) applopi ng 10
Lofalm\/IFeCIS}%i solution in 3,.cant ai ni ng

0. 1% OBG BArd"MeAt? 3tq9ntaﬁee&)9t & PEO angl lﬁf‘ﬁﬂg rlftto lgcutaawp@ {4 st &t Fake the

FeCl3 SOllHltprQe{ht %M&ﬁ@'FQ@E%ﬂ%ﬁoﬁﬁ fr@gad;%caruge xd b z@oﬁ&% mterrﬁﬁw Aeethet he 10
mn of netal |oading, the surface |s washed twce wth 10 L of 100 nmM AcCH

in 0.1% @36inarfdhetdérndons theviutiacel B vekhaftwi@OvitivE Mg DI {i160 6:M %cOBGncb ti%ai ni ng
1 M Urea t rat agene 300191). The sanple then applied in the s

sol uti on %I% ngfipeny B“‘ien?fﬁ][’)égj &? 103 gt & <5P#H@ Stierane ?féﬂ%ﬁ%éq\”feﬁm
washed Ort@ﬁatwgréﬁgaggwgy Pfe galaﬁglégrméneag&ay%fﬁﬁh@mmtéaﬁﬁmtamfe%twutc*ab%gf@L of

100 mM AcOH ace I1s then all to alr dry he sanple is then
pr e- el ut é fimorhlekerfX8 is ﬂmﬁsa@enﬂyldradred@dca mth hé vdentttbe sdyplappfiyriang 2ol of a

1:1 ACN t [ 2.0, 1% ph h t h 1. Thi
el cascs PHE b SbdBe PRGN B bh &Gt 13 170 WHATSLITAED REGSEHE Soi ut i on
hich i L 0eDCAIGPBEAES T ARl IS BR0L ST e AR REHRL S ALE dhd o, 2

pl., of mtrix Is a to eac he matri X tion 1s
ang/ L DHﬂZNfacﬁﬁmﬂrﬂe)ﬁcCI\?/ phmgmhiorien siid r@hieichS torMach Thellf or Thik atcicases kleads to

o o1 B0 85 BL e KBRS e L L0550 SharmL . gppl coton
From Doy e o e L s b R0 sae) "hhs o Z8BMed
into 18 N@mmdttem is 6.5 mg/mL DHB in 90:10 ACN: ammonium citrate (5 mM) The formulation

leads to a uniform pad of crystals throughout the well.

[0339] An example application utilizing the Fe(Ill} loaded sample presentation device to

pick out phosphopeptides from an in-gel tryptic digest is described below. B-Casein from

bovine milk (Sigma part no. C6905, SwissProt P02666) was dissolved into 18 MQ water to

give a stock solution. This stock was then used to prepare the protein for [-D gel

electrophoresis. Thus, Laemmli buffer (Bio-Rad part no. 161-0737) was prepared according

o the manufacturer’s protocol and used to dilute the protein stock prior to use. Gel

electrophoresis was performed using a pre-cast 4-15% SDS PAGE gel in Tris*HC] buffer

(Bio-Rad product no. 161-1176) at 110 V constant voltage. Upon completion of the run, the

gel was washed thoroughly with water to remove most of the SDS, The gel was then fixed

by placing it in al0% MeOH, 7% AcOH solution for 20 min. The gel was then stained using

Sypro Ruby (BioRad no. 170-3125) overnight and subsequently destéined 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 removing each slice. In-gel tryptic

digestion was performed following a known procedure (Rapid Commi. in Mass Spec. 2001,
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give a stock solution. This stock was then used to prepare the protein for
1-D gel electrophoresis. Thus, Laemm i buffer (Bio-Rad part no. 161-0737)
was prepared according to the manufacturer's protocol and used to dilute
the protein stock prior to use. Gel electrophoresis was perforned using a
pre-cast 4-15% SDS PAGE gel in TrisHCO buffer (Bio-Rad product no.
161-1176) at 110 V constant voltage. Upon conpletion of the run, the gel
was washed thoroughly with water to renove nost of the SDS. The gel was then
fixed by placing it in al0% NMcOH, 7% AeGH sql ytion r 20 mn. The gel was
then staifﬁeb‘”ésli‘*ﬁb); L@%Wﬂb_% SHE BRAE! ROLECE m‘é‘fg%if%g\i%?‘ﬁi“g?h‘h%ﬁ& and _
subsequent ¢ 453 (3L NesoUFhe dekd Yadde iy e?t?{emgéfq Thahandsqaer etimisewrd usi ng

a transillumnator in a dark roomand cut out of the gel using a razor
bl ade cl eapethtwittiivretiedngk! digesion(@inplistige)ewshissd weboutl finvthe] puritipgidncor

di gestion was perfornmed follow ng a kno rocedure i.d Comm i.n SS
Spec. | 20GENEBis g panip Akt Br TheRe® SERE Kk M P RGTRY At eq
wi th the gIEA M. X4 Waeudl wihsueahasiutish, Speedvac evaporator was never used to
.dry either the gel or the gel extracts. Thus, the supernatant fromthe

i n-gel dil@ad0i onle2Be(lllSINTAejurisas s gdeparadhautdestubadnior the urpdeiingt frofwcelr

trati.on. .The final t] the di d_sanpl k
aopr oxi il eaaciopes b SR el R ShAR RHE B P SR P EPTR PURE 04357 The
Fe(111) - NIA it 468 sage Bl-gRangdt dbeHRssl WRedid:a thhacphetedidif B Q80!

until the incubation with T0 p.L of 100 nM AcOH in 0.1% OBG containing | M
Urea. At volumsofpid nt peSwell. Thistvwee allowekto diest orsthp enrizc ot 2Gvesn, addék t o

each wel |, Igﬁdi ng to a total ‘bém unme Pf 5 }rL fer l\j/YteI If Thist vvacg al | owed
to i ncubdf® CoM RS P TIO PTRIH arldoiThes 1oagPOior PHE 5 BeddtY i's as
descri bedisRicR¥ S YotedI @I WA RO tIHA BbeR thasdisirfage t he sol ution as woul d
be expected if gel contam nants had bound to the surface. 10341] MALDI - TOF

anal ysi s &l per Vigrldldl @1 angsipwas pqripemedin tho gesiyd ign mede 98 20PRIME KER: os

Anal ytic ' i Yanc [ . er (337
nm, dela(lél(;eﬁs gﬁ%lgg%t? F%E{U%éeﬁépgh acce e%h%tieréng%c}# t&g% u%fe@%%%‘\é}. @%éﬁﬁ ’

i nst rumenielayas eompeeriat,eohdian accdbdadict volgrad0Usi. ndha isemneautanaicedednot ocol
produci ng, .general |y, 25-50 raster ints/site,, 20-50 shats .raster

boi nt . DebAEhe ent | tited ata-LlBrPal dOGR A BRATEE oF R  AeTRr AN nt s,

[ 0342]  Aspdimdkiab8d0ishok e radidy pbile IR QErcROBKSd DRBIt6Ies a8k hlagd ssfier at
880 mz) are the two phosphopeptides (2064 mz and 3124 m z) expected from
di gest i orragifr foBigasei n.  Noticeably absent are the trypsin auto-digestion

peaks. 10@&5’& : P%g‘grpdﬁ%%d #HeP 52 {#e m%&%%m&qm&&% IE&EIQ lcll)sl'ek gﬁgﬁpm@ al‘eMA‘C

surface i
the two phosphopeptides (2064 m/z and 3124 m/z) expected from digestion of P-casein.

Noticeably absent are the trypsin auto-digestion peaks.

[0343] In another example application, the Fe(lll)-loaded X3 IMAC surface is utilized to
pick out phosphopeptides from a background tryptic digest. A mixture of 100 fmol
phosphorylase b digest (Waters Corp. partt no. 186002326, SwissProt PO0489) and 5 fmol of
B-casein digest were applied to the X3 IMAC surface using the unaltered protocol as
described previously. Phosporylase b contains no phosphorylated amine 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 is difficult to identify the peaks for the phosphopeptides in the spectrum. The T3
surface does not have a binding surface that captures the phosphopetides and isolates the
phosphopetides from undesired species. However, when the mixed protein digest sample
solution was treated on the X3 IMAC surface, the signal to noise ratio improved

significantly. As shown in FIG. 24, the X3 IMAC surface exhibits strong binding of the
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pi ck out phosphopeptides froma background tryptic digest. A mxture of 100
fmol phosphoryl ase b digest (Waters Corp. part no. 186002326, Sw ssProt
P00489) and 5 fnol of (l-casein digest were applied to the X3 | MAC surface
using the unaltered protocol as described previously. Phosporylase h
contai ns no phosphorylated am no acids and is used here to act as a sanple
contam nant. As seen in the FIG 23 when the m xed protein digest sanple
solution was placed on a T3 surface, the background noise was sufficiently
high such, that it is difficult to identjfy the peaks for the

phos phop@pesPaererlidesi RO Fit4 T whch %!@rmé&@i%@o@sthmecmv &2 Qi ng
surface thats @aptayes t he phosphopeti des and isol ates the phosphopetides
from undesired specCies. However, when the m xed protein digest sanple

sol uti on [0&d] t r ldicelic@h) tihadeX3 samie werehmten ddvisesivgnathen devied s@aimat iao

i nproved ,signifi tly. As .sho in FIG 24..the X3.1NAC surfage.exhibits
strong bipﬁaﬁpﬁa"y ecd?ﬁé‘)ﬂ%p%‘ﬁ‘é% p(\#(;%a&g T GECeEBHR ﬁ’i\z/ergﬁg{ﬁ 3 Yllc‘?ﬂa}j‘zclﬁ’l,n?vxﬂi ch are
not Vi si bleRctiy 1dve lepge tofUphRIRIiHbaEk-OdhtaibiAg dodnfonh& VAB)ing [BA4E dhe
Fe(l11) | oaded sanple presentation dgyice was then tested agla_i nst a.
phosphor yhatreatiaed sytpang displidie BPCVar i eiROToRERERY RbosBROEEI N PEPlidse

devi ce il d i t i v ; e 5 -l Y
conpounﬁRB%;e{{r?% %3% ’uﬁftg]tse fgj déeglo M%h%sg g?@ %&ggl%'? @3{3‘%{ ﬁ?%ﬁ%ﬁ?g@% pmpg%CSHC
car boxy- trestntahalesqived phveriegnly. affovdy squeitivityd evas( Baodvednusing- 3258¥imawer8 4soaded
onto a X3, | MAC < Eag%ed with Fe(lll) according to the protocol described
previ ousIWOVEBId s &Msi tivity was achi eved using the Axima CFR as shown in
FIG 25. Exanple XXVI1 Loading Ni.(Il) onto the NTA surface and subsequent
sanpl e application [0345] In this Bxappl>XXVilhe nmetal chel ation took place in
0.1% OBG The netal was |oaded by applying 10 L of a 10 mM Nl SO4 6H20
(Sigma 227676) J$ohdihg Oh(IDentedhaNAG. suffaddenOBG mnoknt eawplagpplicaian | ncubat e f or
10 min. After the 10 min of metal |oading, the surface was washed once with
10 L of (034%) OBGnahg d¢xaemld whecmend theldidnltpoloblat® imh | YHEPES The metal was

4- (2- hydroxyet hyl ) -1 -piperazi neet hanesul fonj c_..acid, _Si gma, H 4034). pH 7. 4,
(150( mwyr&a%éég(b@aﬂypﬁﬁ%i@np%? 'all)O wv{H1%¢J41é%zésg§lgq*hg’«2%§?'{§|S@h\wﬁ% Ct)ﬁt)éw?%pm i ed

in the sampy, %hq%é}&i‘{ktﬁ 16 tibeuBRE fhrefd m%ﬁ?liz\%k”ﬂ‘?et £y ik of el rl‘%aﬁl%ﬂ étli%ur face

was subsequently was ree tines wt 0 pL of the sanple r and
then tw cerfadet Wasl@aghed ohcavadiarl( pihef 8.0 @86 wsl thehewicalbhowddpt @fdDmilry. The

sampLe A el pLe EluLad ([ mUte M LIIENTA suriace and dried (puthe

mM NaCl (Calbiochem 567441) with 0.1% OBG. The sample 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 pL of the sample buffer and then twice with 10 puL of water. The surface is
then allowed to air dry. The sample was then pre-eluted from the Ni(II)-NTA swiface and
dried 10 the center by applying 2 pL of a 1:1 ACN:0.1% phosphoric acid solution to 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 uL of
matrix was applied to each well. The matrix formulation was 0.5 mg/mL DHB in 90:10
ACN:5 mM ammonium citrate. The formulation lead to a uniform 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 MO water and diluted to 20 fmol/uL
in the HEPES buffer described above. Under the previously described protocol, 100 finol of

ubiquitin and the His-tag recombinant variant were loaded onto the chip. There was no
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wel | . These acidic conditions released the H s-tagged protein fromthe | MAC
surface into the solution which was then concentrated into the center. Once

the wells were dried, 2 ELL of nmatrix was applied to each well. The matrix
formulation was 0.5 ng/nmL DHB in 90: 10 ACN: 5 mM anunoniumcitrate. The
formul ation lead to a uniformpad of crystals throughout the well. 103461

Ubiquitin from bovine erythrocytes (Signma U 625)) and Ubiquitin, H s-tag
reconbi nant (Cal bi ochem 662060) were dissolved in IS M) water and diluted to

20 fnol /L. jn the HEPE descri bed abo t pr evi ou

descr 1 bed it S OHITEBGT e Sob. St S TR E I e g Rt

vari ant wetRitlo@asedosnt prd.he). Chl p. There was no 97 binding of ubiquitin
(mz -8500), and a strong signal visible for the H s-tag reconbi nant

ubi Qui t | Ty fibles ot A88fondt bSEsetlon ARG Gy Qlauddl i onal “Presentation Device
Configurations (034/] discussed above, the invention disclosed herein may
be appl i e[t;1347r]1 vafs dusussmab@ﬁnﬁle @h%tp@s fbsclaf»@fﬂlﬂ]ﬁ@m atanfdwsaﬁpdwd mm\WFih'qlSI i qui ds
around on sur ace0 dDq gn g N ‘? suri aces, maé g

confi gur éj& '8 SaH5t O § r‘\’éggﬁ PRR QL 1&5 fl Ifiﬁafé’&}l %ag'ﬁ& 5 dfsb%lﬂf i %e
vari ati on#Bartheasfieemadbs %tﬁb‘gﬁhdadefaf tdp@irink SndlpRs eensamdedikdapsoangement
which facilitates the novenent. of |iquid toward a center region, and as a
consequer®¥8] coneanyaiatien that has heep diseuseest sajligids s &orgralnp BranEHNSH s gn,

as shown dnif {eg;‘thellﬂ veﬁﬂ%ﬁ gﬁg}ﬁ L StoRaRS S B 1 Qfon, qg{d’ hEE (918 ehée?%?ﬁc\éﬂtrates
concentric circles boun y a boundary zonhe. sanple

present atth@hqldéwrcsengwﬂy aahlsftﬁ be cpodtsigyrae dhawit in ltIIEﬁr de, tbr: smople prcorstemt ri c
circles ch ds t ovar ce n_for analysis or

processi ngmcﬁcg?mplgs)?ih%? gonepiEc gl ﬂfﬁa&éouﬁaéedebénz{ %ﬁﬁ' gﬂy&&’ﬁ ce may conprise three

concent ri(@34dr cl Bk s@fple |jreghtatbedevicd dyGalse iR cdaphrddegitRnhiasor@more
wettability value, and the wettability of adjacent region is different. The
concent r i CIFHESCIFRE fafemewﬁg#@mdéaowéﬁ EHAE g fobARAES %IrEjP"é‘S{‘@%\ﬁmof t he
surface idy,fBR, &ﬁ@&ﬁ%meﬁwseﬁtgnow&vkc% R Bkist (AR Dlﬂ@elﬁz‘?@&@tﬁ% ﬁaeé&% of
the surface in't er concentric ring 8 I's smalTer than the
cont act andﬂé'@Emeﬁhdﬁwghel@amemﬁmeMCEMUmumdnhmgmaﬂﬁhWaﬁmdwhmﬂhemsnsnalIer
t han t he ct.wangle (CA4) at the 108

CA3 < CA erf’%‘stT ﬁ%HCCé’g‘b% {‘%‘%Sr%?’ayoﬂ © g?ﬂ? 3%8'? %ﬁ@es‘?&}l (QCI%HSO? 104
106 may hefe@din the brited ciRI MR iaSmbllan dhaA0hs egiten anom@emzabf thu Suldhdedh rﬂl@
regions may be configured for capturing desired anal yte, undesired species,

or a conbiPfat $BReN R B8t l04royhigk anpnallerdhag thy comit sekea{CA beok 81f g e f or
capt uri ng3RakYL SndN 062 asCGARY if SINRD (L& ntRD ki FU{EL R tnLARELL Bohe

108 (i.e., CAl < 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 configured for capturing
desired analyte, undesired species, or a combination thereof. For example, a first region may
be configure for capturing analyte A, a second region may be configured for capturing
analyte B, while a third region may be configured as the analysis zone. In another example, a
tirst region is configured for capturing undesired specie C, a second region is configured for
capturing undesired specie D, while a third region is configured as the analysis zone. In vel
another example, a first region configured to capture an analyte, while a second region is
configure to capture an undesired 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 surface. However, in other applications, the analysis zone may be
configured with a binding surface.

[0351]  In one example application, a first region 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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analyte B, while a third region may be configured as the analysis zone. In
anot her exanple, a first region is configured for capturing undesired
specie C, a second region is configured for capturing undesired specie D,
while a third region is configured as the analysis zone. In yet another
exanple, a first region configured to capture an analyte, while a second
region is configure to capture an undesired species, while a third region
is configured as the analysis zone. For certain applications, it nay be
desirable to configure the analysis zone with a substantially non-binding
surf ace. apgwey srrfagenfop eadvringoppicend poissn. thaampia ligeidcogignang hgh dist and
confi gur g 0. i:ndj ] npl e pli 1 a
first reglgc(()ﬁrl%\é1 iagtl%ggfl?gﬁ?%i&é J{5/\/|H E)ﬁ[%:mf Es(rglgﬁ? l]ea%%e%kggdggn %sgfrggac% oegrd gg%‘f'ag@f]ng a
first antpegeh whvli dlve theongens égibowd to shaordspgtivedntitickdl sarfses.ohe sa@gle

anti body surface for captuyring a second gntigen. A sanple.|iquid.cqntaining
both 113 STSHEORseBd B SRS TSS Pt FodUt SRS Ene NP1 E pr e BRE at f on
device. AtREd @Bl heURat ArdibodP SlirkRE aniMalisHedtd MRedthe: anbigensivke Ahad to
their rezpectlve anti body surfaces, the sanple presentation device is

washed t & utbsroveceatiye pretiprmeasussaieplsana dan §c prAeTedras tha At geteans Adian

rel eased s o HP@eﬁ M]sslgeeﬁ%(lﬂg?eqyﬂl%%r E%fo? v ah IR (1.9 JERNGERE rcgﬁt%m%”t 0 an
anal ysi s zone. ur ther processing Andior asurenents may then be perforned
on the fito ptocasst thgenconAfdngigen.t Ade fskaogt] aatipérgenekasdbizen thnatepad dntibdde

operator may wash off the first antigen and.contin t o process t second
anti gen. Sgﬁées@'@oﬂ&’“@?ﬂtﬁog%c}’ilc?fglaFeeP%tﬁg‘E‘El afl%‘léﬁﬁ Fﬁ%e'sgﬁﬁw&ahﬁiqcﬁ%w (ff ace
and al | owedsiren&ANERAN AR prbenddte Bhakysd smigemne. Cheni cal processing

and/ or neasurenents may then be perforned on the second antigen. [0352] The

sanpl e pr@XBht at Thensagevs pecseisledrodedcchdisdpsedi kergiptis Inohiliralgd tthe cersaiet ri ¢
surface rgegian | SCH: . L igns - r.QVi s cexanpl es
R T L M R
cont enpl allethatikmathet Yezious dnppltiengdities effittixt iroanttheni cle ismalzo berieoniatguthed thei t h

vari ous non-lci rcul ar ﬁ tter ns/shagﬁs._ \%OﬁS'?’]i One varila_ti gn_ :5/5 shown in FIG
27b, wher 8 B PHFEHABHEVICE Y % caleet B O SRSV P PP PaRsi gn 114
simlar tgsgsne onge sH@aniip sk il BIG. 275t RinsreCOPdiPUHAST O, isthiGed 8 @R zOne

112 is provided for receiving liquids delivered onto the sagée presentation
devi ce  Koeceniicesiisteadsignt Hé dpdy 19 difeontshonadn §1G ol alorthigregpiesurpfaan, the

orat et LA b1s e 09\t e DU IR PR a0 Lo
to the dridp. Podealily2herénoptzoayél? howacosct hegld ihquisduraditientit dr coone angR0 and
cventval | BoRSeRL 25 ALyl ELY Bl mRne 122, T, iU Lt e on zone
the drop £ap@didot@nieiiGa+e@eh the drop zone 112 may travel towards the liquid retention zone

120 and eventually concentrates at the analysis zone 122. The liquid retention zone may also

be modified to serve as the capture zone. In another variation, the drop zone is configured to

supply sample liquid to a plurality of liquid retention zone and their comesponding analysis

zone.

[0354] In another variation, the sample presentation device 132 is configured with two or

more drop zones 134, 136, 138, 140 for receiving multiple droplets of liquids at different

locations, which are then directed to flow toward the analysis zone after they have been

released onto the surface of the sample presentation device 132. An example illustrating a

four drop zone configuration is shown in FIG. 27¢. The various droplets being delivered

onto the sample presentation device may have the same chemical composition or different

compositions. Furthermore, one or more of the zones on the sample presentation device may

be configured with a binding surface. For example, the liquid retention zone 141 may be

modified to capture the desired analyte.
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supply sanmple liquid to a plurality of liquid retention zone and their
correspondi ng analysis zone. [0354] In another variation, the sanple
presentation device 132 is configured with two or nore drop zones 134, 136,
138, 140 for receiving nultiple droplets of liquids at different |[|ocations,
which are then directed to flow toward the anal ysis zone after they have
been released onto the surface of the sanple presentation device 132. An
exanple illustrating a four drop zone configuration is shown in FIG 27c.

iy have TR s ant RN CE L BN Es B OF DB 1 &V SR CBpBG e i °

Fur t her mifRids ¢6 aQingDiegio@f Fohexaaiilehdfevidiensabiied prageftainganedevite may
be configured with a binding surface. For exanple, the liquid retention zone

141 may bdemisaieritions boindapicinsereptianteesiatayt el Feop ges @r@saﬁtfl e hfév. ce
shown in () %%@?ﬁo@ém@%ﬁ@g&h%@ﬁ éaxtauf&fay lbﬁ dubdd QQH%en&w@;Ue%dl 2l

liquids into For “exanpl e device may be
per f or m nigligerd@r the seafant mhmmohﬂwatedoimpasnebﬁ)rl quth edubs ragalyﬂaczbmt sFar

catalyst into the drop zones ope aft r oughput

appl i cat | AP A W@%B{eﬁ?ﬂm 1H’emf"¥1 ?‘8 3@8 y\'ﬁ;’iS Zﬁnetshgacga?gé B «,J%B%}

del i veri ng skhSinh&ps! @H&ux@@étéhtﬁn@@&iecﬁﬁcﬁéiicﬂbf)ﬁhezlf@iﬁﬁl 1%@ﬁu{ﬁii£d’he9fna ben@pal ysi s
zones. For exanple, a sanple presentation chip may have 96 anal ysis zones,

each of thelownd¢djenited dighezpnes dhak e spastiedtchgach maa/@wdzcmét efft defendeas  and
each of t&ﬁ‘lgg!ﬂ?&gc ¥ 6t ‘?&%édo& %ﬂ@%ﬁipnﬁymg%g@?gﬁ]%e Lo 3 a;BHzlr eagﬂ'o‘%%?%q dp%p 20”65

that are sp % “each “anal ysSi s’zone fer conpounds
tested orcohiposndshinpitabwhhmalaivezone e ty saindti pgsewtionodeviche B@u| dterent

conmpounds_in its o an | ysis zone on the sanple pr atlon devi ce. Four
G 1T or ontreadtuts Pap PE g Sf SHueBc GG SPERERD Gihe G FEC G i Bach of
the four heasicadhe HBYS l@_@alyglﬁﬁd&%@ag@aﬁeﬂl&ﬁ@d 8 panat Y& Sz ogysihkpidgh a

dedi cated drop zone for each analysis region, cross-contam nation through

the del i Vsesp-conpminasionglrongh heodddivery Fpstfenaarmbe evoidade HuRBCIOEa @0 Mchas
been Cogpl{.&ttr%ﬂ haéﬁ@ényéonmaéd ta%g?l@%f RIOHACH o FRY )11%9[%3%@?{%(]%9@(:19&&12% lt ' n the

anal ysi S-spectronetry, etc. not
variati omna@ssaﬂplmlqmghsmsmactrmnd'eweue) as shown in FIG 27d, is

configure th i qu tran ort on hav;n a. cont di ent or
transitio[ﬂ%\é]e me%%“? %‘n‘?ﬁ@ ’i"r?gsalni gﬁ:?ﬁswaﬁlﬁ? Elc?eajlsg‘ﬂwfldnglllu(g g{aﬁésr on
t he surf%%g&ea b@m%ﬁl‘@h@nﬁﬁ@%ﬁ%@bh%vm ﬁ\ébﬁﬁct a%gre axar & ndhffosiepace my
conprise six regions (i.e., regions one r&gh si x) 142, 144, 146, 148,

150, 152 i trAnspertingdiguiddiarg onorreietto slirgites g surfgag of th@A@@PIGWMa’H@AZS
and CA26. deu‘&%. rP%gleQﬁﬁpig:atYle %&f&c%%ﬁygg&ﬁygjns%%ﬁ"r gpo%ts (1Cé6‘,2 Uf{)ng:A%g il uog@xz w{)

142, 144, 146, 148, 150, 152 with corresponding contact angles CA21, CA22, CA23, CA24,
CA25, and CA26. The regions may be configured such that CA21 < CA22 < CA23 < CA24
< CA25 <CA26. Preferably, each of the contact regions is configured with a SAM.

(0357}  In another example, the sample presentation device of FIG. 27¢ is configured with
a drop zone 162, a liquid transport region 163, a liquid retention zone 164, and an analysis
zone 166. Although in this particular example the liquid transport region comprises of only
three 1'egion§ 170, 172, 174 of varying wettability, one of ordinary skill in the art would
appreciate that the liquid transport region may also comprise of four or more different
wettability regions. For example, the liquid transport region may be configured with a
continuous surface tension gradient from one end to the other such that there is a continuous
transition in liquid contact angel on the surface of the liquid transport region.  These
continuous gradient or multi-step transition gradient may be use to move liquid reagents on a
flat surface for various purposes. For example, two or more reagents may be transported

from two different locations on a chip to a single location so that a chemical reaction may
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< CA25 < CA26. Preferably, each of the contact regions is configured with a
SAM [03571 In another exanple, the sanple presentation device of FIG 27e
is configured with a drop zone 162, a liquid transport region 163, a liquid
retention zone 164, and an analysis zone 166. Although in this particular
exanple the liquid transport region conprises of only three regions 170,

172, 174 of varying wettability, one of ordinary skill in the art would
appreciate that the liquid transport region may al so conprise of four or
nore different wettability regions. For exanple, the liquid transport

regi on migkettace ot Mplies damition. the swéite teiaionsraslinnt e OF R SHCRIFARPERYE r om
one end 1,9, N&nAhafs o%'f'ﬁ@s.t G gar}ﬁ{e? h oy SR HRURKS RS LGP ol Hel qui d
ace of ‘thef d . “These

contact angel” on the sur 0 Iquid transpott reglon '
cont i nuowsnfiguact eith adinding $urfast Gy chptansy tésom agalaeth end/omaydebesduspecien Imove

i quid reagents.on a ..fl.at surface.for vapiou rposes. For exanpl two or
nor e reaé’@%t‘@um' B Pﬁ‘ﬁﬁé%m‘)étdregi‘o 1ot PReEYF f“gﬁ‘e%{mlu%ég%t}(}é}ﬁso Sﬁg%(’%g hip to
a singl e s,@&at IfON ceRuiRDHifRraNeRiigak. I BRC bikle FYsenthidd dedike nidyagen Hen

anot her variation, the surface tension gradient may be used to separate or
filter étresie fHiseiccmdesisg aptigens fompoamplalpie dernsaedpn s deorstone 162, i qui d

transpor t,ry lt}f?e?sv%%ﬁoﬁ),eth CHE&iHQH&%go keBiod BENdL ”éﬂaﬁféﬂf &nh Bﬁ oF 3RbKri ng
desi re anal ytes and/ or un5e5|red species” I'n one variation, the liquid

t r anspor tchroagitemaphéc aofatdsgoned e, idn-sachipes swéct.ironsgsegfhasantuirbodyte.)sur f aces
for capttt ' different. antigens.. The sangl present ation q?.vi C rr@é then he
utilized [’W i |t BrOnE AT e I SAP L TS RHECH &%ﬁ‘ieacoélg’ﬁlﬁ?sea Pgtiac8pEsle ed on

the drop jganesddzones bivapak BiREs, vahi vkl Qgpecfmqaulﬁc@@;edg.g $ANSPRALing eghpr 163 is
adapted with one or nore  chromatographic surfaces/zones (e.qg.,

i On- exchagESADIPRVE, lﬂéxﬂewe?étlfefnécg@“@drbYa@:@fﬂéfa@W nto[th3 58 Y1ih Z¢ifeand
variati O%Hbézegﬁeﬁ %g@&ﬁs,pe&&)?e%étekaﬂp19,eé@hﬁ1§msrﬁ]?éﬂf’5ﬁ FES. ?slaI?'cHﬁlinéefsyanoé‘

j <Ml tiple
j uxt apose nes varyihg sizes,” eac a specific purpose (e.g.;

sanpl e | cady of praassrgesitep3PLf 12482 @RIL8 AO,RE2 (drilyaindricet €ithe 66 phakisoged by

concentration i.nto the | ysi.s-zgne and subseguent anal ysis,,etc.). One
exanp e, 5 %y P by 157 oty o S s g AR B oe Be S g S hie
processi ngmslel @&sc3Bdon dedee BRI 1388283 30he adbld Rﬁhﬁéﬁéoﬁmﬁﬁﬁ @Ry 6f mkaot96
processing site are shown in FIG 28a). FIG 285 shows an individual

processi rfguigin 8mgponat chyriste forsppgssEngp Pk fentamnlon The vicckaeap ohframig oDga.
The sanpl E‘aq];ﬁ e..30 1 C L j {04 istry for
pr ocessi nlglu!)c? t egssgrrgrlp %F.?é %ﬁga[ %@ﬁ%ﬁ?éﬁ? %ryt'rgﬁg% gl?lpfg;ﬁ Qg({l%dqllq}?ddthggs%pges from
one zone lbalignoineel02mayy bampvedrheclsanplle (¢.gate eijeiiing, the ssdmced idtodidi ng

rone 302 e o mchan gl Ly, (5: Gy U BLPSLLL I oLyl andplaced,
above sarphRe RiESENERNEQR] bHQUI R SBYoRE 3a9NNRC Bad ARY HCORBRMIORrZaRgs 342,
344, 346 and the wettability of which
may permit liquid to flow from one zone to the other, In one variation, the different zones
302, 304, 3006, 308, 310, 342, 344, 346 are each configured with different surface tension to
promote liquid flow from one zone to the other. For example, each processing site 332 may
be configured with a surface tension gradient to promote liquid flow from the loading zone
302 towards the analysis zone 310. In another variation, the wettability of each of the
connection zones 342, 344, 346 may be changed in response to chemical or physical stimuli
{e.g., UV radiation), such that the applied sample in the sample loading zone is transferred to
the next zone 304 (e.g.; ion-exchange zone) when the exposure of a zone 342 between them
to UV radiation results in a change of wettability and subsequent flow of liquid. Similar
processes may then be used to transfer the sample from the ion-exchange zone 304 into a
reversed-phase zone 306, and, ultimately, into the liquid retention zone 308. At this point the

processed sample would be allowed to concentrate into the analysis zone 310. Alternately,

the sample may be moved from zone to zone by the addition of a solvent which would result
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may permt liquid to flow fromone zone to the other. In one variation, the
different zones 302, 304, 306, 308, 310, 342, 344, 346 are each configured
with different surface tension to pronote liquid flow fromone zone to the
ot her. For exanple, each processing site 332 nay be configured with a
surface tension gradient to pronote liquid flow fromthe |oading zone 302
towards the analysis zone 310. In another variation, the wettability of each
of the connection zones 342, 344, 346 may be changed in response to

chem cal or physical stimuli (e , U/ radiation), such that the applied
sanpl e | in #He VSl dvPdbRIPTY 29%n el s ProFa st eaardated yinia theanrifisd rmp 4

(e.g. gﬂ %&h@n??eté%ﬁ)m 9%, tﬁg?lﬁX@Rﬁarv% t%nﬁje?@f‘&r%sgs &%M@@{ﬁe&&%m to

UVradla ion re ts 1n a change vvettabl ity and subsequent ow of
i quid. Sietratilay anqh’no&@é}gebmdmg pudspemds)aansﬂwdﬁgmamramsdrarf $d¢r@hspmﬂn§mfm omt he

i on-exch e zone 304 ipto a phase z ne 30 and, ,ultj. er, into
the 1 quitis e vishatsdaof RESHFREDETRERFRT. Jobuisll gne dhiFRGRYI o' be
al | oned tapaBRiReSRiSRVR dﬂ@bﬁmbﬂ%naﬁeds)’@!n%e&%&d3lo Alternately, the sanple
may be noved from zone to zone the addition of a solvent which would

result 186% n don exbanga isme Pﬁfhﬁ’ e figauantly osed chrpmatographisdechpiiyepior
repeat edﬂ&é”ée at‘iJh[ anratjf n%ff'c%’o @{P?{gt%ms %fgﬁ e, hid égmﬁsefp%\[,}gh&g%ﬁep% 308

Again, w't h ace’ Ui ng d| ferent I'ty and/ or
anal yt e biledcinggglr bperkids) (“Ghel rlgbhitc;ganrthe righstimbériofl ec/saingh.ef, phésédt at i on

devi ces a vast ur,i fi tratlon isol atjan, and
nodi f i Ca?f%i’g}" &B%Fb&ir"lll tla(gges \c/)[ﬁ%ap% Ny Pu Er) ‘r:'r@ ahaiA e )"t aﬁlgfyélr eat ed.
[0359] | and/exsharge aﬁ:ﬁh@iﬁ@nss)ﬁt B baRatartiRauent }bryswus edruabi@aREQEr &Ptk C
techniques for the separation and purlflcatlon of, proteins, polypeptides,

nucl ei ¢ SHPRIS Presete 3@@? ividision-giehangs ¢reALIEar JEdOBesThInETRIPERsS MeY®e right
aep at tut:lgleﬁl'eﬂt't\gil }1:513@;] | dﬂ; 8%1?&&1@?}"(@9%? as ’fhegtﬁfiy 908 &8 pro@&n nepigra, J.

or various chem ca? anafy5| s and/ or
synt hesi $aieapp1hmdattheom ysistof rigeysalnglealityah inaty e anry S:0zque o eigotizer fvamitqnoirhal zone

on the sa esen n_device with ion-exchange capabi he
i on- exchaMy E?'%E EMERHY 28 BR PEFCHHE e &4 H%S%Feé'soé? étci' dh®devi ce

as the 0@11Mn1@ﬂtp|16/&s§1|i'§§fé§é&b 14k QGRS 511 1R hAKR prdeA@oPIdve. IThelidife@R@lg¥si s of
t he sanpl e I|qU|d in the analysis zone. In another variation, the

i on- exch&pfdUivayayealsonps erﬁﬁlﬁlﬁlé@te%ncﬁnwml%e&@itﬁ@ns@eéﬁevhwnwgrpia Bappies of
two or MR re Pgni cal processing steps to take place on the sanple
presentation device. The ion-exchange capability may al so be inplenmented on
a sanpl e [fF68s entSparetiodeni oo aviange orbeorsatogrepley depptdar ep@onks. refHIb6IB1

adsor pt  GHECBHiCE o GEE ot S THOFStor Ba PP HRODrY i SEdEb Rk MG Y oups of

OpposI t € charge. These ion exchange groups may be cationic or anionic, and are often categorized as
‘weak’ or ‘strong.” Thus, the ion-exchange zone on the sample presentation device may be
configured to comprise strong cationic functional groups (e.g.; sulfonatc groups), weak
cationic groups {(e.g.; carboxylate groups), strong anionic groups (e.g.; quaternary amines), or
weak anionic groups (e.g.; tertiary amines). The surface functionality may controlled
through the assembly of various SAMs containing these functional groups. The surface
wettability may be controlled through, for example, the use of 1°, 2°, 3%, or 4° compositions
implemented in the assembly process.
[0361] As shown in the above example, reverse-phase chromaiography is another
chemical process that may be implemented in a functional zone on the sample presentation
device. Molecules that possess some degree of hydrophobic character, such as proteins,
peptides and nucleic acids, may be separated by reversed phase chromatography with
excelient recovery and resolution. In addition, the use of ion pairing modifiers in the mobile

phase may allow reversed phase chromatography of charged solutes, such as fully
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charge. These ion exchange groups may be cationic or anionic, and are often
categorized as “~weak' or “strong.' Thus, the ion-exchange zone on the
sanpl e presentation device nay be configured to conprise strong cationic
functional groups (e.g.; sulfonatc groups), weak cationic groups (e.qg.;

car boxyl ate groups), strong anionic groups (e.g.; quaternary am nes), or
weal s anionic groups (e.g.; tertiary amnes). The surface functionality may
controlled through the assenbly of various SAMs containing these functional

groups, The surface ttability nay be contrqlled through, for ex l e, the
use of 1 deprotegted (ﬂ‘f ‘ gﬁ“‘\tﬁﬁeﬁﬂg ] "%"idcﬁg( Qr"p%’rlrﬁl H?H’é%tsegn °Re W@tQ§5%FVT%§@g£S .
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fully 1085H8pY BRette D607 GO o e 2 wﬁg&}ﬁdﬁﬁﬁflﬁ% 8 gtsraeys vonldone
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aromati c groups, wh can interact via hydrophobic interactions.
surface fagmict irptz ertly aghitg dhemahprootss ¢el takhmasg privh e &s sentvbiy of 8fc sampleous
SAMs cont,al ni ng..these._functional greups. The surfa ttabili may. be
cont  or | deh PO ARF s Y0 opre onf REH Rt R BULATE MR AR L bk, TR

i npl ementeeentatidih @evias S b kyvepe Ghass capibitityofna@ rathonar yndethéidied on tahamalet
having the benefit of thjs disclosure would appreciate that the reverse
phase zorBSSFHAYCHEVIHHAERB APEaT BATHBUEAMFe presentation device as the

only act ijyss2g hemogalxcRinge 628e L:Adl Rk&sPIRER MdcOhrel el NRraRalsY Slatips &he
sanple liquid in the analysis zone, orf as one of a series of processes to
t ake pl ag@svbic fmctionaiptgonyoeseheanpobe depitroenteditrea savple peespitaism deajsabi | ity
may al so i 4l . a |l e [ ntati o evic ving one,or nore
capture z@%eé%ﬁg%g%ﬁﬁ 6%9&%?1 g%lg)lrég %lgg%e%gﬁtdoﬁé? e@%cgosﬁheagzgg@oaﬁg%%age tll} %ted

her ei n asvaex@ph@shemhicaPessdskds endyrdinpliahted @gihoisdziond sedibat byrmaydiBeng

i npl emented op a sanpl e pregﬁnta{ion,devi Cﬁ)é} .One of ordinary skill in the
art havi rfge TRECHEMEIPEY O 2 PAPSSYISE PYs e WBETWebEPreci ate that  vari ous
other chgmerl PRAGES R Iy M Ldqdh f Lonal . redi by
nodi fyi ng _ ﬁe su_?%acgﬁghemyes?‘?n g@%@%ﬁsﬁéﬁ f eeézlgﬁdv}\;/i Wﬁb %E‘Z n} 3§‘%¥C?‘gﬁea|
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example shown in FIG. 284, the sites are created on a 45° angle relative to the orthogonal
posttioning of the analysis zones to allow for the spacing. Versions compatible 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 sample presentation device may be
configured with various array configurations of sample processing 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 chemical samples. For example, crude biological samples
{e.g.: serum, plasma, 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 goal of
removing the unwanted, interfering materials from the crude sample. Many of the current

methodologies involve a series 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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be placed on 9 mm spacings in all 8 x 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 analysis 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 sanple presentation
device may be configured with various array configurations of sanple
processing sites. 103641 Sanpl e presentation device having one or nore

f unct i onakmplene’s s¢replg presegationesetieerigeingome, or mesre furctighal siengoivebroesap ther e

zone, etc.),.may. b iz 0. proce vari .9t ogi i 1.gal
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serum plaasidahe gd fJr,addltioadl ieanhanntiansaditeily of species that coul d
interfere with subsequent protein/peptide analysis, nay be processed with a
sanpl e preaRBlabl Aaditienil PessehtbtioBédi¢CllpdmengaizBl € " cl ean-up" has becone a
maj or area of research re_ce_ntlg w th the goal of _renoving_ the unwanted,
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which requires amm 1nstrunment” to controf the chromatography "and a col um

wi t h whi ahe tilypisomas snayhasocheupteviddd 3Thamguites zénsamphbgyped seht thttitoeandevi ce

havi ng one..or re functional zones to Bro ess the crude rBater.i Id y al | ow
t he oper aetCBYat‘?(g?%é?‘?tBan‘%Wg%% o&%éﬁ?@ rg o SWRWETINE SHRY de®ANAC Roi d t he
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Presentati on Device Inplenmentation %036 I'n another variation, the
pr esent atthoputissi dae eswyntedestage surther be HuleA do £apiast el testoneenasylanal ysi s

zone- AN RIA-ROR! RO HRARENZ AFWhAD SHELLUNES o Wi ABANHIE ONDRERe { e

anal ysis zone may al so be~provi he capturé zone”Is configured such that
it can belesiaghdnuyteed bbandciafut the eapaure amie, genesidtai spexianyl the strhigde daptoayebezone

may be activated b coval ent |y binding, a chem cal .or . biocheni.cal (e, g.,

ol ot | demoRurFeRde St e heseliioptedit T, SRSt SRS R IR ablly
surface mtedeh@iol&vileh! 1 zed to capture anal ytes by non-coval ent

interactions with the analyte in the sanple solution (e.g., a biological
fluid, etl®366] On@ecathe resitisl sregicahied Yace remaovsdutha desieed anplyicmpy by eeloddide, the
residual gSREGIES e %&f‘e ﬁﬁ%&ﬁgﬁﬁ&érﬁedﬂ% tH?anJl}?sq'%)Xcﬁg bf 81'&%4"1]&1&% {AGg of the
presentat’i on device €.g., washing the surface o the sanpl e presentation
devi ce) . {G6], tnae-ddveleneisind dimking piecinastdiashdbetinaee smvied mdyte ditegitdded

anal yte be rel eased fromthe capture zope and then transferred into the
anal ysi s%@hf@fmﬂfégéﬁﬁen‘é‘ﬁ'ga‘_wf‘ﬁ“ fe? C&B‘ﬁ'fcégéﬁ?mt & nBﬁP@éW%Jeﬁtg"bH d
l'inking tiReqangd, ¥ hanbhe aRe! fo¥ @ Ll SHELSRGE HEBMaRS: HbSIiHPL&R ated surface.

The released analyte may then be directed to move into the analysis zone. For example, the

released analyte may move towards the analysis zone due to surface tension deferential
between the capture zone and the analysis zone. In one design variation, the capture zone has
a larger surface area than the analysis zone, such that the analyte would concentrate onto the
analysis zone. Once the analyte is in the analysis zone, various chemical analysis techniques
may then be implemented to detect/measure the analyte. In one variation, the analysis zone
comprises a substantially non-binding surface. In another variation, the analysis zone
comprises binding surface for capturing the analyte for analysis. In another design variation,
the binding characteristics of the analysis zone may be activated after the analvle has been
captured in the capture zone and prior to the release of the analyte from the capture zone.

{0367} In another variation, the analyte 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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t hrough chem cal (e.g., introduction of a chem cal agent, etc.) or physical
(e.g., W irradiation, etc.) nmethods, thus, forcing the release of the
analyte fromthe activated surface. The released analyte nay then be
directed to nove into the analysis zone. For exanple, the released analyte
may nove towards the analysis zone due to surface tension deferenti al

bet ween the capture zone and the anal ysis zone. In one design variation, the
capture zone has a larger surface area than the analysis zone, such that

t he anal yte woul d concentrate_onto the analééis ne. Once the analyte is

in the af@d6pti s Qwnel ovdingry wkill fredfc art bavaey hiat geie disclasyre; wardpe
i npl emntgg&eélgtedtﬁﬁteﬁ% | B asih eofttﬁe céﬁléﬂeyéo‘ﬁc ahdl tQ@@aﬁ(@ﬂﬁ%Ef AR adalRe BNAYSI S

zone ises a substanti al y non- bi ndi ng surface anot her vari ati on,
the anal ysptsrezzme 1sambrﬂnm1§>est0bthnonorwglesmad@ow-ﬁmﬁm&ﬁm@mmgdmméseén:éjoyt e for

anal ysi s, |l n.another desi gn varli r.act.eristi.cs, of the
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[0367] In anot her vari ati on, the anal yte is release fromthe capture zone by
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Vari ations of the sanple presentation device may inplenent utilizing ionic
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capture antigén with he capture zone. anot her application, the
sanpl e proesgrisestNdh edtewgmepa sTTaethird preyl rapdeche sol whet thaamotiifics thepample as a

custom zapl e device. ust mzab i.s confiqured w a.i
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t he capture zone on a, sanple resentation device is adapted with a surface

that is CRpaPe Shstesl @ﬁtwp REPTIATAR deinei BB RFPiurse LRaiphlar tieclcapt ure
zone nmay g ?ed%ﬁ’& %a@e&hﬁe i s%Hru@E%thiﬁlz&h %r&ﬁe? éhé;ﬁén VUG nGhQUPS -

The third rt’y may user t at nodi e sanple presentation
devi ce, anady,t\hlemme}ﬂbselquewhm:ey In:aﬂoﬂr_ceexanenlm;mlﬁ@th@zbmﬁanmi@teﬁneﬂﬁrﬁﬁm on
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devi ce faampRRIreBehgoRdPades it€ tlodlicd ¥ B presentation devices having different metal
1ons 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/biochemical 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 anchor the
antibody. For example, the kit may comprise: (1) chips; (2) reagents; (3) buffers; (4)
calibrants; and (5) tools. In another variation, the kit comprises a sample presentation device
having a capture zone that can be activated 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/biochemical (e.g., nucleotide, peptides, protein, monoclonal antibody, iron

1on, etc.) onto the capture zone may also be provided within the Kkit. In another variation, one
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anal yte, and then provide and/or sell the custom zed sanple presentation
device to another party, who may be the end user. |In another exanple, the
capture zone is adapted with a SAM surface conprising NTA ligands. A third
party may then utilize the prefabricated NTA sanple presentation devices to
produce a sanple presentation devices having different metal ions for
capturing different bio-chemcals. [03701 In yet another variation, the
custom zabl e sanpl e presentation device is provided to a user in a kit
along with other chem cal s/solutions to allow the user to activate the
capture ©F8WE o thhadpeERg pgenh tochrespniigriehi lordsdnincheied apd(pr ofbe viseqiiaried d
antigen. 0 rLati [ I S I septat | evi ce
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presentatjon device . ha n% a . capture zone that ca activated for
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measur enentlR digpesoataesetc. Jhed s ahqibelepres éift @tg. aptidd secser,rey), at downen FUEi | i zed
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parti cl esor further processi ng, and/or for running additional chem cal
reacti onsjp314372; hihiRAeyARlibRUKO Prdsbifat AN EecPIse Sifiteat AR eMiGe vwifkh 1S
utilized with a systemfor neasurenments based detection of reflected
phot ons (ieniges, the praldes os fecemplaupspniatipndrescéicad dirseted thieonnizeat particlehe
system g . LOur LN, -em 1404 (. | _ visihle. or IR
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as shown Fi. B0.GA [a@9.410 directed by a mirror 412 may be utilized to excite the analytes on the

surface of the sample presentation device 402, and the ionized particles are accelerated
through the acceleration electrode 414 towards the detector 416.

[0374]  In yet another variation, the sample presentation device may be configured such
that photons 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 sputtered on top, and a SAM layer deposited on the gold. The thin gold layer may
allow transmission of photons. In one particular application, the sample presentation device
402 is utilized with an optical emitter 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
measure the amount of light 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. One of ordinary skill in the art having the benefit of this disclosure would appreciate that
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[0373] In another variation the presentation device is utilized with a
system which ionizes the analytes on the sanple presentation device 402 and
directed the ionized particles toward the detector 416. For exanple the
system may be a nass-spectroneter as shown in FIG 30. A laser 410 directed
by a mrror 412 may be utilized to excite the analytes on the surface of
the sanpl e presentation device 402, and the ionized particles are
accelerated through the acceleration electrode 414 towards the detector

416. [0374] | t another variation, the sanple presentat,ion device,my be
cont i gur e AHPeTbn 3R Bh BieaErhay SRvebE RUGR PR BrE oy B R KE

devi ce i tmglcheatibRicwxadadrthediBRin. SUbstrate of the sanple presentation device
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variations of the invention, which are wthin the spirit of the disclosure
or equivalent to the inventions found in the clains, it is the intent that

this patent will cover those variations as well. Finally, all publications
and pat ent
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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. 107 CLAI M5
W claimthe following: 1. A sanple presentation device conprising: a
substrate having a surface, wherein said surface conprises a first zone
configured to capture an analyte anehggégcond zone configured for anal yzi ng
said analyte, said first zone and sa ond zone being configured with

di f f er enve sMainttdbiollowiigt 0 pronote liquid flow fromsaid first zone to said
second zone. 2. The sanple presentation device according to claiml wherein
said surface further conprises a third zone, said third zone is configured

to contajn I|Acgdmgle\prgsmtmma@bdce‘dohﬁ;hsmg)ne 3. The sanpl e presentation device
according to claiml | yral | of said first z and a
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di stri buh echiyddardai seeond uéﬁe@eﬁﬁga&da& @angayg saﬁiﬁﬁllaly&f sa$dif1(§t iohé add saREcohd
connected to a correspon | Ng one lurali té sai d second zZone, sai d

sur f ace 2Pisrheg corpisa vabdifiereny wﬁwabzlsh@ pa‘efafﬁf Hapid Bow dignysaiddird zpne paid al ity of
first zQQ@ndzdhe, The sanpl e presentati on device according to claiml wherein
sai d substrate conprises a self- assenbl ed nonol ayer. 5. The sanpl e
presentation device according to claimi wherein said first zone conprises
an  ant body Thﬁsammeprés%ml& RVES Q&B.%mgcwca%vn GRerBRCAN GhirPie mhal cBinfisks yher ei n
said first zone is configured for performn hromat ography. 7. The sanple
pr esent tifdoangl éajd thérd gercos mmﬁgummoaﬁamllquxﬂmgm yidfyptgord. r st zone conprises a
i mmobi lized Fe(llt). 8. The sanple presentation device according to claim!|l
wherein said first zone conprises a imobilized Ni(tl). 9. The sanple
present dt i on Tesdmpde pressortinmdsvico achbulingte clitet aimprisiaigd phirslitt ofzeiddirg emer i ses
an i sanpl e
presezygﬁ?%waﬁﬂgggégg%%éé gX?QQhﬂHP%PQL Q@%@?ﬁ&ggﬁgmfﬁggmkgéﬁgn?s adapt ed
to captufae as praofpicach & spé[b‘ltst denge iorongected ¢ eotriesinding onerf@heaAqulitg of said

ELS:SQE?%%{) cirl1 zo%%vslarccl%uﬁace 1‘91 g)mp% s€8 a%:m zone atﬁpt%d 13 sségérge e Ol rah?y o??’lrslt Zone.

4, The sample presentation device according to claim | wherein said substrate comprises a self-

assembled monolayer.

5. The sample presentation device according to ¢laim 1 wherein said first zone comprises an
antibody.
6. The sample presentation device according to claim 1 wherein said first zone is configured for

performing chromatography.

7. The sample presentation device according to claim 1 wherein said first zone comprises a

immobilized Fe(III).

8. The sample presentation device according to claim | wherein said first zone comprises a

immabilized Ni(II).

9. The sample presentation device according to claim 1 wherein said first zone comprises an

immobilized metal affinity chromatography surface,

108



non- bi ndi ng. 12. The sanpl e presentation device according to claiml1l
wherein said first zone conprises an antibody for capturing an anal yte. 13.
The sanpl e presentation device according to claiml1l 1 wherein said first
zone is configured for perform ng chromatography. 14. A nethod of anal yzing
an anal yte conprising: presenting said analyte on the sanple presentation
devi ce describ in im9; and .. detectij id . te. <.ane met hod
accordi ﬁg to%glf gﬁm%qelgcs\?\ﬁgﬁéeqrgﬁ Vigg? O'ahe Z%?llﬁ 1r?{gp§?:?sr%gwg§?5!§é%"%bseagd?%deBng | aser
desor pt icapurt @ proten, iagaptites® aspeedtidlonet ry on said anal yte. 16. A net hod of
anal yzing an anal yte conprising: presenting said analyte on the sanple
presentation device as described in Cdaiml | ; and neasuring a chem cal
char act éii st iToe sfmpdaprescatatdrydegice dckordiglanipined phesientidtecond thav issebstantiglyl si ng:
a substrate having a surface for presenting an analyte for a analysis;

means ng"'E'gg‘tnﬁ'ri ng said anal yte; and neans for focusing said analyte for
anal ysis. 18. The sanple presentation device according to claim 17 wherein
sai d suaitra conpri ses ﬁ?s | f - assenbl e]d. nol ayer . 9.9. The sanpl e

present dti on 'd&VATES HEXBP '11(8"“(“83%‘:%'?%“1?3 Whetein iy TSt 2ong EUMRISHA ses a
pl ural i taytikally f» gsurt@\ah agalgte f f erent wettability. 20. The sanple presentation
devi ce according to claim 19 wherein at |east one of said plurality of

zones conprises an anti body for capturing said analyte. 109 21. The sanple
present aBj on THeVingRe peetiatdiWbyice abaiiny) td Olaih Er Rhdieifbaid 8R610nd RRoMHigusdifsk
plurality of = zones conprises an imobilized nmetal affinity chronatography
surface.Peiﬁ?m‘"ﬂfg’%Fa@ Yresent ati on device according to claim18 wherein
said surface is adapted to focus said analyte onto a substantially

nonJbi ndi ng regi on on said surface. 23. A custom zabl e sanple presentation
devi ce dbnfi duirethod of analydeg 2ialyikLPPPEsii® a sanple conprising: a substrate
having a sur fpagéindRfd flaliS& #He SIMPIAGERMIN deFi8S astebdribsd in(88mN aRdapt ed for
nodi fication by a user to capture an analyte, and a second regi on configured
for receivi ng'e‘§‘§l%saléamlﬂ?-ed anal yte and present said capture analyte for
anal ysi s.

15. The method according to claim 14 wherein said detecting act comprises performing laser

desorption ionization mass spectrometry on said analyte,

16. A method of analyzing an analyte comprising;
presenting said analyte on the sample presentation device as described in Claim 11 ; and

measuring a chemical characteristic of said analyte.

17. A sample presentation device comprising:
a substrate having a surface for presenting an analyte for a analysis;
means for capturing said analyte; and

means for focusing said analyte for analysis.

18. The sample presentation device according to claim 17 wherein said substrate comprises a self-

assembled monolayer.

19. The sample presentation device according to claim 17 wherein said surface comprises a

plurality of zones having different wettability.

20. The sample presentation device according to claim 19 wherein at least one of said plurality of

zones comprises an antibody for capturing said analyte,
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24. The custom zabl e sanpl e presentati on device according to claim23
wherein said first region and said second region being configured with
different wettability to promote liquid flowfromthe first region to the
second region. 25. The custom zabl e sanpl e presentati on device according to
claim 24 wherein said second region is substantially non-binding. 26. The
custom zabl e sanpl e presentati on device according to claim25 wherein said
substrate conprises a self-assenbled nonol ayer. 27. The custom zabl e sanpl e
present 2L i onTklaMmgR pseditibh ragwwacedraxhgno?@a ah e raierinsd icdstfoné ttsaidglirality off S
adapted to receive an nhﬁ% ‘%% éB The CUStﬁg bl e sanpl e presentation
devi ce HEELTHIPHEFSAD "R PAT! aifippty cheamajography S on  conprises a NHS
ester group. 29. The custonlzable sanpl e presentation device according to
claim23 wherein said first ion .is a?a pted to chelate a netal ion. 30.

The custoni z 5 8me mswtﬂwéésw SACFYANG GIEE 18NSR Al sPEace IS IobiopRYs ei n

sai d fl£a$dan%@ﬂ:ldﬂ{haéﬁ@ﬁaﬁlhg,eﬁon@bnﬁﬁh?gJe@aﬁ@ﬂ@smcﬂ-&x@fa&l A method of presenting an
anal yte conprising: introducing a sanple liquid onto a surface, wherein said

sanple liquid conprises an analyte and a specie; capturing said analtye on

a firstyfeqi Q'Eué?&né@dlgsa%lﬁ Jﬁ&%ntat‘i&méw:@&)nﬁ@drgd t%%ﬁbteanfaﬁeﬁﬂkﬁﬁd Qm%lér face;
rel easi ng said anal yte; focusing said analyte onto a second region on

sai d supdmEEing32. The nethod according to claim31 further conprising:
detecting saj g ¥y Sog a%ﬁrfac-gkwhe?gﬁ Msuﬂﬁ&cyompﬂ&sta%rﬁ l’é}io@aﬁgptm{ ein

det ecti ng sal d ana yte COITpI‘I ses one of roup consi tin nass
spect r omedifigation by # aeee toslapreoN anéstemﬁeeecom gaiee S@é}ge@d ffatr@mvmgfs@jrl ce

m o1 05 OBBlred MBS pRRSPLEAIGANmablAhisFlPGROCNCe, chem | un nescence, x-ray

phot oel ectron s ectrb scopy, metry, ectrochem cal detection
phosphor escence, uItravioIet spectroscopy, visible spectroscopy, and

infrar 6514 Spe?ﬁ%c(?ét%ﬁpzryiblggﬁn rlti: sem?& g&?&vﬁgg& %QOana &%ﬁ@rg’ﬂﬁé’é@ﬁ&g}ﬁ ai d

capturing ac urt €s capturing sal X ody.
35. Theamstidoeroad egiodibrige tanfighai witB Hiffver eetrabii pocalpttuhqumgﬂmfromtﬁret her
conpris n d. analyte with a chromat ography surface. 36. The
nmet hod g%&% g%ﬁﬂh ngQf %?%1 wherein said focusing act further conprises
focusing said

25. The customizable sample presentation device according to claim 24 wherein said second

region is substantially non-binding.

26. The customizable sample presentation device according to claim 25 wherein said substrate

comprises a self-assembled monolayer.

27. The customizable sample presentation device according to claim 26 wherein said first region

is adapted to receive an antibody.

28, The customizable sample presentation device according to claim 23 wherein said first region

comprises a NHS ester group.

29, The customizable sample presentation device according to claim 23 wherein said first region

is adapted to chelate a metal ion,

30. The customizable sample presentation device according to claim 23 wherein said first region

comprises a NTA ligand.
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anal yte due to variability in surface tension on said surface, wherein said
surface conprises a self- assenbl ed nonol ayer. 111

31 A method of presenting an analyte comprising:

introducing a sample liquid onto a surface, wherein said sample liquid comprises an analyte
and a specie;

capturing said analtye on a first region on said surface;

removing said specie from said surface; releasing said anaiyte; and

focusing said analyte onto a second region on said surface.

32. The method according to claim 31 further comprising: detecting said analyte.

33. The method according to claim 32 wherein detecting said analyte comprises one of a group
consisting of mass spectrometry, surface plasmon resonance, fluorescence, atomic force microscopy,
optical spectroscopy, bioluminescence, chemiluminescence, x-ray photoelectron spectroscopy,
ellipsometry, electrochemical detection, phosphorescence, ultraviolet spectroscopy, visible

spectroscopy, and infrared spectroscopy.

34, The method according to claim 31 wherein said capturing act further comprises capturing said

analyte with an antibody.

35, The method according to claim 31 wherein said capturing act further comprises capturing said

analyte with a chromatography surface.
36. The method according to claim 31 wherein said focusing act further comprises focusing said

analyte due to variability in surface tension on said surface, wherein said surface comprises a self-

assembled monolayer,
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