DEVI CES AND METHODS FOR | NFRARED (1 R) BASED OUANTI TATI ON OF Bl OMOLECULES
Cross-Reference to Related Applications [0001] This application clains the
benefit of priority of U'S. Provisional Patent Application No. 61/475, 434,
filed on April 14, 2011, the entire content of which is incorporated by
reference herein in its entirety. _ i _u ThIS i nvention
relates to the fiel d_&_ﬁm, SPESt oot SO Y Jor quantitation
of analytes in a sanple anQUANTHgk J AL Background [ 0003]
Infrared (IR spectroscopy is a commnly used anal yt| cal tool in research

| aboratories for analysis dirosgRefese Relpted Aqyiligations t he el ectromagnetic
spectrum extends fromthe | ower end of the visible region (wavenunber of

appr oxi mat el 094 'Boovapphtatipn cloinmsbe ingfioviavieriyedilbh RrenasipnapBatent 1 ). Usual |y,

for a nol ecu r MInPL 8l 11ens) 1 or é’%ﬁt t he nol ecul e
nmust cause a‘kﬁ%gcg%ﬁhﬁlgeéq{“k&% rﬁgfidpo <§I§:}rr1)rﬁant1 dpé&higérm ec x\#&lmﬁ?’he al ternating
el ectrical finedndorafedfolneefclanhedtiebrﬁniiuatemram s with fluctuations in the dipole
nonent of the nolecule and if the frequency of the radiation matches the

vibrational frequency of the nol ecﬁ E }Pen the radi ation is absorbed, thereby

causing a change in the anplitude Yl ar vi bration. [ 0004]

Typi cal |y, gquantitative an |om) cul c roteins, the
oot commoni P0ReE ekl feutde BTt Eo e wer Bttt s 1 he” hommss e
bl ue assay, §uatilacow §f AAsISRY in 4 A pBCGAd AsE ey fande ihe Retiode 660 Protein assay)
and UV spectroscopic techniques (e.g., absorption at 280 nn). In case of nopst
quantitati on nmethods known in the art, a user needs to generate a calibration

curve using a calibrant which typic L he sanme nol ecul e as the anal yte
being quantitated, each tinme a user carries outf the uantltatl on. Summary of

the I nventi offO07ldoterEd fiRa spsrsassary is AeREPBR YsrbirBsal g rovedratet hods f or
quanti tati onjaeéra@Rad bk %lys%%E%Iﬂéd Wh@ﬂl@%&%ﬂtl@é‘eledr@n@g&ﬁ@%&trurﬁh' ch require
less tine to perfaormas well | ess sanple vol une than nost net hods known in
the art and, ©fendg e thd@Wﬁb%ndrOé&mVﬁ%blsfﬁy@%év@waw@%aeprﬁrwéﬁ%t| on steps, as
do nost net hm%d@?@%o tR lifi8wald regibh {e20 ol f)e URIROES  A6AQUAIY to the
present invention also obviate the need for user 'to generate a calibration
curve each tibserbdR, @ﬁalbﬁt@ns@rrq@amslvﬂdtne@emcalewswum nertéhmgw that the

cal i brant beyf Fea]-Hﬁm 181! FEe ARalY:t P KB The present

i nvention altsolag)r ovi des gg@?%%se% or u?se&?lln lt%egarla‘?rregja& teth%& 0006] I n one
aspect accor diamsts witlt Hectstiesseinthe digdatmowant odthe molpeueandribthh Sdateory quantitating
one or nore t hod for
quantitati onpflotﬁ oggﬁg}} ﬁ%%lrléel tge o?rlgﬁlé%tljrré%l%ﬁy%tqfs?%%{eglggﬁegrt 89%?%% he present

i nventi on, th@bmddoﬂiembyrpnuislsgs chdnge gt thpgmplfitudg d)thq)mokstpldamgbratlcsarrpl e hol der
conprising a s .region surrounded
by a hydr oph@g&(’goﬁyé)gingnt}?ﬁne guan faplve ana ysxs o?glo{noﬂ%g eg)%gmpro ns gh t he hydrophi | ic
regi on of theostentanenky um:ctthclmumasmbeolvmhlum tec@n)quctr(ylgnglet@mmwmblee vol une on

t he nenbrane d 0si n h le volu 0 e menbr ane an infrared
beanlconprlsﬁﬁé’ @@ éY5ﬁé%hwﬁﬁi§%§a%8§@¥?gﬁ“?%ﬁgg“%?“&ﬁ6§ﬁ£6 cm 1, or any
portion of tipectspeqti¢ abhrﬁ@.tage:,g tdbsorplion 4t a8@bihAI In case dfmicsequadtiatiaor pti on
spectrum wher e or .npre absorption peak areas in the infrared absorption
Shect rum cor PERARIGORNNTE R LRSS SAPTTHE SGATBON SRS B0l ecul os | b t he
sanpl e. [ 000&]ibfaft whioh B@lcanPishitbafn@mdietartas tiat dna@lytetei@RRaMtaB®echbi onol ecul es
in a sanple according to the present invention, the nmethod conprises the steps
of : (a) prov?%?h@“%°§8ﬁbﬂéﬂﬁde§Fm58npr|S|ng a porous nenbrane which conprises
a hydrophilic region surrounded by a hydrophobic region for sanple

contai nnent; (b) contacting the hydrophilic region of the nmenbrane with a
sanpl e volume; (c) drying the sanple volune on the nmenbrane; (d) detecting the
presence of water in the sanple volune after step (c) by infrared absorbance
and repeating step (c), if necessary, until presence of water is undetectable;
and (e) exposing the dried sanple volune on the nenbrane to an infrared beam
conprising a wavel ength in the spectral range of 4000- 400 emt1 or any portion
of the spectral range, thereby to obtain an infrared absorption spectrum
where one or nore absorption peak areas in the infrared absorption spectrum
correlates with the quantity of the one or nore bionolecules in the sanple.

[ 0009] In sonme enbodi nents according to the clained nmethods, the one or nore
bi onol ecul es is selected fromthe group consisting of nucleic acids, proteins,
I|p|ds polysaccharldes and Ilpopolysaccharldes An exenpl ary
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[0010] In various enbodi nents, each of the one or nore absorption peak areas
in the spectrumcorrelates with the quantity of a particular bionolecule in
the sanple. [0011] In sone enbodi ments, a nmethod according to the clained

i nvention does not require the generation of a calibration curve each tine an
analyte is quantitated. [0012] In sone n’[iodi nents according to the present

i nvention, one or nore calibra e-|1 oaded onto the instrunent
used, ther ebyoohVT IRt ir&enttiRnfi@ B o ti0eaRPRNEE Retho&ilor BlaatilaBbn 6r ve each time a
user wishes to quantitate an analyte in a sanple. In the case of protein and
pepti de quantiabgs esnecialiydieuelpruicsdi iaspmple. Waslkwawvs EHIPRNTSHOBE 3%ani de bonds
or the concepbi gt kQMafhie3BdR AN ALESENnoWA ih e AhYAGRRL R Rl ecul e and,
accordingly, the quantitation i s i ndependent of the am no acid sequence of t he
ol ecul e. c:oreg@rqmmspsclalamnmlkerewstuonrﬁéqph@déommethm kigwd in theetie art which
require the te (e g.,
protein or pglgﬁ%églé ‘?ghg‘%é‘g??‘?lé%g& %@&P ﬁfrd'l[;/ ﬁglro ﬁ?@gf}?’?@g% teg@ éxcal i brant be
t he sanme nol wutoegeagalteh@aldnaioyltoaer@adgimmmwb'&t1eduarltltat€tdmdmst> dodst accordi ng
to the clained inye n. rotein nt. for the
generation g? A t\ﬁfltn[h ahlbroaﬁp%et}ge é(;atmv‘\:?nrml%‘nr%){e as(? Sn% e%efr?%l&%lmtg galgléd onto the

i nst runent bmesngtmsadmn[aﬁ@j:&]wdﬁsdlevhcasfqrusemtbaciamﬂnmﬁmés anal ytes, e.g.

| ei id bohydr at e t abl b d for th
e e s ok T I A A

used. The negyhedeatiag o dinvge blemblaaﬂemﬁsemhpllem/lﬁmldm can be used for
guantitating Ot%ﬁzll tes | ver smal I ¢ |l e vg lI n. vari ous enbodi nents
according tol °§FH’§ ‘fri‘ﬂB 'tat‘coﬁé’ Q%F%I“éor?/ PSS PEm 0.1 to 20 pl.
IIn a pﬁrti CUh(i%brdQ{gh@&herméhEnt m&mrl%ﬁgmlr@emm doRBrik s tm)elmtsoz (bppr5v1@ing@rb Iless olr
ess than 1 0014] In sonme enbodi nents e e conprises a biol ogica
fluid such agam%holéfssaﬂﬁprésmaﬁ RABEHS TR W@g}%ﬂwpa 6 AURRHENcRoghr

embodi nent s, sutrmn@@rﬂ@fla@yﬂ@pﬁébleﬁgioﬁ@memmlcoﬁtaMeﬁu (1 chfasimaeRut i cal sanple or
a food sanmple. In yet other enbodinents, the sanple is a fuel sanple. [0015]
In some enboleﬁr%wlsc reslﬁ@og@ﬁme@b@aﬁrﬁﬁ%égmeléwplws@ dryie the $8e | ysat c. [ 0016]
I'n various eghgdl 0F HeSmenithhcSRINBLRsing 1R sehPR&oRAMINAhe mdBBAAd oldp Sone

enbodi ments, the porous membrane is an ultrafiltration marrbrag I n ot her
enbodi nent s, infllaeed hepn gemprisigr aavieyeleagth imfhespysgrbiaseeritBP A cP018)Y | n sone
enbodi ments geeo thﬂgsgeetrél 6o BRRDOSS o Qbtald 1 ik AR oiRY R, WHIR POT OUS
nmenbrane conprises a polymeric material selected fromthe group consisting of
PVDF ( Pol yvi o drdeqye alfsprpdien gesk aray pRth¢ ipdlasedabsaaptianspedtunyoaisijes Withdr ophi | i ¢
PTFF;, and po hedi, , a porous menbrane

corrpri ses hyﬁ%ﬂﬂtylegﬁgﬁ'é&(gﬂgb?/\ée@g@meﬁlesﬁs con@n‘bl ated that any suitable

pol yrmeri ¢ mat@@psllnsinnthgr ehaedsfedquantitatien efenk odgosdgoneiergestinasineple| ai med

i nvention. 0 be | argely
dependent Onli'ct%ﬂn%%l E‘tSFul,e esglflt lﬁv*%%u&f"u{ fFﬁétfP&d dé%glrsésghé Wf@ferHl

undesi rabl e $amplksbolderpompmmg a:pqmusemmibramhlhh abspishsa bydréghdicsagien wavel engt h
as the anal yte on d(r})t erheﬁr ﬁr"ﬂ/ r%rlonr}('[)resra}‘nefeec%mavmm}nen{ El% artl)t%qrannce measur enent s.
[0019] In sofe"™ élrr%e YHeRtSP e ﬁorous nbrane on § sarrpl e is spotted
i s cont ai nedhyirdphilic ﬁgldeuf«hememfaaemaﬂats@mm valsa) dryhm[g tﬁesan’ip])elf conveni ence.

In a particul ar enb | e hol der S eform a card and is
referred to 4¥¥Y3°8% Inée“ﬂ%"i“ﬁe&?é Cgpnggl?eﬁf%sﬁ%?rﬁ eém{]]’@é%ﬁlw Wﬁrl ous

enbodi nents a&g mﬂ(d}%yﬁﬂr&&&bﬁ&r@hﬁ&@dnd@bm(ﬂéstebkkg isaspbanhoehtler conprises a
porous nenbrane ich conprjises an area within which the sanple volune is

cont ai ned onPEHECHRMHEHSUdelceblgernd piarPortig e duigbsagipleyofyhe Auihp| e

contai nment  GEBfahS &SandnfiMEd R c!o'nﬁm%ﬁ?'a%v@ﬂeﬁélhﬁltﬁe Qpé@frﬂﬁﬁ}%'@'o@m(ﬁ)gl on, where
the sanple volune is contained with hydrophilic region. [0021] In sone
embodi ment s, 440 hyiing pRBiSh of the gpaskal ranger igreby (ybtan a8 Frard ahtomtivn of a

hydr ophilic Wb hobic region is
created by h a{;tpl#ﬁeat rre(lr;ﬁé%g]m oé@%%&%%rﬁ%%@a%&émﬁ%%gr g%(gﬁt%?OOZZ] In sone
enbodi nent s, spetteurhyalradgtn Witlcthe ggantity ¢fiibd erges nomebiomolyovles inlat ®mpte. one or nore
I ines of hydr ophobic regions. [0023] It is inmportant that the sanple volune is
contained with the dianeter of the hydrophilic region. The dianeter of
hydrophilic region is dependent on the beam di aneter of the IR instrunent

bei ng used, where the beam passes through the sanple contained within the
hydrophilic region. In order to facilitate accurate quantitation, it is

desi rabl e to have the dianeter of hydroph| lic regionto be smal | er than or
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[0025] Figure 1 is an exenplary calibration curve generated for use at future
times. BSA was used to generate a calibration curve on one day (dotted |ine).
A 4 ng/m BSA sanple was created days later (e.g., 4 days later in this case)
and checked against the previously generated calibration curve. [0026] Figure
2 is a schematic depiction, of an exenpl ary sanpl e holder according to the

cl ai med i nvelPYn Sqfﬁ%e@mlﬂﬁ?‘%isri‘fc%rgﬁlt‘é&‘ﬁﬁia&@‘rfg)’?’%th‘éd%cﬁF AP 'BACi ncl udes 4

di fferent nepRraReuISPotdsctRardhn G TR ubSbiGtiag BYAllcRicids Corb@aisORpigyr rounded by a
hydr ophobi ¢ regi on. for applying a vol une o% sanpl e solution. Spots referred
to as sanpl ePdpwecharides, anddipgpol yaechpident A eremphy tipapglyaicsbarisieds 4l ume

cont ai ni ng a. iR ecul e of interest in a suitable buffer, whereas, Spot Bis
used for spotting a volume of a blank solution or buffer alone. The sanple
vol umres spot [08d0]dntverigpembodiments.aae ofrth@onsoungpre dppresehpcak pecas dne sanpl e

sol ution or i i f:fhe I L: igure 3 is an
infrared abs %)r%gﬁn(l)Ft“l(yrgsﬁgaetgstVfrllghn%'i1 gg‘%ﬁn@ﬁ:’gﬁé&? ﬁghf#{aglgﬁtg }gc‘ggglgﬂr Séa]gjlrllgésf!e ntative

experi ment t @odldntsomheatebgliotes, a natlithdrauairding tatbe diainredtimentameoesanpl e. The
protein used in this experipent.,.was BSA The X-axis§ [ ent s the wavenunber
in cnmg and t??@u‘@t?&?%ne?%ﬁ?ggiﬁa{hg% e abs st glnmge&‘%&rﬁ? ?g?sodfﬁgt?ta{reg'ph denonstrat es
t hat bot h DN@®oOapjinpo@t emnbodikents ad3&@)ngaa thelpeesquamtentiat, esk ormméee same sanpl e

using the IR hased net hods accar di to the present inventij.on 0028] Figure 4
i's an infrar S0CHHSBFPY AR %rﬁ'g%a?i?‘ﬁ?ﬁqggﬁil Stt'iuﬁﬁg'i‘ﬁs ’rrﬁé% £ “64“1 the 5?‘%sent ative
experiment t@ guadtkiatcaliRatR@piuvd@adhninge SasFplvisheBSAuMASateISEthaBse # 401 Ot ei n
standard in this experinent for q&Jant.itati an.. The X-axis r.e regents t he
wavenunber i FATENG- | nARrrapd Pietel pad pepfifeduantitiph Ahe (e s PERT £] . [ 0029]

Figure 5 is aR numbéresiRDSedri@tosRaahtidtnerdgmicionigpredent inesul ts of an
experinment to quantitate a |jipopolysacchari de (L

) i P%) in \/vagt(l:[‘rﬁ which is an
endot oxi n. TH@YBGPEQ?@OIG%‘B‘F s aqeprl iy, de raRlitation is dspeadent ol RP&depi cts the
absor bance uRdi sequdfi€ oBME Gloldéned @maﬁernﬁy,q&uk@ flostlri@hcdip RESWahnd WREENSI ty
decreases as the concentration of LPS in _water decreases from20 g/ul to 0. 2
g/ ul . Furt hein thaag whichreguite heeapsyationsit agalitpainsuge sathateePn A this
exper i ment _and, Us6idin/oPhetOSE GeRla QAR INRL IAMirOhaaRAQIOXI05 b 0030] Figure 6
is an infrared absorption spectrumdepicting the results of an experinent to
noni t or / meas sanes teleais asttheansfyéssheaingequentitoiad.ap therneghasls agsodingriedh(- axi s depi ct's
the wavenumbgp; | }g\% Yoy R HePiCt Suibhe: APFRLPARGRNWILE S. As depi cted
in the spect rglhlrrnllle'a1 entl(gj}\/\/{<';t(élne}i}b%?tse1 p@éjsent (ipn tia(-:-1 satrrpl_ e, gt her e'ni S spectral
i nt er f er encecdliboation herve ivbichtiy whsequdndln @restopdadotiiinige dnsubem deing ussslsoci at ed wit h
the - OH bon ter, . which i e ' : r i f otein am de
bonds. I—Iowevg®,1?Lgy@iaglyélél%%ee&io{sh@%ﬁaféﬁésé%%’\’,\%%é 1(\t'/\/%’Etl:tef((lasf g%@‘iél gfrag%gé%,” a? e spectral
i ntensity assogbatcalibraititaywatierd foetbe easasion afa adlibmtide pitge dichns piee spect rum
[ 0031] Fi gur epicts a graph de trat.i e e .St [ ion and
absorption p?ogg?C{joe o lélsnéué%ﬁlfﬁe)e,m Sg’h@‘qgleg%ﬂogg? %ﬁ ‘{get.o 33/6,‘9' %%gf&i%srﬁg%lded to the
sanpl e. The Xansbeisedlopieinstatihgansbvesrioatyeny simllcatiplandutlee Ivvadous depi cts the
absorbance units. [0032] Figures 8A and, 8 epi ct. open and cl.os Vi ews,
respecti vel y?mh‘?d“g[ﬂ?tf &€ épgg[ﬂ816§5%F‘gmﬁt8P%eﬂ’eég?aleggélglﬁﬁ?nfe %Pmﬁgle in a plasm
based sanpl etcconilaiimapaticuldriegibbéinBA, dephmpls valnegdeisboaohfd Yuratiessyprof a ful |y
assenbl ed sagglg‘ hfl ger card and the two sides of a fixture. Figure 813
depi cts a cl 6sed?r dss-sectional schematic of a sanple holder card and fixture
assenbl y i nsjghg4pinkasy mbpdiRsiE, BOapRIUBRTHriscsdRbBeitdigluar €ah ef, fihe nmermbr ane on
thc sanple holder card which is desired to be hydrophog%% is exposed to plasna
treatment, wRENEAS blogd Myareiskim prd yEi GhoBRr SO RS R STBPIF &5 %’pott_ed is
protected fromiRhASHE himpR! MBRmadefR3Blanti OB £f08d SRS S yeh@ngchematic of a
sanpl e hol der card subsequent to plasnma treatnment. The hydrophilic area
represents tbebplioewsteasamelyiionfust santde. menbr ane, which is surrounded by a

hydr ophobi ¢ I . gﬁﬂ? : Fi gures
10A-1013 depr@? gk@%ﬁgwé%ﬁ%%g’zﬁpgt (l-:-eﬁ)ér?s 0 ei‘%ﬁ?%sgﬁ%f‘%&g%é%ydr ophilic

regi ons wit h{a91a] imeaboereboflinensarp kenflolisdesrudsasanhplewhi ch may be created by
suitably positioning the elastonerie seals (in case of plasma treatnent

met hod) or by shape of the heated platen (in case of the heat treatnent

met hod). [0035] Figures 11 is an expanded vi ew of an enbossing fixture and
sanpl e hol der card system for generating a hydrophobi c sanpl e contai nnent area
wi thin the nenbrane, including a heated platen and a silicone base. [0036]
Figures 12A and 12B depict open and cl osed cross-sectional views,
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Det ai |l ed Description of the Invention [0040] The present invention provides
i nproved nmethods for quantitation of one or nore Honol ecules in a sanple using
infrared spectroscopy (IR) as well as devices for use in the nmethods according
to the clainmed invention. 10041] In order that the present di scl osure may be

nore readily rst ood terns are first i tional

def i ni t ons Lo u R T R i RS ef‘sl%a?%m&m%% e Dot i ni ti ons

[ 0042] ' fil elntelieMembodEmbits, the por@lﬂ&hﬁ&rﬂﬁrﬁfch@@mwro@b@@ttﬂeﬁfﬁrﬁw "measure or
'measur enent s used interchangeably herein PiLers to .the determ nati on of

amount or cowgeﬁtlpé?m%?f“ dingenisae ?r t“ét? eéi“eéké?ﬁf) the glaimedl ipyRatigl thfods accor di ng

to the clai n&ﬂomsnﬁ@mrh&rbom]m@esta%mneﬁeﬂ{a)ernal, scle@®d asRdhd 8foRp Ronsis@h€r s to any
nol ecule of interest that is desirable to quantitate using the nethods

descri bed he?!di YPF {Rolxyiidens foandai dift @Olwaﬁmipi}%ée% hé’dl%ﬂph%l ecul e. [0043]

The term "hi ppgt Selo®etBfntSEG RRIBIR emb&HBESR, 4 HrARmMGheU Shisd@t eri al  of
interest, which is desirable to quantitate using the methods according to the
cl ai med i nvehtdrenhilicEBldip FHavevei b irloacuipbiedithat pudeiitpble pelvmstic pupstinldes, nucl ei c
aci d nol ecul , y dot oxi ns
(e.g., |Ip0p§?{/g£§%ﬁ %ﬂgeg isa&go I’tl? gﬁ%lag;ﬁ%dlﬁ%gggaﬁ@ ?%‘lrrg‘f]%éﬁ e may be
quanti t at ed Drdymgiqmaemrtmﬂmnamlddnedqgtlmdtmdeﬂt ai thednilpiedwingon, so | ong as
t he bi onol ec c I f he

el ectrorragne%“l‘agug%gc ?ﬁe?(nal%f’%ﬁﬁ%?mbgluﬁ%rs frréblél%%s% QL 51%%%3%%9 le‘gﬁellcl%’l refers to
any nmedi um sisbibh ai the bandegavalengthad tht endl gie gf mteeesbandr‘rmluﬂcnﬁd:reé witlothoe quanti t at ed
using the rretbho%s accor di nechtto the present invention. A sanple may include,
but is not |y 3%fetnbeasueem a food substance (e.g., poultry, fresh neat,

m | k, yogur t[0006&i Ihope adbmhmentbaﬂeqyoyonprnmdmm ontoerectagespldapoitel éimonade,

j ui ces, cheese ve t abl es fish efc.), wat er. or sewage body (e.g.
pond, | ake, ?‘i”\i"él? ‘%ﬁ'éréﬁdevécévﬁ éreég%%flassamate%fﬁeﬁ%rf%{B’eWS?Ceer %éf‘c ), a clinical
speci men (e. @maﬂﬁr@ﬁﬁodlﬁieﬁtﬁﬂﬁsmﬁlﬂé HoMerSp Ui tieTorthios 8 U@ d atd isneferrsdloia¢a,
sample/fluid from}r1 SJZ)I tfor tract etc.), soil, and cosnetics and

phar maceut i cafRe! ﬁ CFr t?r BVeNEEans, oi ntnents, sol utions, medicines, eye

and ear dr OPF)OQO]Qn)varléd% embsaﬁiem@u&@fd@gﬂaaﬁ& BRled n@t}ﬁ)démh@‘saﬁ@lﬂlfdlc&ﬁs a cell or
ti ssue lysate. In various enbodl ments of  the cl ai }rﬁtéw nventl on, a sanple my

constitute aCERRIHES SRAFpPSanenbrane which puueissian aFaq séﬁ‘aieatl on or
treat ment prb&ﬁm&%c@ﬁﬁmbdl‘oﬁ menehwrmdlmxﬁ%?oodme%emam@mmbodl nments, a
smal | volune of a sanp T? 1-20 pl) is pipetted or spotted ontothe
hydr ophi | i ¢ ?ce&ilw%ﬁoraprrféﬁb Bé@ﬁ@hélt?rf?%}%@& i lydophphieragsmaeberedieg. , in the

formof a cagd) 1@%@@&%@&5&%&Whﬂ&ﬁ&f&df@hih@\ﬂ&%by exposing the sanple to IR
based spectroscoply The sanpl e vol ume ‘'on the card may be dried using any
F&P

sui t abl e net W84L] Ingpme gahgsliments. e hydraphebiy esizigmes eragiedly plasmaveagerdr dri ed
using a convacti,an ARt BlouheRbEAEYENhRRHbofiEfs Ghe RYFEHIBLT ve oven. |t

i s contenpl at ed{ﬁﬁ)gt € sogrreee odi nent s, O(gr yfl?trsig en@é gbnl smriggg&?,\%cor por at ed
into the IR Cg?@@dalmhelahtrg?érneﬁafah:fdmphshqjeswsaﬁtﬂné)rmmt there are no traces of
wat er pr esen y present a
hi ndrance to o%@al ﬁ?ﬁgggg%&{u@gﬁgﬁaeﬁydfdp%l hlt% % ; %lgqég]oangggyﬁ%bg%ggl ments of

t he cl ai ned Mdnaldm;lnaasrméhﬁhqﬂlebmm@gwnﬂhl ch a sanple volune is spotted is
subjected to ste b use. frare r bance to
detect the poazg Igls "%P O&an? @ ”h? AT & e‘?ﬁurlnglscfe{ltmnteé gltﬂﬂﬁe Jlame rozf?hrm is subjected
to a drying btdegphilgatgioanthetdiemeeryif hgdreplefic regwmep@bmdﬂ:num ihk btdne presence of

wat er i s undetectab i cal l no further change bance follow ng a
i g ot on Gamiadt G ERR Y et bt PR s SRR e o or 1o
ot her wor ds, cdnigncgavipliethe ﬁyﬁuﬁﬁlll@ﬂegﬂhl m&ayr th dcilltiRe amkayéq@mn[aﬂ&f}ﬁ] "I he

nmet hods and devi ces accord to the c |nv§nt| enabl e tpe use of a

very smal | siafpti@blde bavs t]?%d‘%?f?réife‘yér@élﬂhh‘éfeé“ﬁ‘d% ?F‘Paaqurg"ﬁ“(ﬁﬂf ‘#' Qnal yte in the
sanpl e. I n VRERYSieBRReEMiScrlshies BaMRE entke kimike b&uﬁbwls@le%ml 0.1 nl or
0.2 nl or 0.3 nl or 0.4 pl or 0.5 pl1 or 0.6 n1 or 0.7 ttl or O. pI or 0.9
1.11 or 1.0 beepmend thas agguradg quaniiptigyis actdevsil. or 3 pi or 3.5 pl or 4 pl or 4.5 nl
or 5 pl or 5 r 9 pl or 9.5
pl or 10 j|I[0624]118Q%mgeﬁll%mglﬁle@%i%beﬁdéarﬁ{teré)p%er%rz%gﬁw%gl%o%%p?L 13 pl or 13.5
nl or 14 pl or 14.5 jtl1l or 15 nl or 15.54pl1 or 16 jfi or 16.5 nI or 17 pl or
17.5 nl or 18 pl or 18.5 ul or 19 pl or 19.5 nl or 20 jt1l or greater than 20
pl . Al though, the devices and nethods described herein facilitate the use of
very snal | voI unes for quantitation of one or nor e b| onol ecul es, in order to
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undet ect abl e using the nethods described herein, nultiple aliquots of a
certain sanple volune (e.g., 10-20 pl) can be spotted on the sanpl e hol der
card, with drying of the sanple volune in between the different aliquots.
Therefore, although, only a small volune of 10-20 jtl is spotted onto t he

sanpl e hol de ard in. ea I|c t ot al voI me of to 100
nl or nore c%ﬂ& T4pec %‘ﬂ??gdmgﬁ e}’aq?@t)“ernts?f@e?mﬁ‘t%?g ?IB%tf’li ns of t he
sanpl e vol umge hwrblbhlmmgtagr@fgesemﬂzs)aﬁmlﬂeowghlam TR sdaed mwmlmaﬁs appl i cations.
[0048] In sone enbodi nents, a sanple volume of 100 Il _ or nnre is applied to
the sanpl e h&s VEERGVRHGh aﬁpvttﬁdﬁgtoa DY AICHOMRE | AUt e It e card and
drying the Cétﬁﬁ’odlrglﬁseafsﬁlﬁ{cta%@m@f)&tea%&lf&”@nén%r&fé@fo@é&la)fteﬁéyam}ﬁ@dl tional 20 nl
of sanpl e vol une can be appli to the sanple holder card and the card can be
dri ed again. Vmglsﬁpﬁtﬁéﬁtodb%m@@bﬁﬁ@%eat ed multiple times to spot the requisite
sanpl e volume on the card. The advantage of this technique is that it
increases the limt of the anal yte detection/ quantitation. [0049] As used

herein, the term"lyse," "I yBiiefDescrittionsifithe Drafines to any means by which a
cel| or tissyp u] %nggl?ga%l%?{%l?mglgﬁé%alt ra n’cup\ye%%ff%mtrg I%ts{;&fﬁttﬂ?ecrﬁﬁ menbr ane

and possibly ¢ he co e cel erate xenpl ary
met hods whi cBSAsaes beedus echefaty a ¢alipsiingcaveal dnealay (dostsdiénd)nel 4ohg/mlbut arc not

limted , I I h d
| mpact i on) aR0<CHENE Saf Churkate i ubdof e WIEGH ML FED FEth R e e ere

aci d" or "nuﬂtleere@masiy@emaeltﬁtcmlhbraumeétevs to any chain of two or nore

i honucl cot | KRES BT ot sfemBlici Rt oy ens e SEREC ORBR e Oa

bi onol ecul e WBicktinddSinepadsd. itteteeémpﬂatymgmptaelomt tsadsrdactﬁat wilngest40 t he cl ai med
invention is @f nucl ei ¢ aci d nol ecul e, glrc}lgg ]ﬁlCI d.nol ecul ncl ude, but are
not |imted SiEereyi PeMOIguTHREscach Fopsine RB 86?g‘°rb§“frﬁé‘i‘ RNA,
bacterial gchRRR@obikedRaN. tdrapslyinhereine of tuhgad somtoantsp@trs ré:f&iréﬂﬁb agenorres, or
portions thereof nessen RNA (nRNA), ribos rrRNA), transfer RNA
(tRNA), pl astimP Il T, r%apgéh%ﬁa’te?‘&]forlﬁmtl%? Swﬁt H‘HP‘F‘EC NBEARNA. A nucl ei ¢
acid nol ecul Sioﬂﬁbécﬁ@opth&t/ésﬂi%(& s'uﬂab?e $dffé€&w§he£e%s Gpot 18 RNAY for Gpdtei Ar (€. g.

pl asm d), or br anched form as as a_doubl e-stranded or si ngl e- st randed
form Nucl ei ¥olugs of wpréwi%@nﬁayuffeﬁétona& hesampleaglumes sRotteg CalosayS the functi on
or behavi or 9f,dhe QU EhEscACHhE sank AmpleBdkibh BNcoRbtitdie Idrdr&li MARak

di deoxynucl eotide to bl ock add| tional nucl eot| des from being added to the

nucl ei ¢ aci dsolut®o51] The term "wavel ength, " generally refers to the distance
bet ween one st. It is equal to
t he speed of R)t@%h %r%gﬁ/ﬁl g*?ﬁ%é@ﬁ’é‘@%é&ﬁ%ﬁ?@ &“%Qﬁgre%ltsgffgpeed of a wave
tinmes its percpssentafig etpsrigicht t guantigharastrenidsutleicoridgnths semasamilng waves and
st andi ng wav is conmonly
desi gnat ed b@ﬁelﬁgél CLm @ts%é)ﬁﬁ ﬁﬁg’; %%sﬁ%% r%%gtswg\(’gvgﬂg%?dal wave is
movi ng at a i‘mcxrechnd/&weYepee@reswavéteeb@tbancesumuav&eeﬂayh feropoirateothall to t he
frequency of t Th I ve shorter
wavel engt hs, b tE@%%/ngspmtelsﬁ?% Oé§A) (tar\é §leér{iﬁcllage§ﬂhavea Sﬁgrg@gy\/%}&%ﬁieﬁlgt hs. [0052]
The term’ wab@edmathectsabcordmgtq:nhepms«trytméntwnwave proporti onal to the reciprocal

of its wavel measured in.units of and can be

defi ned by t@(@%[ﬁ%‘g?“&a @F‘l WQO‘E)@?G%WPtde%ftéqgéﬁ%g,sul? °£a a, Wiere k is
t he wavel engtebnese{nwﬂiBa]:xp'Ehﬁlehﬁb RuATRIRSOPpaptilOm Jaamiplea MBS’ w@sruseabxseor ption peak
areas' as used herein, fers to one or nore of an inf ared absor ption
spect rum Oos%rf"’i?gbmf“gf‘rlddw XPRdment ‘Efélh‘?‘g“‘t}fonaq‘g‘a%‘f"és "teBreF‘ﬁtSst Bctroscopy, as
descri bed heggicAumbNeecdnandiht FLHG reflR&AIsRRd ModRRGUAHIN | S obt ai ned using the
| R based net hods described herein, the area under one or nore peaks in the
spectrumis ORRYfisred v akasd Aigomtinsrerirwa dapipigsthe rsulisedn and measuring t he
area encl osed b fimt% .ﬁt%htateTmpoBa§§4ctmdé @uis»;m &Rk, xvhwhqm brasedison points
before and after the peak on th Spectrum as depi cted bel ow. Area 4114 ght

[ 0054] in sohke >é1¢191§d¢m€tﬁﬂ§ wemmhenglqrm andéhc Y axiveldpinistihotbsorbancpeak ar ea
CorLer ates Wi thE GanGEaLh AL Al Bl AUGE sugaeasatsvtﬁhé n a sample.

[ 0055] In sone e dirent s econcen |ono roteinin a sanple is
neasured as follows. As a first step, a callbratlon curve is generated using a
calibrant, which includes protein standayds of known concentration, and the
calibration curve is pre-loaded onto an JR spectroneter instrument. The sane
calibrati on curve can subsequently be used each ti me. that t he |nstrurrent IS
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mrror novenent (cm. This design does not have the reference cell of a

di spersive instrunent, so a reference spectrumis recorded and stored in
menory to subtract fromthe sanple spectrum 100571 O her exenplary IR
absorption instrunments include dispersive IR absorption instruments and single
wavel ength IR instruments. Dispersive | R spectroneters use diffraction grating
in a monochr eanaeitiomoldiigen vetrr drcspersdion Hengit ok éng/thaleréngt hs of Tight. In
general , di spghsk¥Rcli Wﬁﬁ@ﬁ%&%ﬁem}{ﬁ tB@@ﬁbe&@rEh%@@séf& fofp FTIR instrunents.
Single wavel ength IR instrunents may be used for nonitoring a single IR

wavel engt h t snbsesmenigeantitgdioRiohendotosingf a fast reaction. [00581 In sone

enbodi nent s ri .0 1. i i QPI i : ETLRI unment is used for
t he quanti taﬁﬁg@ Iﬂ?ﬁggg@%ﬁﬁ%@g%lﬂﬁynﬁ g%u esagbA?te tuengerﬂs'?ﬁéﬁ curve which
enconpasses apedaelt tamdndoring@sure/dgea ke pfb800-of W4k incawampld. sThe-axik at ed by t he
software inbyilt into the.instrument. JFor exa t Bruker .| R spectroneter
i ncl udes the&'@rlclﬁ ttll:-l?w Veﬁlélmé’%rflp Viar §9$&egg?%1%$e£fﬁ?%thg%tﬁp @’gnciesunrt ﬁeﬁs set up which

pl ot s ar ea udgkutediheheppakruvs whewaenis hekdéndin thé sdryde,piicod Bispecshindar d. Usi ng t he

calibration curve generated by the standard of known concentration, the
ontomtr ot ot Rh oo ol SRR e R AP O R ™1 0080y 11
general , a coH tonad dforhteNieh medrRFsS Wil tike @§cdaiincdlpraddis phal bohdst he functi onal

rel ati onshi p between the expected |l ue of the observed signal to the anal yte
anount or cohE¥R{F&f f‘}%?r??m?(;r} g‘éqdlai}%{ﬁ@t“ﬁlff‘dﬁ}‘@graéﬁc ﬁﬁ%@?lﬁﬁg%“?/ange of known

concentrat i oggodfteBwhiRlvafef didteaddsCasUEB defife @BNGE FicCtr@ncal | bration curve. The
spectrum obtained with the sanple is then conpared wth the standards to
obtain the cBREENtiBYE dapist aekwh deaprstgtingfangesve] gebationindome enbodi nment s
accordi ng _tOaﬂsbl%tin‘?%ﬂ&ﬁ%f@%%ﬁl'e?s%n&%ﬁ&é&ant the, oBENeaRiel W hbsimplac! ude a step
of nonitori ng/ detecting absorption by water in the sanple. Water absorbs at
-3400 and 168e ¥rxis depipis thepyavegenien prinh gandithehY tais dspiets thebpasbange ned wi t h many
bi onol ecul esy,;lsn sone enbodi nents according to the present invention, an IR
instrument is used which includes an in-built software to nonitor the change
in spectral [09B&NgRurgs ¥ gt denictwperrandiskosedotipwh reppeciieler of aihiterh agecr eases as
the anount o J i : Ltaring the
spectral int gen I t};ﬁlﬁczlfég%%?gsteglg%fﬁsg%%glg%%&ggﬁéﬂﬁauﬁéﬁgﬁﬁqﬁ@%@ t he sanpl e
needs to be BAdepies anppaagonfigysativalol y fullylaesegypbasttseableihatdensird gndabstyed ated with
absorpti on by | I ' dur.i r. Y cess, until

t he sane spegég%tfgl lr)%tuzeﬁgiﬁ ?@rgiggqie@lggg\réﬁ\?éw;g)srsdsg&%@gg%ge?na?flﬁ%zgg%rgslgcut i ve reads,
t her eby conf holdérrgrdtahd fixtuheassampy msids a dagpuimgrlasnivecnaicounadnt, qdartthe aaca on. [ 0061]
I n sone enbodi pments, a surfactant i.s included in the s | ei.ng anal yzed
usi g the neHoGReEpren e SERET bR -REHEER el SRR oBE e e ¢ he
sanpl e bei ngexppsdite dlaant oeampmnwhass tlerhydiophiiy régoracdelich o sdnlyde ivenbr ane bef ore
or after the sgng)l e istesfgfotteg. A}és%urfetlct ant, such as, e.g., sodium dodecyl
sul fate (SDSJPP0F TREEH'S0 0P PAYEhEH Eal" additive, e.g., dycerol, reduces
surface tensjoon3|dfigue 9akpitis thy, schdhgitie by a sdnpdhdlderfoard subdef@mmodilghial but i on of

sanple within an arigé OO%ﬁlﬁ When an aqueous sgn%le G ntai ni ng one or nore

bi omol ecul esTFAMHH; PG ARFSeRts OISHIBS AT Uy AT ration

gradi ent i s {pichRGuasuidd@ b$ ampepldbicesea WHEISwEERPSiMit@plaghdd h@kMedtesul ts in the
hi ghest anount of sanple being deposited in the outer g{%?t perineter, and the
| onest anountfOPH tigareg dft D Pichgcemalapl Yapgsagtierthpkhyg %t?l?lali'ds. often referred
to as a "cof hRRophiiRUegiOfs witR HinenBnt 8 Nsan¥ieRolliiQagiuivhidk gal @BSi on of the
aqueous sanple is reduced, such as with the addition of a surfactant, the
deposi ti on ofreateebysiphle ppytiopintethaplpfionencachle 6 carolplisnp ratiwgite area. In the
event in whi ghnbhe, SATRIE of the MBI, 1] Bh LAIRF B NbhdifafhRDREEY)SOUT Ce,

i nclusion of a surlgacta t results in a nore unlformgl stributi'on of the sanple
within the al0835]dagures Eixipos exbandediviv efraregibostng Geture[a0d 68ipIERdp| ar y

Surt act ant & SHEHARE phiocRHg AN S o R R R B ™ i o

surf act ant s seabraas irfshdiingm ldacd platensinll phdicens 188S) , Amoni um | auryl sul phat e,
Sodi um | auryl ether sul phate (SLES), Sodium stearatc. In sone enbodi nents, the
concentration of a surfactant is about 1% or about 2% or about 3% or about 4%
or about 5% or about 6% or about 7% or about 8% or about 9% or about 10% In a
particul ar enbodi ment, the concentrationgof a surfactant is about 5% [0064]
Exenpl ary chem cal additives include, but arc not limted to polyols such as
gl ycerol, ethylene glycol, propylene glycol, dipropylenc glycol. In sone
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[ 0066] In sonme enbodi nents, a porous nmenbrane contained in a sanple hol der

i ncl udes a hydrophilic region surrounded by a hydrophobic region. The
hydrophilic region is the region of the nenbrane which is instantly wettabl e
by water and the region where the sanple is usually spotted or pipetted onto

the menbrane, It is also the ion which is typicall osed to the IR beam
[0067] In soff93 én% ]tzh SHVH?H?BHPSPFIBSG’FI(S sﬁ)ﬁeCB?R/atl E’)"ﬁen’or ane is

sur rounded bbésﬁechVéi%Qﬂlaﬁ)QhBosénﬁghéh'a/hew@d glhateh Sysat, anet theshne wad Bslded 0068] | n
sonme enbodi nent s e area for sanple containnent includes shapes/patterns of
hydr ophilic &rﬁéﬂcﬁﬂlmtb?)%@ﬁb regions, e.g., in the formof lines or spots of
hydrophobi ¢ [@gh Ot PALIYD WAl 016 BY Sl QP 5 #BIARat EXGARLAT Y Shapes
and patterns are shown in Figures 8A-8D. Such shapes and patterns al so enable
a nore uni f orawiel as&amptﬁﬁelgowatﬁ) vaithimhp Isempilf coritainmens apep sebspaienytodwposed to t he

| R beam jus dditive. [0069]
Sanpl e hol de{rm%'lgéﬁsés]bé g?@ﬁgfeﬁl 1%Qiln agp g%op&gtg@g%ﬁ%tlg%?ﬁ@csggdﬁg ysi s have been
previ ously desative beimembtahetharwaswhi sihjected kalkkat meatmot.gpchousintegde ane, e. g.,

t hose di scuse;&l tBse ds)méenureﬁ?g (at%’gseco’ng 7 and 5, 764, 355, incorporated by
reference herelﬁ Felent'e "there is no teaching of sanple
hol der car ds[Oms]chgumclmencm%}ydipmpﬂheIeffectﬁasfeﬁemmalrandlptlymbabghsmphg«dr ophobi c area
for sanple contai

th Furth th
o et s RO BT B gk S ReS o er e PR plel b S0 <G et rat o
the inpr oven&mfeasedemﬁbﬂnbexﬂlm@manbmmg by cﬂaﬁﬁhlldﬁmpt@ﬁ whtn adétergbtgRDONE

generat | o' of Op B il ColrbaTFar (IGRERT G gbel N[BT FRE Sanple hol der
in the form pﬁos@hzﬁaedff&rsd sMnﬂeqm$)wa§@mdé@&t MRREoPhiIRMPTRMméaeis(20f paper card

stock lamnated wth a ran ubstrate. The sanpl e hol der
coul d al so badkupr) Qldé‘ﬂ‘?f]:}t?rﬂd%‘i?nefm$ tos‘h%é"‘(“?i%@%“ lis i mege WHIQER| ¢ that can be

adhered w t hg@nibadhesi MeplefPBs hebs ﬁoh&o%wphguﬂath%pl@t@%ﬁhm construct ed
wi t hout any adhesive and be | ami nated via a coating on the card stock that

adheres to t HergHProlraele ditvdbytien fysdanaieg Wé‘éﬁph‘*l’lﬁ YoRE) ErgHes Wents, a sanpl e

hol der is 'nn{uH&,lJ‘QBFPe@fm%% Qxﬂfﬂoﬂé@érﬁﬂeiéth@@&ﬁ@ro%tlé shﬂﬁ@%ﬁaaw‘ de by 2.5 inches
Il ong and can hold at | eas However, a sa hol der can be desi gned

such that it [QaRl Elewedﬁnsabamgraph dgmﬁmgéhwf%ofgéd@aﬂﬁf IS fraspide (e. g., a
96-wel | pl at gDEQme%) éamtig&oraazoc%n{er@Qarnp@ésaahequédﬂt&délmm e hol der
design, especially wheh it is in'the formof a card, to orient the sanple

hol der with tdveltedmn gy giceepsd in raspagéive paakwespi fy t hat t he sanpl e hol der is
inserted correctly into the carrier of the IR systemto be exposed to an IR
beam It is also inportant that the sarrpl e hoI der be oriented correctly such
that the | R beam passes t hr olghui INAIL ednyedionn cont ai ni ng t he sanpl e.
[0071] The s uf acture, are
cost effectl@Eﬂgﬁrd@o‘lrg&étslgg{n%nﬁéggﬁ ?Js%sl r?itlﬂez)g?%? 1¥aft%)§t er ({rl | ustrated by
the foll ow nglom@mpblewlvmnelsarsﬂﬂoutmg mfhredepaonsbpuEl) aswd:ll avi deviegs foThe content s
of all refer ences, @qb\% rcﬂ PL{% i,she a;[ltent applications cited throughout
this appli cat'ioh, ca8° IaICCO the %}P’é i &% necor por ated herein by

ref erence. Emnp] e rddoxtanpleréedbeizeloalre may bé noad iehdiBtundersoud, certdior future

b1 ool ecul s ST 4o SEmAr o ddh B CRET IR Bt 48 EneeRubi®ed s ate a

calibration gaengioneach tine a quantitation experinent is run on an
instrument. This is_an inprovenent over the current assays in the art, where a
user will tybi(%ﬁﬂg&’@é required to generate a new calibration or standard
curve each tjomepriant duahion “gsaakhiibs” PQlahQhfedmdQfid4dr | n met hods descri bed
herein, a user generates a calibration or standard curve once and can use t hat
for future anaFayeEEICNs aseed iskeprdpmgeahly hersing eidrpiodhs daterannajien abameyaher at ed as
foll ows. Sol I wer e prepared in
buf fer and aﬁ’ta%"%%d’g %%1?’%51&1%}18?4%%8%2%3{ I%gklggﬁegﬁetﬁ‘i}?ﬁ%éggdlégéﬁhescr| bed herein.
The graph i nclRingdrievehtigholts terhe apdale, as eseddrerqus agfets e ghtmélyewdxols) ver sus
concentration or anount of analyte (X axis). The linear range of this
calibration is used for calculation of concentration of an unknown sanpl e when
the peak area is known. [0075] The typical equationis y = nx + c, where c =
Intercept on Y axis, m= slope of the lipe ; y peak area or height, and x =
concentration or amobunt of analyte. Additionally, the user can add data to the
origi nal cali br ation curve to increase the statistical rel evance of
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[0076] Figure 1 is an exanple of a calibration curve that was generated, using
various known concentrations of BSA in a buffer on one day, and a rel evant
sanpl e of unknown concentration of protein quantitated days | ater against the
sanme curve. Exanple 2:CGeneral Protocol for quantitation of a bionolecule in a
sanple [0077] In a representative experinent sanpl e contai ni ng one or nore
bi onol ecul es IYtgrey that jdssigpls to ﬁﬂ?@ﬁl@itecusmgit&%@@‘bﬁ%@&ﬁﬁ”@?ﬁ?ﬁ‘é@?- WSS etc.) is
prepared in dgi,omhesd MBLAYte N 2 Rosblct @bl e buffer. Approximately 0. 2 -10 ul of
a bl ank sol ution dei oni zed water or buffer alone) is applied to the

e.g., d -
hydr ophi lic r{@gi%ﬁih@trenn Reomeletimems useshicrdin eefers fo gnydueipsiealhol der, e.g., in the
formof a car ; ; AL REE& Dhordi same vol une
of the pr eparngelléér ESSQF%I%&%’%{C?E&F%%%%Wegllt%&g)&scl)@g o? nor e s?)ro% ?Ovvhi ch maybe
present on t e dzamed saepios. hatnidary bameblesnlep mchidd pfotarse paptidest, nideint i cal sanpl e

hol der card. _T ampl e | [ Rhﬁ I J: ne of the

fol |l ow ng tec?ﬂﬁ?laoze&r:ﬁ:% > h“ég‘t(a‘“gj%“ ‘&g%g ' B&%S%&ggﬁr}{d%?gd% ;ggdcog%trr&gg' éd air/

ni trogen or dipypadyshehaiide@r It isgaste(plabed-th ang binhekyulomag betjeandweade oven. The dry
sanpl e hol der card i ubseguent |y inserted into.the | e conpartnment of the
IR i nst r umentSP§HE I?E?‘a"?ﬂé RTCQEY P é%es%?lﬁlf’iﬁ B8OOI aosfct Qﬁ:lgm&%%u “solution is
measur ed bet wegble4@@bsoetith MR i@frhred g6 RE elb@ronbigadtic specspaect rum for the

background f o) by the asurenent. of .the sanpl.e at,.t he me wavel engt h
a0, CUet no 0T e Re el GRCH Tty B Hp oY H TSGR and

gener at ed usiapgygi@ndasidmortuly)ab b yGantiQREeRing d@id BEBods@QOREERS toatht on of  unknown
sanple is subsequently determ ned. 10078] Fi gttsire, deepi ct? the i mage of an
exenpl ary saRFSEtABEEN. bl eningldnduidn 8o Fatedteyr ¢ &pp APt SEPHARES bl ank
(referred to é@,@., Bul@NdrestPatas, hidt, yhiE aisppBliRss, bARFesbatdtd Bevdfagds, 2 and 3).
However, as di scussed above, a sanpl e hol der card can be designed to have any
number of sp&ed eErnadsniyices. hRsPescEEPBRes. EREnibecs) DWAIRE Pt BPPENPWY protein and
hucleic acid (é.?. ForRiafiRe, §ivMS b, |sBvaR&Shd1 O ARAANg B VAR edch), AcilfR esent at i ve
experiment, both protein and nucleic acid in a sanple were quantitated as

fol | ows usi ngPecifeemsch biped adestiedicngnisouipRelispe sEne spiettIPbnlluid 0801 | n one
exper i ment . ROYIAGrSELU. AkBEhdcddiRhes aﬁh%/ﬁmgeéuﬁea%%@)m&g, Jepxyr i bonucl ei ¢
aci ds (DNA; AnDi on "Cat #AMB680 Shear ed sal non sperm ) were m xed together in
vari ous propeitingns spligorttsompqigingsnexscud learahiepsictie i & ppsicilasgmbpdinditssol ved in
1xPBS buffer. . i t ' F R ipette onto a
hydr ophi | i ¢ 6?%@81%?7@%%@2%{“&%{%3‘%3?%5 qgéé# ,ugg?ﬁ%dgg%tﬁg{;ﬂg& {aH‘E&:nd 3 of the
sanpl e hol deineatich, 8 kowrle imay Fomytitug: DeruBasrmpleol anedess nohreqbgfahgr i n which the
above sanpl e [ [ ol t. . It B on the sanpl e hol der
card, as shO\Bny\é%?u}?eﬁ'l?grﬁtfee%ewﬁrﬂ)%éﬁ?;efﬁg’%&r‘%ﬁ%ﬁ“&%ﬁ%ér card containing both the
buf fer and s40pls¢ Ispohsemasliderited susil ngluine gha pmegds (e, ®RI-20 plihepigategl e hol der
card was inserte L i, N tt I&le hI 5 i {rﬁ.t rument. and s hneec%lqt%prgt iaosrell/ ran errn' ssion

spect rum of Ch&PBEE PEP Wy PPl rpll S At R QRE IGO0 SHAPHOl i i
Subsequent | y (e.gpache fofnof a tird) sdnpbequaty deasiotlededisy axgodind thesarsect rum as t he

background spe u The anou of protein and nucleic acids is determ ned
usi ng spectrgﬁ’ﬁégﬁgisljﬁf“%?ﬂ@' %ﬁﬁbﬁﬁﬁ?@fw?ﬂ&eﬁ? IB?ynl%e%'ﬁa UiPa8"Y 1400 and
1120 - 940 cRruitabld @Ethe Ao btandsé, die sahplel wlinte gy rotiedtiddatiridbisihgar ot ei ns and

nucl ei c acids absorb in the wavel eazgth range of 1700 - 1400 cm 1. Accordingly,
once the conCe&MEFEM RFAICHET PR EIIEN OV LT ¥ BIUFONRES VYt Ban be subtract ed

fromthe CO“Q@lﬁlEﬁlglfaieQﬁha@fn PHRIRILBAIRCHS, JUGInginfecREiMSis id@rpbli@l MedheSi ng peak
areas between 1700- 1400 cm 1, thereby gﬁrqow di ng concentration ofprotein

al one. Thus, IRendent daesmsrel.dfis gesrlle Hipt sty a1Re BIES 8L 48" REENB 2det er i ned i n
a singl e expeshpRRbhundeBribfHoubtRRIoh TS Mater M@l bREGH b BhdFMEY®DbWERIiS gener at ed

i ndependently for proteins and DNA using pure sanples of protein and DNA

di ssol ved i nagcusiif fleantighioidei oni zed water. The results of one such experinent
are depicted [ ' I T QL ' i O ' 11n. a sanpl e using
| R [ 0082] |n[%dr?gf F]rgér&nr%eegnrbé@éﬁeggto?\t/hé Cﬁgﬁﬁﬁﬁsgﬁh@ggﬁﬁ‘éﬁ ed that the
met hods accosaiplg vbloniehesppitasie atbjéamden hidgnngoed Bllbecdisetie igrofgufaaned t at i ng

ides. i ' id le. ' I in. 1
ol m concent PALTON Calr DopBrBcer! e Fot Terles TR T rg o P2

Rai nin pipette onto a hydrophilic PTFE nenbrane contai ning sanple hol der card,
as depicted in Figure 2, and dried in a 40C heater. The same sanpl e hol der
card al so contained a position called blank (B), where 2 ul volune of the
water in which sanple is dissolved was pipetted. The card was inserted in the

I I P | 2 . D P . | I R . Y T PR of 2 . P T B PR oR o



[0083] In a representative experinent, the nmethods according to the present

i nvention were used to quantitate a |ipopol ysaccharide in a sanple.
Specifically, a |ipopolysaccharide such as an endotoxin, (Lipopolysaccharide
(TPS); SIGVA L2630), was dissolved in a 1XPBS buffer to obtain a 20 ng/m

stock solution, 21.11 volunme sanple re pipetted usi nin pipette
onto a hydr oEH)ﬁlﬁlCFGé ga ﬂWElgr?%b"E‘i‘iﬂén‘Eiﬁ LG S 18 ERpAte %Fﬂlg,prfggch ofas depi ct ed

in the 'migewh'@r Kl abic. ANgicAly, 8¢ fd%ﬁief‘&laﬁge“ig absoRRBEEHIlowig aSRTBg Sanpl e
hol der card al so contained a position called blank (B), where a 2 ul vol une of

the buffer i pemisiiedicasispibpiethe regfnesef wases is wndsispirbledr mrwherswﬂr éhthol der card was
inserted in t‘l’gn&gtf ARd . Libgs spectrum of the buffer was first

nmeasur ed f ol %% thi%l{ﬁﬁ c(t) r umn%) %he sanpl e, which regards the bl ank

buf fer spect [Q@thhetmhM@k@d@mda@p@mgrtgme ciimpd ingerition epgble BEust ofut i ons wer e
recorded bas I a calibration
curve. The rggﬁ @mﬁﬁ ? %‘ﬁﬂg%l%h%&fﬁglr/éﬁ&r%ﬁl{a{ea aﬂtgatf%%%n a&nﬁ %Blath?e 5. Exanpl e

6: Moni tori ngsatnh]cée rine/semembbdlmhmrher samaleszahpiees alzwh@)oﬁ R, [)008491 02hd et hods
descri bed here for ng.t ne f ter in a
sanple. 1t i & (?gr‘g‘errbyfﬁlsode)bﬁrl ﬁg ”t18r?12 gorldr}?%tl ggsoe eO?tl)cegl \é\@anal yzed
using IR baseqilnmhpmmdwalseﬂ ocapl «af#iepnortsheoaﬁzcm axo@ubrfr afugindri7t at i on  of

bi onol ecul es, exanpl e, jes | th a f tei n/ peptide
quantitationM! Tf&ro%%qorr 1 8t §gb’$ e'r?rlt(gtr Oé}ﬁéf?fﬁéfﬁl"gﬁfrﬁ”n{&ff@ 40 ng/m BSA
(Sigma C?t Lfl2ﬁ\}(71ngac5)p1$)®|l3lhi @n3gmrl\@rlrh1 1] & et 8 lor WaEI @apls Edrtle pthbuef hydr o]|cohi lic
region of the nenbrane contained in in the formof a
card (referr @ thoRk K %5 AAPHEOHS HEF ?%gr*ggrh@rrg Oﬁijggﬂlbﬁ%%ﬂ HHRESHEf sanpl e was
then placed wiahhop1.t Aendubh, gadevREs zﬁldln%tﬁmqégcﬁHﬁlerenaﬁdlhkd?e flosis Pt i on spectrum
was neasured. The absorptjon spectra_arc recaor de&a%@‘?st he nal intensity and

t he signal premsrnéﬂbfwawa%forﬂeﬂn iglappi e ogpere Ko a’tnlodi ‘?“\‘ir)é????r [ 0087]

Wien the si gpaler lifi@rabdtdioh@hd G ARSOLMMY 0O SMBES ddENT8 MBiehHS nfelpsd ant over 3
consecutive neasurenents, the sanple is regarded drc%/ and the software (e.g.,
Jdeg

the Opus sof ehioss of g searle velpume e @r%ﬂ?h‘?d‘i"rﬁlﬁeﬁaﬁlﬁﬁjd@ eirf-e¥thsdry g oAbsor pt i on
spectrum of ﬁé’%‘aﬂﬁlte%ﬁﬁle‘h@ggweéhqge Qlfaugatsa%r Uinfifesafh affishihpie@l | bration curve
determ nes the concentration of in that solution. The resul ts of one such
experi ment aretdeipk gerwdow kevels gfﬁlr@lyaes whicl max o didfiglide deted9s in si gnal
intensity asﬁf?&'te%‘ gu‘éﬂn%%e"@étﬁ&ds%@schg@q ﬁé?{l["g,lrﬂulhﬁle gﬁdllfc‘)% of%&@ﬁﬂh?arg Effect of a

surfactant on the |st bution of sanple Aqueous sol uti ons can have a
pr obl emvmthvellrlylrerﬁggu]rﬂ 2Ophrkan ersgoiodst cai the sagn p@hﬂﬁ@éﬂ“ﬁﬂdﬁ%@ﬂﬂﬂ&ﬁfﬂ@n on the area

of the menbr nt
denonstrates %%lﬁe addi ?\?‘:%grtlﬂe C}lﬁ&eﬁﬁl?g(g%nag%%g%%éaﬂﬂyn%?%gﬁ{%n{ﬁ?on results in
a uni f orm di stluinkwf i @R0 pf is spreteg anoltiee @mpteHwlder ed bedanly applivaigmda taelt he | R beam
and consequentl re ag t ntitati xperiment, a
50 o 20 o BbBe R Shu e Tar Rl b Al IR BRI R e

di ssol ved i naﬂ%atameloﬂiheeﬂnm tzdsiuma,dmh dlrymgtof &ith SBEple Thlemsampétecavarbe spot t ed
onto a sanpl 6@‘80| der card and placed within an IR beamwith a total dianeter
of 4.5mm [0 ¥Swas observed that onl y about 10% of the sanple wi thout SDS
was absor bi ng)mhplnlsanbemrmb@hﬁﬁte dmﬁipld)foldnﬁtﬁofsaﬁplermm mapphad abe i N the outer
1mm of the sa rea. However he sanpl |ch S resent, a
more uni for mg%r]iE P‘?Igﬂt"?@r?ycﬂ’plﬁ'ﬁ‘@ @@wﬁrogsmn%rfﬁ € [t %réﬂnﬁ l?on of the IR
since the sappleONRIhalkdrhilavélh@e TRhFLMLY aryaahdamel Q(OMIQJZ);arﬁ)ﬁle téigmbeam The
integrated amde 1 and 2 peak area (1725 to 14 cm as about 3-fold higher

than that of c3h apRbgs te the SPWBlﬁ’thoébscarq'ﬁ‘?;d tP%%%Ifl f’%n lt?fdrl‘iﬁé‘g%lﬁcwl%ﬂgﬁeersi‘ ment are
depicted in Earg&r% Zited]&fﬂﬁuﬁfe AhkStolsPoilthd RqhiRBRERIRLIRE SPAStAUMTAEpPi cts the
wavenunber (cni) ere as the Y axis depicts the absorbance units. Exanple
8: Manuf act ur edwehtage efhisiteshhighelis thag rierrepsesribe bind oftherpdyie delsetidndr sanpl e

cont ai nnent h &% ofl so enconpassed by the present invention are sanple

hol ders that 'may be used in the nethods for quantitating one or nore
b|onDIecuIes[MH9hAsmwpmapnaﬁwd@snﬂﬂbédbhsrerﬁyﬂmﬁIsﬁnﬂoembm@mmémts a sanpl e
hol der is in isre erred hol der card
for convenieH@gﬁacfﬁorn¥ﬁ%%WgF$§gc?ﬁ%Ilfﬁe anp &ﬁrﬁ%@?c@@@? ds are able to
contain the sanple within the IR beamin order to obtain an accurate
absorption spectrum and consequently quantitation of the one or nore

bi onol ecul es of interest.



[0092] In one nmethod of manufacturing a sanple holder card for use in the

nmet hods according to the present invention, a vacuum plasna envi ronnment was
used for generating an area for sanple containment. The starting nenbrane used
in the sanple hol der card was a hydrophilic PTFE nenbrane, which is sold by
Sum tono under the brand nane Porefton. The menbrane conprises pores of a size

averagi ng 0. ol mﬁlblﬂﬂmwg@wtsﬁ@q%“&%ﬁ@?r%dt @Xﬁ’i}lﬂltaﬁbwqhi)%at! on treat ment
to inpart a Walfmmay@kiLallBr SHh 2681 ofRRIANSL BE aRAToiMRBd Y 81 9RRIid | ¢ menbrane
to a vacuum plasma envi ronnment cl eans the treatnent fromthe surface exposing
t he nat ur al | yethpdy. opreding, rPPhficdl 0083 (e. B ghepeand RppacHian)RBd gaghict! t he
experinental open and closed views, respectively, of a masking fixture within
whi ch an asse ed sanple holder card is placed for exposure to plasma. The
menbr ane was [F0aD Asaded dietieimt the germdindcleionsiil’son ‘mgelef atidmoaldegled refelheési ve coat ed
paper sheets_whi,ch da 12.5 through hple in er of each. The two
paper sheet s ™V Crhémé)ggvé% %I%revr&u&%g)t{dﬁse gulﬁgs %%’rﬁﬁcéﬁtfoggﬁgfep%’ menbr ane sandw ched
t her e bet weerdgoxlyliBsmablyotixey er iitvgutib@idaglcevdlently hended setileedinpaper card. The
assenbl ed card 0) s .sho in Figure 8A wth the fixture (1 in an open
confi gurati oﬁf.“b‘(l‘}lﬁ%‘%%webﬁ%’i“ﬂ%“lea‘?}ad? ‘f@}lafg%#ﬁ?‘ﬁ‘”fsmgﬁ e?‘ﬁtéo‘ﬁqfﬁ?%ﬂ%ﬁl%% ©nenbr ane
(14) was posiclinggdgfiventiort 1@ niEISk iatig nidleculel eNuclbr)aciandladuldsigeladef bame: (16) for
centering the card, as.depicted in Figures 8A a B. astoneric seals (18)
were present "gMifd t%ﬁ’brﬁlséjef‘%mgﬁ’ 8@%"%‘@%@?%60@&:’1‘?@5%828?1Bﬁsz’ﬁ‘ftﬁ%ed nenbr ane

card (10). Sugdoaiendir Rerifohetheleas RADET hlente ahifal dBdmay, 6r partisndiadrest, (19), which
provi de conmuni cation for the gR}as to access the nenbrane (14) to be

| asma |
treated. The FESRERENY Q‘?Wé)’(ﬂgﬁo% SupsR G drpy N 0SEd Malateli cted in a
Cross-secti omAA, VihiR\hdrrifi IBVA CorEBnth&R HALr RRQ. CA A8dIQEBEH tnobRaleSndy18) are
conpressi vely seal ed against the o ;)osl te sides of the nenbrane (14) in the
card (10). A Paﬁoa@sﬂd@.agl.lqeaﬁy-wl%g,@F%qaé?-gmlssrwébarPr@mf@ﬂémgsthe fixture
(12) on to the @b dINQtd&ld &andiclshAhdRnhR ichge Mtemtlnzéémgpwl c menbrane

(14). [00941 The card (10) positioned in the fixture (12) was ‘subsequently

pl aced into &clude megifist Rasen toeligh the Anstien orlighaviered g eelsisgicideegi-onal vi ew of

whi ch is depigfigsh i Fi@MLEI NGRS M ARMATHRY B £ hGHY Whi ch_may
be used is thelHar rf?gk'te%%cnguﬁ] Igét%ae%égstem l\/gdeF PDC- 0011. The cﬁg%ber (20)

i nsi de t he syddedio hagucleivadgdat ed of gas using a vacuum punp (not shown).

At nospheric i.0f L [ haiyer 4 ] i ined at a flow
rate of appr %ﬁ?%’ﬁ?@ 9)7”1;_@%%)%%%%%%%@%&%“ to %%%%Ebatgﬁg?g?éﬁggggt shown) was
appl i ed and mesintfaiwvaeeafdthe acxpeedkon cobt. tli ivequahghagpetd othd asediodds to 7

m nutes. The,regikon of th nor a (15) ..of th 2r_card (10)

bet ween t he g gtgbg TEr '8 arécgtgﬁ% ipf%&\ﬁ/avga‘)ﬁrug}e%%% %25'80? mrﬁ%ﬁggétgrgs, ? wher eas t he
remai ni Ng outkdraleerisas oEbopiosed]ihowpyeaandstandingohavies aslepll @t ediedpaiikdt s. [ 0095] The

pl asma exposure experigent usi.ng the fixtur escribed. in Figur 8A and 8B
Chowed ¢ hat - A5e Y BoesFRerEnHS CopBive e PSR GREF WL FOB 7R 2 ear
definition ofAstwdn®mhi d sicusaiddl wWydriopbobg 6t o gl evavakgchd avashizngh is ansi t i onal
edge occurring at the positiaqon of the elastoneric seals (18). .Less the 1
it o pl as R0 e RETH A RauTE ebE RS bl iS5 PRSP e o no
transition edgguedticahdve sk@&bvhvdMhgiii, shd RNV willeloheNBéduengedtide RpRél i ¢ and t he
sanpl e that was not contained. [0096] Figure 9 depicts an exenplary sanple
hol der card C‘???lqugﬁt ai ning a nenbrane having a hydrophilic region (24)
surrounded byod3y ATRPBARFFave@@BB:, { BB)prdRAS oS Wi progoriidian@dngescribed in this
Exanpl e. The border between the two I‘eﬁl ons is a transitjional edge or line
(28). [0097] radrefakbefisyeyelapeslelt i genprglly measyead inpgifsrofisie and cibkee t he sanpl e
distribut ed gsidfibl MThimis PRSI s Bl Hilkidlie 1B, BamLrGlig ay of achi eving
a uniformdistribution is the addition of a surfactant to a sanple, as

di scussed aboweclengtiot her way of achieving a uniformdistribution is to create
patterns/sha 0 I: [ b Nt 1L ilic areas on

t he nmenbr aneﬂ@g@?{%ﬁ&%@%@% %EQ%SO%%B%{@%%%%% (Q)%‘gge?ﬁg{[eina drying drop
wi || deposi t rdfére tesawk eopr eiieoéat indhieyd abloongpntshetront’served elosingthe dryi ng drop

h as i ly.ob i th the coffee rjng.ph To mi nimize thi
aryi ng- pat t SPITOOERA PR RAB B PBT BN SUFOUHU Tt RASHYHPBHR 1 c T egh on can

be further nodified. This may be achieved, for exanple, by suitably
positioning the elastonmeric seals on thejgrenbrane in a nmanner which results in
a pattern on the nenbrane of hydrophobic spots or lines within a hydrophilic
area. Such a pattern is expected to result in nultiple smaller drops thereby

L . —a Y P B P | P N e | _ - B T T — P N D _ - B T T



1001021 Open and cl osed cross-sectional views of the enbossing

fixture/card/ heated platen assenbly are depicted in Figures 12A and 12B,
respectively. [00103] After the heated platen (42) was exposed to the nmenbrane
(36) for a fixed anount of tine (e g., 5 seconds to 5 mnutes), the cylinder
(not shown) noved the heated platen (4 away fromthe nbrane card (34).
[00104] As aftSBripn HgeEimfs |uém%§he§%é>a\§ﬁ£&‘éh%‘ﬁ desgHpegingEd Shetedmy be

nodi fied. | NueRBehcQh fdiepdaRadn thd RN caltMBted BARRWAg 4 helmeRAtAkNEd area can
be controlled by the shape or the raised bosses and el astoneric pads that are
in close prodirfakyand mepnaingeheretraclosed dinthe pagk. t s bawsting i hyisdly v henbr ane i n

contact wi t hykheo giimefeBRSAESNGnd 8K bk Sl RudpREAREIONY dr ophobi ¢,

whereas the portions that do not cone in contact with the heated platen remain
hydrophilic. [Off#p] In order to confirmthat the hydrophobic area generated
using either plasma treatnent described in Exanple 8 or using heat treatnent
described in theycyrrent Fxanple, was effective in containing the sanple, the
sanpl e cont ai nne ‘ ties of both heat or plasnma treated and untreated
menbr anes were i ny _‘ using water as a sanple. Figures 13A-13B depi ct

t he sanpl e cont ai yoperties of a nenbrane not subjected to heat or

pl asma treatnent agdf ki gures 13C and 13D depict the sanpl e contai nnent
properties of & arreew=ch was subjected to either heat treatnent or
plasma treatnent. A*2 ul volune of water as a sanple (50) was spotted onto the
hydrophi l'i ¢ [0e8hr @REmE edbo@eds 8RO tHHARlime@rdtho@d ) pedki@dar € 13A depicts the
wat er sanple (50) at tinme zero and Figure 12B depicts the water sanple (50) at
time 30 secofitlatgevigrbaponcentpfigypieuanpy of praniite asaiplee spread t hr oughout
the menbrane|@sepm Wk 6ALE AR 86 dRcdli8E MBS RACRNLRRFING nf¥aslBEd A di amet er
than the dianeter of an IR beam Wiereas, in case of the heat treated nenbrane
or plasma tré&dlved Aenbraien. apglibfetincusig i gereraiadrsne p3aitipd. WBER both at time
zero (Figure; G | : r sanpl e (50)
was cont ai negll%g%shi?ﬁte}t{xﬁkeénﬂﬁsr gﬁo‘%‘???g%gg?%lﬁﬁt%%gﬁ%‘aﬁgﬁ}éonn%&nﬁrlglg;eeesur rounded by
a hydr ophobi bagcaranicesn IRespe@ron{esB jnstrjperdr dhegfnge cahibrationqurysi @8 tr eat ment, as
descri bed hergi GEM 1 ar i . I ¢ region (56)
surrounded b%/lﬁ)lgéryugu ereqﬁgldé%gg HromgithcagJ a?lﬁs?rg{rnggtelgpsoég Q%&M%n%%?t%h%? Uni form

di st ri but i onsanfipls afrpther, itiianat hayiredthatghe piipsing bd preginkin it sample He0@106] 1t has
been observe hat, dryvin f.an 0l 0g] TIR analysis
of ten resul tgnalt]ynzggziir? ! unnée/tb%%voggsﬁplcgﬁgigggérjrfvﬁgltfé?%nnﬂboa tleet?lg,ﬁﬁ%?@[n%g(%%% hi ghest
concent r at i othaofhesamplee I'onexainglepintagrartedigecrobodimentsmigioss @ragagtetnher eby f or m ng
a so-called "coffee Ring" or "d t ring” tter whi ¢h nresult in

i naccurate qUAKES %‘f]ilﬁ%.gor[eémﬁl?’]%%]%a?prr parréé(gigr?t%él |rvaéveér§0618r|?rewlht descri bed
herei n, the vaeecwfatianss Uik athdand sdiitioas aetapplipeind tiredsdiopkitic kagic afar e uni f orm

distribution of sample b ausi ng,the sanpl odry in.a re . yni formpattern
in the sanpl B BRI M Pl ke éﬁiogﬁéar%r {12 e P SRR ¢ pe addi t i on
of a hydr ophahoptibakfeceiimRaitRiRd (sngan [RAhsRUNES, QattheBiked IR t he sanpl e area
can cause the sanple to dry nore toward the center of the sanple area, as
depicted in ﬁsﬁwng’t'lx‘ég‘owe‘g‘éli“f@ Wd’_eﬁ’_ u a‘_ﬂﬁ?ré’_ IH}Sscf?tF’BH]lafeg &LfBse to the
effects of usiifBlear saidiAchanly RALE in IS mEhsdsdcbiting fo @t plebert saeRiA. or

di sruption of the 'coffee ring' resulted in higher concentration and | ower

percent coef H{0ePleMpstanodgay iReabpesRtiqogsuIm BOTOEPU B ARHIYE tﬁ?hné‘!lt‘fe? actants that
can be used {ighugighelRMlin@itEoMBlkr. ! Th¥bhEEmbOtimENE 8forth @b ths@singrdodecyl sul fat e
(SDS). In one experinent, the ring-pattern of a dried c¥tochrone C sanpl e was
shown to var pethaded gdenthebsis iR ghsarptiontpedirurhensaiipsr 6l Was di ssol ved (e. g.,
PBS versus Hoerdifadhd Vel ARG ifloiies ARl GalithirlRlihl A dAkn the | R beam
can influence the transm ssion of the IR beam t rough the sanple. In order to
di srupt the PBinpgalpatvedangths pegubdingtyrough the nyederameten ihm idiederopiomtisen of sanpl e,

detergents or_syrfactan an be ad . J .ly to the

menbr ane on \C/%nf@ﬁx ?%tg%szir%r%%besofpgo%EPS&?%%g%%gﬂgtrl?@g@l'aﬁ%u%%ftcﬁs'tthabI e | bel ow,
t he am de 1&abtpieakiranels afuriCytasioro wetheipediregramyweheh cad fosdtahed | n t he absence
(H20 only) and presence of SDS (1 and 5% . The addition of SDS resulted in an
i ncrease of calcul ated sanple area as well as a decrease in percent
coefficient of variation (%V) (e.g., from9.1 to 2.3%. [00110] Figure 15
depi cts a bar graph representation of thg tabul ated data, shown in Tables 1
and 2 below. The increase in sanple value and decrease in %V with the
addition of SDS is due to a nore uniformdistribution of sanple (nore sanple

P T P 2 . Y T | 1™ L. - -\ P | |

D PR . o a | P T P



Table 1. Amount Vol une Anpunt Protein [nglm] (ul) Additive (YO) Sanple
Ami delé&2

mirror movement (¢cm). This design does not have the reference cell of a dispersive
instrument, so a reference spectrum is recorded and stored in memory to subtract from
the sample spectrum.

[0057] Other exemplary IR absorption instruments include dispersive IR

absorption instruments and single wavelength IR instruments. Dispersive IR
spectrometers use diffraction grating in a monochromator in order to disperse the
different wavelengths of light. In general, dispersive IR spectrometers have been
replaced with FTIR instruments. Single wavelength IR instruments may be used for
monitoring a single IR wavelength to measure the kinetics of a fast reaction.

[0058] In some embodiments according to the claimed invention, an FTIR

instrument is used for the quantitation of one or more biomolecules.

Area under the curve which encompasses amide I and amide II peaks (1800 — 1450
em™) is calculated by the software inbuilt into the instrument. For example, the
Bruker IR spectrometer includes the Bruker Opus software. A calibration curve is
then set up which plots area under the peak vs. concentration of the protein standard.
Using the calibration curve generated by the standard of known concentration, the
concentration of an analyte in a sample is subsequently measured.

[0059] In general, a calibration curve refers to a graphical display of the functional
relationship between the expected value of the observed signal to the analyte amount
or concentration. Typically, standards encompassing a range of known concentrations
of a calibrant are used to generate a calibration curve. The spectrum obtained with the
sample is then compared with the standards to obtain the concentration of the desired
analyte.

[0060] In some embodiments according to the methods described herein, the methods
further include a step of monitoring/detecting absorption by water in the sample.
Water absorbs at ~3400 and 1600 cm™, thereby overlapping with the spectrum
obtained with many biomolecules. In some embodiments according to the present
invention, an IR instrument is used which includes an in-built software to monitor the
change in spectral intensity associated with absorption by water, which decreases as
the amount of water in the sample reduces. Accordingly, by monitoring the spectral
intensity associated with water, a user can determine if the sample needs to be further
dried. Typically, the spectral intensity associated with absorption by water is

measured a few times during the drying process, until the same spectral intensity is
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observed for 2 or 3 or more consecutive reads, thereby confirming that the sample is
dry for the actual quantitation.

[0061] In some embodiments, a surfactant is included in the sample being analyzed
using the methods of the invention. A surfactant may either be include in the sample
being spotted onto a membrane or it may be added to the membrane before or after
the sample is spotted. A surfactant, such as, e.g., sodium dodecyl sulfate (SDS) or
Tween 20 or a chemical additive, e.g., Glycerol, reduces surface tension of a solution,
thereby allowing for uniform distribution of sample within an area.

[0062] When an aqueous sample containing one or more biomolecules is dried on a
hydrophilic PTFE substrate, a concentration gradient is formed as the sample dries.
This deposition pattern results in the highest amount of sample being deposited in the
outer most perimeter, and the lowest amount in the center of the sample area. This
pattern is often referred to as a “coffee ring” or “donut” pattern. When the surface
tension of the aqueous sample is reduced, such as with the addition of a surfactant, the
deposition of the sample is more uniform across the total sample area. In the cvent in
which the sample is being interrogated with a energy source, inclusion of a surfactant
results in a more uniform distribution of the sample within the area being exposed to
the energy source.

[0063] Exemplary surfactants include, but are not limited to, polyoxyethylene based
non-ionic surfactants such as (Tween 20, Tween 40, Tween 60 and Tween 80).
Anionic surfactants such as Sodium dodecyl sulphate (SDS), Ammonium laury]
sulphate, Sodium lauryl ether sulphate (SLES), Sodium stearate. In some
embodiments, the concentration of a surfactant is about 1% or about 2% or about 3%
or about 4% or about 5% or about 6% or about 7% or about 8% or about 9% or about
10%. In a particular embodiment, the concentration of a surfactant is about 5%.
[0064] Exemplary chemical additives include, but are not limited to polyols such as
glycerol, ethylene glycol, propylene glycol, dipropylene glycol. In some
embodiments, the concentration of chemical additive is about 1% or about 2% or
about 3% or about 4% or about 5% or about 6% or about 7% or about 8% or about
9% or about 10%. In a particular embodiment, the concentration of a chemical
additive is about 5%.

[0065] Also encompassed by the present invention are devices used for quantitation
of one or more biomolecules in a sample using an IR based method as well as

methods of making such devices. In some embodiments according to the present
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invention, a devicerused for quantitation of biomolecules is a sample holder in the
form of a card which includes a porous membrane (e.g., an ultrafiltration membrane
or a microporous membrane). In general, an ultrafiltration membrane is understood
to have a pore size smaller than 0.1 pm..

[0066] In some embodiments, a porous membrane contained in a sample holder
includes a hydrophilic region surrounded by a hydrophobic region. The hydrophilic
region is the region of the membrane which is instantly wettable by water and the
region where the sample is usually spotted or pipetted onto the membrane. It is also
the region which is typically exposed to the IR beam.

[0067] In some embodiments, the hydrophilic region of the membrane is surrounded
by a hydrophobic region, which is not wetted by water.

[0068] In some embodiments, the area for sample containment includes
shapes/patterns of hydrophilic and hydrophobic regions, e.g., in the form of lines or
spots of hydrophobic regions created within the hydrophilic region. Exemplary
shapes and patterns are shown in Figures 8A-8D. Such shapes and patterns also
enable a more uniform distribution of a sample within the area being exposed to the
IR beam, just like the addition of a surfactant or a chemical additive.

[0069] Sample holder cards for use in infrared spectrophotometric analysis have been
previously described in the art which include a microporous membrane, e.g., those
discussed in U.S. Patent Nos. 5,470,757 and 5,764,355, incorporated by reference
herein in their entirety. However, there is no teaching of sample holder cards which
include a hydrophilic area surrounded by a hydrophobic area for sample containment,
as in case of the present invention. Further, these patents also do not describe sample
holder cards and methods which demonstrate the improvements described here, e.g.,
quantitation of more than one biomolecule in a sample, use of a very small sample
volume and no need for the generation of a calibration curve for each run etc.

[0070] The sample holder in the form of a card is typically manufactured from two
layers of paper card stock laminated with adhesive to the membrane substrate. The
sample holder could also be fabricated from any other substances such as plastic that
can be adhered with an adhesive. Further, the sample holder could be constructed
without any adhesive and be laminated via a coating on the card stock that adheres to
the card stock when exposed to heat. In some embodiments, a sample holder is in the
form of a card which is about 1.4 inches wide by 2.5 inches long and can hold at least

4 samples. However, a sample holder can be designed such that it can contain from 1
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sample up to 96 samples or more (e.g., a 96-well plate format). A notch may be
incorporated into the sample holder design, especially when it is in the form of a card,
to orient the sample holder with the IR system in order to verify that the sample
holder is inserted correctly into the carrier of the IR system to be exposed to an IR
beam. It is also important that the sample holder be oriented correctly such that the
IR beam passes through the hydrophilic region containing the sample.

[0071] The sample holder cards described herein are easy to manufacture, are cost
effective and disposable.

[0072] This invention is further illustrated by the following examples which should
not be construed as limiting. The contents of all references, patents and published
patent applications cited throughout this application, as well as the Figures, are

incorporated herein by reference.

Examples

Example 1: Generation of calibration curve for future sample

quantifications
[0073] The methods of quantitating one or more biomolecules in a sample described

herein obviate the need to generate a calibration curve, each time a quantitation
experiment is run on an instrument. This is an improvement over the current assays in
the art, where a user will typically be required to generate a new calibration or
standard curve each time a quantitation assay is performed.

[0074] In methods described herein, a user generates a calibration or standard curve
once and can use that for future analyses. In one experiment, a calibration curve was
generated as follows. Solutions of various concentrations of analyte (BSA) were
prepared in buffer and analyzed using FTIR based detection methods as described
herein.. The graph in Figure 1 shows the peak area or peak height (Y axis) versus
concentration or amount of analyte (X axis). The linear range of this calibration is
used for calculation of concentration of an unknown sample when the peak area is
known.

[0075] The typical equation is y = mx + ¢, where ¢ = Intcrcept on Y axis, m = slope of
the line ; y = peak area or height, and x = concentration or amount of analyte.
Additionally, the user can add data to the original calibration curve to increase the

statistical relevance of quantification.
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[0076] Figure 1 is an example of a calibration curve that was generated, using various
known concentrations of BSA in a buffer on onc day, and a relevant sample of

unknown concentration of protein quantitated days later against the same curve.

Example 2: General Protocol for quantitation of a biomolecule in a sample

[0077] In a representative experiment, a sample containing one or more biomolecules
(e.g., protein, nucleic acids, carbohydrates, lipids, efc.) is prepared in deionized water
or a suitable buffer. Approximately 0. 2 — 10 pl of a blank solution (e.g., deionized
water or buffer alone) is applied to the hydrophilic region of the membrane contained
in a sample holder, e.g., in the form of a card (referred to as a sample holder card
herein). The same volume of the prepared sample solution is applied to one or more
spots, which maybe present on the same sample holder card or on a different but
identical sample holder card. The sample holder card is subsequently dried using one
of the following techniques: heat (40 — 60 °C, 0.5 — 2 minutes); compressed air/
nitrogen or any other inert gas (0.5 — % minutes) or a microwave oven. The dry
sample holder card is subsequently inserted into the sample compartment of the IR
instrument. The transmission/absorption spectrum of the blank solution is measured
between 4000 and 400 cm™ in order to obtain a spectrum for the background followed
by the measureme™ of the sample at the same wavelength range. Using a calibration
curve which is inbuilt into the system and generated using standards-at various
concentrations, concentration of unknown sample is subsequently determined.

[0078] Figure 2 depicts the image of an exemplary sample holder card which shows
one spot for applying the blank (referred to as B) and spots for three samples (referred
to as 1,2 and 3). However, as discussed above, a sample holder card can be designed

to have any number of spots for sample application.

Example 3: Quantitation of protein and nucleic acid in a sample using IR
spectroscopy

[0079] In a representative experiment, both protein and nucleic acid in a sample were
quantitated as follows using the methods according to the present invention.

[0080] In one experiment, bovine serum albumin (BSA; SIGMA Cat#A-7030) and
deoxyribonucleic acids (DNA; Ambion Cat#AM9680 Sheared salmon sperm DNA)
were mixed together in various proportions (10 to 1ug in equal and inverse ratios) and

dissolved in 1xPBS buffer. 1 ul samples were pipetted using a P10 Rainin pipette
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onto a hydrophilic PTFE membrane sample holder card, at positions 1, 2 and 3 of the
sample holder card shown in Figure 2. Same volume of the buffer in which the above
sample was prepared was pipetted at position B on the sample holder card, as shown
in Figure 2.

[0081] The sample holder card containing both the buffer and sample spots was dried
using high pressure air. The sample holder card was inserted in the IR instrument and
the absorption/ transmission spectrum of the buffer was first measured between 4000
and 400 cm™'. Subsequently, spectrum of the sample was measured using buffer
spectrum as the background spectrum. The amount of protein and nucleic acids is
determined using spectral range of 1700 — 1400 ¢cm ™' for proteins and 1740 — 1400
and 1120 - 940 cm ~ ! for nucleic acids. It is to be noted that both proteins and nucleic
acids absorb in the wavelength range of 1700 — 1400 em™. Accordingly, once the
concentration of nucleic acids is determined, it can be subtracted from the
concentration of protein plus nucleic acids, as obtained using peak areas between
1700 — 1400 em™, thereby providing concentration of protein alone. Thus,
concentration of proteins and nucleic acids can be determined in a single experiment.
In this experiment, calibration curves were generated independently for proteins and
DNA using pure samples of protein and DNA dissolved in a buffer or deionized

water. The results of one such experiment are depicted in Figure 3.

Example 4: Quantitation of peptides in a sample using IR

[0082] In another representative experiment, it is demonstrated that the methods
according to the present invention could be used for quantitating peptides. In one
experiment, a peptide sample was dissolved in water to a 1 mg/ml concentration. 2 pl
volume of the samples were pipetted using a P2 Rainin pipette onto a hydrophilic
PTFE membrane containing sample holder card, as depicted in Figure 2, and dried in
a 40°C heater. The same sample holder card also contained a position called blank
(B), where 2 pul volume of the water in which sample is dissolved was pipetted. The
card was inserted in the IR instrument and the absorption/ transmission spectrum of
the water/buffer blank was measured followed by the measurement of the samples
using the water/buffer spectrum as the background. The amount of peptide was

determined using spectral range of 1700 — 1400 cm ~'. Calibration curve was

17



= Aver age

0.224 = Std dev 2.3

generated using pure samples of BSA as a calibrant in buffer/water. The results of

one such experiment are depicted in Figure 4.

Example 5: Quantitation of lipopolysaccharides in a sample using IR

[0083] In a representative experiment, the methods according to the present invention
were used to quantitate a lipopolysaccharide in a sample. Specifically, a
lipopolysaccharide such as an endotoxin, (Lipopolysaccharide (LPS); SIGMA
1.2630), was dissolved in a IXPBS buffer to obtain a 20 mg/ml stock solution. 2 pl
volume samples were pipetted using a P2 Rainin pipette onto a hydrophilic PTFE
membrane containing sample holder card, as depicted in the image in Figure 2, and
dried using a 40° C heater. The same sample holder card also contained a position
called blank (B), where a 2 pl volume of the buffer in which sample is dissolved is
applied. The sample holder card was inserted in the IR instrument and the spectrum
of the buffer was first measured followed by the spectrum of the sample, which
regards the blank buffer spectrum as.the background spectrum. A titration of LPS
dilutions were recorded based on stock solution calculation in order to obtain a

calibration curve. The results of one such experiment are depicted in Figure 5.

Example 6: Monitoring the presence of water in a sample using IR

[0084] The methods described herein can also be used for detecting the presence of
water in a sample. It is largely undesirable to have water in a sample being analyzed
using IR based methods as water can affect the accuracy of quantitation of
biomolecules, for example, especially in the case of protein/peptide quantitation.
[0085] In a representative experiment, 2 pl of a 10 mg/ml BSA (Sigma Cat # A-7030)
solution in Milli Q water was applied to the hydrophilic region of the membrane
contained in a sample holder, e.g., in the form of a card (referred to as a sample holder
card herein).

[0086] The wet sample was then placed within the IR beam of a IR spectrometer and
IR absorption spectrum was measured. The absorption spectra are recorded as the
signal intensity and the signal profile change, for example, due to evaporation of
water.

[0087] ‘When the signal intensity for the absorption spectrum remains constant over 3
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consecutive measurements, the sample is regarded dry and the software (e.g., the
Opus software in case of the Bruker instrument) collects the absorption spectrum of
BSA between 4000 — 400 cm-1 and using an inbuilt calibration curve determines the
concentration of BSA in that solution. The results of one such experiment are
depicted in Figure 6, which shows a decrease in signal intensity associated with water

as the sample is dried.

Example 7: Effect of a surfactant on the distribution of sample

[0088] Aqueous solutions can have a problem with drying uniformly and obtaining a
uniform distribution on the area of the membrane being exposed to an IR beam.
[0089] This experiment demonstrates that the addition of a surfactant to a sample
solution results in a uniform distribution of the sample on the area being exposed to
the IR beam and consequently more accurate quantitation. In a representative
experiment, a 5 ul of 10 mg/ml Cytochrome C protein sample solution was used,
which was dissolved in PBS and dried with and without 5% SDS. The sample was
spotted onto a sample holder card and placed within an IR beam with a total diameter
of 4.5mm.

[0090] It was observed that only about 10% of the sample without SDS was
absorbing the IR beam since most of the sample was contained in the outer Imm of
the sample area. However, in the sample in which SDS was present, a more uniform
distribution of the sample resulted in more absorption of the IR since the sample was
within the maximum irradiance (1/¢%) of the beam. The integrated amide 1 and 2 peak
area (1725 to 1479 cm™) “as about 3-fold higher than that of the sample without SDS.
The resul® of one such experiment are depicted in Figure 7. The X axis in this IR
absorption spectrum depicts the wavenumber (cm™") where as the Y axis depicts the

absorbance units.

Example 8: Manufacture of a sample holder card using plasma treatment
for sample containment

[0091] Also encompassed by the present invention are sample holders that may be
used in the methods for quantitating one or more biomolecules in a sample, as
described herein. In some embodiments, a sample holder is in the form of a card, and
is referred to as a sample holder card for convenience. It is imperative that the sample

holder cards are able to contain the sample within the IR beam in order to obtain an
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accurate absorption spectrum and consequently quantitation of the one or more
biomolecules of interest.

[0092] In one method of manufacturing a sample holder card for use in the methods
according to the present invention, a vacuum plasma environment was used for
generating an area for sample containment. The starting membrane used in the
sample holder card was a hydrophilic PTFE membrane, which is sold by Sumitomo
under the brand name Poreflon. The membrane comprises pores of a size averaging
0.03 um (HHPSW-005-30) and is coated with hydrophilization treatment to impart a
water wettable surface. Exposing the Poreflon hydrophilic membrane to a vacuum
plasma environment cleans the treatment from the surface exposing the naturally
hydrophobic PTFE.

[0093] Figures 8A and 8B depict the experimental open and closed views,
respectively, of a masking fixture within which an assembled sample holder card is
placed for exposure to plasma. The membrane was fabricated into a card consisting
of two rigid adhesive coated paper sheets which had a 12.5 mm through hole in the
center of each. The two paper sheets were assembled with the Sumitomo hydrophilic
membrane sandwiched there between, thereby covering the hole in the assembled
paper card. The assembled card (10) is shown in Figure 8A, with the fixture (12) in
an open configuration. The assembled card (10) containing the hydrophilic
membrane (14) was positioned in the masking fixture (12) containing a frame (16) for
centering the card, as depicted in Figures 8A and 8B. Elastomeric seals (18) were
present at the opposite sides of the centered and positioned membrane card (10).
Surrounding the elastomeric seals (18) are four holes (19), which provide
communication for the plasma gas to access the membrane (14) to be treated. The
masking fixture (12) was subsequently closed, as depicted in a cross-sectional view in
Figure 8B, so that the elastomeric seals (18) are compressively sealed against the
opposite sides of the membrane (14) in the card (10). A force, e.g., by way of clamps,
was used for closing the fixture (12) on to the sample holder card (10) containing the
hydrophilic membrane (14).

[0094] The card (10) positioned in the fixture (12) was subsequently placed into a
vacuum plasma environment, the closed cross-sectional view of which is depicted in
Figure 8B. An exemplary vacuum plasma system which may be used is the Harrick

Vacuum Plasma system Model PDC-001. The chamber (20) inside the system was
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evacuated of gas using a vacuum pump (not shown). Atmospheric gas was introduced
into the chamber (20), and maintained at a flow rate of approximately 2-5 cc/min.

The power to an RF generator (not shown) was applied and maintained for a period of
time ranging from 10 seconds to 7 minutes. The region of the membrane (15) of the
sample holder card (10) between the elastomeric seals (18) was protected from
plasma, whereas the remaining outside was exposed to plasma, which is depicted by
dots.

[0095] The plasma exposure experiment using the fixture described in Figures 8A and
8B showed that any processing time greater than 1 minute resulted in a clear
definition of hydrophilic and hydrophobic region with a sharp transitional edge
occurring at the position of the elastomeric seals (18). Less the 1 minute plasma
processing times resulted in a blurry transition edge to no transition edge at all,
resulting in a membrane remaining hydrophilic and the sample that was not contained.
[0096] Figure 9 depicts an exemplary sample holder card (22) containing a membrane
having a hydrophilic region (24) surrounded by hydrophobic region (26) made using
the method described in this Example. The border between the two regions is a
transitional edge or line (28).

[0097] As discussed above, it is further desirable to have the sample distributed as
uniformly as possible within the IR beam. One way of achicving a uniform
distribution is the addition of a surfactant to a sample, as discussed above. Another
way of achieving a uniform distribution is to create patterns/shapes of hydrophobic
arcas interspersed with hydrophilic areas on the membrane, as discussed herein.
[0098] It is understood that a drying drop will deposit the sample preferentially along
the outer edge of the drying drop such as is commonly observed with the coffee ring
phenomena. To minimize this drying pattern, the hydrophobic region surrounding the
hydrophilic region can be further modified. This may be achieved, for example, by
suitably positioning the elastomeric seals on the membrane in a manner which results
in a pattern on the membrane of hydrophobic spots or lines within a hydrophilic area.
Such a pattern is expected to result in multiple smaller drops thereby creating smaller
and smaller drying patterns. These smaller drying patterns deposit the sample in a
more uniform configuration within the IR beam. It is understood that the possible
shapes/patterns which may be configured onto the membrane can be in the form of
lines, dots, star shapes and other common shapes. Further, the outer hydrophobic

region can also a shape such as a star shape, a square shape efc. Exemplary
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hydrophobic/hydrophilic patterns which may be generated by suitably positioning the
elastomeric seals on the fixture are depicted in Figures 10A-10D. Hydrophilic
regions are shown by the numeric reference 30 and the hydrophobic regions are

shown by the numeric reference 32.

Example 9: Manufacture of sample holder card using heat treatment for
sample containment

[0099] In another experiment, a sample holder card for use in the IR methods
according to the present invention was manufactured as follows, using heat treatment
as another alternative means for achieving sample containment on the membrane in
the card.

[00100] In an exemplary experiment, the surface wettability of a hydrophilic PTFE
membrane was altered by exposure to a heated platen, in order to create a region for
sample containment. The hydrophilic PTFE membrane that was used is sold by
Sumitomo under the brand name Poreflon, has a pore size averaging 0.05 pm pores
(HHPSW-005-30) and is coated hydrophilization treatment to impart a water wettable
surface. In general, using the methods described in this example, any Poreflon
membrane with pore size ranging from 0.05pum — 0.45um and the thickness ranging
between 30 wm through 80 um can be modified using a heated platen.

[00101] As in casc of Example 8, the hydrophilic PTFE membrane was fabricated
into a card consisting adhesive coated paper sheets which had four (4)10 mm through
holes. The two paper sheets were assembled with the Sumitomo hydrophilic
membrane sandwiched between the sheets, thereby covering the holes in the
assembled paper card. This assembled card (34) containing a hydrophilic membrane
(36) was positioned into an embossing fixture (38) which contains a pneumatic
cylinder (not shown) attached to cal-rods (not shown) and a heated platen (42), as
depicted in Figure 11. The cylinder positions the heated platen (42) on or above the
membrane (36) in the sample holder card (34) and elastomeric pads (44) on nest (40)
supports the underside of the membrane (36). The heated platen (42) contains raised
bosses (46) and the nest (40) contains elastomeric pads (44), which align with the
raised bosses (46), when the sample holder card (34) is placed there between, which
results in the regions that are in direct contact with the heated platen (42) to become

hydrophobic.
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[00102] Open and closed cross-sectional views of the embossing fixture/card/heated
platen assembly are depicted in Figures 12A and 12B, respectively.

[00103] After the heated platen (42) was exposed to the membrane (36) for a fixed
amount of time (e.g., 5 seconds to 5 minutes), the cylinder (not shown) moved the
heated platen (42) away from the membrane card (34).

[00104] As also in case of Example 8, the shape of contained area may be modified.
In case of the heat treatment, the shape of the contained area can be controlled by the
shape of the raised bosses and elastomeric pads that are in close proximity to the
membrane, such that the portions of the membrane in contact with the raised bosses of
the heated platen become hydrophobic, whereas the portions that do not come in
contact with the heated platen remain hydrophilic.

[00105] In order to confirm that the hydrophobic area generated using either plasma
treatment described in Example 8 or using heat treatment described in the current
Example, was effective in containing the sample, the sample containment properties
of both heat or plasma treated and untreated membranes were investigated using water
as a sample. Figures 13A-13B depict the sample containment properties of a
membrane not subjected to heat or plasma treatment and Figures 13C and 13D depict
the sample containment properties of a membrane which was subjected to either heat
treatment or plasma treatment. A 2 pl volume of water as a sample (50) was spotted
onto the hydrophilic membrane (52) of a sample holder card (54). Figure 13A depicts
the water sample (50) at time zero and Figure 12B depicts the water sample (50) at
time 30 seconds. As shown in Figure 13B, the water sample spread throughout the
membrane area, which resulted in the wetted area being wider in diameter than the
diameter of an IR beam. Whereas, in case of the heat treated membrane or plasma
treated membrane, as depicted in Figures 13C and 13D, both at time zero (Figure
13C) as well as at 30 seconds (Figure 13D), the water sample (50) was contained
within the hydrophilic region (56) of the membrane surrounded by a hydrophobic
barrier region (58). Accordingly, heat or plasma treatment, as described herein, may
be used for generating an inner hydrophilic region (56) surrounded by an outer

hydrophobic barrier region (56).

Example 10: Uniform distribution of sample via chemical or physical

disruption
[00106] It has been observed that, drying of an aqueous biological sample for FTIR
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analysis often results in an uneven sample distribution pattern, with the highest
concentration of sample on the outer edge of the sample area, thereby forming a so-
called “coffee Ring” or “donut ring” pattern, which can result in inaccurate
quantitation.

[00107] In a representative experiment described herein, the use of a surfactant or a
detergent resulted in a more uniform distribution of sample by causing the sample to
dry in a more uniform pattern in the sample containment area, as depicted in Figure
14A. Also, the addition of a hydrophobic barrier-pattern (e.g. “X” cross pattern) in
the sample area can cause the sample to dry more toward the center of the sample
area, as depicted in Figure 14B, resulting in a sample distribution close to the effects
of using a surfactant additive. Distribution of the sample or disruption of the ‘coffee
ring’ resulted in higher concentration and lower percent coefficient of variation
(%CV).

[00108] Examples of surfactants that can be used include', but are not limited to,
Tween 20 and sodiumdodecylsulfate (SDS). In one experiment, the ring-pattern of a
dried cytochrome C sample was shown to vary based on the solution in which the
sample was dissolved (e.g., PBS versus H20). The differences in the sample
distribution within the IR beam can influence the transmission of the IR beam through
the sample. In order to disrupt the ring-pattern, resulting in a more uniform
distribution of sample, detergents or surfactants can be added to the sample, or
directly to the membrane on which the sample is spotted and dried.

[00109] In Table 1 below, the amide 1&2 peak area of Cytochrome C protein were
calculated in the absence (H,O only) and presence of SDS (1 and 5%). The addition
of SDS resulted in an increase of calculated sample area as well as a decrease in
percent coefficient of variation (%CV) (e.g., from 9.1 to 2.3%).

[00110] Figure 15 depicts a bar graph representation of the tabulated data, shown in
Tables 1 and 2 below. The increase in sample value and decrease in %CV with the
addition of SDS is due to a more uniform distribution of sample (more sample is
within the total IR beam) and less variability is present between samples (even
distribution of sample versus differences in case of ring-formation).

[00111] The Amide 1 and 2 peak areas in Tables 1 and 2, column B, were calculated
using OPUS 6.5 software (Bruker). The average value was calculated as well as the
%CV. SDS (1 and 5%) was added to the samples and the peak area and %CV were

reanalyzed.
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Table 1.
Amount Volume Amount B
Protein [mg/ml] (ul) Additive (%) Sample | Amide1&2
Cytochrome C 10 2 dH20 1 6.137
Cytochrome C 10 2 dH20 2 5.225
Cytochrome C 10 2 dH20 3 5.309
5.557 = Average
0.504 = Std dev
9.1 =%CV
Cytochrome C 10 2 SDS 1 1 9.969
Cytochrome C 10 2 SDS 1 2 9.525
Cytochrome C 10 2 SDS 1 3 9.802
9.765 = Average
0.224 = Std dev
2.3 = %CV
Cytochrome C 10 2 SDS 5 1 24.156
Cytochrome C 10 2 SDS 5 2 24.045
Cytochrome C 10 2 SDS 5 3 22.745
23.649 = Average
0.785 = Std dev
3.3 = %CV
Table 2.
Protein Amount | Volume | Modification | Sample | Amidel1&2
[mg/ml] (ul)
Cytochrome C 10 5 1 21.352
Cytochrome C 10 5 2 20.783
Cytochrome C 10 S 3 24.802
22.312 = Average
2.175 = Std dev
9.7 =%CV
Cytochrome C 10 5 X 1 24.526
Cytochrome C 10 5 X 2 23.599
Cytochrome C 10 5 X 3 23.877
24.001 = Average
0.476 = Std dev
2.0 =%CV
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[00112] The contents of all references, patents and published patent applications cited

[00113] The specification is most thoroughly understood in light of the teachings of
the references cited within the specification which are hereby incorporated by

reference. The embodiments within the specification provide an illustration of
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embodiments in this invention and should not be construed to limit its scope. The
skilled artisan readily recognizes that many other embodiments are encompassed by
this invention. All publications and inventions are incorporated by reference in their
entirety. To the extent that the material incorporated by reference contradicts or is
inconsistent with the present specification, the present specification will supersede
any such material. The citation of any references herein is not an admission that such
references are prior art to the present invention.

[00114] Unless otherwise indicated, all numbers expressing quantities of ingredients,
cell culture, treatment conditions, and so forth used in the specification, including
claims, are to be understood as being modified in all instances by the term “about.”
Accordingly, unless otherwise indicated to the contrary, the numerical parameters are
approximations and may vary depending upon the desired properties sought to be
obtained by the present invention. Unless otherwise indicated, the term “at least”
preceding a series of elements is to be understood to refer to every element in the
series. Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the
following claims.

[00115] Many modifications and variations of this invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The
specific embodiments described herein are offered by way of example only and are
not meant to be limiting in any way. It is intended that the specification and examples
be considered as exemplary only, with a true scope and spirit of the invention being

indicated by the following claims.
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0.476 = Std dev 2.0 = v [00112] "The contents of all references,
patents and published patent applications cited throughout this application
are incorporated herein by reference. [00113] The specification is nost

t hor oughly understood in Iight of the teachings of the references cited within
the specification which are hereby incorporated by reference. The enbodi nents
within the specification provide an illustration of enbodinents in this

i nvention and should not be construed to limt its scope. The skilled artisan
readily recogni zes that many ot her enbodi nents are enconpassed by this
invention. Al publications and inventions arc incorporated by reference in
their entirety. To the extent that thg material incorporated by reference
contradicts or is inconsistent with tHé€ Ptesent specification, the present
speci fi cat i olistink of Slapas sede any such material. The citation of any references
herein is not an adm ssion that such references are prior art to the present

i nvention. [00114] Unless otherw se indicated, all nunbers expressing
quantities of ingrediLahs fof ghdntittibl & Be of MOAL HIBNbleEQRAN b k@RSe, tROd so forth
used in the specification, including clains, are to be understood as being
modi fi ed in &ethof feppiingdhesiersitd: t er m "about . " Accordingly, unless ot herwi se
indicated to the @Ppbliamy.a shinBleMIRer doniisiRg LIRS B mBFBe APRKOXI Mati ons and may
vary dependi ng upon the desired properties sought to be obtained by the
present i nvent iORPriHp Bxdophi hetorios suireiiededihydropbobig Fegiongior pasapde " precedi ng a
series of el emePf§inknt © be understood to refer to every elenent in the
series. Those skilled in the art will recogni ze, or be able to ascertain using
no nore than routhheoné@@p@gihﬁéﬁdraphlbwegmwg@qmﬁmmr@nfflﬁl g wmphrevodpesi fi ¢

enbodi ments of the, i J i r.ei Such equi val ents are intended
to be enconpassed@B@Qyﬁ2&%%PPgﬁ§ﬁgk%ﬁ§P%§§§?gﬁﬁ15] Many nodi fications and

vari ati ons of t hi@) ¢xpesing thgnawpln vblememd ¢hephethrane deparftargigbebmom its spirit and

scope, as wll {. ' ' I -1 i fdc

enbodi nment s deé%@?@gﬁfiggﬁ?%@ngﬂﬁﬁ?égégkﬁgeﬂ2§b@?°§§§n83%%3%ﬁﬁ%éﬁd are not
nmeant to be |i rtheiprgral mngnyf 4089-400 tmi's therebe tleitai hatnfiated abpeptidni cati on and
exanpl es be co%séggred as exenplary only, with a true scope and spirit of the

i nvention beingpthF%ated by the follow ng clains.
1) wherein one or more absorption peak areas in the infrared absorption

spectrum correlates with the quantity of the one or more biomolecules in the

sample.

2. The method of claim 1, wherein the one or more biomolecules is selected

from the group consisting of nucleic acids, proteins, lipids, polysaccharides and

lipopolysaccharides.
3. The method of claim 2, wherein the lipopolysaccharide is an endotoxin.
4. The method of claim 1, wherein the method does not require a user to

generate a calibration curve each time a sample is analyzed for quantitation of the one

or more biomolecules.

5. The method of claim 1, wherein sample volume ranges from 0.1-20 pl.
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Clains Listing of Cains 1. A nethod for quantitation of one or nore

bi onol ccul cs in a sanple, the nmethod conprising the steps of: (a)

provi ding a sanpl e hol der conprising a porous nmenbrane whi ch conprises a

hydr ophi lic regi on surrounded by a hydrophobic region for sanple contai nnment;
(b) contacting the hydrophilic region of the nenbrane with a sanple vol une;
(c) drying thebsanplie pehethel cdmiShehergimspmple volume iy hypl ehlesssi ng t he sanpl e

vol unme on the nmenbrane to an infrared beam conprising a wavelength in the
spectral range of 4000-400 cm | or any portion of the spectral range of

4000- 400 cm |, 7t her Eymetboddfickdim lawhéerpinrthg pouwsisrtpaiconcatmeddrwithin i)
wher ei n one of..amre absorption peak areas in the infrared absorption spectrum
correl ates mng% The guantity of the one or nore bionolecules in the sanple.
2The met hod of claim 1, wherein the one or nore bionolecules is selected from

e oot o el el 8B 5 By e occhar des and
| i popol ysaccharide is an endot oxi n. 4. The nmethod of claiml. wherein the
met hod does not requjre ser .to nerate a calibratiqn curve each tinme a
sanple is anal yzed Efrm E%‘ﬁ?'ctlaé‘?‘ilog(ﬁ%mtthees C(S’F“pﬂﬁefs@c{)d‘?l%ﬁ?l ‘es. 5. The
nmet hod of claim1, wherein sanple volune ranges fromO0, 1-20 pl.

10. The method of claim 9, wherein the biological fluid is selected from the

group consisting of blood, plasma, serum and urine.

11.  The method of claim 1, wherein the sample comprises cell or tissue lysate.
12. The method of claim 1, wherein the sample is a crude sample.
13. The method of claim 8, wherein the sample holder card comprises a

porous membrane which comprises an area within which the sample is contained on

the membrane.

14.  The method of claim 1, wherein the porous membrane is an ultrafiltration

membrane.

15.  The method of claim 1, wherein the porous membrane is a microporous

membrane.

16.  The method of claim 1, wherein the porous membrane comprises a
polymeric material selected from the group consisting of PVDF (Polyvinylidene
fluoride), polytetrofluoroethylene, hydrophilic polytetrofluorocthylene, polyethylene
and polypropylene.

17.  The method of claim 13, wherein the area for sample containment on the

membrane comprises a hydrophilic region surrounded by a hydrophobic region.
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6. The nethod of claim5, wherein sanple volune is 1 ttl or |ess. 7. The
nmet hod of claim 1, wherein the porous nenbrane is contained within a device.
8. The method of claim7, wherein the device is a sanple hol der card. 9.
The met hod of claim 1, wherein the sanple conprises a biological fluid.

10. The nmethod of claim9, wherein the,biolo%ical.fluid,is selected fromthe
group consi stid§ of Thi Bedod pl daipel 7. whsrgimtherhydipphpkic region iy qreatghy net hod of
claim1, whepgif, tHeEnSROPA By MM Resus GRhlbrk. tissue lysate. 12. The

nmet hod of claiml, wherein the sanple is a crude sanple. 13. The net hod of
claim8, wherein the sanple holder card conprises a porous nmenbrane which

compri ses an anga Virh{hbyikfikhe, SATOhe SN AREHAAR A oTDr ane.

14. The nethod of claim orous ne ane is an ultrafiltration
menbr ane. hydtéphilicireginet hod of claim 1, wherein the porous nenbrane is a
m er opor ous nenbr ane. 16. The nmethod of claim 1, wherein the porous

menbrane conprises 'a polyneric material selected fromthe group consisting of
PVDF ( Pol yvi nyl20den@hd muihod d&dlaimpld] whetinolid hyolrqbhbbiy ke, is bigaledphi | i

pol yt et rof | upr oet hyl en | yet hyl ene and pol ypropyl ene. 17. The met hod of
claim 13, mhg?gﬁﬁm¥ﬁ§°§?8§ﬂ?%?h%‘ﬁ%ﬁém%@ﬁ? i nnent on the menbrane conprises a
hydr ophil i c regi on surrounded by a hydrophobi c region. 18. The net hod of
claim 17, wherein the hydrophobic_region is cr d by plas treatment of a
hydrophilic poi%us 2@ﬁﬁ¥gﬁﬁﬁgr““§§?U%HégﬁﬂPﬁ&ﬂﬁg%iwpgfHﬁ???qa%%?ﬁﬁh the sanple
i s cont ai nedhyidrthid cohgrifiy dpeRiak he@bFaa@kaith compr&s a Th@opmltibagdioal claim 17,
wherei n the hydrophobic regiaon is created by heat treatnent of a hydrophilic
por ous menbr SHEUD ed by a hydrophobic region, wherein the’sample is contained within the

boundaries of the hydrophilic region.

22.  The sample holder card of claim 21, wherein the diameter of the

hydrophilic region ranges from 2.0 mm through 10 mm.

23.  The sample holder card of claim 21, wherein the diameter of the

hydrophilic region ranges from 3.0 mm through 6 mm.

24, A method for quantitation of one or more biomolecules in a sample, the
method comprising the steps of:

(a) providing a sample holder card comprising a porous membrane which
comprises a hydrophilic region surrounded by a hydrophobic region for sample
containment;

(b) contacting the hydrophilic region of the membrane with a sample volume;

(c) drying the sample volume on the membrane;

(d) detecting the presence of water on the membrane using infrared
absorbance and repeating step (¢), if necessary, until no water is detected; and

(e) exposing the sample volume on the membrane to an infrared beam
comprising a wavelength in the spectral range of 4000-400 cm™ or any portion of

the spectral range, thereby to obtain an infrared absorption spectrum;
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21. A sanple holder card for use in the nmethod of claim1, wherein the sanple
hol der card conprises a porous nenbrane which conprises a hydrophilic region
surrounded by a hydrophobic region, wherein the sanple is contained within the
boundari es of the hydrophilic region. 22. The sanpl e hol der card of claim
21, wherein the dianet%r of .the hydrophilic region ranges from 2.0 mmthrough
10 mm 23. The sanpl&PREIREC o8 BPEF O@ﬁ“ﬁlwgfeawgfeép arFi%bsafpé‘r‘?Bt er of the
hydrophi lic regiRanmB@Ratds VAR Be QuatiiytldmiRUEaB oPmBRAbiomoledhies i 8t hod f or
quantitation of one or nore hionolecules in a sanple, the nmethod conprising
the steps of: sample) providing a sanple hol der card conprising a porous

menbr ane whi ch conprises a hydrophilic region surrounded by a hydrophobic
region for sanple containnent; (b) contacting the hydrophilic region of

t he nenbrane with a sanpl e vol uneg; (c) drying the sanple volune on the
menbr ane; (d) detecting the presence of water on the nenbrane using

i nfrared absorbance and repeating step (c), if necessary, until no water is
det ect ed; and (e) exposing the sanple volunme on the nenbrane to an

i nfrared beam conprising a wavelength in the spectral range of 4000-400 cnill
or any portion of the spectral range, thereby to obtain an infrared absorption
spectrum i) wherein one or nore absorption peak areas in the

i nfrared absorption spectrumcorrelates with the quantity of the one or nore
bi onol ecul es in the sanple.
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