ELECTROKI NETI C CONCENTRATI ONDEVI CE AND METHODS OF USE THEREOF FlI ELD OF THE
| NVENTI ON Thi s invention provides devices and net hods of use thereof in
concent r avongocscitar ged speci es of interest in sol uti onPCThiS3006OVESE i ON
provi des a concentration device, which is based on el ectrokinetic trapping
of a charged species of interest, which can be further isolated and

anal yzed. BACKGROUND OF THE | NVENTI ON One of the nmjor chall enges of
proteomics is the ShERETROTOINEITC/CONCHNIRATIONDIAGH s, such as bl ood
serum or cell extract. Typical blood sanmples coul d contain nore than 10, 000
different protein species : rOHUSE THERBOF vi ng over 9 orders of
magni t ude. Such diversity of proteins, as well as their huge concentration
ranges, poses a form dable challenge for sanple preparation in proteomcs.
CoAventional protein anal y$IELDSHRABFUBNYENEERN on nul ti di nensi onal

separ at i~QF. : . . t r al : ..I he

o o S0 R DB SR o Bl g RGBS, O

det ect i @f iftere@4in. soMtion.ofTihisi idventibn pnwlides 1l eonasrataion deviaes twhinh i§ doasedl dred niTAS)
hol d prom for automated .bi onol ecul e. processi.ng. Vari.ous bi onol ecul e
separ at ieggﬁtsrcae’tl%e 6utﬁpp 1|n§a‘ffi ao?lhar eggsé’ el oﬁl\g’ltﬁresgsw@ﬁlg e gf fLr1 §5tlslogaﬁeda%n

anpl i fi aailyzed. has been mi niaturized on a mcrochip, denonstrating orders of

nitude faster sanple i | in I n addition,
mﬂlgr of luidic integrati oﬁim%bﬁﬁ%?%ﬂ@@gﬁﬂﬁﬁ%n steps into a
mul ti g: rm:asdfqm}naﬁelamahg'e@gf gﬁﬂéofzﬁcsh@&hé)ﬁ@_er ctm&ma@d _ts/roau)&dnﬁldsdmmmf les,n'ﬁSt
m crof | ui di c separation sanpl e, praocessi ng devj ces suffer om t he
criti ca|su3g§u‘@° SeEURSF sell iR TpicRieN saptptes sordicanainmore b LE00G, o y
ef fi ci eniffdréht NRoWIn HEcied) dvill 85iREHFaRBnd PdryinBlovef 9saidt &f frhdghfigde. bFlichmost

bi onol ecul e sanpl es are available or handled in a liquid volune |arger than

| L. ThéPersdy of pratcinsoahvell sstbeln hageronerntration Bagns: Rpsess fofmidable abalynee only a

sl | f r@GhingR pépap¥igh lARbEomREPl s, which significantly limts the overall

detection sensitivity. I'n proteomcs, this problemis exacerbated by the

fact t h&lonyentionalerotein- gnalybis deciinignes dpased| @t glukiislimensionid s¢earatigid sPsoMRsl ker s,

e.g.) a ' ent i : ereis
9-) sg %T%»lélﬁgxliw%@{‘ s, Baik %ﬂﬁ@b&%‘s‘é hehinRRa séébgésﬁgﬁ\ﬂ C;%@l?%ﬁacnf“@.ﬂa th

no signa Iron’techni que such as polyne aln reaction (PCR)
for ~3000) and dynamic range of detection (~10%. Microfluidic biomolecule analysis systems (so-

called pTAS) hold promise for auntomated biomolecule processing. Various biomolecule
20 separation and purification steps, as well as chemical reaction and amplification has been
miniaturized on a microchip, demonstrating orders of magnitude faster sample separation and
processing. In addition, microfluidic integration of two different separation steps into a
multidimensional separation device has been demonstrated. However, most microfluidic
separation and sample processing devices suffers from the critical issue of sample volume
25 mismatch. Microfluidic devices are very efficient in handling and processing 1pL~I1nL of
sample fluids, but most biomolecule samples are available or handled in a liquid volume larger
than 1uL. Therefore, microchip-based separation techniques often analyze only a small
fraction of available samples, which significantly limits the overall detection sensitivity. In
proteomics, this problem is exacerbated by the fact that information-rich signaling molecules
30 (cytokines and biomarkers, e.g.) are present only in trace concentrations (nM~pM range), and
there is no signal amplification technique such as polymerase chain reaction (PCR) for

proteins and peptides.

‘What is needed is an efficient sample concentrator, which can take typical sample volume of
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proteins and peptides. What is needed is an efficient sanple concentrator,
whi ch can take typical sanple volunme ofmcroliters or nore and concentrate
nol ecul eswormv@/@1zmal | er vol une so that it can be separ actedSand/oossect ed
much nore sensitively. Several st rat egi es are currently available to

provi de reconcetratlo Uld inclyding field-anplified sanple

st acki ngﬁl?%ﬁé)' %f IFa 8 pcﬁg“reggél‘% (nileﬁg)u S dfiigct rSWh?er B SQiH Png Capi Rl | ar

el ect r okepeited aﬁd/\ﬂﬁadtﬁgmudhmfﬁiﬁeﬁgﬁaeﬂhlSbvﬂfaBﬁlﬁlﬂé‘g@éétiréifch@éhtl afvelilapply ane

preconcent r tion of these . techni %re originally devel oped for

capi | | arR°% e%?t’qpbepﬂrﬁ? ?‘Era“%rhﬂl l?cé‘ﬂg%@? dramplifigepamplé gagkitedidS)and / or

r eagent SsotdchbptoteeRATPRT  EB¢ RGN aRbbmgandnlbild r abikalihRE8€d sweeping,
conceg{ratl on techni ques depends on the hydrophobicity and the Size of

t ar §i Om?fﬂg&?mCe,PgecOEre@Eilt%qek@%&q@rﬁmﬁwﬁ@nw@wﬁm essrtechpiueshar ged
bl onol ek @tlg'iﬂhﬁg'd@%loﬂéﬂ Ford@pRLS! ehaétrsﬁﬂwsfseﬁmf}@a\ﬁmg% baftar Qﬁngéﬁe%&‘st Ive

menbranes _for the operation. Overal the denonstrated concentfation
factors 2o Phacasenist Efiigper <nesemaiazripiic s efiltrtion-baskd mirecodcensation000, and

their apRlhigals RPedd® oh A& Hﬁoﬁ?i@%%mtﬂé Q.v?ey&fttﬁg&rég a‘gie]::%lésc Eﬂﬂlﬁtctrgﬂﬁet}c

various operati onal const as reagents

requi r e¥EPRIBE CBUNNPRY forny pRr g\ MO ENIcTSpecies benganenllp rapireemnopatowne
enpodi meptoe. 0 [ Ppghanne

nanoc hanﬁ?;éqge &é&ggﬁ?&@{néﬁ%s ucﬂellgéh&gtll()% {Sp%r(%ﬁ’ftﬁeg ﬁnﬁtrésial T eanHoJé%n Ira%mtgs a unit
to i ndude the e prokinnetiationschpnesan tismitd ity ef060, end iieirsapptcatibe todteannel ;

and a c I h whi.ch liquid conpris speci es of interest can
be nade %y%%%gégéﬁgggfﬁ(%%$g§WFggS@ﬁ%ﬁﬁB]7?%mf&W%§W%§ g&?&’ﬁﬁﬁﬁ@ﬂanne

and sai thapoildueduiremetts.nked to said m crochannel. | n one enbodi nent, the
introduction of a liquid conprising a species of interest in said device
and i ndependent induction of said electric field in said nanochannel and in
sdbd m crochannel, concentrates said species of interest within said

m crochannel . In another enbodi nent, the nmeans for inducing an electric
field in the nanochannel ,W‘@QF&P HE INVENTION

The invention provides, in one embodiment, a concentrating device comprising:

a microchannel;
20 a nanochannel;

a unit to induce an electric field in said nanochannel;
a unit to induce an electrokinetic or pressure driven flow in

said microchannel; and
a conduit, through which a liquid comprising a species of
25 interest can be made to pass;
wherein said microchanne! is linked to said nanochannel, and said conduit is linked to said

microchannel.

In one embodiment, the introduction of a liquid comprising a species of interest in said device
330 and independent induction of said electric field in said nanochannel and in said microchannel,

concentrates said species of interest within said microchannel.

In another embodiment, the means for inducing an electric field in the nanochannel, or in said

microchannel, or combination thereof, is a voltage supply. In one embodiment, the voltage
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m crochannel , or conbination thereof, is a voltage supply. In one

enbodi nent, the voltageapplied is between 50nv and 500 V. In one

enbodi menwQ 200v08vobt age supply applies equal voltage toprCmasaswenzssand
cathodi c side of the m crochannel, or in another enbodi nent, the voltage

supply_a L [ er, Vo to the anqdic sjde of said mcrochannel, as
conpar & &’B ? ‘!(ljlst v %%tajt?gla{ 8ni%@g§7' I ﬁ“ ?fﬁee’@?aaﬁ% ¢ volfage syRRdy APRISs £aal

i cr ocvunapeto ik dnediverd cdthodid Qe NN tha Aitrbdha@Dt e 2HRQdiARAIment e dept h of
t he nicrochannﬁ] if between, 0.5 - 50 nm .|l n anqgt her enbodi ment, the w dth
of t he' HERDTRBRABPISS SreALeT WaLAES) to the oA side i ShiA maiFreelvaReHLORPREALS t he

dept h @t cgrodic s@nochannel is between 20 - 100 nanoneters. In one
en%odi nent, the surface of the m crochannel has been functionalized to
reduce or enhance adsorption of said species of interest to said surface.

I n anofh@ie QHAAMRENEe WidlR oPYhd AGGoRhndeNSs RARESNRANNR) ARALRS i Ghaehannel

has been functionalized to enhance or reduce the operation efficiency of
t he dekmRodimen thhdapHee! Geristercehenee! ivketweanad-5 gal0aimoiemdtlzr einbodiment ed t o

the substydh er 8k hiehsey ﬁ%eng%egfl ggﬁgﬂmgh Ahd FEAUEE: LB grlrt,gaé% agqtﬁg% i ci ency

o
of the device. In another e e device 1s conpr
t r ans patdaianoghannst s etwepm2Gn d0thmamomntsrsdi nent, the transparent material is
pypex, silicon dioxide, silicon nitride, quartz or SU-8. In another
enbodi ment, the device is coupled to a separation system or in another
enbodilreme, embodinent t the suyst anthe anicionhanelt hdrbeemifoctitinkdized a0 raned ysi S

syste I er. enpodi nment.. .a conbination thereof. | not he
enbodirgrlrlg%r}c‘%%fl ﬁogﬁ} tle]vclgfcsea{&j e&%ﬁh’&”ﬁ% B2 3 ﬁf‘?‘larf%o%e&ff‘@’é?.mfeﬁt’ t her
enbodismeate, of tthenabevhianse]l codpr imseschantel b eeefifercachaingelosenhMrRb 0F kanae! s or
conbi qﬁlti ons. thﬁr eof %{ltg gne eg‘oodi nent .he m crochannel s, nanochannel s or
conbi nat PREHECP REICERY %rthe devisen Jr apaler AmBodimett exiiras! saie FRISEYa) is amrlieh i n one
et oditoretiet subseweps the Se i, pedttiaftl G re@ick @Y et0in ffididiey b feQel@aNg]l s with

. nanochannels. In one enbodi nent, the invention provides for

respect 510 %%ﬂ | .

a et RO ETCTEERLRY HigtdeNige 5 COpWEKO! gtrapspapspbmpterial A aqodfier gmbedimenti si ng

usi ng tige t@ipaeent BlatetilEs bieLHMlicOR diok e ANR o8 ARQEH, BRIz or GBS 1 Nvention provides
a mcrofluidic punp conprising a device of this invention, which in one

enbodi mrent has a liquid fl ow speed of between 10 nm sec and 10 mi sec.|In

one, CHRRMHEE Bioodif, 1ESALL BB YSiuiRLAL OF 1PARIRRLERKAGS SPOCT s

of interest in a liquid, the net rising the steps of: Introducing
| PQui @ deresomsysisny efein anpdenerabndiraent.rant anplysis system or in another embodiment, a

combination thereof. In another embodiment, the device is coupled to an illumination source.

In another embodiment, the device comprises multiple microchannels, nanochannels or
combinations thereof. In one embodiment, the microchannels, nanochannels or combinations
25  thereof are arranged with a particular geometry, which in one embodiment, comprises

perpendicular orientation of the microchannels with respect to said nanochannels.

In one embodiment, the invention provides for a method of concentrating a species of interest in
a liquid, comprising using a device of the invention.

30
In one embodiment, this invention provides a microfluidic pump comprising a device of this
invention, which in one embodiment has a liquid flow speed of between 10 pm/sec and 10

mm/sec.



device, wherein said liquid conprises a species of interest and wherein

sai d device conprises a mcrochannel |inked to a nanochannel; inducing an
el ectri c Wwoebab/ism7sai d nanochannel whereby ion depl eti oRCOAISRO0S/00255@  egi on
wherein said mcrochannel is linked to said nanochannel, and a space charge
| ayer is formed within said mcrochannel, which provides an energy barrier
to sailt Gpewbadiment, thiyiayaéien Provifes A MeEIcAGT COMERERIRE BRPSCIES SRINET?H Ef Bechannel

I n one;eF j : i .ectroosnotic, and in another enbodi nent,

t he eleléﬁqr?gg@slﬂn%ﬁdccoﬁbg\sf\l%giéliStnenggﬂéd in the mcrochannel via induction of an
electric field ifduhGndMighRCRBNE! souk®® FQthebnepRagent, the flowis
pressure drivenged; QereENRRMGEN bomfitdah syl 39 enibrdstappl i ed to the anodic

ang cathodic st dg Qhed-N%ald &4RLNARBRLs Chicd@hahSl Bkgenbodi ment, gr eat er
vol tage is appl ng n%ﬂgcﬁaggelano Ic side of the mcrochannel, as conpared to
e.

t he cat hodic si n another enbodi nent, a space charge |ayer is generated
in the nicrochainsitingen glectrip figliinyshidpapechannst WoesEyalg8 to t he anodic side of
sai d m cr ochannd¢pletion aspers énh geliiorewhereintreid iigedchanngl I8 sol ution. I n anot her
embodi ment, t he lihkeguiodsaids nanoshaspelnsidn, spagei argei layanist her enbodi ment is an
olfan honogenat éyrmeé| Wwitleirt saad t migrochérmeld whindp| provitlies @ne enbodi nent, the
speci es of i nt eessgy tangrte sadsperies ef insrestyakd/pept i des, nucl eic acids, viral
particles, or Cﬁfm&iﬂgﬁéﬁgﬁo&rqﬂﬁf icrodhagRg enbodi ment, the nethod further
conprises the step o ubject1 ng e species of interest to capillary

el ectrophoresis. In one enbodi nent, the nmethod further conprises the step
of releasing the species of interest fromthe device. |In another

eqhodi ment, the nethod is utilized to detect said species of interest when
sald species is present in said liquid at a concentration, which is below a
| i mit lofondembodiment, theflosnis eleetroasmioticliame it another smbedimenti tin elsciondsaielic a et hod
for conby ol hisida ki il ol LAl 2 MRS B NG TR DAt GOMPLlShAGhm PR Yi N0
said |'iqui d"froma source 1o a punping device I'n sald system erein said
devi ceanotpemiseimant, thecfloe bapeseldre diivdeed t 0 a nanochannel and said liquid
conprises a

20  In one embodiment, equal voltage is applied to the anodic and cathodic side of the microchannel,
or in another embodiment, greater voltage is applied to the anodic side of the microchannel, as
compared to the cathodic side. In another embodiment, a space charge layer is generated in the

microchannel prior to applying greater voltage to the anodic side of said microchannel.

25  In one embodiment, the liquid is a solution. In another embodiment, the liquid is a suspension,
which, in another embodiment is an organ homogenate, cell extract or blood sample. In one
embodiment, the species of interest comprises proteins, polypeptides, nucleic acids, viral

particles, or combinations thereof.

30 In one embodiment, the method further comprises the step of subjecting the species of interest
to capillary electrophoresis. In one embodiment, the method further comprises the step of
releasing the species of interest from the device. In another embodiment, the method is utilized
to detect said species of interest when said species is present in said liquid at a concentration,
which is below a limit of detection.

35

In another embodiment, this invention provides a method for controlling liquid flow in a system,



charged species or an anphoteric species; inducing an electric field in
sai d nanochannel whereby ion depletion occurs in a region wherein said

m cr ocharwel20ec208ii7nked t o sai d nanochannel, and a spacePchasg®e6loasssr i s
formed within said mcrochannel, which provides an energy barrier for said
species of interest; and |ndu0|ng an electric field in said m crochannel
mhereb?mém%%F#@E@ﬁﬁﬂgc flowis induced in said mcrochannel, said flow
further introducing said |liquid into said device and said flowis
controll ed by tH@P§¥¥éﬁ@tﬁw%f“§&ﬁd0@P%EI%P@nwpéﬂﬁﬂﬁBRIEF DESCRI PTI ON OF THE
DRAW NGS Fi gur e saidsyvieipmatlieset fajd drjdecoBipsas adniptepliaandf a protein
concentration ddipked fo (ppangsharmplodndresaid bfuid heommigeur of the device. (B)
ScRemati ¢ di agr &hirgebimieies &in emplateirspediesof the dotted boxed region in (A).

The orientation igfych %n'}?c@ﬁﬁffﬁm%%a{d]naﬁ?%aﬂﬂei BntespPRat to the mcrochannel

(1-20) is shownde Iy&ggmlggge &1%@m¥ﬁ_ gﬁlthe formation of the
trappi ng regiong aﬁ&?%ﬂd gs indicated in the

drawi ng, ulti matg gg& nﬁh f Q@ .% (ECF) of fluid from

t hg sanpl e reser F agﬁg t&gﬁ e electrlcal field applied
across the ion etlon re |o f the En specifies the cross

nanofilter elecmvu@agzm|d¢@ncﬁm@ume&@ignhedanm%aﬂkyﬁwep|cts an enbodi nent
of the protein clatessmotit iflow isldnducasl infsaidamistéohindiels saidannel (2-10), " connects
two microfl ui di dloghBmthed mtrp@uchR) saidEliguid rinto shidedayicecand applied to the

devi ce, by neansaidflowhigceitrel¢dydbsst{cBstBOY saidslesttiofield. Mol ecul es are conveyed
i 5o the device fromthe sanple reservoir (2-40), as described. O her
containers with buffer in contact with the m crochannels (2-50), are as

i ndicated. Figure 3 schematically depicts an enbodi nent of the nechani sm of
concentration of the charged species in the device. (A) No concentration

pol ari zation effect i S spal |l cal field is applied
across the nanofil ter&% ﬁﬁ%@%@% H rle‘%@&géS the transport of ions
becomesiggtef { Lyehambﬁuyi H@;ﬂctarﬁﬂnt@)ﬂihlﬂahﬁt 6s at tod.1119 moﬂ@aﬁﬁtdnoa?mlrlgA() HQi)V\B}/EF ,

t reglo mai n nsel ectroneutral it ce a strong fie is
a%& i ednd H@erlﬁaﬂge HRME! e davicaelPe IS6%I3“3§"&J° datrERthosiEcE Qs wher e
el ect r @wedthordd tagidnSin"@)! TR BFedRiont 68 ME handdRhnddY (BRG) WithFespbet to the

microchannel (1-20) is shown. Applying respective voltages causes the formation of the

trapping region (1-40) and depletion region (1-50), as indicated in the drawing, ultimately
facilitating electroosmotic flow (EOF) of fluid from the sample reservoir (1-30). Er specifies the

25  electrical field applied across the ion depletion region, while the E, specifies the cross nanofilter
electrical field.

Figure 2 schematically depicts an embodiment of the protein concentration device. A
nanofluidic channel (2-10), connects two microfluidic channels (2-20). Electric fields are
30  applied to the device, by means of the electrodes (2-30), as shown. Molecules are conveyed into
the device from the sample reservoir (2-40), as described. Other containers with buffer in

contact with the microchannels (2-50), are as indicated.

Figure 3 schematically depicts an embodiment of the mechanism of concentration of the
35  charged species in the device. (A) No concentration polarization effect is observed when a small
electrical field is applied across the nanofilter (E,). (B) As the E, increases, the transport of ions

becomes diffusion-limited and generates the ion-depletion zone. However, the region maintains



additional field (ET) along the mcrofluidic channel in the anodic side
(fromVs to VD) , a nonlinear electrokinetic flow (called el ectroosnosis of
t he secomsloknesd)s1i78 | nduced, which results in fast accumralratea/oefsso

bi onol ecules in front of the induced space charge | ayer. Figure 4 is a

fl uorescence i mage of focused proteins é in the channel. (A GFP

conce nﬂe‘éffqné‘ﬁra%yc $ES Qe 1988 Hishb i) i PPhFﬁ’ethF ragechaare! Gl AeNelap @R om
| oadi n%cﬂ@ed%?_ade Rhdrb&lay &9%@5!&@&&&& i na\ictn%er n'éﬁanmﬂaa @ B%ea bﬁlg an

col l ection he m crochannel (20nm w deep) a gray line,

whi | e Addiéanal figd Eg @Ilp@mﬂlebvucaofbmlp ahzmn@lcw the omagic cﬁé@p@oeTB)VSGﬁameﬁ
fl uor eﬁ&gﬁgﬁ SidaBRhe I;ev' ali*eh agl%obg;ﬁasisa&f &Q %ﬁé}{dr ﬁf@og fndaRl Ry

sol ution which Is 0| se oor C) Chan uor escence si gnal

pr & i | eesals in Fast @gmdnmmmflbmmmcums B@matdﬂi?emﬂnpmpa@ changelayerdet ect abl e by
the CCD detection setup. (D) The fluorescence signal profile of the
concentrated GFP in the channel (Fig. 2(A)). The concentration of the plug
is nucﬁigutegheirs a rfbmretsctmbe afageCpf ﬂs%ugut @rcﬁeid:erfﬁﬁﬁl nattbe dhlmmnebt @i GFPy and

ff A t ak
i r et PO in? Pl g 4 Aengfite-ec gt 3% cbineldods IARET T Fu b channel
of the3&N mﬂPendhniem afm 50 BjinsTfesaimplege!baioanTix trﬁrrocmplpﬂey (2opnVeidelDuy, VD =5

V,. and,hVB| =vVB2=0 .V f or The t ak fter OOm with the
B "R ShOD s ey e e QT S SRS By SHHL B4 t4ogng B ®)
concenChainklofluodscdnde sighdl I pesriled: ﬁEBn@zﬂltgmceﬁfr@;fdnl (B8pNI IGFR gﬁmtwng wHdh 80l uti ons

with three djf erent on trations, (E | ose-up vie r.3 G-P
exper i AERAY 1Pie ey (C ﬁﬁ’é ‘éeﬁ escengeaighpl &@&e £hing cerhe z#/ P M Fiteved

Wi t hi nywARhm M&l?%ete&hﬁﬂ 'b? the demodsdetic &sup’ @bﬁ@ﬁ@ﬂﬁﬁrs&@ﬁde%%@ﬂprbﬁl@@' ecul es.
(A) A schematic draw n t he voltages applied to the reserv0| rs during

t he cofesrrseniratetyGHERin %éwb%@él (Femp(4) -ty copeatrépryibepley ispagshishes) From 0
t 052501138 &t 41f1€).Wast e channel was grounded, and a voltage is applied across
the filter triggering the trapping phenonena. As a result, the detector
arranged downstreamreads only the dark noise fromthe CCD array. The

si gnal { i xid)i A9

Dot voor il Re Hor eRPAr dhpatRig A Ry cE e SRbn= g ) ST B

gr eat efluqtescerick imagectalremdireatly afeandoadingfa 33 gl Gﬁésaanmle ethe tihovadbridic t he pM

I I 50 (o} t
channettipad 8F s rlohaiel abilfe, S8 B AR diah By Bohle FACToPRES V8 S00CT
(@GP CoVhedipi=0rV mds mreime@)él‘lmﬁmhgmk@snditemﬂO;duab@Alfhdlqmpmpdemazlrvpllua atAn
t h f
%o&e?%ﬁ%%?fg%% a3F TRt B R SR o DRl Blle varineceer 4198y usea.
(D) Ca@FPlsaluyioms edthrtbjebodiffsiest concentrations. (E) The close-up view for 33fM GFP

experiment in (D). This shows at least 107 fold concentration achieved within 40 minutes.

25 Figure 6 demonstrates release of collected biomolecules. (A) A schematic drawing shows the
voltages applied to the reservoirs during the concentrating and release (capillary
electrophoresis) steps. (B) From 0 to 250 sec, the waste channel was grounded, and a voltage is
applied across the filter triggering the trapping phenomena. As a result, the detector arranged
downstream reads only the dark noise from the CCD array. The signal showing from 0 to 30 sec

30  comes from 33pM GFP solution exiting between the detector and nanofilter (about 10mm). To
show each step in greater detail, the neutral density filter was not used. Therefore, the pM level
GFP sample is in the detectable range. After 250 seconds, the waste channel was floated to
release the collected molecules in the top channel. (C) Collection and release of fluorescently-

labeled peptide sample. An extremely sharp sample plug is formed (with more than 1000-fold
6



separation of two different proteins, co-collected for 5 mns and rel eased
(I aunched). DETAI LED DESCRI PTI ON OF THE I NVENTI ON Thi s invention provides,
i n one ervodbewaisiz7oa concentrating device and nmet hods ofCcuams2ade@oEed, in
concentrating a species of interest. In one enbodi nent, the invention

provi des a concentratin evi ce conprising: a njcrochannel; a nangchannel ;
a uni tPEEIPHHELR 1358@15@@ tVFqP‘éh W‘E‘T‘tﬁsn@ﬁc 2 %Taﬁélﬁ%}cﬁéhﬁ@ﬂ,la%e]ﬁﬁﬁph?r@mﬁ nduce an
el ect r@firednl oF 196 diPfeRESHBRIN] dov@ledtbditr 5 Misdind rélbBEPGHABRR).; and a conduit,
t hrough which a liquid conprising a species of interest can be nmade to
pass; wherein the *ET'éghlgﬁ_ A}ES@]%[PH,IQEJ@F &% REVERRHNannel , and the
condui-fpid fnvédtﬂah%fbvides,thbsner@n%otaﬁﬂam%nceﬂg&hfggfangﬁgWﬁaﬂ&s@ﬁ\ag&ﬁuew' chis

referred to as a "concentrator”, in another odi ment, conprises at |east
oné niigcerskaiiiEE agprgiea ol inkset. one nanochannel . In one enbodi nent, the
concentrator is fornmed using the technol ogy of mcrofabrication and

nanof abri cation, for formation of the respective channels. M crofabrication
t echnol dggne egodimento the dinsotiogyrovidesvEdBeenimting e viserbordpmsingt , appl i es t he
tools and processes of sem conductor fabrication to the formation of, for
exanpl e, physi camiaeghgenelir es. M crof abrication technol ogy allows one, in
one enbodi nent, {9 pheglisely design features (e.g., wells, channels) with
di mensions in the range of <1 nmto several centineters on chips made, in
oftBer enbodi nent 8nit findyice pe elactrig fiplddn said ngmpelenieds. Such t echnol ogy may: be
used to const r ugtnit tedndrice ppelhetrakéletic of pressereclomMesiiaw & or, in one enbodi ment .

I n anot her emo%fﬁﬁ}ochmaﬂ nanot echnol ogy i s used to construct the
nanochannel s of the concentrator. In one enbodi nent, the nanochannel s can

be fabricated wktdmdniarmionglr which hilijhid gpaptising Nipegies efs described in Z. N Yu,

P. Deshpande, J. and S. Y. Chou, Appl. Phys. Lett. 77 (7), 927
(2000): S. Y. née%tﬁnbﬁ%ﬂ%?é%%aé?’ and P. J. Renstrom Appl. Phys. Lett. 67

(29), vBibidedn (0 BBYrpctGtuep hierlinked @Ghabe nBedchannR, dfd ahis coaddt R &slkedntol the
Renstron} Sci ﬁnce272, 85 (1996) and U.S. Pat. No. 5,772,905 hereby
i ncor JOVRE%E ™ erein, in their entirety, by

The concentrating device, which is referred to as a “concentrator”, in another embodiment,
comprises at least one microchannel and at least one nanochannel. In one embodiment, the
20  concentrator is formed using the technology of microfabrication and nanofabrication, for

formation of the respective channels.

Microfabrication teéhnologi or microtechnology or MEMS, in one embodiment, applies the
tools and processes of semiconductor fabrication to the formation of, for example, physical
25  structures. Microfabrication technology allows one, in one embodiment, to precisely design
features (e.g., wells, channels) with dimensions in the range of <1 mm to several centimeters on
chips made, in other embodiments, of silicon, glass, or plastics. Such technology may be used

to construct the microchannels of the concentrator, in one embodiment.

30 In another embodiment, NEMS or nanotechnology is used to construct the nanochannels of the
concentrator. In one embodiment, the nanochannels can be fabricated with nanoimprint
lithography (NIL), as described in Z. N. Yu, P. Deshpande, W. Wu, J. Wang and S. Y. Chou,
Appl. Phys. Lett. 77 (7), 927 (2000); S. Y. Chou, P. R. Krauss, and P. J. Renstrom, Appl. Phys.
Lett. 67 (21), 3114 (1995); Stephen Y. Chou, Peter R. Krauss and Preston J. Renstrom, Science

7



reference. In one enbodi nent, the nanochannels and/or m crochannel s can be
formed by nanoi nprint |ithography, interference |ithography, self-assenbled
copol ynmerwpavassm7or ansf er, spin coating, electron beampCirtusogwapisyg
focused ion beammlling, photolithography, reactive ion-etching,
met-etchingxlg%ﬁsna enhanced cheni cal vapor deposition, electron beam

evapor&t4 § @pe -3t sNe-i 52998 cheesmtinseaaraers berpiay Botbeir Aptirepnhy i vel vy,
ot her gGenuRAEt HPBAL eH%BclﬁQféﬁt %n%ch%ﬁﬁas tagd/foprn%fo&%nﬂamﬁlb%e%hﬁedaﬂgl or
m crochannels. I'n one enbodi nent e nanochannel s and m crochannels are
f or mednagsingptiafriithiogtaphy, Hateeprarrs] Tthographgx saifpdseenbledn pepoligned adgdeth bedsfem J .

. i p i 17, ( and J .

(POt ATEEH vecdn REanB ooulBERA By iyl pit ety LA Sle
fubly ilqe'remhhlgbywcteﬁft@ﬁr@wcelasmmemaecednbbdhindntvapq sleposéonpf electmot bvam i on
etchin ct ft nan n rned
st anda‘glgp ﬁgt?%nbgb "'p ‘ﬁg‘mf" d Com 1nat1 Ho é‘o? gllt? lﬁ’gn }gﬁb}tﬁe?scog\feélw?:rggduct ed
W th angaodswubausege@ﬁmnbenanmmm;els andbmnﬂcheahamﬂmdl ment, determi nes the
interface between the m crochannels, and/or nanochannels. In one
enbodi ment, etchings, which create the m crochannels, are perforned
par al |l oh® ddﬂmdfiheﬁmetﬂen nafichdnnels C Bhd gsicfoblianhéle Aanfehedns| sxenlifiedr eat ed.

t he onal ,etchin h as anple,. and in one
e odﬁ??é ’Bbe%m BWer?gan Cl‘f%‘é%’ dfﬂf%"ﬁ%ﬁﬂé@@ﬂaﬁaﬁj g{lt“c (s%’r E‘g(fhl}}P]E'SAI n the
concent7, 2142-214Uah9PSandf 0 Ha8 XEIG. €raibiad CScRatict 268, mREI1029 (W0 hedeBy anot her
enbodi nent , %gﬁtl’l cal insulation of the concentrator is conducted. In one

embodi Aeqrporatsd, &plly; e by relmence acconpl i shed via nitride stripping and

t hermal oxidation of the concentrator. In another enbodi nent, a surface of
the concentrator, which in another enbodinent is the bottom surface may be
af f i xd@ a0 embegiBent; atsetiessafapaciive iongchings ¥ eondugied, afieropkicl panodhavasle . a
PA5EX dEhRIermi il GaRRROGSERIny (06 WPER! ek, Bhd biXfiflad i3l BShalRodl ©

bondi ng chn@gues In one errbo I ment, construction of e concentrator may
be accHitht P&t artﬁyometfmoﬁgchkwmth@be@vélm |detetinings the éntexface bgswesadhpt at i on
of su ex I tggﬁ C i tes

Pat ent(:aﬁl N%H%L%B%S %}1 l%u h%‘%%sc O?%g rat elﬂﬁezilS§ Mﬁﬁgsf e?lélﬁe%r ﬁqns%%e
enbodimaerachannble, fraperfarmed paraliwd yo ths @laae shwisiell eishwgs for diealandchymerels weé ch i s
Sandw soegbeealle RREMen | QRIORICLER, | 000! BYF0S ol LidesSigpe of the
sacrificral layer definin efhe SactiT el a I1ayer IS

r 80rov eslibotlineentyd OH ng:h@gpvdsmpradﬂdeuddiumﬁm Em{dtures in the concentrator, such

as, for example, for creating loading holes.

In another embodiment, electrical insulation of the -concentrator is conducted. In one
embodiment, such insulation is accomplished via nitride stripping and thermal oxidation of the
25 concentrator. In another embodiment, a surface of the‘ concentrator, which in another
embodiment is the bottom surface, may be affixed to a substrate, such as, for example, and in
one embodiment, a Pyrex wafer. In one embodiment, the wafer may be affixed using anodic

bonding techniques.

30  In one embodiment, construction of the concentrator may be accomplished by methods known
to one skilled in the art, or adaptation of such methods, such as, for example those described in

United States Patent No. 6,753,200, fully incorporated herein by reference.

In one embodiment, the fabrication may use a shaped sacrificial layer, which is sandwiched
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havi ng the desired configuration. This approach, in one enbodi nent, allows
a precise definition of the height, width and shape of interior working
spaces, owofbes/@dizzhannel s, in the structure of a fl ui di eciaseee/0oEse
sacrificial layer is formed on a substrate, is shaped by a suitable

| i t hographi c process, for, exa is . covered by a ceiling, |l ayer.

Ther eaP® &?en ReFmaneat Fogri %ﬂa?ﬁlhing@wfsnw‘?ﬁ%e ?héﬁ?)f)’feglevﬁ“‘%/ﬂfa%?ﬁ% %@%‘?&:&I et ch,

| eavi ngofafs o gwmﬁmessa@mm%&e YWRGBmMbWE, the ARIkiAs dars BdchinBPa adeshanséni ch form
wor Ki ngq’ gaps which ma used as fl ow channel s and chanbers for the

concenhaviiedhe dqswe%e@ﬁggaa@vﬂb@ apprReshy 80P embodimaRingliagts, 2 Rspcisselelipition of a

vor ki ngy @ Reibs, PREPINISBAR JPYorddie wohliSkiRES, BddiehaRAL il Iichdhon¥es i1 m
which is madé Wwth precise chem cal vapor deposition (CVD) techniques, and
ac@or ditsigicyeviehi s d| nmension can be very small. In order to provide access
to the sacrificial layer contained in the structure for the etching
solution, which is used to renove the sacrificial |ayer, one or nbre access
hol es 'Higysabeficaltlayen ivioghed brea @eﬁstriltn,gis Iskaped by wi suitatith thegreplae precesenfovi ng t he
sacrif [ J e tivity
may beé)%léﬂt !riﬂa}ly %‘{e\?\%ig’g%tqﬁ%ﬂgza F i #lecr?aaltc ’P%eygé%& acr{&j I%S'ﬁ ﬁ]g?lé?e% ?]iécg‘k/ 1gtyer s in
order & cwead:ﬂemmaﬂ hteh el'eayhng behprdomqﬂyj spaoes teeweeaché fload ad dedlipg rla;arsswlynlnf I cant

d| tan Iat mth t hout consu Qor and
caP! T afubhs s TG B BEAEE R RefBelt b RSB R Briinerdrbn 281

mat er i aﬂcEa dmha:e; thenm;ucbleilms&cbnt arhefgut; Iaf awpﬂmgem u; &tmﬁgeﬂlbbnﬂwhmmms 5| licon
nitride, for t acri Iaye ang for, t cej.li yers,
respectli @8@"“@%? ‘le’ni” de YT PRECSG iC VaB‘ér g f‘%m?h basi c
sol UtIﬁ&&u@fd§hn@§ccotdﬁhg§ﬂﬂﬁsﬁﬁﬁﬂﬂéﬂ@ﬁ%&werp@fr@ﬁs' um hydr oxi de (KOH), sodium
hydr oxi de (NaOH), or in another enbodinent, tetranethyl anmoni um hydroxide
(TMAH) . The access holes cut in the top layer may be covered, in another
engodi MaRbrdeFes plolids aBlEPRSBe sécrﬁeﬁi 1a5}& éo%as%dedqﬁ & bR B O senin@y be
deposited on top of the ceiling é o fill in the access holes, and this
addi t i ©HEtons whigh 5 pyed |t<amovsrtbwaﬁé cigl lgpsdonsen MagACHRSE hplsa Ry dedut
evapor o f i colin1fiRr, it e HLKh RndiR mSLIBRENPY SR B8se KR eSCNt

ot her enbodi nents, vhich yield a | ow degree of film confornality, such as
very | O ersempay dgh et0b>@p1§eu\(lmm®) bd ap@siet | kptiveenothen sacrifisidl difes asdghe wi t hout
excess f: d o u i S | f
desire %}MQCth?%c%elg SS‘r %)r @sag%%g e&ﬂilﬁi Pllog&tqhi;ﬁgtll}gﬁsg{rhﬁcﬁgg#g% Tﬁggg‘%a%i nst ead
of200r dJistaned dateraldy from théyecdesd kedesi withone caneithingghd Hy@randaniing dayers whiskeal ed by

deposi c;o' S€ thle%?srhe(? fdevciéel '(?n%ncdom%1naggn of materials, which may be used for such a

process is polysilicon and silicon nitride, for the sacrificial layer and for the floor and ceiling

layers, respectively. Extremely high etch selectivities can be obtained with basic solutions such
as, in some embodiments, potassium hydroxide (KOH), sodium hydroxide (NaOH), or in

25 another embodiment, tetramethyl ammonium hydroxide (TMAH).

The access holes cut in the top layer may be covered, in another embodiment. For this
purpose, a sealing layer of silicon dioxide may be deposited on top of the ceiling lay to fill in the
access holes, and this additional thin film layer provides a good seal against leakage or

30  evaporation of fluids in the working gap. SiO2 CVD techniques, represent other embodiments,
which yield a low degree of film conformality, such as very low temperature oxide (VLTO)
deposition, form a reliable seal without excessive loss of device area due to clogging near the
access holes. If desired, the access holes may be drilled through the bottom layer, instead of or

in addition to the holes in the ceiling layer, and later resealed by depositing a layer of silicon

Y



For exanple, in sone enbodi nents, chem cal vapor deposition (CVD) may be
used to deposit the device materials, including permanent wall materials,
whi ch ar ewox0@ldsy27a di el ectric material such as siliconpPaoirtuszes/002556i | i con
di oxi de, and nonpermanent sacrificial |ayer materials, such as anorphous
sili 005_ or, polysilicon. In one enbodi ment, the m crochannel and nanochannel
are or figkded perpendi cularly, with respect to each other. In one

enbodi ment, the term "perpendicular” or "perpendicularly"” refers to an
orientation of one channel being at a 90° angle with respect to the

| ongi t e Framplsxinsore cmhedimentscingmisel vapey depptition (G may bertsade Aeesit at a
90° angk@ete tihteriat) inchRingd RrARRLIGEN SHRGLL Wy arélhsﬂ%%‘&ie?éa&ic%a’féﬁal 20%. In
one enbodi nent, an interface region is constructed which connects the

mi &r oc¥ieh ae biligenanifvida 9& Biliaerediositle.tand nowpecaInchizraenficil layer srafamialsnsicbas |1 n one
enbodi i Rqgradi ent |ithography (D&) is used to forma

gr adi e%?&%}?ﬁugrs lgirg&g}gg’%lg%ﬁt he m crochannel s and - nanochannels of this
invention. In one enbodiment, the gradient interface region may regul ate

fl ow through the concentrator, or in another enbodi nent, regul ate the space
charge layer formed in the m crochannel, which, in another enbodi ment, may
be refheatceembanilithére, Strmivgichawk! ehd abrdchanbeledrd, ori@nted npegrendioanrly mbitidi ment |

t vol t age need t ener,at.e t space chatr. L, ayer in.the nmcrochannel.
I ﬁsonem%pr?gtota ie?’é]n(ﬁgert ﬁ%grbereélmogmeng?ﬁlfeeé‘“%cpeen%ﬁ‘l@gﬁﬁrs oP%edldifPFaflét B9 spati al
gr adi etotansdrieutation eSorfeathativi] being A a 19D andld S5h IEpEEtan e loAgivaAlinab afis oM t he

m cron t&thg nanoneter | ength s a[{.e. In a ggher egbodi nt,. the %radi ent

[ nt er B PR, Y PR BpG GEPRIT: & Bla BHadt et 10r e PEeY

anot hegmsahesgit, ¥®enb0° ahgle +o@ei ent structure can provide both a lateral and
vertical gradient. In one enbodi nent, the concentrating device may be
fabricated by diffraction gradient |ithography, by form ng a nanochannel or

napoc gl emtRBinRng URShEAIR. rebiBh T BShsRudBCHRENBARLLs Ghe HiGbRaR@NARI S On the
substrate and formng a gradiéent interface area between them The gradi ent

i nt er fasgechapel of fe gcendiator @ thin ipveatianh by prreermbodipenis fifgaction|ggadienhg nask
posi ti gﬂ@g; 0 h a : Si 1 RolalchNall raphy.
The edlge o?ﬁ? héﬁlﬁogkﬁgﬁg %%Empggé\;%?ghﬁ%ﬁ%&a‘éﬁ%%%?%en%égtg a gérls;g?cgnt | i ght
i nt ensiangchapneisd thik dtvertesi dn oneembedimentiolie aredient iatefocrciegipn atay regwiafe conpri se
a plurgly . ncl udi al | Cr ; a
pl ur alf?({v‘i/tt%?@%laﬁg?&gﬁéﬁgftg%’ n(gr Maéﬂg)gw ie%g? {h%!ﬁht% %%@i%?&l%l %ﬁgﬁgﬂgﬁéﬁg{m nt, the
p B9 as dotmeedih greahicroghashele hivh sinsimpbéreansbotlient meytieaefldcd io terstrehgh obr, in

anot heeﬁecﬁ'%b@eq&,n(}?% another embodiment, the voltage needed to generate the space charge layer '

in the microchannel.

‘ In one embodiment, the gradient interface area is formed of lateral spatial gradient structures
25 for narrowing the cross section of a value from the micron to the nanometer length scale. In
another embodiment, the gradient interface area is formed of a vertical sloped gradient structure.

In another embodiment, the gradient structure can provide both a lateral and vertical gradient.

In one embodiment, the concentrating device may be fabricated by diffraction gradient

30  lithography, by forming a nanochannel or nanochannels on a substrate, forming a microchannel
or microchannels on the substrate and forming a gradient interface area between them. The
gradient interface area can be formed, in one embodiment, by using a blocking mask positioned

above a photo mask and/or photoresist during photolithography. The edge of the blocking mask

provides diffraction to cast a gradient light intensity on the photoresist.
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nore than 5, or, in other enbodi nents, nore than 10, 96, 100, 384, 1, 000,
1,536, 10, 000, 100, 000 or 1,000,000 channels. In one enbodi nent, the width
of the mwoaolwzsnzh i s between 1 - 100 mm or i n anot hePCEndsoaiceass()
between 1 and 15mm or in another enbodi nent, between 20 and 50mm or in
anot her enbodi nent, between 25 and 75nm or in another enbodi nent, between
50 and | GOMm In one enbodi nent, the depth of the m crochannel is between
0.5 - 5O i i t - ; ; i anot her
. r{ygﬁw dent A RRQURSLr £AP LGN , plR@HENER Rh&hnsls SNSludii s firali
enbodi ?rle%t, etween 5 and 15rmng§)or ?iﬁéaéln%t her enbodi nent, gg}\/\%éﬂ t51)o and
25mm  of microcharmelscor agrityaléty wEpanochransie on a combinetionohareal. [hongrembgdiment,
enbodi pent . the W &S cheh, IS RO M Rbo8imdn anot her
enbodi {r%;e%ﬁ%l{as%g%@gﬁ&%f%agh%gﬁ%&ggfaﬁﬁq%ﬁgﬁgr e%’gg’llmant, bet ween 10 and
255m mord thamrdotohein @hdscaibodimientsh atome gan 19, £6.d1000384. 500, N30 6,600,
enbodi bet 5 and 50mm | n anot her enbodi nent, the depth of said
nanochm%qoofg’om@g%éﬁ“%'- 100 nanoneters, or in another enbodi ment,
bet ween 20 and 50 nanoneters, or in another enbodi nent, between 20 and 75
nanonmeters, oy |.n anqgther, e dinent, b en 30 and,. A5 nanon or in
anot he B%BIBf’?FIéWFI}t’ ﬁ&vﬁﬁhggg‘edﬁﬁf%ﬁ‘nﬁéﬁ‘%e&f 7 lnoz)olﬁ%l’ gﬁﬁnngél?gr%ﬁt . the
concengmpdddhertSbeRest 1 duad eshasSodinagibtsimesbédimédtgbuteech. 20Thed fmacidrannel
(12-10), which is 5-50 mm wi_de_ apd 40 .nm deep js,.oriented r jcularly to
H0 Y e edionpats ey oy pd T G LE s TR eanD 78 D o
and 1. & 50 SeRimdnf BO8sJHeor BsRAkfochinntlle beiméemdISoN 50 1hfing @r e ahidthdror
further conprises at | east one sanple reservoir in fluid cowni cation with

the mi embrdiaeiePetyremY-¢ 28 RiF OF 47 apetherfEntoadisesat: mshteeRSpf MO Flgure 1,
the sapplafr ERBEINEH bdrRedd10%hd B QorikiSholef Ea6dHANR] befWeeB Qb and 5O @mot her
enbodi nent, the sanple reservoir is capable of releasing a fluid or liquid
conprising a species of interest. In one enbodinment, the sanple reservoir
| §sconpect Gl teﬁ}}lagﬁﬁﬁlem, GEOG RN BE neDYanBBARS1 ¥ baweaN dihisouihios tn BRYhdave the
di rensi'ons of the mcr ochannel, or may conprise a dgradient interface area,
as desembdsierntnbesweene higudiil femi or inhanothat pobiememnbaiweat 10 god HBNYrivsi ng a
Speci e ey LRRSKERL biwlAC SI8HiHF 20Kkl AARRSANRAmen AbiGIo2DS 8 k! ectri C
field P the RANOChaRnel “and in fhe m crochanne , concentrates the species
of i nt Br asthenemhodimeitethaideptb i azid edanochsnnehis betvizenl 20ent00 nanemeferscetitlr at or
makes use of flat nanofl ui di khters £/l 1 buf.f | WL S an
i on- sef® ef\‘?glfbﬂ@%f“a Ve ga()a(r‘;%%érg élg?oé?]qé&éépq?g? %%H?reegbgﬁén%g rblé‘ttav?eggtzfaoki netic
20 and 75 nanometers, or in another embodiment, between 30 and 75 nanometers or in another

embodiment, between 50 and 100 nanometers.

In one embodiment, the concentrator is constructed as diagrammed in Figure 1. The
nanochannel (1-10), which is 5-50 um wide and 40 nm deep is oriented perpendiculatly to the

25  microchannel (1-10), where the microchannel is between 10-20 pm wide and 1.5 pm deep.

In another aspect of the invention, the concentrator further comprises at least one sample
reservoir in fluid communication with the microchannel or microchannels. In the embodiment
depicted in Figure 1, the sample reservoir is proximal to the microchannel (1-30). In another
30  embodiment, the sample reservoir is capable of releasing a fluid or liquid comprising a species
of interest. In one embodiment, the sample reservoir is connected to the microchannel by means
of a conduit, which may have the dimensions of the microchannel, or may comprise a gradient

interface area, as described.
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trappi ng, as exenplified hereinbelow |n one enbodinent, the device
col l ects charged nol ecul es efficiently because of a nonlinear

el ect r ooswoto@/dsizrw (nmuch stronger than nornal el ect r oofomitiSeookloasso
generated in the m crochannel, which draws fluid into the m crochannels
fromthe sanpl e resevoir with high flow speed, and because an energy

barri er 1t 8ke gmbesfiment e giipdedione géﬁ@d&@@anmg 2 pisciep ol jnisaess puibe devict ge
layer i nndhgde ?&rﬁi@&%@&'ﬁ% of @h efeBGic HR B the RRRhidneN adCint A€ nﬁ%&faﬁﬁé’ine| s. In
one enbodi nen two separate electric fields are applied to the

concent rca@@ntr@thﬁthe@mneepﬁle@reisthwepeﬂaemnoyhana@ shown in Figure IB. The field
in the nanofluidic channel (En) generates an ion-depletion region and

ext ended space charge |ayer that traps the anionic nol ecul es. The
t adgenin ete émeddimént, thhecondepnal makkis ause lé it harfoEdic filiers Hiledrvath buffer de,
gene’ 2l diohoR b J8HRkhSe Wb Rndhd BedBlERH R3idhl!s8; LG 6ARPC
regi on -40 romthe reservoir ace charge
r egi ontrappirfguag dxempBficttieldizetbwhy mani pul ati ng buffer conditions in the
devices of the invention, for exanple, as depicted in Figure 7, and as
descri bed further hereinbelow. In one enbodi nent, the device conprises two
or a shkromeSentBodinmt, the dodéacoiietts pheegedhmelenn@céfﬁdemy Becaass axf amuniihear

ordln oth|§1P odi.ment, over e of time, ion de&(ﬁt.io in the
3‘;9 da ““tho S?‘Bﬂ%efeﬁfr‘ﬁncﬂ %“P‘PFE‘%‘& flosa weRstiehdRn®f, ¢ hus

t heI buﬁﬁogfchﬁlﬁigﬁ &ﬁﬁlémﬂﬂa]?lﬁ ﬂﬁlﬁﬂ inle the Ghi B €1k qlfohumél ﬁn@haﬂagt@bnmmlr egls es with
pr ol onge C uction o t he separat| on, process Y Pr ovi a |0
conce ‘P"étSPfE?H Pk fespuse gp eHpigY PRk EPr apipRicJBRlPEHES, 18 isRnegied Eﬁ%&

cont i Ngpatd dhardeNaydPRthEhiLSHRRH BN e gioYof@b Itfoﬁ@&ﬂ'i@%bﬁ)chﬁfne]s.n anot h_er
enbodi ment, by pressure driven flow, in t | ower m crochannel, this effect
is mtigat ed according to this enbodi nent. |In another enbodi nent of the

i rl‘SentPnQﬂxe AHRERRGE M6 @éﬂa%'e afactﬁ(bﬁelﬁ?ﬁﬁrdpﬁﬁed%%hpgo&&ﬁ%eﬂd QMntRQl%Bt i oni ng
nanof | ui di ¢ channel’'s on des of m cr ochanne influd

c ommunindependsmtlyy asshevie nnﬁgmclﬂ?ar’frhe |f1ehls1n§h@moﬂm§lrc e‘»aamqbl(ﬁn) geneEiegaie 8. | on
depl et; te a t he
nanoc hlg.{l’?] E‘gl% l%&d R io }ﬁgeéiegxgedpgga?% Flgaggen%?%r\é@%ﬂ;tﬁ%&ﬁ%%ﬁe ogﬁgﬂagﬁl e Fi(ﬂeél de of
the mi t@nmhdrfméd in @an dnicroflgidivechemisd dE e mt the anodip side sgeablates sieatreosuiotic ge

regio f pressure-driven, and
may bgﬂ %@éﬁ{&p |s‘ﬁ§j Oinghlgﬂgtoﬁeﬁg;tggb%{g%mﬂ&fg ttogﬁvgl%ggsse Sic Fled in the art. |
arft her enbodi nent, the flow may be a hybrl d of pressure-driven and

el ect rI(r)lkl &egfngoc{lmexw the space charge region is further stabilized by manipulating buffer

conditions in the devices of the invention, for example, as depicted in Figure 7, and as described
further hereinbelow. In one embodiment, the device comprises two or a series of two
microchannels, each connected by a nanochannel. According to this embodiment, over a course
25  of time, ion depletion in the top microchannel leads to ion enrichment in the bottom
microchannel, thus the buffer concentration in the bottom microfluidic channel increases with
prolonged conduction of the separation process. By providing a lower concentration buffer, at
prescribed time periods, in one embodiment, or continually, in another embodiment, by
electroosmosis, or in another embodiment, by pressure driven flow, in the lower microchannel,
30 this effect is mitigated, according to this embodiment.
In another embodiment of the invention, preconcentration of the material may be enhanced by
positioning nanofluidic channels on both sides of the microchannel and in fluid communication
with the microchannel as shown, for example, in Figure 8. Ion depletion initiation at the

interface between the microchannel and the nanochanmel, is enhanced by positioning the
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I n one enbodi nent, the phrases "pressure-driven flow' refers to flow that
is driven by a pressure source external to the channel segnent through

whi ch sucwof2b@wesizodri ven, as contrasted to fl ow that | ®cgamsesatersse hr ough
t he channel segnent in question by the application of an electric field

t hr ough that hannel gnent, . whi ch eferred tQ herein, in

enbodi Aiechanagls on.e1 ’E?I ‘?fﬁ%e( ’i“{f’é‘?cpﬁlfmﬂfr FRAE SPTiE G ocﬁi‘ﬁ?ﬁlaé%o%ﬁtab‘?éﬁ%ﬁr e
sourcegmﬁgﬁkgéﬁm@@gﬁ&kwe and positive pressure sources or punps external to
t he channel segnent in question, including electrokinetic pressure punps,
e.g., punps that generate pressure by electrokinetically driven flowin a

punp! ngh GlaabelintcRR thd ovP BRABE bR AR CRNBANG aSGAARALL bilafiufehi on.

provi ded such punps are external to the channél tion (see
U. S. Pwell knpen tosomp| skilgdinghel ag, 17 Bnorbar, engpdimest, ﬁhh W ey baedrpod af ed

herei n by reffee ik qﬁi&rety for all purposes). In one enbodi nent,
t he teP Sueelectro né@?%kg [oW" refers to the movenent of fluid or fluid
borne materi al under an applied electric field. Electrokinetic flow
general y e es 0 ” 0 s Si the Jypyenent of
char gegl }sgpeglﬁ%&?%ﬁoﬁgh&?ﬁ% nﬁggsﬁrr% Jélrv Jfl?%ltv{j L%Pe?\l\ﬁo ﬂﬁ“’ rt%atgls Vs?%oge%l as

wel I apre&sh&c!smmsane:md toethg. chahhd sepm@edtr thoagh ywhich wech foweisedtivenf at he bul k

fI inclu all .of it opents. cordin wh refe dtoin

t e sspOEElo Mot F et g BRRR AR el 3t aliepPREY thasaplifegon

envi si ehen detrichéielduthrowphetibr hanaél ede@rht, okhioetik crefelodyv thr uikipr adeat nant | y
or substa tlaII ete l.ect horetic novenent of species, to
predon?W%ﬁf %%é%&%ﬁ% ¥ FY?”%WFven novenment of material, e.g., in the
case of uncharged material, and all of the ranges and ratios of the two

types el ectrokinetic anenent that fal|. between these extrenmes. In one
enmbodi ﬁ’éﬁﬁ‘ﬂ’ les 10f PRSI ROUEGSS OGBI0E BpgRFive Rl ROSLtivG BTRSSURRSPUESSE STPIHRRS SXifabr al | of

thg ch@rfetighhdtseSsefin t;h@ﬁb@fmélhdaﬁgiele&r&mae& phR{E pathpd RIOYAMpR tR@SSage,
conduit, channel or across a surface. Such ch aracterlsglcs |ncPude wi t hout
i mi t a8oneRterIRRssYIe by elestrekingticaly JFbien oW inffepusiieg ehennal thal idseperis ipamy i ng

di spergg Qfﬂanﬁél%@:grh&t% bGod, oI o ELWP\QnV#raIQteQ@fn] A Al BLHGE bﬁgfn]nelasé gl lin @S ot her

nor e genera i zed char act eristics of m nar ow, creepl ng
flow, gusptismi(east UsS Boi; Nes.6,01R,902 sed 6ABloe Tearh, of Wmhud irfcprperatasiyhe: i se

pressq& ‘%& st i 18{ﬂf&§%%éﬂu'd sanple into the channel network,

el ectrokinetic ment of materials, or in another enbodi nent,
eQ@ctroklnetlc novenent of the liquid foll owed by pressure-driven flow.

In one embodiment, the term “electrokinetic flow” refers to the movement of fluid or fluid
borne material under an applied electric field. Electrokinetic flow generally encompasses one or
both of electrophoresis, e.g., the movement of charged species through the medium or fluid in
which it is disposed, as well as electroosmosis, e.g., the electrically driven movement of the

25  bulk fluid, including all of its components. Accordingly, when referred to in terms of
electrokinetic flow, it will be appreciated that what is envisioned is the full spectrum of
electrokinetic flow from predominantly or substantially completely electrophoretic movement
of species, to predominantly electroosmotically driven movement of material, e.g., in the case of
uncharged material, and all of the ranges and ratios of the two types of electrokinetic movement

30 that fall between these extremes.

In one embodiment, reference to the term “liquid flow” may encompass any or all of the
characteristics of flow of fluid or other material through a passage, conduit, channel or across a

surface. Such characteristics include without limitation the flow rate, flow volume, the

13



In one enbodinent, the electric field may be induced in the respective
channel s by applying voltage froma voltage supply to the device. In one
enbodi mrenvovoddmgoi s applied by way of the placenent ofcatusb@asv2sene pair
of el ectrodes capabl e of applying an el ectri c field across at |east sone of
the channels_ in at |east one_direction. echrode metal contacts can be

i nt egrmma@m@%%ca%%ﬂnwngrﬂ@wmo@b% pupeifhud ppRathee ERkERbEY to be

in cony,actas Wit na(sre %%ﬁe%ahz@aechma%ﬂﬁia@rb@qﬁow of o.| M@t N6, GRDGLE MRGL. at
| east one nanochanne in anot her enbodi'nment, a conbi nation thereof, and

or i enti@ebuleat Bowteic-t o establish a directional electric field. Alternating
current (AC), direct current (DC), or both types of fields can be applied.
The el ectrodes can be made of al nbst any netal, and in one enbodi nent,
coApr i meone [smbpoginepi, hyfridaflow &Wr@lr@eiﬁmymse@ “tosedcestaly b dhd ligrad panis inte n one

enbodi tﬂgrtthan ?] Aemft %Bw@ﬁ'db le%{i'ﬁm%ugc 09 en't Sof' H]ﬁféﬂglts a%}; 1}9‘ '«M&t}}%{"f f er

sol ution |n € reservolr. € concentrator

cont ai mnkaﬁlmm@tectw}onquamemént@f éxeﬂnqmdéellov&d@br pm’swc-dnvrglﬂauw electric f ield
in different directions. In one enbodinent, field contacts can be used to
i ndependent|y nodul ate the direction and anplitudes of the electric fields
t 0, | rinaime eafbbdiciiene rite, elentmceﬂéldtﬂm/ Ispiadeced hm;l@ere‘s;&yme channalmbyammymg

di di
NIRRT G A M e B e g R e AN
appl i etle pacéa@etnwaeat Iedmneaapair 5f)éleé&odé9’lca@ﬁlﬁe eﬂbp;ﬂylﬂg ah eletifie fiehl irgs aSEppI yI
anne

applleseua tage to t eanodlc and dic side of the mcro
18??6?%%?0 ‘3% PREH att FAST QR Fizegons ‘?ea‘ﬁ‘ﬁtF‘ | crntagiseah BF e e'5de to the

anodl qlsﬁigdﬁarm&dsm@rdiedcélﬁﬁlhaﬁaﬁ&auoﬁ&e&ﬁ@mgy el bbantddata6atvitadit Qest @ge | N one

enbodi nent, the vol tage supply may be any el ectrical source, which may be

used tBICEChAmgleot in@nefhariembadipisnt, abjsast BRRaEPEERRSLCA D ansities empediment %my

SQYI C&oRhiliGe eleot, la¥d GRBAR & Qlch %rh%{a%ghrwdﬁ&ﬁoﬁa@aee% iR, AR EhatifO"
exanpl e, the electrical source may b Eizoel ectrical source,a battery, or

a deviEEeHAMNED-cdireph,cueni<BRo) of betly WBWOf fietds sae be ppbigd. @ﬁtel@cﬁoiﬁsfé@b@ct rical
di schapag of LMBsPa etélgﬁldtlﬁlbﬁgglé bR ED p'n'@e QHPI fedl! onl’s depbsited

el ectrokinetic tr pprng 1n 1 evli ce an sanp ca OpCUf over
a cour@edebﬁedﬁlmmpaé@ Inppnej embmdipdndrat daatromie read of onaelediodendd mtcenaeidwitlor

sever odi nent, concentration over a course of tine
esul ?Jgfﬁgﬁ%?:%ﬁggpngh?get%?ggpf actors as high as 106-108, and in anot her

e%odl ment, nmay be even higher, upon optim zation of the conditions

el oyeg) Ul pa B EANRENLA AL nBY @S FealPA Hi0%: LI cLlRCe
providing an electric field in different directions. In one embodiment, field contacts can be used
to independently modulate the direction and amplitudes of the electric fields to, in one
embodiment, orient the space charge layer, or in another embodiment, move macromolecules at

25 desired speed or direction, or in another embodiment, a combination thereof.

In one embodiment, the voltage applied is between 50mV and 500 V. In one embodiment, the
voltage supply applies equal voltage to the anodic and cathodic side of the microchannel, or in
another embodiment, the voltage supply applies greater voltage to the anodic side of said

30  microchannel, as compared to the cathodic side.

In one embodiment, the voltage supply may be any electrical source, which may be used to
provide the desired voltage. The electrical source may be any source of electricity capable of

generating the desired voltage. For example, the electrical source may be a pizoelectrical source,
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m crochannel and nanochannel, voltage applied, salt concentration of the
liquid, pHof the liquid, or conbination thereof. In another enbodi nent,

t he concewOnratsns1f7art her conpri ses at | east one waste r @semsedn6/002556 | ui d
comuni cation with the m crochannel, .m crochannel s, nanochannel or
nanochagnel s of the conceaérat or one enbodl ment, the waste reservoir is

capabl % oy et WPHES ROYVFET §Y HowseHE GBI Fresie, crpoReinenh 3, pEodpettigad
M cr ochisangk oRYa £8 idnitechhpmalseged to reduce or enhance adsorption of the
species of interest to the surface of the concentrator. In another
enbodi ment, the surface of the nanochannel and/or mcrochannel has been
functignak leﬁﬁedlhen@@t@a&%o%eﬁce%ﬁ] tm%@@&ﬁ&tane%mﬁ te'c%ll %oéchﬁ devi ce.
I n_anot her enbodi mént, ext er nal gate potential 1s applied to the substrate
of St heovey cewse pomimtaineran @rotherduhedinkeat, spebamagtiaiedd for seeey hoirst e devi ce.
In an %ﬁlbs H{%gf G&%mratnﬁﬁ o2\l Lfirsh Bf ﬁxﬁé*PJshl%s ﬂc8£ceﬂu£tfoﬁ’%§&&£§ H’%& erial.
I n anot transparent materi &h di oxi de,
silicd® -M)sr, ranqtlen arqﬂ@r embolimSit Bay bneemdtitter, U@mmplmnremon aftthe clmd[t@ms rator is
adapt al eci e Ler Ry, be onducted, in
one e%gngd‘#% {hﬁ‘ @X;E:Cg?\%%{nf"r aﬁal % §y|nﬁo%ﬁmh‘?§e s ‘%F% twe dgt&/nstream
of t henicmnbmlmlr atdonanobhannelevdtabe)dppﬂmdt salao@lcysitasion @fist hqnam pﬁ df hire

QC ! 1torr fnearlsn egm)val of the concentrated species fromthe device,

§8 Ctonfﬁ 4R gﬁ’fﬂ” priate setting for analysis, or in another

enbodl ment, construction of a conduit fromthe concentrator which rel ays
the cancentrat dmater to an rlatesttln for anal ysis n one
enbodﬁ?r@ﬂ?&l ?%Onﬁﬁvawbﬁ'%gg’%r@ﬁsa?t %?éb‘lﬂ%s‘?"‘lsFecfﬁser ﬂWi\not her
errbod|cam1umoau&ahahpm@ciﬁ5@manné1nnﬁu}@clﬁﬂfmd neRdthanntN6r Sar®ORdnnEIRHfRRe a
photon, electrical current/inpedance neasurenent or change in measurements.

It is SPRECBEanJ8 08¢ sahodiment. tbwa%w&%ml? erpryleddveceringa fiids i nvention may
bgsuseful in various analytical systens, including bioanalysis

m crosyst ems due to its sinplicit perfor mance, robustness, and

i nt egr&BIe ebadiment+Be sutapnpiine @wr%}éam&bm@cb@ fyneonalised 1o mARceaRgnhancegr at i on

of thgidemideoridy @eaem lﬂtefex St 9B guéfhéeoofqge SRSy e %t@?%ﬁb%m@:l}ft' S

i nvention. |In another enbodi ment , e concentrator, I n anot
enboditheesirface 9§ thernancshimapinaid/asrmistashasobiabasehesn éu@tlemblam & efihaped py i maged

Wi th @e&u\é@ﬂn@' ﬁbx?&l?lk Qg&gﬁ Olevick ”ﬁgéd%ﬁ]e%mwﬁm&&”&‘?é?ﬁaﬁ%% poteRfialRAr S

t her eof accorrp by presenting 1t to a suit e appara us for
t B c@pwl@dttpdhe ofibserriet afeitie eeralts enbanch onssdube theorperatin efficieny of tept i cal

el ene'&&\%lcé. I :irg)ﬁle? Qllnb&ﬁltn ﬁ)cnthg dev1cegﬂtco}cn£)rq§gdt r}a tran ;;a(r)e% &y e%laP In another

embodiment, the transparent material is pyrex, silicon dioxide, silicon nitride, quartz or SU-8.

In another embodiment, the concentrator is adapted such that analysis of a species of interest
25 may be conducted, in one embodiment, in the concentrator, or in another embodiment,
downstream of the concentrator. In one embodiment, analysis downstream of the concentrator
refers to removal of the concentrated species from the device, and placement in an appropriate
setting for analysis, or in another embodiment, construction of a conduit from the concentrator
which relays the concentrated material to an appropriate setting for analysis. In one
30  embodiment, such analysis may comprise signal acquisition, and in another embodiment, a data
processor. In one embodiment, the signal can be a photon, electrical current/impedance
measurement or change in measurements. It is to be understood that the concentrating device of
this invention may be useful in various analytical systems, including bioanalysis microsystems,

due to its simplicity, performance, robustness, and integrabilty to other separation and detection
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I n anot her enbodi nent, the device is coupled to a separation system or in
anot her enbodi nent, a detection system or in another enbodi nent, an

anal ysi s wp2o@mso70i n anot her enbodi nent, a conbi nat i onPCHArSe@k/003580 anot her
enbodi ment, the device is coupled to an illum nation source. In one

enbodi nent, the concentrator may be di sposable, and in another enbodi nent,
may besystgdisvanduay ligtegratidoadjder dexied intp seahcr Systemaprisoll erapidered asRar0idhifp| e

| oadi ng .capgci ty of 1-50,000 individual fluid sanples. In one enbodinent,
the concentrator can be encased in a suitable housing, such as plastic, to
provi de a conveni ent and commercially-ready cartridge or cassette. In one
embodi AeRlomd NG GANGER! HB! Bhodhilibe NFUE kR BrBofifRhL S nfltofundd diNe
housi ng Tor insSerting, guid ng, and aligning e device, such that, for
exanpl mjicrechsmrepsl are Icapatilenef tedrgamaged with iastvwak-digeesional téteciorr Enegingdf then

anot her device, which is.to he coupled t.0 the concen : anpl e,

t he coﬁ%’gﬁ{\{?ﬁq’o?r pﬁﬁ@% eo&dﬁarygbﬁeaac?ﬂ?qlﬁgﬁdn@e?r? 10 nngs]ﬁg %,E‘ﬁ{akgfz’iecaﬁ&%%?%g

conbi naki wiledtidar fodmitted siznhler svablap) At sanmns efhbodimettenegticalnelemertth dor the
concentration process_via a device of this invention. The concentrator may
be so &4 ﬁtfc@o",f%ﬂﬁt B MEPHERFIABATS for high throughput screening of multiple
sanpl es, such as will be useful in proteomcs applications, as wll be

apprecjiated by one skilled.,in the art. In gne enbodinent, the concentrator
i st0conHePBEr rabasiraent, By %",lce\)xﬁ*l?%‘ﬁlegﬁ%a EBATERT Bt oLl a@Ptgférter“febé’al&ff‘E nti al

gener af @étectithisGHleIBOr in laRotBGnHRRinRAD a8l hAdyHs Heem e ah@ber\hibbdifRhi b
contacts. Suitable netal contacts can be external con{ act patches that can

be confriehingiion gheasof oo apihar enaRodhpanh dhe dexige rgroupled 1 analymiBpEP SORSE- i n
anot her enbodi ment. In one enbodi mrent of the present invention, the
concentrator is a part of a larger systemwhich includes an apparatus to
excite rinloaeembadinensi te consenteternay| bs dispasafles st ingpethergmbhedimept, g3y bg | t i ng

signal ﬁltlivkcﬂlaﬁy?%c% i‘ag%rmﬁﬂtanotﬂerle%@&inﬁ%?ﬂ%%s&?ﬁ&ﬁ?@%%p%@%f tihe opgnpl e

pl'ug, using a ens, I n anot generated |ight
si gnal inflividwat Aeidneinplesl d8 onpsindedimbe, thectopednaaioecan hayndseedcipl 4 edklg by

f ocusi pglcol I l ens ! i t rﬁg}g I hecsed.efid a
=read .
di chr oﬁ%mﬁr‘g’r irugfr%}‘ %)gfr%(sju Cpgbs%m?llq?? ec?&ieﬁ{tg% %lgtcf)ca chéggﬁ?& \R?ﬂ‘?ragt& %yr , _fn anot her
enbodi henie efabodimenti mheocancE@didr ohidlr lipee coligifle deattees or)or darthe housing Emot her
enbodi nent., an .exciti light source coul e.pa hr o aduechroic
mrror 7%‘?#\]@’ p%‘ggi)ﬁgﬁ IaPé;?allgg%g atrlila SCis is%cgll %?)?’I g%t ?’?\agrﬂ’é% hé rrse%plreo }ﬁ% ? ﬁg top of
t e cocmgrithrhofs. alifasd euth aptsealr iaomptnededcanthidei mebe carplal vothbe used
nt hecos cgr}n%gr.t lgorde?ign%glte, &gtclor(fc%htrasté 191%! gé ecfulilf):pgd e\lwslthdiln Irttiéanl slots, tracks, or a
combination thereof, or other adaptations for automation of the concentration process via a

device of this invention.

25  The concentrator may be so adapted, in one embodiment, for high throughput screening of
multiple samples, such as will be useful in proteomics applications, as will be appreciated by

one skilled in the art.

In one embodiment, the concentrator is connected to electrodes, which are comnected to an
30 electric potential generator, which may, in another embodiment be connected with metal
contacts. Suitable metal contacts can be external contact patches that can be connected to an

external scanning/imaging/electric-field tuner, in another embodiment.

In one embodiment of the present invention, the concentrator is a part of a larger system,
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caneras, PMIs (photomultiplier tubes), and APDs (Aval anche photodi odes). In
anot her enbodi nent, the systemnmay further include a data processor. |In one
enbodi menwp 200v8tErba processor can be used to process tireTAiSgovalos2sse om a
CCD, to a digital imge of the concentrated species onto a display. In one
enbodi nent, the data processor can al so analyze the digital inmage to

provi d¥hichdpciuded An senarabys tp srejierraelraves iagidemthe shapmels and detpesand solleni the ogr ans,
karyot yi@sing SBRIN. BoncUnfBBRRN, G Fask ¥R Ry 1V oaRe & ' tionin
sui tabl e fg%m for dat a readout . Tn one e Qd?npnt&@%e%@@:&?em@&%g?t her
nodi f i adoquaing das.dn anetherpmbodimneay hie generaied lighictigeh fmehe mdleculescasidt e, and
in onegR I & ) -] i . regi on
wher of Lot R sBrads pif ook RAn e A oy Al okt Wi, 3 1R W el
metShodzefle¢ted Ioffs a i dighaoit i oimor/barsio pabs nijter dntohppicals patbt whichemey)zipnaotleuch as, a
pr ot ea ] I Nt.0 act w th concentrated proteins, and digest
them %@%%%?nﬁ%%{}%d ftnﬁ)l ascgggéeh@fg,e ¢ %%lec% e\yg(ré]f?acgrhe rapr ovi des a net hod for

prot eone anal ysis, wherein, for exanple, a sanple conprising a plurality of
cel lul ar I tides is conc rated in . the mcrochanpel, to ohtain a

o ur a1 113708 SRR b S F B ho e dere B B i yip Pt «
exposepas filtar hok ah® s esingroadlitingZelbn fidih Fhel tBE ofNihe CoRbRIG| Vatidid@pticaondi ti ons
sufficient to substanti al di gest the pol ypeptide, thereby producing
diLiSest ?%‘PPOB?%%IL@‘I@VBFS ﬁedk%sggedvﬁéh%ﬁya@@tfg GRTrapHER signalinpuch 3¢ gt her
enbodi gaekas, PVES (pPh6totniRIPEBOUERY ah®ARDE QARSnERAPRCERRAES! | on nodul e where

they are separated, and in another enbodinent, fromthere, the separated
di gestion products may be conveyed to a peptide anal ysis nodule. The am no

aci d seqnensis eRbodintding 8psidn® MaP FRMELHSINARY dR8 pRRLsSETNEH cABdaARRENDl ed to

o
generate a sequence of the polypeptide. Prior to delivery to a peptide

anal ysthe daBdupcessor pan brepicr de prregssike signale fiom & £CBh o prdigitad dinsgs l e,
whkch dga faQf Al | f tha,
Cancon Pogald ofiSits AL LRIONE e TRERLACH, by 902 ik Q0P o  SSRALALLE

i ncl ucdgitahimagg o rrsevifld wharegierizationp éfpintiéions such ugsh sizs sttistivop &jstoguases,

car box i PO | I i (e hym I

t her mﬁ@si Sr#,eg’:ﬂz %F b@gﬁg@%ﬁﬁ@g&%@ﬁ%ﬁgggp g‘? eﬂ?en{afl%(;e}ﬁ] ?Jnd% e*ﬁé%?og%ef?%ase

Ar gC, dtrdpdout ei nase AspN). Ami nopepti dases and car boxypepti dases are .
useful in characterizing post-translational nodifications and processing
events. Conbi nations of proteases al so can be used. In one enbodi nent, the
p20t edsesncaroibadimetthahe elevigerds feaker bmodifisdlo| tohedn cmnt activeeagehic iroahannel

SUrf aGe ML NAP IR Blabl; Aha G9 R Ebodient Hhe miCroSiiibel 3 20ated S an € 2P €9

enzyme at a region wherein the concentrated molecules will be trapped, according to the

methods of this invention. According to this aspect, the enzyme, such as, a protease, may come
into contact with concentrated proteins, and digest them. According to this aspect, the invention
25  provides a method for proteome analysis, wherein, for example, a sample comprising a plurality
of cellular polypeptides is concentrated in the microchannel, to obtain a plurality of substantially
purified polypeptides. The polypeptide is exposed to a protease immobilized within the
microchannel, under conditions sufficient to substantially digest the polypeptide, thereby
producing digestion products or peptides. The digestion products fnay, in another embodiment,
30  then be transported to a downstream separation module where they are separated, and in another
embodiment, from there, the separated digestion products may be conveyed to a peptide
analysis module. The amino acid sequences of the digestion products may be determined and
assembled to generate a sequence of the polypeptide. Prior to delivery to a peptide analysis

module, the peptide may be conveyed to an interfacing module, which in turn, may perform one
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i mmobi |i zation include direct coval ent attachnent of the protease to a
surface with |igands such as gl utaral dehyde, isothiocyanate, and cyanogen
brom de. wo 20tdm8127@nrbodi nents, the proteases may be att achasasionzssdi ndi ng
partners which specifically react with the proteases or which bind to or
react with nol ecul es which are thenselves coupled to the proteases (e.g.,
coval eertngry addsiions] sigpsphpaParatiags cparentatiogtand of fching- ng: cyt ost ati n/ papai n,
val phosphanat e/ car boxypepti dase A, biotin/streptavidin,
riboflavin/riboflavin binding protein, antigen/antibody binding pairs, or
conbi nkat pibers emhedimetts, tha myeieasesriandiider hut, ateheotskimiel o Repdrsest sueh Ay

pol ypept. . i gi v C ucing di tiQ cts, and
anal y Z;IH%% g%?%g&s%%slao E%g?%g@dgse?’o aglg te kﬁlrlr(llpﬁgﬁ)%?%t g(f’% S egﬁ eI?ic e wﬂé g%ﬁggl

pebf or tiremhalysin andvipkedinae lyo€, dndepratineel Glu€Coendaprgicinase Agfhtrelopptamaseli ng a

f Il . f whi h i des. '
Pr ot comPmnetrapsti i A SGEPdse e RO BE R bBeREE

di f f er modifiedtioys end pessBihg pokytpePdmbiesions of peaeaseehlks cambel vsel. ofiene

enbodi nents, the cells may be subjected to various freatnments, .conditions,
or ot PR B PR AR O e Shire 1721 6 PSP LG R A S RUCCHEHES at ed

ref | ecduifage oding edsfitivelor RbGIEI nbdlls EBSioRit afbalineRs)|dkaBpled bE cotatdinus of the
cghl. In certain, engogi ments of the present invention, the concentrator may
coht ai iizaion mplyee fiEet evalaisreimmgt edhe Bickase @2 spiem YRS Yethannel s
into thenwaslidehydesRbuPLYahate] 4hdWYEndREH BRIIRN In ofhBi SmbdAUfdHd, @R fRbEMeses an
array architecture that is capable of being scaled to at |east 10,000
concenff®abe pgached, peing Pdmg pagnere ahichowpdtically deact With B ErieBE R EED
concendii@ld RReRf fvitk bRREVeRYick e IRhRENENRRpRY td/Gb Pihida8Rel 8dciaRhfy)NS OF

pol ypepti des, introduced into the concentrator in known ratios an

det ectBinding maire oy drpluydg tteeifollpwingd qyrostatin/pansin, yalphesehanatelogrboxypeptidese
exenpl i fi: ' I i s ' : e or 1 . nction
or T i, DO/ RENIRE Bl Hav| PRSPl iR RS BRind Polh, BHL” ot

t hi s iqoubinations thergotbe under control | ed physi cochenical paraneters, which
may conprise tenperature, pH, salt concentration, or a conbination thereof.
I n one enbodi nent, the nanochannel may be replaced by a charged gel or
random hawopenbodimeat, elid stbps wheosneemratig pglydemgides) pbtamed dmwipe ddwekni ¢ellf he
nanoporous. mat.eri.al . Ln one, enbodi nent. according, to this of the
ventrgiREREERA probtye Pt FERARE TR G HEA Gl Byl phadTRE b, ' 0o o
skae. cAabopdiforget tn pdalk] aspadicraniively i a givearnsample, pravidpgeeprothangmap affer nmay
be

the cell from which the polypeptides were obtained. Proteome maps from multiple different
cells can be compared to identify differentially expressed polypeptides in these cells, and in
other embodiments, the cells may be subjected to various treatments, conditions, or extracted
from various sources, with the proteome map thus generated reflecting differential protein

25 expression as a result of the status of the cell.

In certain embodiments of the present invention, the concentrator may contain an apparatus

for transporting concentrates from the microchannels into the waste reservoirs.

30 In one embodiment, this invention provides an array architecture that is capable of being scaled

to at least 10,000 concentrators, suitable for a real-world screen.

In one embodiment, concentration efficiency may be determined by using labeled proteins or

polypeptides, introduced into the concentrator in known ratios and detecting the concentrated
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generated in the charged gel or random nanoporous material, simlar to that
formed in the nanochannel as described and exenplified herein, wherein an
el ectri c woebab/iss27onduced i n t he nanoporous charged gel pom/ushawgerdso
material, simlar to that induced in the nanochannel. In one enbodi nent,
the inventjion provides for a nethod of concentrating a species of interest
" in a |pRplgdgproteimer ielyReptides achaay examplified hereimbplovie ngﬁgﬁﬂ. infesi e2e M odi ment |
this iQyeRing8s QfﬁXﬁcQﬁ%tﬁae”bﬁEQchﬁc%&‘o@ﬁano@ééUP conprising a device of this
i nvention, which in one ermbodi nent has a |iquid flow speed of between 10
mm sec and 10 nm sec. In one enbodinent, this invention provides a nethod
of conGeRhe aiiifert Pt CourBluhfkeT S il NindeddoUinthy bBE ulifek NOShoRAEPY | S NG
the steps of: Introducing liquid froma source |ntg a concentrating device,
whér eiphysisgclielicgupatametaysy iWbish reeyspmuires terhiperattier pHt salihcongbsratipih &ad d devi ce
conpri .a.m Gr annel |inked to a nanochannel; inducing an electric
field Ci%ﬁ&sngflgaﬁlgﬁgghannel wher eby ion depletion occurs in a region wherein
said mcrochannel is |linked to said nanochannel, and a space charge | ayer

is fornmed wi thi.n saj,d m crochanne iC rovides an. ener barrjer to
o o dpate HebiReRls? aEb S ar ARGk oA Wit e feheP R SRR N BRLhET LF |
one enhachalpiiierein bigargddproupredmtaidaids fridadopoanid materah Oinlvae embbdisiement , t he
ellgctroosm)ti c flowis itﬁduced‘ in thﬁ m crochannel via 'ndiJcti n of an
ell@ct rAceoTding toy this, asprer qfiths BeenkioRethe © ﬁﬁg“‘gﬁ%‘“‘ﬁ RE PARORBTSET FEHT2 AL Y i s

pr ess uigildrjore Bize.| NARBRIIEMdOHisTRpdct oMtichinRedtida, b hpitenangk! ly«dimaycbannel
permsel ective portion of ion currents, cause Eﬁ)}/ I he cour}t eri.qns. Wt hin

t he DeShEardye e gisend 5 oF gIPRRaneras Bateipl Rl 9 ik forms 18 (B ent

t hr ougfanédhen2R RO AEBARGI andt AEMBfifRIdCherdiB Whet@H h &lldcaRstidld iPmdhda ibekye | ayer)
t han coi ons mgrate across the nanochannel when an electric field is

appl i @@nenesqyschareed gel ar ¢hateed paseplesimypr to gt iddceddn MR EL f r om t he

apgdi c side to the cathodic side, and a concentration polarization effect
(Figure 2). According to this aspect of the invention, ion depletion near
t he ndneon¢ embndimericthe sivention Pravitlss faie nslipdofcagespirating asperiesiof S1PGH i ap nor e

signi Tl 1A LdmpflideRing a device of the invention.

In one embodiment, this invention provides a microfluidic pump comprising a device of this
20  invention, which in one embodiment has a liquid flow speed of between 10 pm/sec and 10

mim/sec.

In one embodiment, this invention provides a method of concentrating a species of interest in a

liquid, the method comprising the steps of:

25 introducing liquid from a source into a concentrating
device, wherein said liquid comprises a species of interest
and wherein said device comprises a microchannel linked
to a nanochannel;

inducing an electric field in said nanochannel whereby ion

30 depletion occurs in a region wherein said microchannel is
linked to said nanochannel, and a space charge layer is
formed within said microchannel, which provides an
energy barrier to said species of interest; and

inducing liquid flow in said microchannel
35
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nanof | ui di ¢ channel, speeding up the concentration polarization effect, and
above a certain threshold En val ue, as described further hereinbel ow,

resul ts iwoeb@msizrosnosi s wWith second order Kkinetics. Aecoruszeng/ov2ssa hi s
aspect of the invention, counterion depletion fromthe nanofluidic channel,
and creation of an extended space charge layer in bulk solution within the
m crochannel prevents co-ion mgration in this region. In one enbodi nent,

cont r of wagnibbﬁnﬁh@%rﬂ&v fsi BlcBSostdotc, 2nd iEdnothdr @mBBdiRREE tHeRR cE¥RNbAE CES

(anion repul sion fromthe space charge layer vs. nonlinear electroosnotic
f1 ow f flovhis ieuged d® theahicyochapmelbyit indeetion pf an plesiricaficdd inyhe arictoghappedr &0 ani oni ¢
speci eg, <ol lected, according to this aspect of
the i n%é)ﬁ{elr%Iﬁﬁ&%rﬁé%ntgég%gﬁg%gﬁ?%ﬁgequal voltage is applied to the anodic
and cathodic side of the nicrochannel, or in another enbodinent, greater
vol t ag 0 Gohpared to
the catho |e%8&%1%gt’ %V%[méﬁﬁ ﬁlrh Igén%%'ﬁglg%h%ef gagglfg%aggg&ﬂ% ?fal?/‘gF 'S gener at ed
in thecmadrhyclmwueﬂenmm vaithit mempyqzlam) cgmealnegn@rodl tcagpared)withéleawt@ldm si de of
said m crochanngl.. In gne ut i (o] anot her
enbod TRt ERa eqtiPatitnd SR ot Mmoot St bl Bum e "F s "an
or gan fhasmganatepssct hamxhamaeltwien ab Ie&@ﬁcfﬁlmisappuerd resudtingrib ackietmeanisier t he

species, of interest.c ris i ei.ns I .ides, nucleic CIdS viraI
oOBE T oGt Combiriog B TRemegE S ot ERBBF ik o0y o cupelues

I Nt er epdladzatiéh ¥Rt &hcﬂlre D} A cebrdin@ Qb his MipedtDF Ge Mv&@bn,ﬁaﬁ Hepld:tibnfrﬁamde | n or

secreted froma cell, and in_another enbodinent, is found_in very Iow

quant i Paneduidic, channef fickeps the, Pelyeplpyery cAUSINg His ovehapmsre sigaifiGIly inpfhe

ext r achSdfiam haept %leéth@( tip akd chtfcedthBo Pblarizdtion et ce RO ALHRN certdie et hods
of this invention and the devices of this invention enable coIIectlon of

ol ecufheashald &n wplyee jagdpsraibgd fW@%h‘{fﬁleerhwoWs‘ﬂ&r’@eﬂw@aWS@ Wik s¢Rend and
their Gengeskation into a small (IpL-InL) volune. Such concentrated sanple
can then, 1 n other enbodi nents, be efficiently sorted, separated or
detected by various mcroflui d| c systenms, w thout sacrificing the overall
det ect | i f

m o1 of P AL B leiispdks GEUESHcRlch T s S S

t he meardodsatmndofcan extendedt spn@ dewgeclserofn bk ssolutipe rvithim thel miskochennel

signifj ly d sih , uent

Tust qRERbl &rbf BRAERS Tl Mlon, B SlkuiRbaflen? B SEH B8 wicBE UTTBICCT o
nalec ueiralrE’B)otot bat@caﬁd/tWD fomm)@aion mépulmcg:f'@dm nigkaspeee cvkgclayeys. mubkeans

protei er:ledtro]:)srn? rgca}'lo a{Tgm?he r‘é“setr\bo?r ,t stabilizes {lfegrlltggacteh\%mcﬁ 1isev(\:/ e%) 'arllién;[i sp%]::ies

of interest are trapped and collected, according to this aspect of the invention.

In one embodiment, equal voltage is applied to the anodic and cathodic side of the microchannel,
25 or in another embodiment, greater voltage is applied to the anodic side of the microchannel, as
compared to the cathodic side. In another embodiment, a space charge layer is generated in the

microchannel prior to applying greater voltage to the anodic side of said microchannel.

In one embodiment, the liquid is a solution. In another embodiment, the liquid is a suspension,
30  which, in another embodiment is an organ homogenate, cell extract or blood sample. In one
embodiment, the species of interest comprises proteins, polypeptides, nucleic acids, viral
particles, or combinations thereof. In one embodiment, the species of interest is a protein,
nucleic acid, virus or viral particle found in, or secreted from a cell, and in another embodiment,

is found in very low quantities, such that it represents less than 10 % of the protein extracted
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nol ecul es in mnute concentration, such as mnor proteins or peptides. In
anot her enbodi nent, the devices for and nmethods of concentration of this
i nvent i orwenai/mi17he use of several non-| abeling detect ipom/use@ianizzaes ( UV
absorption, for exanple), which was not possible due to the short path
|l ength and small internal volume of conventional mcrofluidic channels.
Ther ef &r® a orofeiassirasee! Beedldi ment, the devices for and net hods of
concentration of this invention, which conbine concentration and nol ecul ar
sorting may provide an ideal platfornlfor integrated m crosystens for
bi onmar keenajembeedihent, the mﬁthQﬂﬁrﬁéﬁhlalmmamysmt theadvdw@hefrﬂ@famvbﬁt@ncﬂ}ﬂ‘dal agent
det ect enbo fu C he ss of
rel easkﬁgc%ieogﬁlglcel es gkgfaiﬁél?@s%@ Pé? % Jéfev %’8 %ﬁéoﬁéﬁrg%b% |ﬁr%§igt t he
metShodcdngerttfagon mwrprswdis(lphelrﬂx) eplunfe. §tud} emtcemtgatadhm@ﬂremne@emfmmﬂteer est to
capi | e pillar tro re e t hat
utili zgrgy?dﬁeeng% ‘et rd%glﬂyeﬁ ?rcg:é‘ﬁh plﬁrraéé{io 8& Cé%dgpgs "“3?1 m§cr uté(ﬁ‘g Irgggt%ﬁjdos noti c
f | ow ofvitsanpiceificing tl&rmzbﬂallcdamcﬁdnaueysmwtyemusted byelmeen&ﬂlesamplﬁpfbmnmmapnmg nts.
Typically. a fused sili ca of 100 mminner diameter or less is
Cfilled® Cﬁ’ﬂf‘i ‘iﬁ"f”@?le iﬁfﬁllg‘%{{u&%ﬁ%{%{} F5%%an el ectrolyte. Each end of the
capillary is placed in a separate fluidic reservoir containing a buffer

eI ctrolyte. otentjal voltage is plac ed n. one_of. the huffer reservoirs
g‘e&%&"%@&ﬁ?‘r € Jthads eAds cope eVines 8t ﬁ%? ByfHe aﬁ%e&’&oi r.
POSI t | yighiFicaang imeasdd @l infnsikoerch ﬁlBE@M@ﬁ aid bubsdtulikt 3 detBetRAPREICE,8n

directions through the capillary under thelnfluence of the electric field

est abl FROHEE 653‘»0@1%% OB Tgre | 28giss Y g EeleaH soaing snd/paenard &f highser voirs.

The el aghnaes mzﬁécﬁleé lseon anghofehs, ﬁJxﬁcdt d8PROGehbE sARHdldgt te Qbte@afiity @@TPONENt
of afluid will determ ne the overall m gration for each fluidic conmponent.

The fI@PhClﬂPsdeEWE? FanserrEBE o, SHAASIRBPR s PORSPHESIi c flow is flat due to

thg reduction in frictional drag along the walls of the separation channel.
The observed mobility is the sumof the el ectroosnotic and el ectrophoretic
mobi | i Tni ansthenergbadireciiibe dedebs et ol methods of leencepimativh of ilkis @lvertiangashiet i ¢ and

el ect &g QIQJ &t §eger¥1erlogcl5‘t§e!hﬁ§ detL:gho?xr{ {r@%d{)n gf)so 10}1 hi%r 'ei%ﬁ?%)' QMich Fagapi Il ary

el ectrophoresis systemi1s m GF ONEch a eV|ce h'I's a part of,
or separtabsite duqto tieeshomd patk hengtit andgmaﬁvntmald@smra dednivetigiahmidugfividids of

m cro il t rophor S |1
enown i eERR, b Hioing ERHRRIE ES IS TR AR ULRERGEOR AT0, oeo.
U28. PRais. inNentiof, 2hichO&dinbitef t@rehattesion ﬂti mbbculzﬂrQQﬁUngAmy.prﬁiflé&fnan GiBeal
2637- 2q4t%drml_|?or 1nt%grateﬁtm%rosystem59 %ér 1%|m%rq< detggtion?%g\_/ironmental analysis, and

chemical-biological agent detection.

In one embodiment, the method further comprises the step of releasing the species of interest
25  from the device. In one embodiment, the method further comprises the step of subjecting the

species of interest to capillary electrophoresis.

Capillary electrophoresis is a technique that utilizes the electrophoretic nature of molecules
and/or the electroosmotic flow of samples in small capillary tubes to separate sample
30  components. Typically a fused silica capillary of 100 pm inner diameter or less is filled with a
buffer solution containing an electrolyte. Each end of the capillary is placed in a separate fluidic
reservoir containing a buffer electrolyte. A potential voltage is placed in one of the buffer
reservoirs and a second potential voltage is placed in the other buffer reservoir. Positively and

negatively charged species will migrate in opposite directions through the capillary under the
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897; Jacobson et al., 1994, Anal. Chem 66:1107-1113; and Jacobson et al.,
1994, Anal. Chem 66: 1114-1118. In one enbodi nent, the capillary

el ect r ophwoeasiassEpar ati ons provi de a sanpl e which nmay trhensb@ecwsmsdo f or
bot h MALDI - M5 and/ or ESI - M5/ M5- based protein anal yses (see, e.g., Feng et

al ., 2000 Jour nal of the American Society For Mass Spectronetry 11: 94-99;
Kozi el Inflignge of theaplectriq feld naiblishagh by die tWeap@ential voltaz@‘fg@PhAMq {hej Rugfer

Cheni Skitvdid: ThS éécﬁl&;ﬁoud AoWthe &heeﬂg&.g ncaiémoﬁﬂw éa@@%ﬁs@ﬁma&ﬂ N

devi ces, which may interface wth entrator of this Invention

i ncl ud@uid yyill dgteeminetthe everallomtierasion for eash Hluighc p@nmemaﬁh@ fhujdgilew profile

chro i 5%@ and

af fi rr]r:al%y uér){[ﬂﬁsefeg{K&&H@mﬁ ése%%@%g%%%géﬁﬁﬁ%? 119 Efe}ag)ﬁglc(? on Egg%ll on of
an§ syeit msep@tewnc gbgnnelt cChe whtiservechmepbdlisyi b ebe domnst ﬂ‘@anlﬁ@foosmwc and

conce g etgce}ﬁ' ?fﬁtlég Gnd Q%ebgbs%%ﬁl\g%cﬁg i %tkepa{ntl ?fthé giegtrcﬂ @ﬁg&% af?&] and
t hat t ntirgurati to’ suit a des 5 ion. In one
enbodlai@mophcaetimebldcmeﬁor separ ation of the concentrat ed peptides which is
positi oned downstream of the concentrating device conprises a separation
medi um and a capillary between the ends of which an electric field is
appl i edIn bhe einb@diﬁzpﬂl’d&f thé nareﬁtﬁmalaadapmﬁryrmeﬂu‘oﬁhdrmst hatenn i lniceonyackiyped em and

ot i dBES AR G s AT s GaE e ROy SR TS e G4 PR Ron mad um

can beMétabcng &ftmidtmashihihg tchsillay Gleetropheraes s@ﬁ&nyahmeisvmware el AbRE fin
enbodi via electric f| el ds applied to yarl qul nts of %Jéc )
| Plsai d

capi | It ‘?9“ |39 5 erSTOedn 5 < ARPIE, int § Pt Nedo: ?'é Qﬁ b U2t Yook

speci eFfhalstt &raesw%hﬁﬂals@héin HBESET26483: H&rﬁ&ﬁﬂét al nls@@I sicléﬂcalztsﬁ &5- a
concentration, whic alimt of detect ified

her ei 98! Haeksen giale 1%34 AéaISGP‘H{H Ol 167-1383; W@%‘:@B%?nﬁ%ﬂ@%%e‘mal Si8Wei n ( GFP)
I@gdedS@ pf@-{Ag devi ce, when nonitored by fluorescence microscopy, was
below the limt of detection. Concentration of the solution as described
enabl ed detection of the 33 pM GFP, and that of even nore dilute G-P

pr ot eigh ROLMboAY ?é? Ofhe %%Mr?f ‘éﬁgtgoﬂji_ﬁg%ﬁs Q{P?%&igﬁ‘@ﬁro%ﬁé’ﬁ%hﬂgﬁﬁ% gy AL S, W th

concentration of tactor I'n one € ment’,
concerberused fom beihedALDEMSpiddr B&3-MSAHbaséd poteirearalyngrelseswe. g1 Ggng olad,
conce t UL i ey ce the
copr o g e b e S R MR ol ST e L Ol
220m) ,Lat 2@0e; Khendodncent.y WO nMpatieicaldéhepuintydd: 1;831r$p118é9l iquid volune as |arge
as | nmL through the channel and trapped the GFP within that volunme. G ven
the concentration tinme of ~104 sec in this experinment, the average sanple
In other embodiments, downstream separation devices, which may interface with the

concentrator of this invention include, but are not limited to, micro high performance liquid
chromatographic columns, for example, reverse-phase, ion-exchange, and affinity columns.
25
It is to be understood that the exact configuration of any systems, devices, etc. which are
coupled downstream of the concentrating device are to be considered as part of this invention,
and that the configuration may be varied, to suit a desired application. In one embodiment, a
module for separation of the concentrated peptides which is positioned downstream of the
30  concentrating device comprises a separation medium and a capillary between the ends of which
an electric field is applied. The transport of a separation medium in the capillary system and the
injection of the sample to be tested (e.g., a sample band comprising peptides and/or partially
digested polypeptides) into the separation medium can be carried out with the aid of pumps and

valves, or in another embodiment, via electric fields applied to various points of the capillary.
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fl ow speed should be as high as 1misec. In another enbodiment, this

i nvention provides a nethod for controlling liquid flowin a system the
met hod cowproeiasg70appl ying said liquid froma source teca/ysameionzgsaevi ce
in said system wherein said device conprises a mcrochannel linked to a
nanochannel and said |liquid conprises a charged species or an anphoteric
speci es; inducing an electric field in said nanochannel whereby ion

depl eti i reqi r el i .crochannel .i.s linked to, said
nanoc halﬁ%gpﬁlg};%%bgﬁg%gt ggcrﬁgkpéﬁe]% %}{e}‘rﬁ?ésq? %%trrsealdjc WOFHET 9f JUPgStny 1%‘n’rno%a‘rl'ndannel ,
whi ch piresiésdepresamt mrseiddiguidat b carcerftmtions ahichsipbabe s lndit offeeeat ; and i nduci ng
an electric field in said m crochannel whereby el ectroosnotic flowis

i nduced in said mcrochannel, said flow further introducing said liquid
intd saAdexdewlified hsreinBelow (Figow 3)sa seliionodfl 330pNMysrédhefhsorésedi tpfoteih (SEPY
electric field. ntrolling ljquid f] ow has nunmerous appljcation . in a w de
range dPA%Ff élft8§1,leca‘°s‘”% W e’bgm&‘ﬁ%fe%gy 513‘8’35%9030%%???31’ &S |bgloph e jllnilt. f n one
enbodi riertiiont Menseatrh@aisofAle ©MMHohak ésoGbddi cabibled fdtedon dNEHe3 s GRPELhdS Of
concenty at a species of interest may _be useful .in biosensor devices. In

i.n
one ent/BIiChEYR merp Hilpts CIErProte roltiprsRl B M ewhanpniforsd pVeT RpEMEBHELY aher ei n
f1 ow an@ui] witkebreéntatisRPIh&o@ e 10Pa1¢QMgevegact ants to and fromreservoirs in
a mcrofluidic systemisrequired. In another enbodi nent, concentration of a
mi bt e gquantity of a species of interest for detection is a critical

el ementp, Qfne SeMRARKES ObordéNafibn shdddOR era]i?xﬁb odi r@?{%f)liﬁel(ﬂc ReBRbANGYS 167 K1a

particularly useful in detecting organisnms in a ratent or spore state,
wher ei rforrenisaionsd ther GFIh eolwiagarassahicwedorithér e beurd$ings the hpprotimatstviobime

ebodi FeabenttAld A isHBBLI AL ADES 'R 20005 ¥ O EREGRRRE alent | O

t
are possible wthc viati hg fromthe prese i nven e net hod
of contrreped seeppld liquid Folome af largeex d phitipugiuthe cirneelmind troped e GEP miitinbe so
deposi t i i.s direated.t9.a central .reservoir,.to which
ad |tigﬁgwgﬁﬁgfg@%gﬁ%%#?gﬁhﬁgﬁgh%%ﬁﬁéc éﬁ?nh@¥6? Pﬁﬁmﬁbmfﬁy%wggﬁg@F, t he
flui d dlewepeadishould bhes iglser anfsearay t hen be m xed, and in turn, be punped
t hr ough

In another embodiment, this invention provides a method for controlling liquid flow in a system,

the method comprising:

20 applying said liquid from a source to a pumping device in
said system, wherein said device comprises a microchannel
linked to a nanochannel and said liquid comprises a
charged species or an amphoteric species;

inducing an electric field in said nanochannel whereby ion

25 depletion occurs in a region wherein said microchannel is
linked to said nanochannel, and a space charge layer is
formed within said microchannel, which provides an
energy barrier for said species of interest; and

inducing an electric field in said microchannel whereby
30 electroosmotic flow is induced in said microchannel, said
flow further introducing said liquid into said device and
said flow is controlled by the strength of said electric field.
Controlling liquid flow has numerous application in a wide range of fields, as will be
35 appreciated by one skilled in the art. In one embodiment, the methods of controlling liquid
flow, and/or the methods of concentrating a species of interest may be useful in biosensor
devices. In one embodiment, control of liquid flow is essential in biosensors, wherein flow and

mixing of a sample and various reactants to and from reservoirs in a microfluidic system is
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t he second set of mcrochannels to another reservoir connected thereto, for
further mani pulation. It can be appreciated that the punping nethod of the
present iwoentdmmMmorks with various types of fluids inecudisegemersss and

bi ol ogi cal fluids. By way of exanple, the concentrating and punpi ng nethods
of the present invention allow for high-throughput robotic assayi ng systens
to di r e€gwied; Ar enothee embgdiment heoncemiatersofaf minhte quamBeof 2 speviendfiinarestfnd t o

concent : ox. i.n ng/ .quid.. Various nodes of
carr yi retiel i EEREE dBneh et EBlensAEVEE. 3R 3P BIBoct Fich T ehe of

t he f ol pastivuteglycisefubin ¢esacting wkganists o iariatemgor spbre astede, diltekdim détkotioa | oflithd ng t he
subj ect . tisftrglrs,otvx@iigehdi}fscugegarded as the invention. EXAMPLES Materials and
Met hods?EDeVT C& EabrT Cal™dn: Fabri cation techni gues were as described ( J.

Hany H. G Craighead, J. Vac. ScL Technol, A 17, 2142-2147 (1999); J. Han,
H G ai,ghead, .. Sci ence 288, .1026- 1029 000).).. Two reactive ion_etchings
wer e usolgc?.ﬂ%ﬁf?jg?dnﬁ%ﬂti’ & ?rh?“ﬁd‘PPlfféu?}lS?% ﬂ?‘?rﬁ‘?(ﬁﬁﬁjé 0% ﬁ’ﬁd’(’f‘?f&lﬁﬁ’é‘f%‘uﬂm p pesifdar d °

| i t hogrwiiyt deddtig ftde the Bilesdne ablehived. IFOP 1Rt &BIO@ of BbilolBleCNid F100R For
conduct ed for aP,o t 10 sec to etch 40 nm nanochannel , while the second

et chi ng*ArRlS; 8 “P\bj%omtfé@?@éls may; benif depesfited sebcthah Bwd dlow icdipsteditpe

nanof i | defitial DERAREr kd WhfechWiddlticRald@RESEnRSEWeRE, 30 caftkedl NMBWRER %aﬁlisi cat ed

to_denonstrate_the effects of buffer concentration and channel” depth. After
conPl et PRS- RhElEd epfentithinths reteevsitmgasisn be adxadoanst igHumhbeopigiped gotghadi ng

hol es. Hhek8R seLotifBlLLRANYRR MBMIUELEFhif QnhQWd bl fo ﬂﬁh%tlﬁar@&mgn. whi ch
provi ded proper electrical insulation. The bottom of the device was then
bonded Ixfantbegpmosieied (hafthe pusping methad ahihe peesend inyeistondiarks wigke vamiogseses

Bi onol gyl f1s aRehdi-S3GER LRI (1R 10™ phosphat e buffer (dibasic sodium
phosphat e) gt pHng. 1 was ﬁrriglﬁ) %f%g%gg\, suppl emented with 10 nM EDTA to
prevent bacterial growh. Successful pre-concentration was denonstrated

it , hosphat e, buf f | |.. Copdit.i f
R, Sl B B PR B et b G ™ °
si gni f ihighrthrquelemo mbeti¢ rBkyiog systdnect. ditdatie inteefate ivith ahes doficed e ph@smhat e

buf f er inveRti n? lar?‘J fo ch‘rgcler?t?atg gi ];p%(c:lles 0 1§1te?e?ts, grlicﬁgrdanld rI}ur(r:l{al ﬁ%ﬁ' S

Various modes of carrying out the invention are contemplated as being within the scope of
20 the following claims particularly pointing out and distinctly claiming the subject matter, which

is regarded as the invention.

25

EXAMPLES
Materials and Methods:

Device Fabrication:

30 Fabrication techniques were as described ( J. Han, H. G. Craighead, J. Vac. Sci. Techﬁol.,'A |
17, 2142-2147 (1999); J. Han, H. G. Craighead, Science 288, 1026-1029 (2000)). Two
reactive ion etchings were used. After patterning the 5-20 pum wide nanochannels with
standard lithography tools, the fist reactive ion etching (RIE) etching was conducted for about

10 sec to etch 40 nm nanochannel, while the second etching created two parallel 1.5 um
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with a depth greater than 50nm probably due to the | ow pH (which
suppressed surface ionization) or too high buffer ionic strength (where the
nanof i | t ewoke@msexol ess pernsel ecti ve due to snall er Delpge/usesgtondsso

Mol ecul es and dyes used included rGFP (BD bi oscience, Palo Alto, CA),

FI TC- BSA (Sl ma- Aldrich, St. Louis, M), HTC Oval bum n (Ml ecul ar Probes,
Eugene, dw@ms(asiow@smtamﬁlm N@Dﬁltetro wiith,a ddpih, bdRkeke@ Ayand 70 nm

(157 S e b S A Y

i ntercal a@mpigl@yw (tmbmgd{ﬂlaletcmngbwaes;secEmg&ﬂemréﬂgh tiylohdihg GWies) Thermal

manuf act instru N, Al SO, 4.08)
pepti de }r%lﬁgett:oﬁll e8> m?e)PéeUC{segn ow f“z%ealtfé‘% PH‘@P%S%‘_{MW“%EMPW o%lflc(t‘g‘talt he
Mas$achusstlason. Mk itottbe o‘ﬁfthéréedwwbv@gmea%ndi@bﬁiﬂe@ Mird:Nwafet Rkigk seadr@gat i ng

dye by the f n rocedure: HPLC purified peptide sanple was first
reconsti ?rtﬁdecgaoflgnﬁte%bﬁﬂ}f Pepti de concentrated solution (0.1 MpH 7.4

phosphate buffer) as a stock solution, then diluted to InM The dil uted
stock ﬂ(re) mxed at a 1 to 1 ratio with 10rM TCEP ( Mol ecul ar
Hooferide dregye

Pr obes; agRiPSPHRRP™A dye (Mol ecul ar Probes, Eugene, OR). The
I’ eact i on AVa9mM | $heEshateObilFp CRAMsiBL oM Hh@iphgté) QPLHHS 9. 8RR fethy Lo

qusure to light, follow ng which, non-reacted dyes were term’nated by

ng 1BCRIMLLIRE MaRptloeYHAABA t¢ Srﬂjnﬁ—bmb@nalcgrOW@t Sudcessiid prmn,ceramdmdl aI yzed
out usi nersh SCIe
Pi scat a\/\ggS &Hm)ngﬁaj[&f @gésdog(g?g%sﬁ %Ihd’sétlll?%ﬁwésp aete lex Sert nen ng 198s @ nduct ed
on an i niemMdpbi %3 asagp ebuffex- andl) 1% TBtEfHuﬂTer (ésaﬂaﬂd)a“emmtuabmtoﬁgﬂlﬁgint sour ce
attached%re&g er eéﬁa%ttrl cally cool ed CCD canera (Cooke Co., Auburn HIl,

M) was d or uoreéscence i magi ng. Sequences of i nages were anal yzed by
| PLab 3.6 (Scanal yt| cs, Fairfax, VA). A hone-nade vol tage divider was used

to istr ials.to reservaoirs, The built in | OONmercury
15d oncUE SordidrS PfW@?}ﬁ%P@@e buffer- go peatizagen gfers ag opserved fn phanpRled 1o
r educe twigh lai c@lpth gnamemawommd ptobabli Cdue a6 ethé Néw hENahieh kaieRsafl sd@kect i on.

Quanti fi.cation, of concentration Quantjfication of the nolecular
concent rSPFERY Pnrtf’fr’lrg‘ gg‘ﬁ’é‘"f%elf’mf skrength, (whergthe mansfidier Recsmesgesscrermssieces/i ce can

gener at elus anfhflepbeig® 1éaad). sat ur ate the CCD array used for detection, a
neut r al

20 Molecules and dyes used included rGFP (BD bioscience, Palo Alto, CA), FITC-BSA (Sigma-
Aldrich, St. Louis, MO), FITC-Ovalbumin (Molecular Probes, Eugene, OR), FITC-BSA
(Sigma-Aldrich, St. Louis, MO), FITC dye (Sigma-Aldrich, St. Louis, MO), Mito Orange
(Molecular Probes, Eugene, OR), and lambda-DNA (500 pg/ml). DNA molecules were
labeled with YOYO-1 intercalating dyes (Molecular Probles, Eugene, OR) by following

25 manufacturer’s instruction.

Also, NH,-GCEHH-COOH (SEQ ID NO: 1) (pI 4.08) peptide molecules were synthesized at
the Biopolymers Laboratory at the Massachusetts Institute of Technology and labeled with a
thiol-conjugating dye by the following procedure: HPLC purified peptide sample was first
30 reconstituted to a 10mM peptide concentrated solution (0.1 M pH 7.4 phosphate buffer) as a
stock solution, then diluted to 1mM. The diluted stock solution was mixed at a 1 to 1 ratio
with 10mM TCEP (Molecular Probes, Engene, OR) and 5-TMRIA dye (Molecular Probes,
Eugene, OR). The reaction was allowed to proceed at 4 °C for 24 hours, shielded from
exposure to light, following which, non-reacted dyes were terminated by adding 100mM 2-
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density filter, which allowed for at |east 12% transm ssion (Q ynpus
(32ND12)) was used with 70% NA aperture (is this correct? Yes) (50%

t ransm sswonpodsiziecr ease excitation light intensity. Bpcuase@a®n1sgo | i ght
intensity to 0.6% the dynam c range of the detector was increased, while
the rate of photobl eaching was reduced. Channels were filled with 3.3nmM and
0. 33mVl GMRersaplasthianols(SigaracAlfiticin iSe doeist M) gmell difly e dubarsiiglauminddialyisia kithe

channel s r asu . The canera utter opened only during
peri odi cal eﬁlﬂg%}&@ﬁgﬂe%sgﬁ%EOSCIﬁ?Cﬁ?%SCfEaWSK%bI eaching of the collected

nol ecul es. In order to prevent non-specific binding of proteins, prior to
and folbow' 19 each experinent, chips were exposed to a |aser, for a period
of tinme @tfﬁ"‘? LEEAE € conpl et el y quench residual fluorescence due to the

nonsspeciAfi met&xP@kﬁrﬂ@t@f;vefeh@nﬁﬁmr@ﬁﬁle MveREDhdrBschfe (IXe7M@kith flubrestdet i ON tO
use of freshly rabricated and filled devices, to elimnate carryover

ef fect s. CEftationlight seres atigehednA dsmeslecticalineqolad G gampere (Conke onAubHa

adsor pt i ef1,0VmSAAPLES (A TIIeRIESEE ﬁﬁ’ag’ﬁi:jgl ngeﬁ&g R GRiSges Je’d ADUBES by TPLab
pol yacryanmi de coatin S. Herten, J. romat ogr. 347, 191-198 (1985)) was

appl i ed. 3PrScyabitics FaaexcBA) cbbhome-made yaliappdivitiex jas P%ﬂﬁ)tﬁbﬁliﬁg'&blmerﬁﬁéf?fa@r yl ate
as an adg&%ﬁt@ﬂs R QR Gits: Tﬂeh?ﬁht i:?"{MW'xﬁé}EJ |lﬂ-%» 48 g&lduats'aoﬁ' Supfd, 4ad o th

0. 2% VA- 086 photoinitiator (WAKO Ri chnond, VA) and exposed under a UV-1anp
frdfh 5 nmibpuitag density fijter is usaddo proluganibe fighitintomsity Ahd & ingigesedadynagic hgred was no
noti ceablyg Leyel of adsorption to the device. Even though the pol yacryam de
coating process was expected to decrease surface potential and surface
charge density, simlar charge polarization and sanple trapping pattern was

observe ILhei.t with a |lower efficiency) by applying a higher operating
potentig’fa.(n?"fiﬁ%nqno'mmro}kgf‘ﬁr5?'@%’0’%"%@5‘5 overcone by adopting an even | ower
buf f er | Quacifgbtiengtthe mBleadarvonsehtraiondin theichdnndi iv desietedinf Figure X0 Sitice thens To

denpnstrate the adaptabiljty of the devi.ce di fferept buffer conditions,
DolPor & B e RnaRl Bl ! i Siry MBGCD oy uRe o R, e SRR one and
d: f f er entlerisipifittess twmgﬂhmem&bleatlew@_t lla%etﬁansﬂiﬁﬁoﬁ) Rely@ipud m?m?m)ewdeuéeae was

al so teste i an extract sol uti t cones, direct roma ..

pol yacry Wéfﬁﬂg %’ 18& apgrtyrg L %?1’15 F%‘fre‘ﬁlé rg%gr &P%g“ @é‘ﬂﬁé‘?i%otﬁ Jdectpasg exgifagpn light

trypsi nzakdnoiy. By defeRidedRgtt SieadityOd, 0.8%MitheAl{dehid! $hide ¥ MS AFRIRS whsr ect |y
fromgel el ectrophoresis in the device, as in typical proteom cs research

envi r onnijteasedyyiailethe raleef nhglopleadmecrisredus®e no proteins, but small anounts
of pgalts and snmall nol ecul es nmay have been

Channels were filled with 3.3uM and 0.33uM GFP solutions, and fluorescent signal from the
solutions in the channels were measured. The camera shutter was opened only during

periodical exposures (~1sec) to minimize photobleaching of the collected molecules.

25 In order to prevent non-specific binding of proteins, prior to and following each experiment,
chips were exposed to a laser, for a period of time sufficient to completely quench residual
fluorescence due to the non-specific binding of the fluorescent protein to the wall, in addition

to use of freshly fabricated and filled devices, to eliminate carryover effects.

30  Pre-concentration in coated channel
In order to prevent the adsorption of samples on untreated silica surfaces, a standard
polyacryamide coating ( S. Hjerten, J. Chromatogr. 347, 191-198 (1985)) was applied. The
device was coated with 3-(trimethoxysilyl)propyl methacrylate as an adhesion promoter. Then,
5% polyacrylamide solution was mixed with 0.2% VA-086 photoinitiator (WAXO, Richmond,
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present in the gel fromthe sanple or electrophoresis buffer (Tris,

gl yci ne, Sodi um dodecyl sulfate, glycerol, Dithiothreitol, possible keratin
cont am nawmoLpo6/dsiom st ai ni ng ( Coomassi e bl ue), and/or fPromuSk@enedaect i on
and al kyl ation steps (Tris(2-carboxy-ethyl)-phosphi ne hydrochl ori de,

i odoacet am de, anmoni um bi carbonate). The extraction by sonication was

per f or mde)oandt ax@osed yynderng 2Rf-lasp Femud PBMYSe Ghintae PRiysEiZatopn SFtRT Hi5d/ or

trypsin cgﬁg%j AR5 i%%ﬁ%@?&%@i £ bgn a&&;ﬁgi%f@r }hef @i Q@W N SIRSYIRE the

inactivatiofi wth 20 20% formc acid. This extraction solution was
col | ect edlyamyhneidn centing atoeess iwas ehpecisg dedecarase wefacapetrwial and ArEeheteEi on was

perfor n%Qns?tg?ﬁ%ﬁ%ﬂc(%gég%_P -'Qgio%%l?‘geru?ﬁle VJRLAQQ%H%’&:M Bl Bb&%i&ﬁg&l%&ﬂ@ﬁtﬁ a 0.1%

trifluoroac I'n wa t 0.1% TFA in 50:50 water to
acét oni tlewdrefficieacy) byiapplyinb @ higher eretatidg pofential. oerieer ¢idiency ws aveecogisol ed

with the extracted solution f.romthe,preceding step and concentrated down
to apprg’%iaﬁ%ﬂggﬁn?ve Weirlrtfm??{em%l%%%e&g%b. Then, this conpl ex solution was
used as a 'sanple buffer' by adding | abel ed GFP nol ecul es. For the

precongentration step, this_sinmulated sanple solution was diluted with 10nV
phosphé(f”é‘”ﬁﬁ’?tf‘@?”” ﬁ’gl“fg&‘ieib{fffg’é??d’dﬁ’%ﬂed into the channel. EXAMPLE |
Concent rmat dahoiraehee gathplpiicy af Meaddfiecte alifferesti Suflierd cénlddidins,oboufiegt i

Tr appi ngBi onol ecul es _are efficiently concentrated in.a device, which

privi deSORRrAiopY Af fiffergpt %‘ﬂéé’%b’o(g&?%’fti @%f SWt(‘?ﬂﬁc%dsdt‘&?fﬁrgelef BEREST

el ect r 0QRDbabuatddOMhe SFRRIGAL &TkhE MevdcE hanaRb tefed! igngdy bttact selimicaythng

bi onol ecules to a "trapping region” with a_hi 8h fl ow speed, I gao.nbi nation

with ancemes gireplr frpmr 2 fRolyapplaiidy gelyplise. Glffe PEEURITG, FedHCiy U9%ace

char ge |i3%&hzatith,t BEd deplidL - isolitfonC WFRIAM RiR! bidiRspled WirdiengomNgell esul t s
in a rapird concentration of charged bionol ecules, for exanple, proteins and
pept i deslegirenhioresia inithy devics @6 dn EYPiGRh SroRAMicHESSPESH BRiIropmENS Ut earif@phy si cal

bakri er : : ~ ' haleb 0y veEhadi ment
o1t he AP P P O B B e o1 any

t hi n namofséuiinite ghdomeths spmple @) elecippiboresisbuffer €lrish ghycigontadivn dadeskness,

el ds dteient PuipALaeL Bl R i Ll RaaR RBnalRe tun in
Fi gure MbBie), Thel/dri bul ite tddectivaneid wikjiatios hdepse(TrisEhjarpaxyesiod)-phospénter at e an
o0 e o S IR ARGE S8 90 BNECud o shelpacthon
i 20t he aadcinedindke trgesiezazibe solatiore(60pl.r b sgipLi toyphinaind/oc ompsy pemidaninecul es
fromthe reser Vot bdimictutten Moifovin enzyme inactivation with 20 uL of 20% formic acid.
This extraction solution was collected and concentrated in the speedvac. Extraction with
sonication was performed sequentially using 200uL of 100 mM ammonium biocarbonate,
0.1% trifluoroacetic acid (TFA) in water, twice 0.1% TFA in 50:50 water to acetonitrile, Each
25 time the extracted solution was collected and pooled with the extracted solution from the
preceding step and concentrated down to approximately 10uL in the speedvac. Then, this
complex solution was used as a ‘sample buffer’ by adding labeled GFP molecules. For the
preconcentration step, this simulated sample solution was diluted with 10mM phosphate buffer
(1:9 ratio) and loaded into the channel.

30

EXAMPLE 1

Concentration of Charged Species Via Electroosmosis and Electrokinetic Trapping
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trapped region (1-40). Another enbodi nent of the device is schematically
depicted in Figure 2. A nanofluidic channel (2-10), connects two

m cr of | uiwoco@memrel s (2-20). Electric fields are appli edTius2e0a@ozb6vi ce, by
means of the electrodes (2-30), as shown. The field in the nanofluidic
channel (En) is used to generate an ion-depletion region and extended space
charge | oledyles are MHlEciy oeincensiatadpine eulievice, Avmca)ngmvidealfon‘ mehahlinerduced in

the mcr ( it nadi. ¢ SI ner at e
el ectr ooglfrc}%)ttwloc § ?%@vwgfgﬁc\?e%%erntg ec%‘l‘ng‘1 d Ctm%?r?chg fg’g’ Iéer?teéslélr%/g}aPne(IZ- 40)
into a tpafpedtvicegtaneying biwmoﬁﬁcules)cdnarmmbp1n'g“hegxsﬁ’nwitb ar eigle flo@i speedyrihai ns

the sa d o I i in.th id., O her tainers with
ot or T RSB HARERAR ol s 0 Wi getfiled BL AT gt el Bt s (2. 50)
whef e sotmyerfiunin devive dEhewastbinatiers 6f Hiedertsp p(haidn%ﬁﬁ 30t 1B ANEpid CérientraAidn

descri bed. her e The ce may be fabricated using sta
phot ol i t Rog ql ﬂ)?loghoéecf"@%g? Xenp@fed’?'ﬁar?&ﬂeg A dftt}g’ga m%?éoﬂdi’é@%iﬂiaﬁéﬂ ofThe

t hi ck nesmealadceu wiithowtahy physfcal Baeridtamatddehd] § tehennel foftih uedckfiiRiivas checked
by scanning el ectron m crograph, and the fabrication techni que used,

produced nanofl uidic channel as thin as 20nm w thout significant
def or mat Dg§ embocﬁmlaﬁtammm@vﬁﬂe it B&eﬁiaﬁémldeﬁi@éh an 'i‘%tures nownd sNeReft &Ha9¥ c

nel Sihgﬁ 50nmin thic ness%} can support permsel ective ion curren

| ar paretluidiccihrane]s{1118h-tepieallyges themponm s thiokneshi gpnaest Bt least lve,
nanof | ui ﬁiic@ofﬁi‘di@rbﬁﬁnneﬁe(%fem?l 'P\%'S\Sﬁdtﬁ@reﬁécﬁfb fAfial OB g;gﬁlér?% $he é\h'c%eq @y t he
counterions within the | ayer cannot be 1 gnored, conpared fht

total i ofPréaledeindepepdentlyies ﬁh@”m@@gwgdﬁelrhe fipld e thgrnanoffridie Chﬁ@ﬂ@it(ﬁﬁ)llans

(fromt h@e@@@g&e}@y & }ontfféﬁfgn&fréggﬂ W dxlen H%@g;ﬁéﬁﬁl?agéeoﬁ et {‘L ?rﬁ%mel

when an electric field is” app gure resul ransfer
of char g‘@@m(ﬂ@@}d?ﬂt ér‘iamggalffmbmndmdamdm micgiflualic chanied (BA inabk moﬂlcdmie and t he

oues 211 BEGRILERLIARC AL O5 5 EBRSGePRol e SEENEH B8 S50 kS Lo °

concentration polariza ure 5| by
concent rtzappethregioh 4t- |4@)at| on) near the nanofl UI dic channel will make the
Debye | ayer thicker and overlap nore significantly in the nanofluidic
channel, which will speed up the concentration polarization. Above a
certai n Atuties hoitehdieny of de, ddvive Jismnhetmmsgoaéplcasd 05 Bighe2.c hanaglflvend ers a

new, nons I | iy § | ectro cs of te?@ econ | nd), whi ch has been
or evi ousi§™g ggi }é)egoqnﬁa g 2 B ‘H 8 Irti?e"f?ﬁ}%a(ﬁ )- Erﬁ?Ft‘i“h elds arsjapaliqdeioghs e 30)
camt er |h denie ayyenelaap bthe dlettraies (1380)Nardbivii TheCriddanaehanoAtidichaget gfed
Space C ar
P ge% to g nerate an ion-depletion region and extended space charge layer that traps anionic
biomolecules. A tangential field induced in the microflnidic channel (Ey), in the anodic side,
generates an electroosmotic flow, conveying molecules from the sample reservoir (2-40) into a
trapped region in the microchannel. The sample reservoir contains the sample suspended or
25 solubilized in the fluid. Other containers with buffer in contact with the microchannels are

depicted in the figure (2-50), where some function as waste reservoirs, collection means, etc.,

as described herein.

The device may be fabricated using standard photolithography and reactive ion etching
30 techniques, as described. The thickness and uniformity of the nanofluidic channel structure
was checked by scanning electron micrograph, and the fabrication technique used, produced
nanofluidic channel as thin as 20nm, without significant deformation or collapsing of the

channel (data not shown).
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(i nduced electrical double layer) will be fornmed in the bul k sol ution
nearby, within the mcrofluidic channel in this case. Wthin this induced
el ectri cavodoasise27bayer, el ectroneutrality is |ocally birokars2qusiexsso char ges
are screening the fixed surface charges within the nanochannel), and
co-ions (bionolecules) are prohibited fromthis region because of its
negat i veNgeefbrdit ghanpelg <t50am inrhickresdaby suppait eerm-Stiedttive ivn cuaotedmitatibl e i on

| ayer co rate ¢ ectr otic flow whe .tangential

corrpo'nent%l gtf g%:agsc r?’g aef( ?l{eaﬁgéq %ﬁ%lbmlngs'a Nl @ %ﬂ‘r Balf?%}lﬁchfa/hagﬁ?ief"ﬁfm'y

cont r ol | badeptivi portibe of ioncufrems, dsusedEby alrccoiEriomneittahe Tabgn et dagndtwe f or ces

(anion r ion fromthe.space.charge | ayer. vs. nonlinear, el ectroosnotic

o frombrd P bt g aa i Fioene HEORFh U e arils THHFGR dB8%1 o

vvlheﬁ e ani:cmn'tqniohs; f:fmni memeegi 1|ayee) ﬂqmiap@aﬁ]_ saﬂlgmnﬁg}hﬂe_%&’b%ihe h!lﬁi_alslildﬁﬁ@][when an (i

el ect r oognot. i .0w ha w. vel ocity, ich is a nonlinear function (in

this casezlgg—tﬁf Eﬁl)d laﬁppﬁlﬁi 03&5836?- %@Fl&?/s vl a8t oM foree) CETHIHEMTIR {1 ow

vel oci t ytheafiodiesige rahatftbdid sidy, e thy o&lall B cohd®BBatlod iR b ded@Sas&PEPREEd t O
ic flow (caused by the surface Debye | ayer charges).

nor mal el ?Ctroo‘iﬁr t : . by [

O hers u&HRgt n‘g‘@é" HEFRSFTHEOBRRI I atioReiRsE igedPk he generati on of

el ectroosnosi s of the second kind, however such flow produced strong but
uniont rollaple flow vortices near the nmenbrane, which were used for a fast
m XY ng. PRelCRletien rawsed by oneentiptipa nodarizptiong naar theynaneiuidisl channeb il apake i bri um
state, pheVed|dBy&haRkdran@bR56H nldl Qi Ay if ARG Hui e hll wl&gg%ﬁh

syst ens. In contrast t O_ pr eVI_OUS rep ts ectroosnosi s
wel | - contPees W the cgpeentrgsiontpelasization] Abgveof certhin thuobliolil Et wtlee, teriod transdort

char ge- sgl |eViat raked,. i | $Q..CONtT | 10t
effici enc;k/&g}tﬂec%ﬁﬂéﬂe%ﬁtéalgﬁg]ﬁg’q@,&%fé‘eﬁl\ﬁgr(gl?ce| n ugscore}rg er%t%J clgnon Qﬂ%’awg&gh
El ect r ootsolsies pradousle atnogkd metipewedahapgei mgmbrages. dndthiterspinsd (Biges 30),

pr gcedur f tihfication of the | ecul ay .concentration in the
el ptSfiths 8 d-pEcA YRR bk BRI, Shahd o af SHilee SRS Bl | he
CCD ar r dyndused elegrical edonblei layer) aiitl behfosmete it €l budlensiutiyn hbdrb@r witli@ythde used.
The conc r-at i.on of .col.l ected G-P _protei | ug stimated by peasuring
the fl uolﬁié%"cf@‘hdé"ea%%e&é‘? {hfsr%?ﬁﬁ- &?ﬁgﬁ{}ﬁ%’é‘ﬂ?‘:&a eﬁﬁtfﬁﬁé\g@ﬁaiﬂm gfec%ﬁ*{’éﬂ % filled
with 3. 3sMoeaily Brak8m\iiebd ey ia@nScreatih@wael h:@a burfatd @nhd@techittan wé t he

O 33mM G=P_sol ution,(Fi.gure.4C) . The two jntensity | evels were conpared
with | ocnélfloci%ﬁ?réeﬁ?siafl?/ qo“égrégl &’éﬂﬂﬂ goulss b tsnBefdred TgRT Bis fesionybecarssl Esif Fi gur e
4D0. negative potential just as in the Debye layer.

Such an induced mobile jon layer could generate a strong electroosmotic flow when a
tangential component of electric field (Er) is applied (Figure 3D). By carefully controlling the
electric fields (E, and Er), one can balance the two forces (anion repulsion from the space
25 charge layer vs. nonlinear electroosmotic flow from the reservoir), stabilizing the interface.

This interface is where anionic biomolecules are trapped and collected.

Nonlinear electroosmotic flow has a flow velocity, which is a nonlinear function (in this case
~ErE,) of the electric field. Much stronger electroosmotic flow velocity can be generated
30 (typically 10~100 times faster), as compared to normal electroosmotic flow (caused by the
surface Debye layer charges). Others using charged membrane beads, demonstrated the
generation of electroosmosis of the second kind, however such flow produced strong but
uncontrollable flow vortices near the membrane, which were used for a fast mixing. The

extended space charge layer is at an unstable, non-equilibrium state, providing chaotic or
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Figure 5 denonstrates the stability and performance of the enbodi ed device.
In Figure 5 (A-C), a solution of 33pM GFP (green fluorescent protein) was

| oaded i rwo 20év08s20pl € reservoir, and the resulting trappedspeoeneisso peaks
were nonitored by fluorescence m croscopy. Protein concentration was stably
mai nt ai ned for an extended period of time (several hours), which allowed

f or concesriltaary dm trasgosidebavioraf sushsystantsan a million. Figure 5 D and 5E
denonstrate concentration of dilute G-P protein solutions of 33nM 33pM
and 33f M noni tored over a course of approximtely 3 hours. Concentration of
pr ot ei ns In eontrhas tepiovidiedpaty eledrookyosisdeiowss wéll-d@frollOB dwetoehaghbibyed. The

col l ectign ed decreased, when.the plug concentratipn was hjigh.(~l nmV,
pr obabl y(al uséﬁ) '(S)tatteﬁlgn%@&@‘é 5?2{5%6'??6%9%%@&6{@?%%5’?% An E“ﬁg a{sﬂt?o’btphﬁg‘il ﬁ‘? %‘ﬁ t he
chafinel sfiicfeacyecf conraeationat i on speed in the enbodi ed device was hi gh.
107-fold concentration was achieved within an hour. Since the approximate
vol une of the concentrated plug is about 0.5 pL (~1.5mm x 20mm x 20m),
this means the enbodi ed devi ce pumpgesiParsanpl e liquid volunme as |arge as |
nmL t hrough th% channel and trapped the GFP within that volume. Gven the
concent r at i on FEPiFiR encentgationsVia; Blectygosmesisyand Hgefrokingtic Trpppiige sanpl e f 1 ow
speed should be as high as 1mm sec, a val ue not obtainable wi th nornal

el ectroosnotic flow (first order), whichonly generates up to 10~100m sec
wi t8 t heFieiug dsmemgtrates & progedasesed fas the quan ¢ of theandlegylar geyicertEationn (and
fast sanplige thithd, PHIBLOGCARiRRaP n\éra?exﬁlnlﬁ:'rl]é;@g%%%att DEurE B FEPCEPT

el ectroosnosis with second order Kkihetics. space charges are

gener at edsedifertierectione and Gporeduialdensityfiliersandsi be uged. Hihp conpguirative of egllseiad i al
field ( ] [ t r is

reser voiEﬁ-E?:P eédé?) glgg “&?E%ﬂlﬁlﬁégg%ﬁlg%ﬁ%gﬁg? ﬁib(%&fgﬁi&se S%ef?ontrl\o I%%Fé}?%rlgps t he
mol ecul ethe phanrglss hgungiss fitlére withnPHBreM| dndud.aBpddr GFR fsblutpmsntallgwed foralitlet i on t o
sample c raf,l ied..devi y. serve.as a.,mcrofl uidic
i g JAE0L P e s B TRRELS PR uE7 AP RAR B S0 B b

(el ect r okitinbcaldhteymitypévelaftcapetc@icamiadon dfahe npleevtendiguredD)AC el ect r oki neti ¢
punpi ng. O her conditions evaluated for bionol ecul ar concentration using

t he enbodi ed device include varying the ionic strength of the buffer used.
Wi | e t hEigpe Sciemonsiiales theGubiiy htd pRrifosmanse biths endsliisghiRmick.Ne Figard £(800,engt h

O e Dy o B 055 P e g b cperal d chen at A phospiate
i 020 ¢ St thenedulting! trHeP PSdtéih OfkaMBSvere monitored by fluorescence microscopy. Protein
concentration was stably maintained for an extended period of time (several hours), which
allowed for concentration of factors of more than a million. Figure 5 D and 5E demonstrate
concentration of dilute GFP protein solutions of 33nM, 33pM, and 33fM monitored over a
course of approximately 3 hours. Concentration of proteins in the embodied device, by factors
25 of 10°~10® were achieved. The collection speed decreased when the plug concentration was
high (~1uM), probably due to the excessive non-specific binding of the protein on the channel

surface.

Concentration speed in the embodied device was high. 10’-fold concentration was achieved
30 within an hour. Since the approximate volume of the concentrated plug is about 0.5 pL
(~1.5pm X 20um x 20um), this means the embodied device pumped a sample lignid volume
as large as 1pL through the channel and trapped the GFP within that volume. Given the
concentration time of ~10*sec in this experiment, the average sample flow speed should be as

high as Imm/sec, a value not obtainable with normal electroosmotic flow (first order), which
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eval uated as well (data not shown). In general, increasing nanofluidic
channel thickness, is inversely proportional to the buffer ionic strength
requi red wonotdmsizrper ati on of the enbodi ed device. Furt rem/useecyisgot he

si ze and nunber of the nanofilters in a given device affect the
concentration efficiency of the device, due to different electrical field
distri bUBh@@@narﬂestdpecoaysﬁoemn/swemﬁmfmmmeﬁkedevﬂhtsexpmnanesuewcﬁmrmetfsstabi lity
to concentrate proteins (Figure 4), synt he5| |d]? &EI ure%ﬂx}:‘,

f 1 uor esc&pHectgte (andfasts famplee Suid purkping)scan,de 811 8 Vo 5 o POCUERRR O

Further, efé&)fdo@ﬁoﬁp%ﬁts'ewﬁd%&rt&mgl MieBd shee C&ﬁé[ﬂg@ﬁaré Wehaaed wasirchat ed
w t h pol yacryl am de ynmer to cErevent non- cﬁem fi % bi ndi ng, of the
T

bi onol ec ml@gchannﬁl éwrc ft:aglés(En)wem thel tangential Sisid GEnhirobiiresohpte wAMEd sBasEnh
Con entr @fi_aﬁgég é/@ertﬁlddﬂgreééfv&r FeHagdrd R nth@&uet:&%eﬁ&a&&eimmg papdidiot bAIRS

app |ed ear y denpnstrates the flexi-bility and adaptability of the
devi ce t tapy itie fmﬂletChbii bittrelssypuanpsche samyEe liguid ey dlicienlyuin skt tasemdles r om

the in- g%!)ncgﬁtga%%ﬂ tﬂ@ ePbodEd d?\lv&cﬁﬁ REQL %E I Sdc MRt 1Hé ABgibORiHicHSAsT engt h

and contalns song organic solvents) can be used, af belngdlluted in the
phosphat mubhlfxrfoeas eﬁﬁfneﬂtOhM el@@wsW@@lw@OIﬂmcpmmlm,lan@ yimpier e iTApjemelitp| es
directly f ectrop1ore3|s or other conventional purification

t echni qui® %}% etrllc POM'¢ strength buffers) in the preconcentration

devpce. EXAWVPLE 3 Anal ysis of Proteins Concentrat ed Via El ectroosnosi s and

El ect r oki etlcT p ul a tra n be
turned off 615§°’?détr’ﬂ5’\g Yfg‘%ﬁ%b%oﬁ'ﬁl@nﬁ[fﬁl&rrg I%f‘ IOt Uls'msg tggg%g‘%&%i Q’YCF g&(la&s\d?abl i sh
the i oni galyaizameoms skefth aﬁ thmuffexehsédl S Whiile niael poefcbncemaimnt ¢fficibnoyl @ i s

turned off, the col]ected tan di spersed t o apout | t he
ori gi nal “B%"ﬁkedv\)i"léﬁnﬁl‘e ’SBFSF a% é‘ :‘?stf Fdr %ier%‘?as‘?ﬁlrsg E‘? SRR IARY: meég it
Thereforghosbmegﬁffe@@mdﬁ[onpl ug generated by the enbodl ed device can be
easily manipul ated either by electric field (el ectrophoresis) or
préddsure-driven flow Figure 6 denonstrates capillary el ectrophoresis of
two prot Q/‘af&ﬁé)ﬁfé'rﬁﬁofﬁl@dlé %ﬁatnﬁg fRKhre AEhR Buftr e stengtd be cofipdiition wadi cate

effective coupling of the enbodied devi ce and downstream an?l ysis tools, in
this casevalyaieseassesllifdamrnog sShawmarly seresdl mershvreaqeiludicqoppnel 4GRSl at i on

of Buff e'inv@f%@l(}' ﬂr&ﬂ%ﬂ:ﬁ)nhlnt% HRABG R RRD ktkén%ﬁﬁ 24uireR 26 ShEBAL &N RE IhPdinbodied

device.

20
Further, varying the size and number of the nanofilters in a given device affect the

concentration efficiency of the device, due to different electrical field distributions in the

system.

25 The embodied device was tested for its ability to concentrate proteins (Figure 4), synthesized
peptide (Figure 5), fluorescent dye, and fluorescent beads in solution (data not shown). Further,
device operation was tested when the device surface was coated with polyacrylamide polymer
to prevent non-specific binding of the biomolecules. In all cases, molecular trapping was

accomplished, with concentration speed varying as a function of the different conditions

30 applied.

This clearly demonstrates the flexibility and adaptability of the device toward further
integration. Even a complex solution directly from the in-gel digestion of gel electrophoresis

(which has high-ionic strength and contains some organic solvents) can be used, after being
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It is possible to further stabilize the space charge region by manipul ating
buffer conditions in the devices of the invention (Figure 7). In one

enbodi menwQ 2006d8vi7oe conprising two or a series of two RCTrusedvanmsses are
each connected by a nanochannel. According to this enbodi nent, over a
course of tinme, ion depletion in a top mcrochannel (7-10) leads to ion

enri chmegfluted i (HROpHOBPRatE Buftee RANORIM.(Thig @penst i the tpdssibilifyf & use@na@ipldsat i on

in the bottom m crofluidi¢c channel increases wth Frologped condu%tlon of

the sepaf#estynirosp gekslectropRomgH OF PEsH icprsigntional purdfisapeny, froiufiges (pisipg, high

nanochanggjic s(tt%n%m)uffér@ iR et gr&eh@buradon RiLected. Wth tine, the ion
selectivity of tThe nanofluidic channel may weaken and unstabl e depletion in

the top channel may result. It is possible, however, to provide a source of
a | gwer concentration of the buff Nﬁhjggescribed time peri ods, in one
enbodi nent, or continually, in another odi nent, by electroosnosis, or in
anot her enhadwsmftProlbyls mgwmdma\ﬂnctmOQWOSIEM/EISEUQkIBFi&TIfaPQmQr i entation
of the Channels Can Increase Stability of the Space Charge Region In

anot her enbodi ment of the invention, preconcentration of the material may
be enhancédolbqulqnmsxppihgym thg emimdﬂsﬂ tsﬂbdbeacanhlamtmaied o@Bbﬂ@)noumgﬂiﬁt hhe beféss of t he
m crochan n | cation MA e} I
(Figure (§] elcsz aex e)eCteldg% redes'talb 1§}} (%1 5 lc|’nr11| MEL N Hel' n?ée@? ace 8e§ é\?\e%@{r%%t he

M d0oc hartiedleldis durhdteoff) almﬂiamrbﬂ)eakMaﬂamlyl cyspermed toasboctheivadlie arginat psknt

adj acent to the_m croc nel., ion depleti.on st ext ross t entire

| engt h o?m‘ﬁh’ebuﬁfh(‘?’f df Pﬁ?‘ﬁﬁ’f T diReRTie (%S%E{F%r erefone h 8 ﬁ "ﬂ?fr{ﬁ‘&%eﬂ?a ﬁé’ys hown

i n Figur me&mﬂlﬂ&tltdeﬁ)i&b Reh 6 eBAOBNANNAES eithier leyth&tncSﬁél& (&tkctiopRoresis) or

m cr ochannel , 3? ?; fagter and nore conflenﬁglon W&Ietlon 8-30), and
in some BB ‘ﬁ’f‘ O¥a THRie 9?’&‘81‘%“?556%“@%& SGEORNOESIS PL G Pr9IUR SPied i s:

1. A COﬂ@@I&EfeatHynlﬁe ‘éﬁl‘%bcﬁ@d QORRY. IThb Rekults irficatecerBdcti@N ouplifg OF BRMIsHodiet at

| east one nanochannel; ¢ a unit to induce_ an electrlc fieldin said

nafdchanfevice and doymseamanalygis éeolsa i tBiscaser 5vg 59Bitiop caillasy eletapBorgss-ven f 1 ow
in said mcrochannel; and « a congyghipriggough which a liquid conprising a

species of interest can be nmade to pass;
Manipulation of Buffer Conditions Increases Stability of Space Charge Region

It is possible to further stabilize the space charge region by manipulating buffer conditions

20 in the devices of the invention (Figure 7). In one embodiment, a device comprising two or a
series of two microchannels are each connected by a nanochannel. . According to this
embodiment, over a course of time, ion depletion in a top microchannel (7-10) leads to ion
enrichment in a bottom microchannel (7-20), thus the buffer concentration in the bottom
microfluidic channel increases with prolonged conduction of the separation process. In one

25 embodiment, the section closest to the nanochannel (7-30), in particular, is affected. With time,
the ion selectivity of the nanofluidic channel may weaken and unstable depletion in the top
channel may result. It is possible, however, to provide a source of a lower concentration of the
buffer, at prescribed time periods, in one embodiment, or continually, in another embodiment,
by electroosmosis, or in another embodiment, by pressure driven flow.

30 EXAMPLE 5
Specific Orientation of the Channels Can Increase Stability of the Space Charge Region
In another embodiment of the invention, preconcentration of the material may be enhanced by
positioning nanofluidic channels (8-10) on bothi sides of the microchannel (8-20), and in fluid

communication with the microchannel (Figure 8). Because ion depletion initiates at the
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wherein said mcrochannel is linked to said nanochannel, and said conduit
is linked to said mcrochannel. 2. The device of claim.1l, whereby upon

i nt roductworro@fosa27bi qui d conpri sing a speci es of intere®CTius2®aiooksdevi ce
and i ndependent induction of said electric field in said nanochannel and in
said mcrochannel, said species of interest is concentrated within said

m cr ochdmnaehce Rtwdnethd evicmehaphelcindi the hanghanmel, rwheai enlywah fapeshannglifci ng an
electric field.in sajd nanqgch - ' ' i nation
L e e e e R

vol t age mipRifiuiit anfd] befvel sepgsionuaplogcirs et shoen 16 Tigira 8d pedidoming 6 The

devi ce of claim 3, erej.n idvoltage, s I lie e to the
anodi ¢ dRBCRARE d‘i’rb\év’gleﬂéldBfO? ot C%P%f]nzf#ﬁ&f ¥°rgfgﬂﬁ%n%d§§# géeo rﬁé’? At%: alm 3,
whey ei N @gleflon/@l30330d StfRleenpiiliess, gmedtsablewpice aliegd wgibhe anodi c si de of
said m crochannel, as conpared to the cathodic side. 7. The device of claim
1, wherein the width of said mcrochannel is between 1 - 100 mm 8. The
device of claim1l, wherein the depth of said mcrochannel is between 0.5 -
50 mm 9. The device of claim1l, wherein the width of said nanochannel is
between | mm 50mm 10. The device of claim1l, wherein the depth of said
nalfochannel is between 20 - 100 nanoneters. 11. The device of claim1,
wherein the surface of the m crochannel has been functionalized to reduce
or enhance adsorption of said species of interest to said surface. 12. The
device of claim1l, wherein the surface of the nanochannel and/or

m cr ochannel has been functionalized to enhance or reduce
15
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the operation efficiency of the device. 13.  The device of claim1, wherein
an external gate potential is applied to the substrate of the device, to
enhance owoneduse7vhe operation efficiency of the devi cecTas2006hasdevi ce of
claim1l1, wherein said mcrochannel or nanochannel or conbi nation thereof,
are formed in said device by a lithography and etching processes. 15. The
devi ce V¥hatdd elaimed is:wher ei n sai d device is conprised of a transparent
material. 16. The device of claim 13, wherein said transparent material is
pyrex, silicon dioxide, silicon nitride, quartz or SU-8. 17. The device of
claim 11, wHerei cementrafimgidedacd onposingd wi th a | owaut of | uorescent materi al .
18. The device of claiml, wherein said device is coupled to a separation
system det ecti on ssystleas onematipshasnedyst em or conbi nati on thereof. 19. The
devi ce of claim1, rein said device is coupled to an illumnation
sodrce. 20. The dévi eangonSInS??‘f‘Mn,nev\her ein said device conprises nultiple
m crochannel s, nanochaniiel ® drdwenbn nakctdos fitkleriaokaid21. The devi ce of

cl aim 20, wherein sahfhotRshiidlpl € m crochannel s, nanochannel s or comnbi nati ons
t hereof are arrang.edamﬁgﬂ,igd@@rahiegudr@@nege@frpgegwe &ZenThe device of claim
21, wherein said geonetry conprises perpendicular orientation of said

ni crochannel s with réepacsidpierghynglagifcnannel s. 23. The device of claim
2 wher ei n each g cf oghamn ' hhke, it @%%h nnel s, which are
o%ioent ed per pendi ?ul%?lgy \}vi’t%%m{rl%jsyggtﬁ ?(%fqggll kél\&{ran cr ocﬁannel . 24. The device
of clai m20, wher ei nspseietiofdetpiesiecan bevpadese passf i r st “and a :

wherein said microchannel is linked to said nanochannel, and said conduit is
linked to said microchannel.
2. The device of claim 1, whereby upon introduction of a liquid
15 comprising a species of interest in said device and independent
induction of said electric field in said nanochannel and in said
microchannel, said species of interest is concentrated within said
microchannel. “
3. The device of claim 1, wherein said means for inducing an electric
20 field in said nanochannel, or in said microchannel, or combination
thereof, is a voltage supply.
4. The device of claim 3, wherein said voltage applied by said voltage

supply is between 5S0mV and 500 V.

5. - The device of claim 3, wherein said voltage supply applies equal
25 voltage to the anodic and cathodic side of said microchannel.
6. The device of claim 3, wherein said voltage supply applies greater

voltage to the anodic side of said microchannel, as compared to the

cathodic side.

7. The device of claim 1, wherein the width of said microchannel is
30 between 1 — 100 pm.
8.  The device of claim 1, wherein the depth of said microchannel is

between 0.5 — 50 um.
9. The device of claim 1, wherein the width of said nanochannel is

between 1pm-50um.
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second m crochannel each |inked to a nanochannel, wherein a sanple is

| oaded in a buffered suspension or solution in said first m crochannel and
a | ower cwocerwasazsoon of said buffered suspension or solatriuseotemoise@aded in
sai d second mcrochannel. 25. A microfluidic punp conprising the device of
claim1. 26. The punp of claim25, wherein said punp has a liquid flow
speed of betideerTltenint 9 claimdl, hersil gecdepth/of didresrvohhnaelnpri si ng t he use
of the device of claiml.jLn concentrating a species of interest in a
liquid. 28. A mg ngq)'&mﬂaé’r?fnre%?ﬁ‘ng a species of interest in a liquid,
the nmet hod gonpritgidedicé beclsienSviRtein theistific@ b eiengdictdcHating] Haom a source into
a concentrating device, wherein said |iquid_conprises _a species of interest
and wherein sai cpeﬁtéf}inﬁté‘m\é@??ﬂrt?@gc%orﬁnéﬁlﬁéﬁmonl SNEdPEESa nanochannel ; o

i ndsici ng an el ecdrhiigedi kedadh JupFasal d nanochannel whereby ion depl etion occurs
in a region wherein said mcrochannel is linked to said nanochannel, and a
space char gé2{ ayke qdeyice i ndampils Whereiathg syfageoeh disneanochggredh provi des an

energy barrier tRi8AkSRRME PaPbeeh ThftiiBRilize®RethahddditGhi@e! i quid flow in
said m crochannel 29. The nethod of claim?28, wherein said flowis

el ectroosnoti c. tBoopemtien pigicisney offthedeyion 29, wherein said el ectroosnotic

flowis induyged - i LG 1Al t .0ff « ectric field in
said mecr ocﬁginne’wa d%?#@ﬁé&%ﬂi%&% aﬁé{:’g?l{rlnﬁ%% ﬂ\f\%@?@l l?lglébellrl% flowis
pré@sure driven.to 3 subbteatevef thedleyice.cloainhaR8 or wedaceithe epfesgtionar e carri ed out

cyclically. 33. e‘@&ﬂ@%ﬂggdg‘kcecl aim 28, wherein an electric filed is
i nduced in said )
14.  The device of claim 1, wherein said microchannel or nanochannel or

combination thereof, are formed in said device by a lithography and
etching processes.

15 15. The device of claim 1, wherein said device is comprised of a
transparent material.

16.  The device of claim 13, wherein said transparent material is pyrex,
silicon dioxide, silicon nitride, quartz or SU-8.

17.  The device of claim 1, wherein said device is coated with a low-

20 . autofluorescent material.

18.  The device of claim 1, wherein said device is coupled to a
separation system, detection system, analysis system or combination
thereof.

19.  The device of claim 1, wherein said device is coupled to an

25 illumination source.

20. The device of claim 1, wherein said device comprises multiple
microchannels, nanochannels or combinations thereof.

21.  The device of claim 20, wherein said multiple microchannels,
nanochannels or combinations thereof are arranged with a particular

30 geometry.

22. The device of claim 21, wherein said geometry comprises
perpendicular orientation of said microchannels with respect to said
nanochannels.

23.  The device of claim 22, wherein each microchannel is linked to two
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nanochannel , said m crochannel, or a conbination thereof. 34. The net hod of
claim 33, wherein said electric field induced in said nanochannel, or in
sai d m crwohaewmsiz7oor conbi nati ont hereof, is via applyi rRgTHSReEgRS5S® Ssai d
nanochannel , m crochannel, or conbination thereof. 35. The nethod of claim
28, wherein at |east one mcrochannel is linked to at | east one

nanochannel , andnanschannedd) tvadchp etep@iedied egpehgicwiath witk gpgpett too sai d
nanochannel . 36. gﬁfﬁ%mbmdl of claim 35, wherein each mcrochannel is
linked to two naf HyeT™¥' whi ch are oriented perpendicularly with respect
to said m crachamedevicd 6f clbhe 208k heéin 8fid Geditetdfpriseladhigianda first and a
second m crochannel are each |linked.to a nanochannel, wherein a sanple is

| oaded in a buf f&FEY %@B‘gﬁg‘i‘%ﬁaﬁq qg‘ﬁﬁ"hﬁ‘? @nnﬁir}qclgagpg, IS & crochannel and
a | gwer concent r @tin@Nisqbadediifl a ufben 8dsps HEREBSIMRIoAn SEH Urkion is | oaded in
sai d second m crochannel, 38. The nethod of claim 28, wherein said voltage
i s between 50V BiePchgmely andg  arHawers CRBENBILOR| &F N3, buisEdei n equal

vol tage is appligdhdnGioh BEsARRM iCloaRd it ShidQbf BicHRhAfersai d mi crochannel .
40. The nethod of claim 28, wherein greater vol t_agle is applied to the

anodi ¢ si de 25f sAimicrefleidisavsprrompriging the dpaeeef dadmtlhe cat hodi ¢ side. 41. The

method of ¢ 28! M 1k ptfiPEChllnfo S RAEREOR Gfind AXCL1iduia BBNSpaked 11 sal d

m crochannel “prior to applying sald grea voltage to s anodi ¢ side of
saildl m cr ochannedf.bed®en Thgmiet hotl 10 mnobegi m 28, wherein the width of said
43. .The net hod. o i 28, wherein the

m crochannel, i s get en 1 - 100 n;ﬁjd
the depth of*’sai & Mi% °§cﬁ%ﬂﬁ%ﬁmﬁ gﬁgbé‘tg?/veoén by, devices gt A 44 Mrhe’ met hod of
clai m 28, wher ei dontditramhtid §pecibs sfahwWresFnadiqaidnel is
28. A method of concentrating a species of interest in a liquid, the
method comprising the steps of:
15 e introducing liquid from a source into a
concentrating device, wherein said liquid comprises

a species of interest and wherein said device
comprises a microchannel linked to a nanochannel;

e inducing an electric field in said nanochannel
20 whereby ion depletion occurs in a region wherein
said microchanne! is linked to said nanochannel,
and a space charge layer is formed within said
microchannel, which provides an energy barrier to
said species of interest; and

25 e inducing liquid flow in said microchannel

29.  The method of claim 28, wherein said flow is electroosmotic.

30. The method of claim 29, wherein said electroosmotic flow is
30 induced in said microchannel via induction of an electric field in

said microchannel.

31.  The method of claim 28, wherein said flow is pressure driven.

32. The method of claim 28, wherein steps are carried out cyclically.

33.  The method of claim 28, wherein an electric filed is induced in said
35 nanochannel, said microchannel, or a combination thereof.

34. The method of claim 33, wherein said electric field induced in said

nanochannel, or in said microchannel, or combination
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between | Mm 50mm 45. The nmethod of claim28, wherein the depth of said
nanochannel is between 20 - 100 nanoneters. 46. The nethod of clai m 28,
wher ei n twe 2saw(i8azye of the m crochannel has been functi ecahiszed/ 002550 educe
or enhance adsorption of said species of interest to said surface. 47. The
met hod of claim 28, wherein the surface of the nanochannel and/ or

mi crochannel hatheteeBris FiaripplyBaablizgedo seid earpsheael misraehd@eelt he oper at i on
efficiency of theco%\{'a%nmt%@of_The nmet hod of claim 28, wherein an external
gate potential rsapplie 0 the substrate of the device, to enhance or
reduce t he fper Zhé mathed bf daisrR8y whéreinheledwt whemicrappanphis itkihod of cl ai m 28,

wherein said m¢rochannel or nanochannel . ' 1,00 {£ifereof, are forned
in said device ataﬂf‘ﬁttoﬁgél?%opcﬁwgggn@tl%R?‘%{ée(%&(%éeng%gisaWSd. The met hod of
cl & m 28, wher ergdpsaiothald mnodianmel.a suspensi on or solution. 51. The nethod

of claim 50, wherein sai uspgnsi.on.i s an organ ho e, cell extract
or bl ood satfpl e%[‘%f.leﬂ*laaeoc%réaﬂ’i% ’S‘fheﬁrhﬁ%gfgl,cm\%ﬁaélfl ng 1%‘3%%%&!3‘{08 peci es of
i nterest conpri s@s niHodki@inéls, winel ¥ epkitee perpendidutrly veidi wspecvi ral particl es,

or conbi nations thereof. 53. The nethod of claim 28, wherein said device is
conprised of a t4RHYBGFERAIREt erial. 54. The nethod of claim 28, wherein

sai d transpgy entrh@Begioll dF clain PY,W%reish kitst @il dlicdsndi@icradhbirebn: nitri de,
gquartz or SU-8. 55. The nethod of claim 28, wherei.n sgi . device is coated

wi th a | owaut of Prectaek daknd thet Reppchpnnel gvhefgin 2 SRS dS K29 Bi#n 28, wherei n
sai d device i s gynbedudtnstnSaPRhitoh R sEM e MickRheetl el system anal ysi's

systemor comb ?(?vsfelrogoncentration of said buffered sﬁépension or solution is
loaded in said second microchannel.
38.  The method of claim 28, wherein said voltage is between 50mV and
15 500V.
39. The method of claim 28, wherein equal voltage is applied to the
anodic and cathodic side of said microchannel.
40. The method of claim 28, wherein greater voltage is applied to the
anodic side of said microchannel, as compared to the cathodic side.
20 41. The method of claim 40, wherein a space charge layer is generated
in said microchannel prior to applying said greater voltage to said
anodic side of said microchannel.
42.  The method of claim 28, wherein the width of said microchannel is
between 1 — 100 pm.
25 43.  The method of claim 28, wherein the the depth of said microchannel
is between 0.5 — 50 pm.
44. The method of claim 28, wherein the width of said nanochannel is
between 1um-50pm.
45. The method of claim 28, wherein the depth of said nanochannel is
30 between 20 — 100 nanometers.
46. The method of claim 28, wherein the surface of the microchannel
has been functionalized to reduce or enhance adsorption of said
species of interest to said surface.

47. The method of claim 28, wherein the surface of the nanochannel
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thereof. 57. The nethod of claim 28, wherein said device is coupled to an
illum nation source. 58. The nethod of claim28, further conprising the

step of swbjeatismyosai d species of interest to capill arpceluseaocopisor esi s.
59. The nethod of claim28, further conprising the step of releasing said
species of interest fromsaid device. 60. The nmethod of claim 28, wherein

said method is BR9/9rBisgpchanglehas beens Bngtionglieede cghance PeFedese when sai d

species is presgigtopblgu&péfgmgﬁcg%qw@gw@e concentration which is belowa [imt
of detection. 61, A nmethod for controlling liquid flowin a system the

net hod conpt§ si Ae methadopk clan 28i avherenupn exieBw] g2 oRpiedi2k & a punpi ng devi ce
n Said system uieheh e Sidafle i os: QAR k5 ShAckpTaghamel i nked to a

nanochannel and rises a charg speci es or an anphoteric
spéxi es; induepqn@:loawf@lmrpf@eﬂﬁmed i n said nanochannel whereby ion

depl et on ogeur gy Peflol SARM MRS SR ML ALAONEMRkniet | Nked to sai d

nanochannel a space C gé Tayer Is orrre in sard m crochannel,
whi ch provi des encemhénagipn tizereof gare famed i siudsmeds’ a)hthpgr@ﬁryest and -
i nduci ng an el ectc{jet(;ﬁufi elﬁ in said mcrochannel whereby el ect roosmotic flow

is induced in sai &R eﬁsr?rslel said fl.ow further introducing said liquid

| nto sai d device and said flow | s control |l ed by the strength of said
LA, LR T R Tl PSS S oLl
solution.
51. The method of claim 50, wherein said suspension is an organ
homogenate, cell extract or blood sample.
52.  The method of claim 28, wherein said species of interest comprises
15 proteins, polypeptides, nucleic acids, viral particles, or combinations
thereof.
53. The method of claim 28, wherein said device is comprised of a
transparent material.
54.  The method of claim 28, wherein said transparent material is pyrex,
20 silicon dioxide, silicon nitride, quartz or SU-8.
535.  The method of claim 28, wherein said device is coated with a low-
autofluorescent material.
56. The method of claim 28, wherein said device is coupled to a
separation system, detection system, analysis system or combination
25 thereof.
57. The method of claim 28, wherein said device is coupled to an
illumination source.
58. The method of claim 28, further comprising the step of subjecting
said species of interest to capillary electrophoresis.
30 59. The method of claim 28, further comprising the step of releasing
said species of interest from said device.
60. The method of claim 28, wherein said method is utilized to detect
said species of interest when said species is present in said liquid at

a concentration which is below a limit of detection.
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63. The nethod of claim62, wherein said electric field induced in said
nanochannel, or in said mcrochannel, or conbination thereof, is via
appl yi ng wol2@gsi1270 sai d nanochannel , m crochannel, or eomhisp@ikioesse her eof .
gg me met Eo(cji o; c: aim6l, wherein said voltage is between 501 and 500 V.
e nethod of claim®61, wherein equal voltage i lied to the anodic
and cat hodi @ si éefﬂ‘?SFOdsf%@PnﬁPE‘tnéélﬁ‘&ﬁﬁl@% mBBYStef‘thg tﬁ?fgpgf claim6l, wherein
greater voltage.j rﬁl{ lied to the anodic side of said mcrochannel, as
conpared to the ca | C side. 67. The nethod of claim66, wherein a space
charge layer is gepepghad,i gidslﬁjsuﬁjd f?oﬁw@aéwed aBuldingt © appl yi ng sai d
greater voltage to sg ‘dce d N erg witkdh NMikd oghiaanel . 68. The nethod of
claim6l, wherein th ‘% 1&kof hannglochspnbet ween 1 - 100 nm 69,
a

The nmethod of claim \%ﬁgﬁ ahd dp 4rochannel is between
0.5 - 50 nm 70. The ) %gﬁld ﬁs eres?nlthe w dth of said

nanochannel is bet vvee nCSS(.I)’e S’71 The met hod of claim6l, wherein the
depth of said nanoehéaminehgi s lEddcwizefic@0in 9@ mamvshamelr s. 72. The net hod of
cl ai m 61, wherein saiwterbsgddr depdatiohiccarfrs owa hegomwharem of bet ween 500 mmi sec
t opd nm sec. said microchanne] is linked to said nanochannel,

and a space charge layer is formed within said

microchannel, which provides an energy barrier for

said species of interest; and

e inducing an electric field in said microchannel
15 whereby electroosmotic flow is induced in said
microchannel, said flow further introducing said
liquid into said device and said flow is controlled by
the strength of said electric field.

20 62. The method of claim 61, wherein an electric field is induced in said
nanochannel, said microchannel, or a combination thereof.

63. The method of claim 62, wherein said electric field induced in said
nanochannel, or in said microchannel, or combination thereof, is via
applying voltage to said nanochannel, microchannel, or combination

25 thereof.

64. The method of claim 61, wherein said voltage is between S0mV and
500 V.

65. The method of claim 61, wherein equal voltage is applied to the
anodic and cathodic side of said microchannel.

30 66. The method of claim 61, wherein greater voltage is applied to the
anodic side of said microchannel, as compared to the cathodic side.

67. The method of claim 66, wherein a space charge layer is generated
in said microchannel prior to applying said greater voltage to said
anodic side of said microchannel.

35 68.  The method of claim 61, wherein the width of said microchannel is
between 1 — 100 pm. ‘

69.  The method of claim 61, wherein the depth of said lmicrochannel is

between 0.5 — 50 um.
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70.  The method of claim 61, wherein the width of said nanochannel is
between 1pm-50um.

71.  The method of claim 61, wherein the depth of said nanochannel is
between 20 — 100 nanometers.

72.  The method of claim 61, wherein said electroosmotic flow has a rate

of between 500 pm/sec to Imm/sec.
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