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STATEMENT OF GOVERNMENT RI GHTS [0003] This invention
CROS®BR FRERENCETO. ISELE&TED APPLICATIONS . The Gover nnent

naﬁ have certain rights jn the invention under

bhailhe pecsit gpRlicaion peans thedeagitt of Raiedinies il isgtion No.
60/905?'5@911&36&'6@3} 't\%ﬁ%@l@éh&?ﬁﬁ"do@dges d4 el ogif%%{éﬁ 28,2007, the

nvéntion inc es nanoscal e devices,
entiretimskaf mchicnade isiongpratad herdaviycregererfoor nacronnlecular
anal ysis. The field of the invention also includes

acid sizing and structural analysis.
(X)Lég&gﬁggﬁjﬁss ®F THE | NVENTI ON [ 0005] Various scientific
a[udoRpt &Rt iRV this PhicANSonddifs 4t@ERF Rk RildEIHRddRr O;Exaésdacuted in

i s incorporated b reference in its entirety.
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ose |inear sequencing is
qul%8&£9%ﬁgmﬁgrﬁfé%ﬁgéegﬁéﬁﬁg%onlc and post-genonic
expression information of the organism [0007]
STATBMENTCOW! G@\H&IRNNE\IDIIHGHTRNA are | ong nol ecul es

sed, of. nucl eotides, whos Ilnear sequencing i.s
Al B3E | yhisdpeanggn #gs TREC Jatidre CareMPsEt LgReGn e Government may

have c%ﬁ%%g%mﬂ thnQE AR &ﬁepﬁaﬁ&ﬁl H{s%ws%mebﬁf?@%]m lﬁ4§ﬁﬁwo4199 0l.
cases, he nutation or rearrangemsnt of the“nucleotid

sequences during an individual's life span leads to
FIELBiGEJIEE INYFNTKIXh as genetic abnornalities or cel

[ | th )
oo R re e B HRB T ude e R apf disthods pgmaking
and usih/ QichIdeyiced, fdrlifagenelet GalBikBuR. dihetffRe] FORYIALh®SH also includes

Because of this, different peopl e
polynucleic acid sizing and structural analysis.

BACKGROUND OF THE INVENTION

[0005] Various scientific and patent publications are referred to herein. Each is
incorporated by reference in its entirety.

[0006] Biomolecules such as DNA or RNA are long molecules composed of
nucleotides, whose linear sequencing is directly related to the genomic and post-genomic
expression information of the organism.

[0007] Biomolecules such as DNA or RNA are long molecules composed of
nucleotides, whose linear sequencing is directly related to the genomic and post-genomic
expression information of the organism.

[0008] In many cases, the mutation or rearrangement of the nucleotide sequences
during an individual’s life span leads to disease states such as genetic abnormalities or cell

malignancy. In other cases, the small amount of sequence differences among each individual
-1-



have different di sease predi sposition or respond
differently to environnental stinuli and signals such
W@sg00st28es or dr ug treatments. As an exanpl e, BONES2008/058671
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har macol ogi cal inplications require extensive
dnomggaﬂéﬁgﬁgg coverage and | arge sanpl e nunbers.
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especially valuable to the health care and

SeNONHpin CREEBAINER 0T 1OXRPsERgMicEARd Phargasosanei¢gridudying genetic diversity
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health care and phapmgrgudcad indyptepe ﬁ%%cﬁlf ggogHes ad C{l%&néﬁté‘s‘tl’% pgiicular study
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epi genet omar k8rs suclt as nethyl ation patterns
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achleve-ﬁil@ gélestedhibing ez chdmOshahiiprdsCanameast fddy ofdeed sl dgenitude, the
The New York Tinmes, July 18, 2006. [0011] .
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analys] ﬁlgﬂhgﬁ] ?ld!sﬁfaﬁ d G lrirhg %@3% (e 49, 006 HIRKLES norne” by Nicholas

ccor phar maceut | conpani es are see
Vbesﬁ%ﬁmwaﬁm%éﬁmnoﬂu@dm 2646 to hasten drug developnent

mhll n1n|n12|ng the toxicity f ilure r
D!‘l?d bongatiivaaln i @kesypnaykrags d At yeary a@é%&ﬁé@ ljo ﬂkwsl tp bring a
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alterations, reconbination and n rical chr
ways oHrsige drugGlevelopricti whild metimizangthietoxicity tilaredraien vi vo

t ﬁﬁ)tli] d%‘%&g Icol}nl?o%%td%élcaﬁty can rgmﬂ 1n%21rnages to I?I{?g in the form of gene
mutations, large scale chromosomal alterations, recombination and numerical chromosomal
changes. Genotoxicity tests are in vitro and in vivo tests done in bacterial, mammalian cells and
animals to detect compounds that induce such damages directly or indirectly by various
mechanisms. The positive compounds could be human carcinogens and/or mutagens that induce
cancer and/ or heritable defects. A drug can be toxic at different levels, but drug-induced

mutagenesis of DNA, such as germ line mutations, underlies many long term adverse effects.
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animals to detect conpounds that induce such damages
directly or indirectly by various nechanisnms. The
wWEomBstases conpounds coul d be human car ci nogensPERt$908/058671

n’[{gﬁggnﬁe%@ttb ggllﬂgl?% ? ?gﬁﬁr% Q{m&i %I'ﬁ[altérgglxﬁlogﬁgse tlePe are cases

of drug rmgeltyn thotietingniic agenesies 0bnddNAng eiedtOEL geupof paie killers. The
tions, nderl i es ny | ong term adverse
toxicigpi £ atf oot eﬁ‘églﬁp% al el @a%e%rq%%e dggyimpgpved over the years

contrlgtﬁ}ﬁ 8 Wy ef ﬁﬁ%@a@fh st?b'f {aQ i)kc;c'e@ Dﬁrf‘n%; ﬁ)g?oﬁn& &€, preclinical

toxicity, Inc ud I'ng the recent concerni n
testing imeo@@(b(ﬁhgm oitye anfl apanal akdaly$ drasassdseffiexy and potkrmidl wide effects to

T in the \Y ment a eline, has reman
predic) fig szt B By SuBbPEvst BEH TG4 PROCHEdayythese
genotdi‘éifye@§tb HQV€CI9§EI%I‘[&{ thte hﬁdﬁr e and ear@é'trﬂeﬁglggtg mﬁm the screening
scr éeni ng, Eﬁgec inical testi ngﬁél nvol ves both in vitro
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requir@ENatdad © friycdse i Sodiavs, (H)OQB ISBI006 Pei fast tMcERDIHS EF ks reason,
earlier testing to inprove the screening efficiency.
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sts $4,00 000 per test to conplete. For t
cells of B3 ? lats@é gKérCé”%fﬂi‘eel?‘Prbeéﬂs wing GHG cllp ol &3 %#S or L5178Y
cells, S48 ggﬁ &L ARIBA s57 Q91 Alrn A ar%)eﬁé'lg %’ésrtﬁéjmutatlon events induced

genotoxicity test battery, conponent 1s
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alterat&ogll\é ﬁllg (9 FMH’WHPV%’E%P%% g u%sesgsléf\ﬁngp ooﬂﬁeelo'%agﬂz BXIA damage of

the geh&ﬁé‘ ol R SRy @8 kil Smoddl @ysﬁ@fh lo$ § i usPShcbPhéBXg eebdhér cf®ikient and
the gpt | ocus uSing AS52 cell he toxi col ogy el d

cconomseway e ermkuatl% An ey edwlssﬁuﬂtzlm @Merwylm@mumd@t etih@sr@ time,
resent.ati IL.re
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few repRdbittatde @ne &L UHBhE tAEEE Séll'ﬁﬁﬁtsyﬂémtcbﬁld@é%fvélhlhte@M\detall for
damage of the genone, for the sinplicity of the nodel

dama%%ygft)émﬁmn VitB greshefbiciongy Richigvososbinpeytandkidizqddimeindit least, it
Woulde&% cheli@Pa gfme‘%?‘%ﬁﬁ; g&ﬁ loél s ak gﬁ‘@L 'ﬁc}ﬁ‘rfﬁeircqg ingle
npound’'s do: £l ﬁ

Ime a c xposute tinme, dosage,
chrornoedrhe salngyl integestadmegions, anyldtbeahalygedo\aﬂmpmhlhmamggs and

ot B L R B BT PP
genorrﬁé’ flxsat g/e(gsésﬁlrngﬁtvﬂ'tﬂ cffitlenPTBOR He'ﬁr@itgﬁf;kﬁ’%lw th great

ficiéncy and | ow cost 1'n a standar ed format. At
I HHBSI it thaardach BN A elasnape mestdsvicat, dacadaseld ahventional cytogenetic

i B L D GO BP0 ey o
spreaPrah MR sVDNIQ UkeiPFeREIuRbH IsMBni&RStb tR Bl SMHIR Q4ldt Irhterface or fiber-

i ncrease. New technology platformthat would allo
FISH mgthteds aitpmrstie iraprpse grrigemetinncby wmg:ﬁeia}eéglsmaﬂémtrc\mheﬁ DNA but

they aft Fdd lllcha%] & 1m\Mi)eurllednt %Sd 9re§g c){al?e%élesr V%Ren trying to extract quantitative spatial
information. Powerful as these techniques are, they suffer from poor control of the processes
since they lack consistency and repeatability, hence are ultimately subject to the skill of the

technician making them difficult to scale up for faster and cheaper genotoxicity tests.
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[0015] In the area of DNA damage assessnent,
decades-ol d conventional cytogenetic analysis (from
W(kamy)tlms;mi ng, G banding to various forns of FPGHUS2008/058671

T L3 L 2B POYS L R AR0S35: b o

molechl'ets asihgserfak “tombing” Mphthimetbedshadic @gpilodytamiopoaisig flow chip

the resol ution by us rel axed or partially stretched.
fom@ﬂww fleptdyh Sikalre g ﬁlﬁ%ﬁralmr%e haBPaEARSIHFREY pHt@RdaF({ization and
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controd;lad ftbe nfotecaniemlmrganmn statells oftert tianspmomessmsfosn poé utcbezystent

ack con epeat abi | hen ar ) )
deemil £ AR A B eSS hSrr DU WG TR eatign of this group of
single 'Hi’d‘léd?l% Mh%msddpfpfda@}ﬂ I3 Qe 3684 &r%llg)éf dhRsth&don3MBNA structural

cheaper genotOX|C|ty tests.[ 0016 her recent
damamuregqnosomlwtngu O i npr ove the i neari zat| on of

d ur f
o B Ry B R e Tt St Bo R b1 Srippmolocular
Welghﬁﬂia@ed & fiBirSaRaveEmbBil e adigd g1 sudhes iab ot Oorf pﬂlial&ﬁ)flamlde In the case
nprove the assay consistency, standardi zation and
of largﬁwdym@afsqgﬁ}anss {Ac separafQn fifae éwd takigopst guen éayst hiagle cell
L r
electrc%ﬁ ?e% laPM? {eﬁggﬁﬁo l}ggsu %tg Es 1.Jh ?gllr}]l %%f%’c&%&somal DNA induced by
toxic dgeaRSuENis, enﬁﬁﬁnm@mtﬁbtbmnanddﬂaﬁ@m%a@henised dlaﬁlﬁmroglerapy In a typical
| cated anal ytical pr.ocess. Such variabili

conpl
assay,| ﬁe]:ﬁl?i ﬁgmgb%spzilye often Hse@km@mrgnt&eg%m&*ty gqshsg‘fhg cell is lysed within a
gel maHHJ; ShdtRn @mbm 3 e?o‘é%@ﬂﬁ&eﬁ Qhd b@ne8 witha ﬁuosf%c@ﬁtrﬂgiég During

of chronmpbsomal DNA structural danmages I n genot oxi
electraphstesis, Mﬁ}lgﬁttﬁsnngrph@mlfsom theale prafvpingythe sttape of a comet tail.

The eGinar G Sty igoiicney s g of Ay R de S aede sranded

break O itRAlYASHTYMBEBAE DN A ahfenzPe6vidds d REGRUBRIMIRRY measure of exposure
fragments, the seﬁaratl on t| me could take hours or

to toxig\agentsl awnegrqddqyd eetll. Ehavghtlyptesheigie O&S@atwswment of the degree

routine Sess a
of darnalgg 1t 18 GA gﬁcu?ﬁo stan%ar 17 gn% l}lgﬁiaga 1S &vecﬁ% (ﬁ[)on H‘%GIP rél%%tmolx Ar%so the

fragméd bﬁ&hr@ﬂﬁowmaﬁlgﬁmA&‘remslﬁéd itaghemid@hagybe digtinguish@d frah each
assa termed the conet assa often used in current

other unobssRTIRS v3lualds informagien cegar ing theleeioniof Rraakuolir size of

1 then the DNA is el ectrophoresed and st ai ned
mdm{/{\n@dt Eagm?ﬁ%gor escent dye. During el ectrophoresis, DNA

f (09 8k nOshennagaﬁbesedm@yroﬁclmmwcheasc(aiﬂlpqu@m&emw H@brldlzatlon
ape of a gorret tail. The geometry of the conet tail

(CGH) Ea‘fe&r%f&ﬁe & PYFRECHTIRG SPME ASRES N &SSO iR dssyCiRdlctsc g wnbalanced
genonfib @NGEH] H{aﬁg&_s(_ Wghﬁbﬁlotnhgel&tHnorm? $QABb AR R B et however are

provides a s antitative measure of exposure to
limited gxthe imgennberep eomparamb Iybridiwatioe] NewTgvoaghon kiguencing

technqiEaTHTE 20T R Ao BB SRR TRk Bt B S B Bl patepges in
massﬁe%lirﬁfél rda@s; HWRNBY, BoddduRR -andlySQ) uddBesdch a&MBuss Alist be fragmented
chronpsomal DNA renmai ned ent angl ed and cannot be

into reéﬁts}lelwélmtgh@d (F2 b adth seqvrace difa geabaicd pomgut@amwélm eften by
rmnlrmzln o{hnq}hn% a he(?fao\z%{rlglgp1ﬁ£ Fealdso Cgtdlra{)wrbagi 0? [ kps’plrg)arch 18 %at gross

genetlc changes, usually at much larger scale, can often be obscured because each individual
fragment is removed from the context of the entire genome. This is especially relevant in the

case of complex genomes with regions of massive repetitive elements and gene copy number
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i ndi vi dual fragnments. [0018] Other array based
approaches such as Conparative Genom c Hybridization
w@ wi)lzisas/e progressed in overconi ng sone aspeRCHUNT008/058671
polymofp%ggc s rhﬁgﬁgggdh?gﬁn%ﬁﬁ%& bl tll[g]@o‘rillatg ??Oggc?eﬂig@rﬁlatlon regarding
the whol@nisd geaiicOs @fpolsmranlﬁj’ﬂéte Iﬂ@:gmvezrthfmrtﬁe bémviniced to the
i ssues |q£er|t to conparati hybri di zat i
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meansnaflasccddas ﬁmdlm&m&duwmﬂaedro@m hf sodatiomi 1§ aBswerlietdripen a surface The

soluteg@aglénlg{;‘aéee %g\%ag&sgtgﬁgl?lg{déég | %‘[H.E%a{ftp e(rs ﬁg:? 18)96(11025 b I%%len as the ‘coffee-

stain’ BFFEGt ID&kdAd 109%). tih kst DN inVsI R RBIuASN, rtE@ﬁNA # tethered to the
drawback of this approach is that gross genetic

surface Imdg@éy atfbebpundagies mlmulép@@c agé Hice clangated oy éle ghear force of the

recedlpg g}%lfll{rsﬁgs qz?ﬁég?atgl?cghs e hq}/(? 8# 3@6@%‘}%‘5 n#] @eﬁeg&y Weﬁ controlled,

and DB@PQeipdd oh difftRMBMicrodlideharcaser B “oaihelielcaeadfEsd there is no
wi th regions of massive repetitive el enments angm]?ene

way t%brsgilchmﬁ‘r@égrﬁm YHOFPHY ShbiroAcing o plapamens atthe ralpr s surface.
DNA l\?\ﬁge{égfeg?ftg@glééﬁfaﬁgg&agﬂlgy\kgﬁ ergﬂe{rgerca déagigarltéoslg@% g{ep glrr]et g physically
separatéd) hind thdiecgiBndiee rec{oﬁlﬁq;)ﬁil tidphseBgh anceatbesbarn gelbmh filogLihs meniscus,

have | vera ed i n cytogenetics, gener ate nore
leavma SRcomnigie é{rﬁgﬁ%@%{f%m cyj eﬁgﬁacwr@%ﬁatﬁéaw nely lignits the
apphcﬁ‘ﬁ’éx?&f%@E?lflgl;ﬁg E%ﬁiascu 1h e%&a@@%&fﬁ&’é[fﬂﬁ%@ﬂé of a

recedin S a dro of solution is
al0030kd Ottlmsr aftgmpts ta stsmda‘rduzethe'ﬂhealsmtlon ef widividwdl d?NeA enolecules

using ng\%{] qggﬁl{; E@?ggtgg %‘g@f Eﬁ?ﬂweg’felflg%‘][%&@&bﬂﬁeﬁ? &gg‘\ﬂ(f%sqeﬁf) linearization.

DNA Wog1dcARa Bfd Jablboh Rs@f HUEB retdl it R0 B daNsiAScoil conformation
tethered to the surface randomy at the boundaries of

(essenaallly,qtmaﬂ ab rya@é ahdrasplatior pﬁﬁ@htt@dnnbw% Herthdieare, ﬁ&m@g because the
Chd |n ni sc Unf.ort un thls
elongaglfons Ly eet ﬁﬁl nla Olggll:lrﬁ‘olgSIQH hIleOrIlelI}_] 1 OI'l’Il an lnCCO}oll%l ten rne%%,e]% used m

analys@%uﬁ&ﬁ&h@t&r&lﬂvlﬁlef the DA nivves Qtsd hlgle Sndi VBR)‘tﬁfl t(bﬁlstaln its
‘conbed” i1dentically, and there is no way to predic

clongatebstefe g lpadditien. berawpe (hees desians ercrhased ypuips a&@&@wﬁla@?el through
whichtfl&y ﬁgie%ﬁfég ﬁé L ﬂe?n%'f td%t@&gr tll%}ﬁ p&{gﬁﬁﬁ'tl i §ev%];etl§¢ flmj ted

overl ap eac eari zation
t (0821 r & comtinghy $hea:e1{sl anced [ﬁ(ﬁf&fflﬁdl)t deaanohirtalien of &redmzes and
often ecoi | el ves once are. rele
compasptisg ¢ rf@gﬁ@ﬁwgf &Y |0éa ehalapliﬁwi%ﬂ L@@L‘/Jlnﬁm@l@%ﬁ@ﬁar@mng such
moleclRb e§Hélﬁ§eth§8?§\k}omarﬂa§@iﬂlﬂlgdﬁa@%9 {I{jd@?z{détl& b ﬁlstretaﬁﬁent applications.
application of the conbing approach | arge scale
sH082hi Ithcnﬂd pati¢senbk. to [usmaﬁﬂmlmah emowatttod spnplet perhaps as little as a

R SN A IR W —

the geh&lidddiRbyrets B dideai8RhcH 4% 8¢ hRG kM stabeofiesdnteell or the degree of
linearizati on. DNA would often fold back on itself or

toxicitanod g stisudisdedding forapeptosisutThsre iSalse<iralatadaiced for devices capable of
perforﬁ%{g QAR R8Ys.

SUMMARY OF THE INVENTION



(essentially, a ball of yarn). The resolution of such
techni ques, furthernore, is poor, because the
we@k@sgaseon of the DNA is often transient, nonPCHIUS29081058671
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o D23 S A GE , RRRLTOE il (D SBOBN EhhodBiRdn HINA
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nanochELTEIRE iR SRe R BS i Yppin s gtsicue of the
fluidi¥RiAbEhAaYIEcLMBRG i AlaBabls & f b@htghﬁ%%abl&l @tmg étrﬂeast a Bortion ofa
treatment applications. t woul desira

macromelegyle rgsidingiwitiin ahhgeste p@ﬂloslaafﬁhfeﬂulééxmiap@aagell segmew, and

wherefibedd 3 BEGRAGR reaehtid S i Bt B3R ot Cetippp! dimension

of lesd then gee 3060 AN AnH kA ESSf Aflcdt SRS €S nHYIeRd @Jedshéne viewing
mal i gnant stage of a cancer cell or t he degree of

windopp xwh@reﬂryth@fw@mgg mrdaysis| capghile of pamiiiag ppagad insppaiioa of gt least a

e

nflﬂZS]’l gAﬂth)q)rGhldbdl errgeshddrfoactaryzirirng dre dinzae andromolecules
npo | on .of DNA segnents, the ‘ nst ant i nvengJe on .
using b%‘%ﬂ C HRYIFS §EMPE NG 6ﬁ3r¥1$1ﬂ?%1§g af eﬁ%é‘rﬂof‘i“?ﬂgo f6 deaptayg region of

the meﬁ?@r{léﬂ%&lﬂg tlfrH&ih Jrﬁﬁlﬁfclﬂaﬁéclﬁﬁnmleéméﬁ ed X ﬂgepaﬁfllel toa

performng such nethods. [0024] First pr ow
surfacn@fe@flhsirdicc wiereinctbs ﬂua#nabdwchrfnnﬁhwgpmhars icapppbée i qmgtaemng and

clons s P PR PP S SR S B BFE e i
nanocRAMCLHRBAREA! h3AALNMBAL RSl S RO AR AN dsR! of 183 Rl Bbut 1000 nm
to the surface, wherein at | east one of the fluidic

and a lgagibatghlvest abe@trﬂ@mrs, 4nd rperpbing, bfough ntvagwing gviedugv capable of
el onaat i ng o ropml ecul.e
permifig ol Skofrion 0t <Dk Hhs Rt RER P ponochanc

segmeNaRas bamded sigegyRNMted @Nbe M@@n@aﬂo@aﬂdsnecﬁr rhdie rédioksdifGhe
nanochannel segnents has a characteristic
macrogjodesylostBrauigh Mg negpehanaelo andgorrebdmethamontyge SiLoals thawe or more

charac%]rfisn@s&@tﬂgkglc{%fm Cu16east about 10 nm and at | east one

ew ng W n ereln the view ng wi ndow i s capabl e
ofooger nrutthargproptédat devisge chmprising Aaievioeasim;msmgr hisolsstrate
of the contents of the qne or nore fluidic nano(?S nnel

U

comprésiRgh HIEACC ABh 957 OTAPSKs Kb inaRerhartel edpigsdipRgsed substantially
parallQ RAHRGLEREZ WirddD St 1045t BRE &F tﬁ@@lﬁﬁf@heﬁﬁ%eﬁﬁe%@gﬁﬁn@ is ¢ tpable of

nanof | ui di ¢ device, conprising translocating-at |eas
containingentl ictomgatin gt 1¢astazspor¢ma of e giagronuflequhercamorgomhie @tileest a portion

or the Y SRl eafat AR PECR LR AL Dol iSRG ol soements has &
charadgéol%{hg :c‘r;]bls%g@céﬂ;?g&m HnendIGNOCRAAE alfRENMBOU nrhSn8 BRSOt least about
10 nm; and wherein at least a portion of at least one fluidic nanochannel segment is illuminated
by one or more excitation sources.

[0027] Additionally disclosed are macromolecular analysis devices, comprising one or
more nanochannels disposed on a surface, one or more of the nanochannels having a width of

less than about 1000 nm, and one or more of the nanochannels being defined by one or more
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el ongating at |east a portion of a region of the
macr onol ecul e, and wherein the fluidic nanochanne
w&e@aﬂmszmas a characteristic cross-secti onal PCTERH0 058671

borde& nh %gliﬁé C n%%leagfodp%ﬁr}%%aﬁﬁlgg gﬂige?ﬁ%w%réloqﬂ&ttne fig \C/\nt%%mle\%%%e 0 as to
maintzﬁﬁﬁlﬁbh@r Gdrnpandriiongl thphiacadmalaspect i on of at | east a

portlon f the contents of the fluidic n% ?hannel,- i i

Sw&g t Algogoyde én§h eg fanglxrigg mpcrnglegules, comprising disposing
one oﬂrﬁ&%%&?&h&@&l otH'§ sﬁ’trfac%q{a@l g%’e QP ﬁlo‘i’é né €hannels capable of

macr onol ecul e t hrough the nandchannel correl a?lng
constrahmgm e atstoa pco:men gfithle sndcoorowlecde sovay to mehattaamhémlea;tt fioos that portion

ecul 0026] Furt her ErOVIde

of the a@&r%@%@%ﬁﬁ S0y Bl BisnPePHg: togt Bofitingdree so as to

clong AOBPEASE b POrtRnDF bﬁ@@?n@@m@&@nﬁlec{ﬂéﬁ QithitéfH ¢t more nanochannels; and
nanochannel segnents di sposed substantially parall el

moniteigng ¢ree cs“mmra@gnal‘mé@l&ﬁdl fram dnsas magp ef ik maseormnolaewes

eﬁ@%gg? :}ﬁ‘a Pfa§e rérlgVne%l 18? ?q%8 belsg?e % cﬁaglpg ﬁ%)iﬂg%tlﬁgea macromolecular

analyﬂiﬁ@dv@denébm\?ﬁmgﬁeﬂlmﬁge@{ﬁd orand¥@hivhdhamcld btea §ilrticdibg disposition of
nanochan segnent, and wherein each of the fluidic

two OlYARIEIPAH D ONS OF HSFR of tha borgersthsingcaappble pf gonstraining a macromolecule,
r = t nm
o TSR AR R A L3 oy Sl O
| east a portion of at |east one fluidic nanochannel
BRIEFdQESﬁRIPfIG)NI@FﬂIﬂE BRAWIDIEES or nore excitation

sSQur. 0027 Addi tjonal ly. disclosed, are. . .

R0 8% awram Hnat v&fl & ﬁ@ﬁl&@glﬂgé&wﬁﬁﬂ 3?%951%% ipfurther
underﬂ@d@wﬂé}ﬂféﬁﬁ' ﬁf‘&%ﬁwﬁﬁ RO®aRe %eﬁdédﬂrfa@'ﬁ%s ebfethe rpuﬂ%%@of

of the nanochannels having a w dth I"ess than about

illustratg@che mveatmil dmee o showe 1mﬂletdw1ngm@®hmhamlembbélmﬁglts of the

. defined by.o abl e of

invendiF, 0SSy 6 el moRsaEs Fue Sk HaERRS RaFettirigns. and

deviceB@iRfost® FbddditRInNthicRirdviiRgkre ot ARdebiatilydd@hivh @ sc@fe. tTR@he drawings:
macr onol ecul e. [0028] Al so provi ded are nethods of

a8yl i HiGnba ilbibptes drisstioncdfrpnpaprigelesudpBevhg thissghp
nanochaingl %&%eqm?érg gﬁgg% eoqgglé) rn%cr%#{ fleac(ﬁFe tHlaoYll i %e%?o&{anﬂaﬁ? recorded by

nanoc els ¢ constraining

excmrtg)ifeaﬂum obfinttdaet tmﬂﬁabwmi withilbe eSctadidn E@thmlaﬁtl ﬂidﬁ seising the
near formthat portion of the macronol ecul.e
ﬂuorewaff‘ewh Adgheiea d@ﬁ’éﬁ‘é}} dergeerndeiis dhvgrasesnt é@nelds éhen correlated along

the leﬁgﬁbf’t%'n{’a%rcfn%l%&lléo as to elongate at |least a portion

ne or nore nacronol ecules within one or nore
n Hl%@h alfbe! B ilhsdaren |ctctss-|setgloomlenw ofrffrealesicgnahae light from an
ol ved ]ilr om one, o t he cronol ecul es

excita s GSUHITTARH [BHITE gnebIChAB TR BBLTSRE Bioton detbcto

whichf RREGio? &t e nRn MBS ATBhEeH! &hitRAdy YR ﬁluﬁﬁr\(a{t&?features
conpri sing defining one or nore hanochannels on a

s[0083L e Fitks. 2A sihwssiiatels dateotfon aic macromplschloritdeving thopughoy
T N S R R T -
throughavd| R gwRert it fluodésc b SEnbhig Ac@lRMdifrokP 8 BFon of the macromolecule in
the nanochannel that is under the slit — by flowing the macromolecule through the nanochannel, a
stream of fluorescent signals can be collected from the slit that can be used to determine
characteristic features along the length of the macromolecule, as is shown in FIG. 2B;
[0034] FIG. 3 illustrates an example of how fluorescent signals from macromolecules

flowing through nanochannels aquired using a slit can generate a stream of data;
-7 -



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0030] The summary,
as well as the follow ng detail ed description, is
wo eroshzis2ginder st ood when read in conjuncti on WETIUS1968/058671
e r
ﬁﬁgg g‘lé ?%Qnéirgg'%grtgg f;l}%&%?cegysrl?rﬂﬁse%f‘}fle Ho egﬁfee)g( gg Hﬂ%g ﬂtotl/ealong the
channelﬁ,’(mdll,ﬁﬁllgtasda@f artah@is diy@ithinOthie nnaiberef mactrhmoleﬁulem tulld)fhelr lengths
not limted to the specific nmethods, conpositions,

can b rHeRsdees disclosed. In addition, the dr aw ngs are
3@ CEPEEB IllYus%t% Ip & of ﬁgbl%scehf‘si%ﬁ‘?ﬁ PE AW N@Tus time of the
[ FIG TAIlllustrate etection of a

macronmd:&’ouleﬁrmlh EtUl 2A b dwyrpgSStHyrthel ght, F1Gadl clhastratek aghdotiof @uorescent

assage of. the nmacr ecu h the
signal BGERHA AT T 4 o aRa BBk G Hoat Fegnpfby the lit—in both
both ch¥s Ehfstnation fégufaﬁ%ﬂ%@ AW tUtRA of Kflckoid 1SN SQHE &8, bedldbrmined from

theh sensing the uorescence with a photon detection
the detpeteidsignald this fl uorescent si gnal is then correl ated

7| B3 ¢ BFe PR Pl SRR RS EG afopC BEngfouPe

nanocM&ith%Edévh@ht’vhfslreﬁmlﬁrhl@@ﬂnbﬁbul@ s &@ak&Eroick bitdtioRall@gintatién that is
features of interest as they pass under the photon

focusqgeanerdadined gpgiemoidas agnashanng ilsmmrﬁuﬁ% AR ebadigept, deoflunsgscent signal
18 acqllﬁFe}d Irrc?‘gt eyrey&gltof k%ﬁ%&%ggc@g@ g{ﬁo Ié%%}}%gﬁ%]tha{: I1sGlfllua'ﬁlated and by
flowiriglth© tgbroandicntectharug lthdidvimieate ddegioapy stidaen of ﬂuorescent signals can be

collec@&{g%lmﬁgq?%qgralg‘ég@g,p ]ﬁfg{% %wté Ig%} li?ei( lcl:sleaﬁté ;i%elinﬁge characteristic features

along{ﬂquﬁ%gg{yﬁﬁdc%}ﬁg)leélﬁeacqw red fromthe region of the
macr onol ecul e 1 n the nanochannel that is under the
s[0088} BYGE SAwilungratche nmecoroototiBe dbwirtgthamugh atlagochannel device,

anochannel , stream of fluorescent signals c
where PR RGREE R eafle it B0 ch st RS Ao il B ingeerated

with te@fipataed st tisf @RddiBentadhe @ﬁoﬁé@@en‘t §1%ﬁ£lhs 8dquirt€ from the region of
macronol ecul e, as is shown in FIG 0034] FIG 3

the micrgmeleeule gsthg ma@@éﬁmeé thet ISHHanﬂamdr @Iytlesnﬂomn@rtm magrogmplecule
uhes.f oW t nochanne s.a
roudf 35k GURNEREY Rior. S LRSS BERRAI AR BE8MN s o

macrod IR, F16. §Bahid diabe ssanto cﬁte@ﬂﬁﬁie&h@fackh@hd@h@%ﬂ ASngdtfie length
they flow al ong the channels, and using a data

Ofthem@&rqm §Cué¢ogor| thm the nunber of macromol ecul es and

it 3 £1EL 6% i @ragg ]gg ?{zeﬁﬁoﬁ'ﬂg 388 madcPRGE u'l_'é ﬁ?\gng into and being at

S rat es a scent si gna |
least pastia$lyeldngaed bl aﬂaeomﬁn«:lrmhee il @hichnhdhdBocldmnals atdk&yiered by a
ssb the sli FIG 3D ilJustrates a plot of
cap — ?q @Wﬁ%&@@%at@rlg § [mag weylsxﬁefl%ra tq ﬁhﬁéuré%cetaﬁe the cap is removed,

see F@%@Fﬁdo‘%ﬁl@ thS el'oH%aEJ: fgﬁ)g F3hd AEYoRBEI YAk Rkl the tlongated

in bo case ormation regarding the
regionchfshe mberoinmtecofe avadatderbiredditionslianelysiayprbecssieg.greastmed, and the
. fromthe detected signal;
like;
[0040] FIG. 7 illustrates a branched nanochannel network in which each nanochannel
is connected to one or more nanochannels — as the macromolecule flows through the network,
the macromolecule’s degree of elongation is a function of the cross-sectional dimension of the

nanochannel, and for an example macromolecule flowing through three sucessive nanochannels

whereby their cross-sectional diameters varies (D3 > D2 > D1), the macromolecule's degree of



[0037] FIG 4Aillustrates an exanple of a
macr onol ecul e fl ow ng through a nanochannel devi ce,
wob@sens28 he macronol ecul e is exposed to exci t BET/OB2008/058671
elongétt{?él{ﬁg%gséok% g@al Lbs ]‘:@8 %ﬁge rﬁ)dl%‘ﬁfléeqfegw eﬁlgf'e&ﬂreg of interest on
the mdckernslesdentl] sugriak sbeﬁaﬁéﬂtﬂnﬁﬁdmr@m thd)y egi on of the
macronol ecul e in the nanochannel that is illum nated,

aH94pl, £ Fﬁmﬁfhgs %léluﬁ%war?é laheipdemaqrergplyRulehaversing a number of
: t
ﬂuldldctlédr?ﬁg“éﬂﬁélesg Ct ed reé?ntlt&hsggﬁt?fgﬁc; c? éétﬁ{l ?@&%ﬂ@hﬂ@@t&l‘n and where
the DAmdleculssete tlongetdanthog trevasaibt sednsdnitc-- 6t 8Bakepmtsdaigeled
the length of the macr | ecu 038] FI G b5A
e BT A et S L
nﬁmghaﬁml 9 Qﬁié’crﬁ:t%s UN]@fn%‘lBéuIeg @l QtE@Hp lﬁ@f’b t)'a%anotrench where
exposed to an excitation illum nation source is

the boundasigs af the tisnelharctiefioed by atapotagical pattaring oéthgodifaenand (FIG. 9B)
a nanqt{%lgk ﬁ%@a?n{g%% g{? tlh]g ﬁo;tuﬁ %ﬁ%ﬁ@%lﬁ ré]%ﬁ %geo%gpg(f 1%3; \%gfﬁa%ro]né) In the surface

propeﬂtllehum nat ed, and by flow ng the nmacronol ecul e through
the i|llum nated region, a stream of fl uorescent

s[09dal s FiG. Ediliusiatermpergpolgsalerglongsted evanaockngel dmice in which

the cag Fxgatrt]eéﬁ?ﬁ éﬁﬁngfb? to a% ‘?tg éﬁ{rlréglcérhg r%% igagtﬁf/‘itﬁ rtll[leslglg%j)&g?eéﬂfe 1le the

macromloldcaierrasiess \&ﬂhlﬁ)ﬁ&ﬂiﬂbﬁlaﬁﬁel& stieke & peheadld @ pichowist @e uddao pre-

st RN D AR AR CHE 14T S ARBEhAA hmagrgmolecules once th

macroRRY&LRY egﬁér ﬁlt&ﬁﬁ: pre talowRgnsiRngation, the

macr onol ecul e i s ‘adhered to the surface and the cap is
r Eﬁ%#bd FlGetl HluGrateByarewp ogifigyratives of omgahauct egvorkspdnd depicts

he macronnp] ecul e and Kin the Ion te i on, O
networ NGV IRE PO PO e 1@ Gl PG G B Ehere the
nanocﬂitﬁ%%sa%é #i9poskd E@tta[l@lr’cb ondBgbthéle |ike; [0040] FI G 7

| ustrates a branched nanochannel network in which

e HWHShalibeh bk diusiratcs By e Eragricnts obrarias siyes:e

h fl h
ERA 9 B e SRR bR s B R o

a[fodanrct Fe@. pIC ug@ct@ rISiBage Gtk as dlmml@h@mFeiltléxhﬁr the boxed-in
nanochannel for an exanpl e macronol ecul e fl ow ng

DNA ﬁh@@@l@ﬁofﬁ}(%% Rieaki2B nanochannel s whereby their
c db§§{m?‘fé' @he@bt@@e@eﬂ e%d ﬁﬁA(fp%ﬂleinIR‘z of A Vagrlv%}etngag

cro ecu egree o el ongati o
<[(]DZ9]< FIs, 138 depies he ihhge ditatsépaea ietotier of pesation s tlaf DNA
on the macronol ecule will vary in a scal able
fragmﬁf&ﬁﬂ FiGrigh: 1o < TI); [0041] FIG 8Ais an

' [do‘Sﬁ} r i*id}oih 9%31&@9% HEQG&%WQ} el R std ﬁ‘éh%6§dn%91 &vices and

mber of I ¢ nanochannel segnents, where t
rnethodeg thenle §- Iané pdmeé pﬁEé@ 141d@1q2w the-use béthpaltan@hnnneahddwce to
e the | ecul

characttggzregléé)ﬁg 19N 0 P&cro ?%8 EICF 8& éatlza 10}1 QSIY intc[ue(li\e/ resc?lstribution

of molecule sizes within the population or the concentration of certain biomarkers within the
group, and the right-hand panel of FIG. 14 depicts the use of the nanochannel device to
characterize an individual molecule, including the size of the individual molecule and the spatial
location of biomarkers on the single molecule;

[0051] FIG. 15 is a schematic view of a representative nanochannel device, wherein

(A) indicates sample inlets, (B) indicates the nanochannels disposed on the device (C) indicates a
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macr onol ecul es traversing non-linear fluidic
nanochannel segnents; [0042] FIG 9 illustrates DNA
woreloggeasess el ongated in (FIG 9A) a nanotrenchP@hEsm08/058671
wase P PRSI 52, I LRSI TR By ) s
structuran@ipabie o f dsrntiagn olkariealwh etter thecbiemdaith ebeodevides, apparatuses, and

.track are defined by variations in the surface
the hkﬁ@é}?é‘?@%@? DARRY. Sljm%ﬁﬁ’lc%o i Ilustrates macronol ecul es
e[RBIAL FHG! T & SRAGRARIE o#6 HhfSehhil ML GBe ﬁlgﬁn%g’)toa plastic housing

material Is perneable to agents which can Inter
containinglont loe moac caomodteny labgnddi soais ttdmterfeee dimodapochaanelakivae svith other
. Within nanochan - such a .perneabl e.cap c al so
deviedhgn{rii Ty BRBPERF skl GrfobRARERS frPRmaeney fingrager
nanochdlklst RBcRAEAE BakdthSIRE intthfabe HtE BGTIAMN Q8 W SasANEEof pillars,
the macronol ecul es enter into the pre-treated

whereribgpitlhesranetapablc@d atlcagtpartially sirpightsnimgtoas oy moirgurgeromolecules

configurations o anochannel, networ ks, and depicts
befors (B msPARE el cRicr SEHEARGIEREE i n 1 ui di o

COUSBNI FRGROTT Mid 18 SaekicobRPhs anshidohRIBribdion a surface having

nanochannel s are di sposed parallel to one another;

chargqdopdsincimrgsd regmngy the sharaedsis sommarcr g ket vath andigasen digs and

83 FRCLE) 55 R L0 gl 52 e

that ad epingmsbilibe themegeorholcarisd dtyhaimla of emteyt ofhe afacposilédutss — the beads
,fgr t he boxed-in fragnents of FIGS. 12A and 12B;
are sizeg doahstiprighe 1mpls gb fiediaaodsyaslal | abel ed DNA fragnent s

of varying lengths; [0049] FIG 13B depicts the inage

DETAMEN DESCREPACN 0 T STRAAIVE PNMBODIVMENEHA
fragnents of FIG 13A; [0050] FIG 14 depicts two

afi9vpL ailho nes¢ndrinvengonl ey [bo siderstand otvasireetlily by rdfersnemid the
met hods -, the | eft-hand panel of, EIG 14 depicts the
follow{ig s dstotinaBiaienan ol Ph Bieesatnione fifurts'dhd examples,
whichFoRt b phit @R 10§ A6 528D teCH IRSundeRiRd teh alig eivehiigfsindRlimited to the
can include the distribution of nolecule sizes within

speciftc.ﬁtgvb‘@@ @@h@@namﬂicgtﬁ@scmégmp ar pqyﬁmg&?sc@p@rgqqd and/or shown herein,
BRSOk D, ANE AR AL 0, PO

way of exadiyad¢ aglly@nd Zend@inteidtidvb Gu dimitiiy ettt elaihétCinuehitivg. Ao, as used in
si.ze of the individual] npolecule and the spatial
the specification indudipg Biveprendsd sirimphe sipngylar iopmectl ean | pigh he” include
' G n¥i foafich i -
e Sl SIS YRR R LGSR priclr v
unlessith¢ edrgext CBprly dditaget etbertwhes. ridrdeiatpletadityd] sposé dewm, tfesans more

P MR T LT R LT
partichlB) vl 4RSS the other particular value. Similarly, when values are expressed as
approximations, by use of the antecedent “about,” it will be understood that the particular value
forms another embodiment. All ranges are inclusive and combinable.

[0056] It is to be appreciated that certain features of the invention which are, for clarity,
described herein in the context of separate embodiments, may also be provided in combination in
a single embodiment. Conversely, various features of the invention that are, for brevity,
described in the context of a single embodiment, may also be provided separately or in any
subcombination. Further, reference to values stated in ranges include each and every value

within that range.
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structures capable of formng electrical or other
connections wth other devices, apparatuses, and the

wo plos/1zm8eer nal to t he nanochannel devi ce; [ 0052(T/B$1808/058671
18ci5s @ schematic view of a nanochannel device mating
tU—a—pIastlc housi ng contai ni ng one or nore
cosert nenscahdrginetic Sﬁnﬁ‘&hhlﬁlell’hmeﬁﬂsmeglbhﬁeﬁﬁéWMﬂﬁ’S. Such
device with ot her devices external e deV|ce "Fl G

borderpanay beplhysicyh elestrigals ehramiagli Raghaig 1t i Hie tgpm “nanochannel” is
used t& @ﬁﬁ%hﬂ’ﬁp@éﬂ%m é’lﬁﬁﬁ&]h ol d3RsiHARE ﬁm&ﬁ% $h bdifafil 1ﬁfeﬁsﬁ9hst h

mcrofluidics as well as a set of pillars, ere
p[(]()ISa]’ sAameed:laqmalh] the odrnatbidmeelstulgamtaresl IDI)(A RNA, proteln and other
) H% l Qjﬁg .one or nore macronol ecul es before the
molee 488¥nt er the nanochannel's; [0053] FIGS. 17

a [11055918 RaBodHafh QIRARRS digh R BEEW200 %ﬂ?ﬁre ®BerPshoMnf B ¢Rcarize
havi ng charged and uncharged regions; the charged

coublg-gitsinded 2NA meleddes, Hius pravanlinzthe madepsic fr@m@ep@l@s bk on itself and

cts.a nanochann
compllef? pri R L By e RS HHRRC Rk Aot BEt T} astymocip free solution.
(Cao ét lae HBUIUOQhF SUEI@ SordbrniA@nhIdodbtrits @ idYal @Ehitlee for single molecule
omol ecul es - the beads are sized to obstruct the

DNA ﬁltﬁlﬁésﬂ% (610 ¢/, NERo M EPheNgnoghrmRly Eye hEgTsiomn topgmely lincarize
fragm%%t@?%-génﬁs i oo%)km%r[apm%d-rﬁ K36 H{eg%l%\égﬂgeg&feldt etal,

e un nore read er ence
PNASE 0000 WFaghetaioat, |tieoh des of lﬂ}ntdmﬂo-tvak @mandkcglo RAGEdindmt precludes

with the ac g figures and exanpl es, which for
turbulgnagangd Y O s @P%r PRt wppldithery i dtagRisar s 4 mglocules.
This id &tp%mhl@’@ﬂhétﬁ@ fdr%na{é%mé)lbmlé Rfledr Qndl ﬁs %@?&Hafllty(?n e GeR ranalysis of
hods I'i cations, conditions

genonde stmmqttuatipeatedi drangémmh kImCéicrprobﬂsd)rmbatsptdnﬁc barcoding labeling

te y Jused her inis for.the p 0S .
schomS ] REfuFe oS R ErestvusT o i BBy ARl aiokingh ghusers
O[O RNGhése rablBtRAIQE RS PetHcl Bpdd thE podsitile dHidigmAge linear
i nvention. Also, as used in the specification
sequenaied mllﬁgthm én wbpelnd@dt ntise YA ihuscd mdabbiiragnampasionpr
subcloggnnrg( iI gltlorﬁ,ll}ﬁ%rre 1213 Hde otf hl(le 1%21{11 Teatéth oarnc(ajtpa{c(letg/t%rs neg[%earattlf)el S
interw@@ér hﬁi@bl&’dnnbfl@cbl@l,d bérﬂllﬁﬁ@tddrh@ 16 dsB0t crg L@l With didehsityegeater than
ot herwi se, The term"plurality", as used herein, neans

tens OFrtbpesatlﬁ%mf JranclyaRe: Mesganertayly. aganningsk licadang polymers
like g&f& e N d’IpI(Pa b %ﬁ%el’ Hl%ee%cfo ot - aR sQ@rn%écfélﬁlyaar\ivell controlled

or to er par I cul ar va
fabncaﬁmmma]lfueﬁ:nﬂ:ﬂﬁ aqumcﬁswedldaatloazppnmtetmﬂlo@nme hipghlyi desu(eﬂ
he antecedent "about , be un erstood tha the

Standaﬁ%%tw&ﬂ SHaRiHptiye m%%%%%% Yé%%) & the pngleapelesush el
a[61 ' NURbMHEN RN arE ARiInBARbE - naﬁ%@)ﬁ;@ in Itlttat 'n§ncbﬁlg]ét%%ave a very low

appreci ated that certain featur the in ion
aspectwhiiq Hergtl/diahmaterg Warle ngnoctiesets lned a heghedspedt mattdn eTyplcally, nanopores

are 0.{ ‘t%n]f:@)ﬁ%t 1?}];‘1[13?112 grrtﬁltt %nl%rzo e\qvI 1 I?I{ Iséhgtﬁ'a)f\lanoalanne S \t)e 0? Similar
diameter but are at least 10nm in length.

[0062] A nanochannel’s effective diameter is dictated by the radius of gyration and
persistence length of the polymer to be analyzed so as to ensure complete or near complete

linearization of the portion of the polymer inside the nanochannel. Semi-flexible polymer chains

bundle up into a random coil in free solution with a radius of gyration defined as Rg=(Lp/ 6)1/ 2

wherein L is the calculated contour length and p is the persistence length of the polymer chain.

-11 -



a single enbodi nent. Conversely, various features of
the invention that are, for brevity, described in the
weosaxis2of a singl e enbodi ment, may al so be prPOWUS®AS/058671
r cQ -
N T e

lengthe v-énay availuﬂaoﬂ/gyfrittdh df’ hpprokﬁiitgely'veﬂ inen. [ Ok bt AAS Pttfbﬁdg Single DNA
ein, the term "channel" nmeans a regi on defj

h
Mole%@‘f%@woﬁé&%g Befriratcd Napgpeiss-dYRpsileders, 9l t le§|293 $%205. A 4681
base-fRlt&iSu6RL s’tran?élﬂ?NACﬁra thgkea Laldk8 of %gt Stibf b prox1rnately 280 nm.

nanochanne Is used to clarify t cert I'n channel s
Dietriglr, et dlorsivdeecosdn ﬂad@@tehipmenhoﬁ:@melMdhoﬂawsbmsd ir] Po&®mics using

se rein, the ter ule ns, DNA, R
Gold ongtbeids. URfG Bt onchadr Belipe BEGr S Tl yedied by Jorg
Ender[eﬂp%%l P@@O&MEG\I’& b2l pEp @uB6 L Mehuled Mo@%n@%ﬁ‘yaﬂz?ve a
been shown to |inearize coubl e-stranded DNA nol ecul es,

diameta a@abqrréb@htwm@thﬁ hiedinpdfegyudteonfaf, ctlm pahdica golrya@k cgih Nanochannels

and conpl et el recl d|n uss
of sucl i eatir A S Sh G F Y R e AR B SRR Bfher cotl
causingGe® éngdle andArllincdH2a) Such conf or mat i onal
constraints are ideal vehicles for single nolecule DNA

al6§ki Biolpgigy rerlegles supipps DDBoo N AN esansave ﬂc‘glgmlneners and

N T
samplerEg ahiasphsrebit egesub By dinpRiyedito sepMolﬁﬁ&ébf various molecular weights
Furthernmore, the nature of fluidic flﬁaaln a n&goscal

based @R (hsiioyireRg mabddy ygeg selssheh arrearoshar ReCrylemife. 1adhgfase of
large %dgfﬁ&sfré Téé‘?g:' sl‘égaqtah&{ Wn Roh 29 Murd BNGePM4Ys. For the purposes of

ecul es. especi al Iy val uabl e for

this apphicatomdiienaleeules nehras A yRINS, pospecirathey singlenodlecultsare referred

anal ysi s of genom c structural pattern changes with
'DEBIQ%%@¥?eEuﬁ$obes or non-specific barcoding |abeling

SBHES LR niRRh4HRE with {UTiEERSE SmAVEMASioBPLIRRSME above are

bi omarkers of CpG islands clusters. [0060] These
effectrrva\f@r@ém%tln& ﬁtea@:mlvmgt ¢1@me1@ etlinear fopye throhgh @ﬁmndoftqnfmyment
rendern}% tlh %P]éa?n Qo N ne]%ngt% C@l ﬂ%}ﬁ ?@ elrlétité n&g%r 1n£v1\é¢1al molecular
weghsubclonlng In addltlon there is nolimt of the read

Iength or capacity as the aral |l el or interwoven

ehahhis|iscpeeipdy BBPA EHF [t applicationy Bish an 8CioxdGHY — a

deten%lﬂga,t%rl]le Sfﬁ%%%egrgn ﬁérkt/% i 1%?1%%50 y &{}?’Hcﬁlgﬂfsbng{) [})thnﬁ gi" a&gﬁ&n‘aﬁ in
whichlth®\@a¢ amd sequrk ybﬁeneSOﬂ ke cgmnmlmhc:ormb%mam DNt ﬁragraantte karies

t hat _are encl os

r non- nclosed y a well
importaghinfymaggn f %qu]&%tt coHes P g}é}pftos&%asx@ggyeﬁ 5;&05%”0 toxic stimuli.
Genoth&id t§i tRLMOW dHhbitiTRae i (ﬁjta!neé"’i v&%ﬂﬁh&mlé’alg ]l Gﬁgiance For Industry

standardi zati on of qua titati measur ement s of
S2B (eobtprenty: AtStartverdBattgre fordlaotmlicityelasting pOPI@tinaceuticals,
Intern%%gqlglgggs reeiqge/ gll‘t Elaglgﬁc’%}lsa[r‘g%%b off TR %%851?es’meints %o@ %tegistration of
Pharmaceuticals for Human Use, 1997. It is recommended, see id., that genotoxicity testing in
pharmaceuticals involve (1) a test for gene mutation in bacteria; (2) an in vitro test with
cytogenic evaluation of chromosomal damage with mammalian cells or an in vitro mouse
lymphoma tk assay; and (3) an in vivo test for chromosomal damage using rodent hematopoetic

cells. Accordingly, a method for efficiently performing genotoxicity testing would have

immediate applicability to the pharmaceutical industry.
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aspect ratio (length/dianmeter) while nanochannel s have
a high aspect ratio. Typically, nanopores are 0.5 to
wo aosmeises di aneter but only a few nmin | engt hPCT/US2008/058671

aanel <. of Leim : '
MBI RS LS 0 FATL Al SRR 196 Somacon s o

wheredhftes ¢anecddiasrely eF indsrecklycbyathedafdystibtudi, ai@dntemctihg with the long
gyration and persistence | ength of the polyner to be .

polymgtsapt,wBere by drmags vepddipesug aimprefis lefatipnpsin copRigfian to specific

conditidnd e & Hag @E%IPI% Oed gt cﬁlf?fn%i agﬂ%tggis,t dBEorPUMBDONAR 618t dib&ted into
nanochannel . Sem -fl exi blF'e” pol yner chai ns bundl e up
fragments thaanedeBHt kbps In size. A absspicat digestion step acsudtsliruSaghents that are

yration defi as Rg=(Lp "2 wherein L is the
<1 kbga(?vg&?tﬁteéﬂﬁc@:z&gfﬂf%la@%éﬁ ja?%gp is the persistence
| pagt &f tht RfcaRFtyNTBIgcRHRIN; dindlc BN IS @EIPRBEesk@ssuys are routinely

t
mcrons in length - and contai ni ng approxi mately 500
used tp esssssthe demageeaigphhamosoha DA A aduers! Wf togigrageits suelf as environmental

. appr oxi mat el 734 .n en, et. al. .. Probi Si | e
toxins R BP oo i i Mool hans? 1B b Rlan s it e g P dssay, the
cell is gﬁeﬂ &¥ithin 29804dmatfix add thed 283DR2IB . cldtrd ke RdS0d PRIMed with a
ou

bl e-stranded DNA fragnent has a radius of gyration
fluorcggentifsr oxi mat el y 280 nm Dietrich, et al., Advances in

LP@Pe v ﬂuﬁﬂgg{%trg@oo?e&%bﬁ%% gfgg@,gﬁitﬁjﬁjﬁgﬁ?e ma%pﬁ‘érﬂ the %?ll producing

mCS g asensiltive an
the shiengflassoMalled voractleil.eThé geronleeguofahogines taib@irtlettd by thtatugnber of

doubliE gtgﬁ%ré;x? ianrlldnqjgéle g‘!réfggrg g?@hg f@/]itﬁglafge X&leogglgglgaggga%% thus provides a
semi-(gﬁg{iﬂaﬁ% tRamed ¥¢ g%tf’r@ td AU R eggé'r%.b&f‘b}p{he_tcgﬁ. Though this

l'yzed pol ymner Nanochannel's of such di nmension
techniyegyofifiers singleanct! apaltysio piy detwnbdn,nemehfficol td stendardiee and the data is

. fluctuatin I r coil, causing it | ongat e
subject feutarbielfianT A e GRS B ih DA IR S fppeled and
cannoENAiQtin iVl FRE®RIA %th%fﬁhlhs%’tﬂcﬁﬂ@’iﬁﬁfrﬁlaﬁ&ijre_tg%iiﬁ%(tﬁie I&ation of
often carries si gnl ficant information that i's unknown

breaky ot the bie¢ et ogembul§agheitegi cal sanpl e. El ectrophoresis
[ ally, e ed to separate lLLyner.s..of . vari Qus
R e R e S

BesidésSdab cg‘abadaumxfwésua@@r@siaupform@ oy acliatiodNinde: tharl Ralf Ball cancer
case of |arge polyner fragnents, the separation tine

patiengsgagedve MRBIRB Hiesaryrat semp pod sDetraRiningdhp oetRes eagigsion dose to
mini SO SAA P TELSFUL S S5 Py iy s gtonging
A typinzlaadinborecedt@snt flA0B4) scoimsniasvesies inelsentiptdutice a treatment plan is

. sufficiently small dinmensjons as descrihed above are
basicadly pelclfqrp ot eI §aF g %ﬁe‘é@nﬁ%ﬁ wleg E%tﬁ@aﬁmﬁn&for the
"avera!gb‘n?ﬁfenf A LS BE ﬁﬁﬂbﬁri&\@ RS BRI vidd£ N BRI hew
thel r apparent contour |ength quantitatively
diagnastics eldathepewics heoptimiad radidioal therepyeowaat pavsdmghtzed medicine in the

radiat%ﬁgﬁgi{gggﬁﬁlgig%ﬁs eci'o?lltygy i mportant for applications

[0070] At the molecular level, radiation therapy kills tumor cells by essentially
breaking up their DNA. Detecting this genetic damage in a manner that could give physicians
valuable feedback can help adjust subsequent treatment. In current radiation dosimetry assays,
genomic damage assessment and cell viability after exposure were often assayed in a relatively
tedious and slow fashion without direct quantitative information of what is going on inside the

tumor or surrounding healthy cells.
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determi nation of the genetic damage inflicted by a
particul ar conpound or conpounds - in which the size
W(ami)slsszezence of one or nore critical chronmosop@l/USINAS/058671
n [
[P 50 65l R 0y OGBSI ik i

physu&tly mtvind €eBOOEORNA taynpll@sfrorn ghdisnavirapaviled stth@tre to a linear form and
ortance in pharmaceuticals, see Gui dance For
analyqeﬁ@%ngtwgh@éﬁ@f%Sé}l@fyas degtsieni deaemeniatipr Aymags, This method can
monit&F&d P}%ﬁ?ﬁ% ift 'tﬂeylnfgglafj SH9heHNA@, Qset'dki ﬁlnﬁ’a tllmoﬁ LA RRAing tissue
ence on nmoni sat | on Techni cal Requirenents
and qlfatnnfyRé\g dama@ inan inftarPisoma tehibh ¢cabsttdr gnidelurramdds &ith “functional”
%é is recommended, see id., that genotoxicity
tumory fri“"ﬁ[ % n pharmaceutical s involve (1) a test for gene
“Hﬂﬂkl Ol bt Q?&tt etht @resétﬁ)m@ﬂtlbﬂ pMvideR nhstiuidtt tdBvices capable of
t ogeni ¢ evaluation of chronosonal damage w th
mamp kistnglcdpngateskmagromalegiler eonmyiseng: b pulpitieieeconiprising a surface

and oS ore SRS Hnsh il e Rnls e\ Lo B AR R et R Syyface.

wherefrodt 1645t drid &Mhd Fluldes A6 oRAGcIGePERY isCda Eb{blb C1S t:cbxmgnwgtahd elongating
have i medi ate applicability to the armaceut i cal

at least ppogionyf possemPsewe FsilingWithie a§|lez"ét goporignof thy dhwicie nanochannel
f
scgmefPYhg “J%f Y %ﬁh ot fcf}laﬁﬁmhﬁa g?ﬁeﬁtglll#hg{hﬁﬁ%?eﬁsﬁ% ?rgss-

caused |re or |n I rec
sectlondltdﬁﬁatsidnl’tgf lett]ian dbeut DI0P Imi)hlydm tedgthosf amteasteabblie] 0 nm; and at least

amage, woul d occur at specifjc locatjons in
one Vlemgewfimnwwe@ﬁ@%VPW&I?&WW&PW. i3 fapa %leto fpgemigiing optical inspection of

at least & ?8&!0%%%@60&&% St EPRPEARSS fFNE AR e] %
fi bps in

igested 1nto fragnents that are 50-300
s[M&3] Alssdnseguentimditgestshown st EpGr Hs tha fuiile nfanagmml segments
are < a et al, Cell Death . Diff. .
that arg @egﬂuld CﬁB% g?nqeﬁtegi %f%é)éheéf antdd:)gp JuN w%fﬁsg%bae g‘?ﬁ’ﬂjP% essentially
parall@®hlonglaf§thEOphor esi s assays are routinely used to
assess the damage of chronosomal DNA induced by toxic

atfWridks étu@thera@n@ﬁiym'ﬂﬁméﬁwalsh@w imEIGy Hdiablchsig p@rtlon of the fluidic
nanocﬁ%ne selgrén[en% arc ﬂulla%Cﬁeg:’ geIFI][aeeééd 1 ac% d)ttyé% Il SOH?GS g GSG etm%%lments

SSa

the fluadié nhi@Raidee sd@ﬂ&n&@ﬂlﬁhl@@[ﬂy édﬁﬂl@ét@@ efeazh @tlfsir @teﬂ;ﬁ@o‘%d i afbranching
fluorescent dye. @l 0068 During el ectrophoresis, DNA
pattery prigrsgitdsPaticht ot @taamagt @F’IFScﬂﬁllaﬁ@Ch@éW s gokfushisged B self-assembly

techmg@&qgm t?t%@eﬁﬂhe%ﬂ conet tail. The geonetry of the
onet tai Isre

ated to the nunber of doubl e stranded
afd75] ngine os hoanciietic fluehk sansichdningl dcameatsrcanya gomb cildAbe curved

and t hus FOVI des m -quantitative asur e of
n forrgxtﬁggghlsem L 9% Iegergléaé(ﬁtasvaggﬁ% pqo%%eéaoyfge dﬂrﬁ%nsw |It is contemplated
that n&@ﬂ%ﬁoéﬂ&hﬁel& %%'Eﬂhﬂf‘d%nplfnfc%s%) sebtitHaCditRhbioRNal Yk %aé&/ at least one

definition, is difficult to standardize and th
of the dlatdc naloshh}nebmgm@ntsrmmpps@t aactrpssnsec‘r/bdnsid) dlmdmmﬁlrthtq;}rmdmf&rent than

the crgseHega] REGIPP OS5 b Rep I E o gRetl gt
I oo Bﬁalﬂ i9RIsb eSREMREI B FICR éltll @bt Iﬂfnochannel segments can be
interconnected or even vary in cross-section.
[0077] Substrates suitable for the present invention include metals, ceramics, polymers,
glasses, silicons, semiconductors, plastics, dielectrics, SiGe, GaAs, ITO, fused silica, and the

like. The optimal substrate will be dictated by the needs of the user.
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breaks or the size of individual fragnents. [0069]
Lastly, DNA damage assessnent caused by radiation is
w@ewshzs28 nportant fiel d. Besi des cases of accPUBLSAN8/058671
epﬁgﬂ‘” Quitdb1d Aldaf ?ur‘?an AR ﬁl@ﬁit' ggéz Ofleal c}r‘%&sttllg %fbs?—@écftional
of al'l cancer pa i 'eNts Fecelve ra I on erapy a
dimensiof®f DKSS fian abBedteI00Inn, g of fess than abait 20 digbi ofilcshbian tiswut 100 nm,

m e side effects while retaining maxi nrum
or eve@PE lest i pbaet 0 Piink) B¢ aheBE > Mg Ay ¥ &y ioR gyondess than about
than ab¥RioCfhmr adi ation treatnment plan is 30 sessions;

owever, in current practice a treatnent plan is
bEHX78R| Wyfledic nfanorhahing sbggem niitgply basechaowtalatia CIfOISS}mctional
. _the -C IIe best treatment. for. th aver a

dimengf of S fnabitghicehe BBRa ey Rieh Po e eroTaaRdr alirome
embodihRfisNBc ASNS HLANASS d SfarandistibefRRSM RS diRcRsi] & & Scast about the

radi ati on t herapy toward personal i zed nmedicine in the
persisieael lgngtbrof dmoacwglylotep@lled is a hi gh pri or i t y [ 0070] At

| eyel radla s _tupor
& DfosP , ERGE anitfivs el e TARY pfsig s lIRY oy a toneth of
at lcast Bbcut ge0ain, 6f SasmgE_Jun 500 mnafeatt 1éR84bouO ud)(rb BV at least about 2
phyS|C|ans val uabl e feedback can hel p adj ust

microry, B5 afd st £bqut daniges., of|af legsirabent 1 ¢ mirens; %atd%?ét Rt § mm, or even
of at l@a?f’&yo%t 19600 %&1&9%%??%%?? ? a_%]qn gcﬁh% Heh{s,ypresent ata
exposlre were often as d TR & rerative y
density efatdosst &llfdudib ﬁmnd‘caamwgegmmhputcumcroeﬁﬁmqmant itative
|nf§rnat|on of .what is going.on inside the. tunor

blindlisyyna8andarys Adng @Vfwlc]an&gm@w § 8 § Borthole, a square, or
any cd'n%ﬂhz?t{anHet%&e rlﬁ @Mme @orﬁ%{f?&%@ Nk vRLRY Wlﬂﬁﬁ) Qj@r}{b%le or

coul d physically unw enom ¢ DNA sanp romtherr
perrneabdtmealFIGo o eHemtetabbt\unéOWSDara shllta’uéjacaﬁabkemf phectiregtht yargents of one
1.cs such as de e of.

or ot i RRHnS s SURAR i Bl SPmatteafion St BY o Ciimamasat oxtemal to

the flvidic higochMtRYEdden@f the DNA sanpl es taken froma tunor
and surrounding tissue and quantify the damage in an

i H98Aht éﬁéb@i\ﬁn feEHGDPA @ndo%lﬁ,tférldlgmad@chtan@tsmntmﬁ be

charactt%rlzecci rase % nch | nvg%?mg ﬂewF%svcloglé)rlse ca I’? O? F%Paépe o%ggverltfésa% tleast a portion

of at 1@2@9@&] tﬁen@fl BB FPG] @t Inn@ni swhbddireerd, @b@ast@ortion of the cap is
macr onol ecul e, conprising: a substrate conpri si ng
permegble fioyslubla @nahies spaisref IRterHcHpE Withioeirapmelccys @«mfiwg in the fluidic
a l. I 0
nanocf SRR FIGEM. & 10 KRBt oF b A RALTHALRRE . n some
embodimgnBNd® drSnara pattendécutanira atrileamg pmmdllﬁ tlongatd mgthatluidic

t I di t hi t
nanoch el SRRt ARG i0 RGP UITEH S SIRNEEH LTI ShRs fomoved. Sce
FIG. @8d wherein each of the fluidic nanochannel segnent s
has a characteristic crosssectional dinension of |ess
t H83 b buethaOGabavnmments, Q. dnﬂtlhilcolﬁanathdnaalsstegmbmstarelcfharacterized

d at | t
as T, R PR Bioer S B e B<fled oty HTRY P gnS or more regions

having BSReLEICREMREry. See FIG. 9B. Suitable surface chemistries includes a hydrophobic
species, a hydrophilic species, a surfactant, a thiol, an amine, a hydroxyl, an alcohol, a carbonyl,
a silane, and the like. Other surface chemistries are described elsewhere herein.

[0084] It is contemplated that one or more fluidic nanochannel segments is in fluid
communication with one or more fluidic devices, such as conduits, pumps, filters, screens,

occlusions, gels, heaters, splitters, reservoirs, and the like.
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at least a portion of the contents of the one or nore
flui di c nanochannel segnents. [0073] In sone
W(aemmzmts as shown in FIG 11, the fl ui di cPCT/US2008/058671
: : f | .ui dj |
BARSL )RR P A R LS . qone-
strandddi mamg%mﬂbdiﬂm R al petlpapiides) dicogitd Eﬂﬁolec[uﬂ)f&]ﬁﬂoteins and the

her enbodi al so as shown in Fl
like. $‘é {e polyaers st OFIFPé’OL r%ﬁralcepwms@hgmlé 90@&, tr@ndom
f ol of
coo e oy B S REU g aﬁ%%“h‘%%fﬁgﬁﬂegig‘*‘”n;m :
f [098d] cdht yresonideciredintlodeas henttii embadimedtssmm&s@dnd)m cannectors

P, e P 0 Y B s e
the de[§§le fsg]’ftﬁlﬁg %Maﬁ%hﬂélﬁl&@lﬁlﬁﬁ QMdﬁlf% tiR@s & ckddnd, Ié@lsaliéa’celrs occlusions,

One or nore of di c nanochanne segnen S
Sphttemarﬁselrvnlrs,mny:a@@bmb@omthpmeﬂ |n form tortuous in

dﬁfr?gzg §cl$s§ gbeﬁqlé ﬁ,B%f a{' g § a{r?ﬁc %n%tgg% Btléeio(?rar!nore macromolecules
using A ﬁﬁ]ﬂtﬁhtﬁdiﬁ Gl:ﬁcéi rc8mPEibinY otk B3 tochtih LC4t 0&eSt $PEtibABAkt least one region of
di rensi on; in sone case, at |east one of the fluidic

the magsprpRlReHp droudiymBvidic ronprnseseamentsisposetubsasally parallel to a
surfacg b FE 05 sRltet ?/ﬁgrei g&lfuf(ﬁé ﬁ%tocH?w ldstegﬁleﬁtr ig% abftS (%P c%ﬂ%lmmg and

I mension © ano er o nanoc nne
clongaigrievast.a JddibHf d tegion cltisomeadineiselia! adl whaeinfhéXluillic
hat nanochannel nments can he i terconne ted or
nanochanugl spgpigny WS&C@@@C‘%&% GRSs- fe@b@ml spEstomnAl i%@s dhanrabgtel 000 nm

and a feRbthtd18t RLESSHEt TR, %ﬂd%ﬂl{&?ﬂng dﬁ%h alSewitg Rﬂfﬂﬁ c cpable of

pofyners, glasses, silicons duct ors; pl ast
permitting lopti¢al imspecti®inGd at @ashs, porfi€@, off ths echtsith bLthe fhmtlc térechannel

I The st . be.dictated by th
seameh S8 opfors SenREIFebpanS Ky Selian £ S A A i dhe
macroSRUFRM thrdidH ehPnmbARLIC hh Bédrfel 4InRSRe RAbRA gnals to one or more

di nension of |ess than about 500 nm or of |ess than

chma@nnﬂmsQb@ennpnmmﬂ@ﬁﬂqess t han about 100 nn1 or even of
;ﬁﬁlﬁ? h%ﬂe a aOUtd mgth gga%ana%so 1{19:‘10%6 &po%lkl)l% tatt Ea%t rT‘I;nblokioglcal entity to

or even ess

an agdn@O7en JflintbdbiC tonas@bslasnet susie grmind, tsHls abthe dpasts gand the like.
characteristic cross-sectional dinmension of |Iess than

Agent&wutdetdx% dabicke ProsINy §nBMeSy Prabew Augpotides, oligonucleotides, and similar
SpeClegacrormlecule I n sone enbodi nents, the nanochanne
as a characteristic cross-sectional di mrensi on of at
| 989] aBepdsutdie apemnsplSheahbeinj@ngp trating seraying, transfecting,

macr onol ecul e. . [ 0080] . Fl ui di ¢ nanochannel seg
digestug; t%?rélngobwwg Prapbrne thsvestti ov aqEaaPy ee%gfﬁﬂm&ﬁht gpuld be

1ncube1t@(§‘ﬁ'1t aRAHIm g&galﬁm‘gn aocfgfe%gelllt%lsﬁ ARt t200sd¥Bo %&p(%te the cell to that

| east about 1000 eas about 2 m crons,
agent.at | east about 5 mcrons, of at |east about 10

m[(ﬁ)r98rs Bioqggiglt enltl%gss gult%gglustubjleg@d 16 the Waithed methods are not limited to
cells; such entities may also include living creatures, biological molecules, proteins, and the like.
Components of such entities may also be subjected to the claimed entities.
[0091] In some embodiments, the methods also include isolating one or more
macromolecules from the biological entity. Isolating may be accomplished by means known to

those of ordinary skill in the art. A non-limiting list of such means includes, for example,
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of at |east about 10 mm Fluidic nanochannel segnents
are, in sone enbodi nents, present at a density of at
Wo e@sti21824 | ui di ¢ nanochannel segnment per cubi cPCT/US2008/058671
t
extracﬁﬁ‘g{ lgﬁ% ﬁal-url ugé) 3)&1 ng 81% quMmEqdlg{igmé %Y&%&/}R&esmg, and the
like. conbi nati on thereof. In soms confl guratl ons, the

Vi ew.ng_w ndow i s renovabl e, per.nea see F] G
160098k Néaav%mwrﬁ@@%gulsﬁ arecithbly |syleecdt tﬂtée alﬁlrmcja@m@ds Some

of theddHBaGOMbRBAISs A lu‘a@ rQREinIRE 1L Lﬁ’ﬁn‘ab%:m Di\ﬁ(' Q%tlgf%rk%landed DNA, RNA,

segnents I nto conmunicat I on envi r onnent
siRN/Zexhé theallik et d’di}l'met’s Iannl diher clmnosthatured neégontre {I@082Hbl&used in the
lai showg 3” FI GS. 9A and 9B, fluidic nanochannel segnents
Ca““%ﬁ?’ 8% haracterized as trenches, and sone devices
] S R1RrdiARc&ARARLE iPhe %Ylﬁfd' E‘&yafﬂsd 1®8d{idad BRI dnk @R more
| east one trench. See FIG 6. In sone
macroewb@@leaemtp §wo at moefa@gn@ntso AR b@ne edses, s gagbl¢ssmore efficient

er neapl e ol ubl e tes capable of interaction
proce{Rie Yeesr g R EPEOREEIR ng (n the f1 ui di c

NEBOs hamiakios 89 Aewcrontd1€zuldf3.ac€dm r%lﬁshé@ﬁplh@bﬂgesdhﬁcaﬁﬁgrbhermcally
optically transparent. In sonme enbodi nents, one or

treatingppleysitaty ar?ﬁu@&mnésblabéwaﬂy Peatinte, hamg Esirictiag gingahelike. Those of
ordlna %ﬁl n Eﬂe on a%] thod$ Bfe glv{a?\ggi&noth&\ﬁse sggmentlng

or m a e cap I's renov
or shoﬁemngla@lveﬁBnac{r&QBE]:ulbn ot her enbodl ments, FIG 1,
fluidic_nanoch seg r e haracte | zed as
t (03l sT ﬂ%ﬁ@thq é}gdg e b EUgHARE Lbel 3 soggtiye label, a

magn&&ﬁ%e‘i’ CHr%{z %QmQﬂlaﬁ&?th%feoFEH én bcrr%&@ ?e]; W T EmIUbHR&Rule.

chem stry.” See Sui t e surface chemstries
Bindingwohy tie sccanmwlnaﬁlphlmyc dleép@d uWGC@CM%dwmmiamemaﬁyﬁe @inggromolecule

surfactant, a thio ne, . ro ,
or to ag e&étr?oll’m%l%n ks ‘618&5?@05%‘6“ ‘?r TIegiep ?%é‘ 9§ Ot her
S [0bBL € TeMER Sty ﬁ%é&%@%ﬁ&ghhﬁﬂ ﬁdv&%%ﬁ‘élﬁtlb%’éﬁi‘ Elnelectrlc field,
084] It is contenplated that one or nore fluidi

a radigpgHoe aldnémesl@glmhfogca, gn |eh:cfromn@t@dmmmm@cqtmhwetlh force, an
condui.t

electr?qcuileitlc forces% tree ﬁragurg gca}dbesn? & n*psressurq %ra(%lﬁnta% gurface pr(ppe% gradient, a

capill&pllot, 6F Sny doRst@hatRdntBere@ dt is%@nﬂehipﬁatécpﬁaﬁt}anslocanng includes
Macr onol ecul es suitable for use in t he devi ce incl ude

controablyFRang Hdeist a SPTinBé theoracroRplegile afp phlsaea moraen of a fluidic
I
nanocﬁ%ﬁlﬁ s&%ﬂéﬁgw t\ﬂgsaé‘. l%gf)é ﬁ%lrtlgﬂ IO?I L ﬁ?#%%%% ;flr{rrrgﬁé‘lsat 1813 portion

of a floidrodapoeiannclze gmbkntcad p @byt fed, speaindhdm wapollyd@biretion.

branched copal yners, dendrjmers, or apy.conbinatiaon
¢ MB9EL1 MopebBag iy deBanrequibedie. Pibiti gr agy,combination thercof.

Ways BFﬁfoﬁh&lﬁlﬁg‘ﬁdlmm Be a rgmﬁen% B RIS RIPinGRORR! € Of

pl aci ng e device In fluid comunication wth one or
rrtﬁﬂéshp Ehe anmsmoexn@nw@bd signalhimchidv iopegal sightlald mdiative signals,
ude conduits, filters, scree
fluoredy < 51g 1ca %%IF Betlc signals, chemical signals, or any Conbination
thereof.

[0099] Signals are, in certain embodiments, generated by an electron spin resonance
molecule, a fluorescent molecule, a chemiluminescent molecule, a radioisotope, an enzyme
substrate, a biotin molecule, an avidin molecule, an electrical charged transferring molecule, a
semiconductor nanocrystal, a semiconductor nanoparticle, a colloid gold nanocrystal, a ligand, a

microbead, a magnetic bead, a paramagnetic particle, a quantum dot, a chromogenic substrate, an
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splitters, reservoirs, or any conbination thereof.
[0087] Also disclosed are nmethods for characterizing
wWor@802182%r e nmacr onol ecul es usi ng a nanof | ui di BCHES1008058671
. t a
afﬁmt?glgg?%du% g%’rroej.y B%}ﬁ&?hé} Hl?%%% g{srlg' % %:adr %ﬁ&té R %Elg@t{ a hapten, an

antibofly Lunohnclbadgnﬁagrﬁﬂsm;ed lijsiet gorenty odnﬁmeﬁl tieeudast ant [ aI ly
paraIIeI to a surface o trate wherein the
f [U081 ¢ Imeamercgidl e%tég%mo? cdsgalsbeledand mapigrRil Ry infrared

spectBRpELAIARLINGBoLERP br Bl Iﬁunﬁalcglfth@respgl on of the

onol ecul e e fluidi c nanochannel
sEQ:}ﬂiaht Thasigaalahgemcdted bp tising onoesmeeckrivaimn sdinren®i ioduce

a of Ies; aan about 1000 .nm and alg,il th of at |east

UoreHsBt A8 M MR Yo Bl?hroﬁifcel%cﬁr BE’H%BGW?% N Wi CHH{?WUOH

thereo€aP@PILE: QlcitR@ETRdutdel hPRfcl 16Rks, vASNE GEMQABuRES, 3buc &S infared light,
portion of the contents of the fluidic nanochannel

sources e wBraviolgrighbor any eorsbigaidnstheigpht ed to the

kB0 o RbERERE ke S8 R ERREHCHR RS ofififidnes mesorpgjecute or e

portioh R ré@Tdn®& pdp@amﬁdﬁna@o@aﬁcms ?ﬁtl@lr@rfﬂn tRhp&idnGS the
of the macronol ecul e. e[£10088 The cl ai ned net hods can

macroglodesulera afliedie paeachagnch segnagns hb%)éﬂe’cﬁ%b@gp@ﬁﬁ, 3 fpaptrajportion of the

es to netabolites of
macroh%l%ﬂgqugt{é{loﬁ){r%ﬂggﬁ 8{1 T{Iﬁhﬁg ent s, and the |iKke.
/-\BHIOB]S itictardemplyied, thdtab sdrse cap;ésqtaeleaﬁ a pinEym@Sthe macromolecule is

| eoti des, | eoti d d I :
transl%ca@éw@ghlg Fﬁ'@%@]ﬂ'peﬁﬁaﬁfﬁ%egﬁ@ﬁ%d?gﬁé}aﬂe@ﬂégg%ﬁ:mrréré 2&%@6 time.

Such tdRRIchiRGh alRRsF¥F Rlitipld ﬁﬁ%s@@&f th® gaméjfe%?o%t ATy 1ven rnacrornolecule
I mrersi ng, flow ng, or applying the agent

eldig] e Coaclrghg suriaght inclodedddbermimog et lewigth of at lﬁaﬂ ] lpmtlon of the

macrofRsl. AHEmaBIne o seen: ALY Slonged loabliagh Ged% pobtion or the

macrofiMddul &8s dHfih&NMhis Wk 8€ ke HGdidRn6tRhIBdgRERO dFhdkbfharent
not limted to cells; such entities ma?/ al so i ncl ude
0

partially ¢longpted l@agtbrlééeterbﬁumcbgﬁ thalingrsidestance glongiti Biidis, nagpehannel
s[5ty PR PRRRRT R R R FRAL B 8,2
e[mos] Meg Sont&rhﬁlaféﬁ&ﬁkﬁ@ﬁrr@ﬂaﬁ@% 166 tedlglch gekhinfig tORledity of one
nore macronpl ecul es fromthe biol ogical entity.
or moxesC@rrmonﬁ@s ghe@éacm@ﬁw ¥ SheUCTBYNiRE AsSCHHA OF B¢ podere
compcgfen ?%Igbﬁtgﬂclrﬁhﬁb € ulenoé%?erglirg fhgr})ggstelrlé fltdrlllg%r :n{o% m%fdlﬁcatlons to
at lcagp tl ipoiftipinrod thermhdromglecmamrmmlya:bmbmatlbe dcir¢alg, ’

distilling, electrophoresing, and the |ike.
VvEHD81, s Crielabns | 0€§e(§]§§é aglgg |Ivea§§1kﬁ0g&)p@alzgimleﬁlé§ mechanical

means$ hAhTRMIRE RRYRy cS3ABRaBn HBRSE @@1%1%@ ﬁ@lﬁldgssoﬂerkﬁlﬂ‘f&@ algorithms

protei ns, singl e stranded DNA, doubl e-stranded
for chi@herizing a duplex nucleic acid molecule based on observed signal rnodulatlons through

the detection region of a nanochannel, wherein said algorithm is present on a computer readable
medium.

[0107] It is contemplated that he one or more characteristics of the macromolecule are
one or more target features present on at least a portion of the macromolecule. Suitable target
features include epigenetic factors, such as methylation patterns.

[0108] Target features also include one or more genomic structures, including the

position of one or more particular molecular sequences, SNPs, haplotypes, repetitive elements,
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si RNA, and the like. Polyners and ot her
chai n-structured nol ecules are also suitably used in
wo b@sarmesred nmet hods. [ 0093] Macronol ecul es uskCI/US200$1658671
copy Mﬁ%%ﬁ%q Tpe sIQ’I% ? gha?l\%o llrg&ge n%ﬂgo%ggmng)%ltag@ﬁﬁnmglgﬁ%le, open reading
frame S ABES, éxh)lns reglﬂhleSelBYﬁElﬁs efrfang Ic@nﬁblnpﬁ@tcﬂﬁs&loﬁgTﬂiget features also
st or age of the Macr.o [0094] Division of a

| ecul es.
includgcempdidye évmdénga%@?ﬁ@mp@ﬁelal\l ByrepaiEing g clspying Bindig,
sites/ cg)?lg)[@xc ﬁﬂ}YAtof el S08e n9$l¥§ticfé§ Ibtndii eQ/HJ)lﬁgfgegthehngc?%leon/regulatory

l'ogically treating, lysing, restricti
factor Ibiﬂdeng Sitve/'semplex preslirinaory crsdyinicl bunchng/hbaﬁng sitdsl dontpdeawaaey other

met hods suitabl e for vi di erw se .
eencti U R S51 CLHBIEE ARG TS GTUGRE Hiss PBRBI-EE0IS “pgyination
thereofhe net hods further include blndlng a fluorescent

| abel , a radioactive | abel, netic | abel, or any
c B8P hafThe presens methiods saivria some nm%edln@gtsoﬁmh@f inchde contacting a

macro AT i o 1B bt D AR TERRTR) RS R PEit Libjeg proveis

compl@ﬁleﬁt@r}ﬂﬂo d @agbl @enpahid bc@ee valdga%@mlrﬂw igkiwQbhEvith a second
gion of interest. [0096] Translocatlng i ncl udes

labeleépmty‘m knewn [qugth k2, ovtwr%ln ﬂwé@ndc abgled probe s weeific te @ nucleotide
sequeﬁr{eedf BateBst: Ioga{flh% Yige 1{150%81% @%lg‘fﬁ:tﬁ AN G@la doRiGifor tﬁ@ fluidic

ectroosno an e oretIC orce
nanockdret sre(gkieﬂ'ehlotngﬁtﬁfgaﬁe laeledﬂmr(ﬁhdﬂéaﬂg wattlirethe ,ﬂuailc nanochannel

seameiyfripgtng bRy Teoahitl PO EHEMESFIomE cpgirol sequence and
betwe&pﬂl%%%nﬁtl%lé(fb}Bbé Langk ﬁﬁa%é)tﬂ% hpd Sﬁln@éi)&tt r! a@&grﬁélmng the

novi ng a | east” a ortlon 0] cronol ecul’e into at
total 1¢ngtsof the ppbmdlmtlomfmgnafsl thatdiooespmnd ¢ehdoefebt lslderempbe (S1) and the

ing at | east a portion of the nmacronol ecul e through
sccong b5 ofobs (Sok ¢ L di

tion of a fluidic nanochannel segnent at

ajqnf 1 Thé BesSPARINARTuRN G IR daBShIHinb8ES Ey-nub PR the

itoring includes displaying, analy Z|n3 plotting,
nucleqﬂde aﬁgue@mmﬁ ingrgsonThchide sopy numlyﬁsr ipgaleraiicd by pﬁlgulgtlmﬁllegatlos NI =

nt tQthose 9 L pary n the .
UL NS SRR B 81 5hRgr B B BBl b b ehfifgiggontol
sequemtamaem SoraRpdisls t@tﬂe@dp@humse@fgmﬁ@leo&m QERSAEIGS interest. It is
gnhals, electrical signals, magnetic signals

conter@hlétﬁiélae}t thy eppanymbsy ofthy CRITA) SPRICN IS A ditersT, arpdgbeghe difference
betwegllx &Q%& N ifidlichils Qﬁaﬁ&maﬁtgfqecu%%&e fblgﬁlg%ﬁﬁ o by an

ectron spin resonance udr escent
nfdidtul &he ancdiverifirther n@gcaphtathbtehe b@ntrod ge@ahhioissqpicapeincludes

an enzyne substra a biotin | ecul e, .an avidin
separate P HEANEVhoys t@@@é{lgth@sr g%wa}eglégo %ﬁfgheé?lp .ﬂ??gseﬁfs?née @f interest

comprdses & a?ﬂ@gdlﬁgl59§ Wﬁé%qgﬁ@f ghal norﬁ‘iafs QQI&M %ﬁd wherein a 51gn1ﬁcant

nanopart i a collord gold nan ystal a |igand,
difference between N2 and N1 indicates a genetic abnormality in the genome.

[0112] In some embodiments, the nucleotide sequence of interest can relate to a
trisomy-linked chromosome, wherein the control genomic sequence is from a chromosome other
than the trisomy-linked chromosome, and wherein a N2/N1 ratio of approximately 1.5 indicates
a trisomic genotype. In other embodiments, the nucleotide sequence of interest comprises a
deletion of a portion of a genome. In still other embodiments, the nucleotide sequence of interest

comprises a repeating sequence.
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m crobead, a magnetic bead, a paramagnetic particle, a
guantum dot, a chronobgenic substrate, anaffinity
worpdogaedses a protein, a peptide, a nucleic aciPBCT/EHS2008/058671

c y ' t. ' .
AR50 85,0 g g A i oo
genontib e¢qgefce drd1ROhudlcotizio gequerbosti ineadss arctidentionll fecu b eh genome, and

unl abel ed and noni tored by |nfrared spectros
wheref) ey 1 g%@&tgﬁm%we aps Y%ﬁﬁiwl&faﬁﬁ% 9 1FF {Heicagnochannel
segmcnB Lk t B&eshidd e rbslﬁae c[}f%hﬁgT M g&o%epré’srenfmr e
excitation sources to I nduce fluorescénce
cidid] ubiin e&nanplatedphmﬂnﬁﬂﬁﬁ/éﬁcrano dps bitativtivhhesoedass than 20%.

IR i Birle o rpgled g o5 ot pgrincl - Bbud gt ghsge the
controP gedMhit IERMntd eﬂf&ltnucf%@ﬁﬂé:Ee?]O@ﬁceLUftiﬁt@I\éhtoir@Yrohi #hkam®Eenome, or

any conbi nati on t hereof 102] Correlating conprises
even Vd@lf@th@'l aanigl gehemiceseuenss lsofrom thie sanandromesamesasl tee nh@eotide
sedue ?lﬁﬁ tlon thereof froma popul ati on of
quﬁﬁc OFeIcEeul es by partial or full elongation of the
RN 6O ITRE Wstant thetholls bdrdfuethBiBinoIGBAES€411cFEBARET probsk, labeling
sonme enbodi nents, at |east a portion of the
regionyé p SHBPIEAUFISOTIES aftcxhergmaiof adulepiida mac wbHtersitiang regions of a
t
controh RtdeickTe LA TR LEEHideBhe bEnRAGE. FERER enPha AR, me
method$ incRalgt(a)anpoditcirgnthelabeled rublebtdes i@ rsep}ime rfEllldlS ﬁgmehﬁnnel
nore than one tinme, Such trapslocation

segmepi hay e crpssrspsienaldiamgiers itfcienidp &ﬁlea$t Sa %jffm\r@Hy ‘longate the
labelegﬁﬁélgé;ﬁlie@% ﬁﬁel[ng g]thé:@lﬁfa ea’%ét&}genst‘ﬂb 18R[sYon! RC %é?ﬁl[ﬁé nucleotide and

determ ni ng t east a portion o
the contclrowtzbady Irespectetedy, ﬂndlrapgatmwt@mma)raldt(bpmet arahérg times so as to

d |l en th of at - | rtion of the... ) )
furthef R (5 BRI aRR UG iR Rashas B Shishadgitigneipformation
regardﬁ‘t?é"t%@ Idi'%‘fﬁ?l% bSRLEE HeSabelhéh ARRBAGHanA @E&b@'ﬂuﬁle@ﬁ@é@%@&&d

length is determned as the |inear distance along the

nucledtidgs dliosgaianochannel segnment within mhlch a partially

nmacr u I.S. C 5 [
L(ﬂtrigﬁ‘pl ness aen%tﬁ)gomecngsr lfhéﬁhg n RIH%F rrnln gﬂl’tg eng{h Jf¥he zone of
intered @h &RddampIgniidiéotidd %@tcbhipaﬁﬁg Ql@&ll@zincmbéﬁvd’éﬁ mOlaBES 6n e control
the macronol ecul e or_determ ning the sequence of one

and sagple eqt’lél% oheriin a gifferprechsbyidhedigtaace btween the labels on the
controf gﬁc?%a%ﬂ'fé RGcIE MR fn%%cea%%% %}En&%h‘%; ¢ Eo@ﬁuﬁﬂsf%%%&yt&ﬂ% sample

east a portion o e nmacrono
nudanmhblnatlon thereof. . [0106] Correlating is perforned

ﬁéﬁﬂg]t onﬁg%ﬁ%mg%gg%garg ggp\;lg%%,? Eé}éﬁxgm"é%nsi st ﬁ%p%gér?s?rllg a surface and

one orqg&req{&?dlb ﬂgndcﬂ%ﬂé‘fj nfUAE cﬁ§ 0@9({ ﬁlb@!aﬁﬁz?‘n;‘ MEIJI @che surface, wherein

characterizing a dupl ex nudl ef ¢ acid nollecul e based on
at leasp hseoitbel ﬂsmmaanonbajmbhiegmaetsnmapaglh off kentai@irecandmhongating at least a

portioér%gggﬁtclpofﬁp ecu %%B@?ng]v%{ﬂggmggﬁg N gﬁ?ﬁﬂ?fa’[hg ﬁ{ﬂdtlchrrlgnochannel segment,
and wherein each of the fluidic nanochannel segments has a characteristic cross-sectional
dimension of less than about 1000 nm and a length of at least about 10 nm; and wherein at least a
portion of at least one fluidic nanochannel segment is illuminated by one or more excitation
sources.

[0119] Suitable fluidic nanochannel segments and patterns and dimensions thereof are

described elsewhere herein. Suitable substrates are also described elsewhere herein.
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[0107] It is contenplated that he one or nore
characteristics of the macronol ecul e are one or nore
W@ 200982182®eat ures present on at | east a porti onPCF/US1968/058671

gﬁfﬁ%g ktqg H(IT)Iﬁe g Jtetdqgetcglﬁé @é&%{g fi%\g?éasﬁicgﬁdépgf%oglgeﬁ%@bodlments, a

viewidDddbwdsrgetd eater @8 thal ilomninateddtidio @anschamied segment and the
genom ¢ structures,. including the positjon of one or
ﬂlumlm%l SPHECE] HRTan thoVisil gy nday rorpeises auipsandn iyjogesaekodiments, is
e [ y;

rernov% ghgﬂeﬂé ia}rég gﬁ%@@?ﬁ%t&gﬂgg Pféomn a%ltﬂgjw igR eﬂ:’a@lcs(;ﬁ)é%c‘zt}]g the contents of
one orrmeadifhgdif namedanrchsegprents iesoofisd comgmhaiaﬂowwﬁhelm&emmonment

of, a conbi nat.ion thereof. Target features al so
externg oy iy BUIdH ASBRHPEF UGEBFHa ng i t es/ compl ex, DNA

r AA21[ | Ren&hafhd @é’grﬂ&lt@éﬁ@hﬂﬁct@h&&isa(ﬁ%@llle%xwhﬁh RBRIACIRG are
anti - sense nucl eotides binding sites/conpl ex,

describecegisayrtiopt havpinr égob atlwbiﬁ fhreeveringisvali trenches are Also #giceﬂoed

elsewléeﬁ?/ h%rgﬁlte Fn?cglé JoRe Z%&eéﬁl;ﬁ?/teg H]é”g/ ¢l& ar\éo%%n%c:gérﬁg%gﬂ%are it 128t partially

elongdi@dinfth€ dutdli elindhSint e ment h@(t%i—hanpfn Bdpstanidliynadigated form after
thereof. [0109] The present nethods can, in sone

the capiysEioneht s, further include contacting a

RSPTR80S MO0 o cor o
region@ (hmalng eBifaceychemidrye anichdluidie mamahaﬁmal descnibod else\olmfe herein.

r is known, and with a second | abel ed probe of
k HH | | ORgERMOE3S ﬂwﬁ&%nﬁclfaﬁae@@@aﬁlas Is48 dluedicppyypicption with one

or moﬁv%ﬁhlglb Flut e @%ﬁ&%l wRichde: &8 Ce@segxfheferﬁe%lﬁ Stnd 1nclude a screen, an

i ntroduci ng e macronol ecule into at least’ a portion
occlusadn, lgel, fdlhaatdr, sphtme::rcm easnt@blrscagsmawbmbmaong dtererd. t he
I | ed nacrono] ecul e in the fluidic nano
o B R e o SR U et g B PR g uated in
proximRitPRERM Mdie nSRIRAMHe1C Fch BbstBQSHBRE Bssn th Q%Mﬁ%rbrtﬁ%vehng
second | abel ed probe and the nucl eotide sequence of

macropglesubes o crldcadie @bthéy nf fnglat:menqlwbﬂ t0|eet¢g uﬁo dfe napechannel.

h Lfdi zation s t corrgspond t

HHSE R BihR PP R GERE S R ByfrgPa sl Faggoed
clsewllddd h&tinThes qusesteydtel seathbed ﬁhefdéﬁficbﬁﬁlay Mu&%oﬁyl@iﬂﬂgfﬂnb Bdgmore

t he copy nunber of the nucl eotide sequence o

connegtatseqepallc ofiplacing ghecdsyicerin Ay coanmunip mnawéluowr more apparatuses
externd octh'éz ﬁlé g‘ul?tgble hh%ﬁtu%l—l:s dar %Jchbe(%lge }re heﬁgl/n

erein corresp e copy nu
gHMaaj c Erondtion Isomeeﬁmmtable dodushizn derdeesp dmudisdct lascrd)dalogen lights,

copy nunber of . the | eoti de sequenc interest. |t
mereurys [yt SOMEICa O b iars ig SOBEPT H %@letglrgﬁ{ Ko ey vsRuides,

radloa\%@@éjﬁﬁ?@cs | aﬁ9 cbl'%ﬁlgﬁﬁn tHRRQF! b@@lcésh&anthfﬂflé;‘rrlﬁaﬁ@e one or more filters

bet ween N2 and I ndi cates an abnornmality in the
capablgent orapsthigtingg malrgm@(ﬂ ex¢iGuied pourbelighet hods furt h e r

B G RSO AR B GRRGRS
illumikePy oMhE @b etxBﬁatﬁﬁ%ﬁﬁfééﬁlsﬂlaﬂaeﬁeﬁﬁﬁﬁzﬁs being one or more slits, as one
or more circular spots, ovals, polygons, or any combination thereof.

[0128] Suitable excitation sources are capable of being scanned across at least a portion
of at least one fluidic nanochannel segment. In some embodiments, the device includes one or

more excitation sources.
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conpri ses separate portions whose | ength per nornal
gene is known, and wherein a significant difference
W(be(toa/emZth and N indicates a genetic abnor maPGCT/¥S1i008/058671

3967 G436 10, A0 PR RIN B LN IO i o

opticat l;lgmlgmatmg\:ﬁeﬁﬁdvnhlhlmﬁe Oﬁﬁior@lllugﬁmm fluideoispodanhd segments.
froma chrolaorre oth hnthet[lsorrylln
@a

c HH3Rb s shigad ?}'e‘m@rl aRge goxpled dsvica ot By gﬁtﬁ@t&wsystem a

compl%m@nﬂa%&%l Sﬁdﬁ sérﬁw&?clﬂc?orgéﬂm tectiBn ?ﬁs@&ﬁ a photodlode detection
nbodi‘nment s e nucl eoti de sequence of” I nterest
systenq;calrmmtcsmlt@lyieg eihemlnteoﬁomsptﬁm |amn11mrllaaorgdm«:nnetn systern a photon
ot her enb s,. the nucl eotide sequ
CO“““P% @Sle%té‘ln %’S‘i’?ﬂ‘r RS Sl?“éml SR EEPRYICS éialﬁéth%sy[sl?%& r}F“PFFS%ﬁéletecnon
systen@%ﬂﬁl%loﬁl dekdEoR Eﬁ@&ﬂtanr@&lﬁ%lil Haetites sem Q?hﬂ%gﬁe@hw film detection
wherein the control genonic sequencé and

systenhucthemilboiencseant éﬁt@@thmf sybiee ple stzyarceddtetéinn spd¢my asratemic force

micro SR R B AR BT R REwBh oy e Bt G detecton sy,

a scanARPQREITABN &AicHSETHTE EVD AlcStibrOsyd&in€ ot cdl etct 85PEB Y, & nuclear
gquantities of each genone present. [0114] It is

magnesigriesonphest QMR hagteqtion sKEPIg 2 pear ifislhdriccsion Suytest 4 tosl internal
reﬂect?&l @lﬂn{_gﬁet%:&gﬁ ka 1, %ge@ch tﬁllxﬁagclﬁténctgPhg égﬁr%aho%ﬁ)acmve detection system,

oranyvdmﬁftﬁnattibﬁtlommfrol genonm ¢ sequence and nucl eoti de
se nce of .interest are fromthe sa geno
wHBLTY Rsactivalossi a&eﬂ%@ogf@a%ﬁ@wl% ik 1 e diglpped devices

1ncludF5lleo(lm§6l%a§occhtalﬁ?el§]éﬁ§¢c%Q& bHlS s PERGE oﬁg ol Hl%‘?é' &Sthe nanochannels
0116] The instant nethods can further 1nclude

having @ wedth lo€ tbs$ than laboutpi066 am, ahdbyed onrgonced nlwrtsmoéhaansla bping defined
nucl eoti d i ther e d ?f a nucl eot i dg?zone

by ong gf; rapredjor aanr I eapgPle of copNTAng f df4s Pa%loatof thepagromolecule

50 as 18 MHehifkhinfin NAE41SBErh At E@I‘ﬂi%n%ff theth&r8@blechl@, such
enbodi nents, the nethods include (a) introducing the

| HHéIlbdNﬁu@qh@@mlsj@stabm feve epeneth o the gingr of fraﬁmiinathnm to about
10 crn 0 ggllilal\()l()&%éf _abol g ffs lnl) ngdl%%lrllgt %%aéfl SUftrfalg%lt, parallel,

Sts el Sngat

interccﬁlﬂﬁbt@@tdu@ﬁi of ont, Clﬁh@d’lﬁhﬁél@@f hB ensehing l@@ﬁt@orbﬁﬁt‘d@l@ﬁnélﬁ@e at least
| abel s on the sanpl e nucl eotide and the control

one cspepiiapsirgight n%@%&%th@ kngth of feprp él?%’étl P g torabput {W)cnagy in the
range gl‘)lro@rh%ogtr 1080 o4 ;!ILHB%?I Om3Gr dé\@ é‘(l g‘t?d’ut i ik 28 %l%o‘:ﬁt § lE’r:‘n As an
es an aln

and control nuc eofl SO as to
exarnpi@ldhds ¢lemadd inndnoibmandledes cedadichang Wwhecidimmharhaanddetinesiad in a back-

the | abels on the control and sanpl e nucl eoti des as
and-forfhe radileralype BULTRPBAGHHEC [ 0117] These enbodi nents

f BBET ThOGhMHSF ?l@llo%llgﬂﬂ%lsrlg shif®1 d>l l%E’sgtthn Phod £18, (?fqgs% tR4n 500 nm,

interest on the sanple nucleoti conparing the
or lessthan ahom. Hetsowe nmbhéinicabeths Ixanoqﬂaanaimmntably levd asadthl of less than

about Eggﬁg#‘?ejéqsmﬁ ag)o%?fldl fference between the distance

[0134] As discussed, two or more nanochannels according to the present invention may
be interconnected. A nanochannel may have a constant cross-section or may vary in cross-
section, depending on the user’s needs.

[0135] Borders that define the nanochannels of the present invention have various
configurations. A border may suitably be a physical wall, a ridge, or the like. Alternatively, a

border includes an electrically charged region, a chemically-treated region, a region of magnetic
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control and sanpl e nucl eotides indicates an
abnormality in the zone of interest on the sanple
woe@Betsegle. [ 0118] Further provided are devi CRGI/US2008/058671
.S1 g I
field, ganTEHE 'hﬁé. ﬁzd@ga@&ﬁg %%(2{11)? :G‘T@rppg 1re Cﬂlg ?e cc‘d):ﬁs{d‘félf"é% g@ﬂe%la?lgfesultable

bordelfsuﬂ)l‘.BE(ﬁﬂé tats, bopreadrt ébrnted fidne dﬁffﬂhfng@lmteﬁditerefb 8., 8tiips of glass,
| east one of the fluidjc nanochannel seg
plastic gplypice Ocsfmf‘é%}ntl%f)meh@mé%mémén RpAEgTH @reafpﬂn%cgl%x Seéfs assembling
monolBP&% '(9«521\/8? 5} cﬂR&r ﬂ\”ﬂ&hﬁﬁéﬂt@ tﬁe%!ngbl{hﬁin% LR dT aﬂtmve‘??eséonétrucnon
portion of the t I ¢ nanochannel segnent
wherewhexpesal saafabe dffﬁrteh ehefloudadts of thamewdrhamel, aadglmecrmsaﬂase af the

chara terl [ ctiona nsi o | es n )
chann g3 R s P T BT bR BRI EREy e No S g are suitably
capabRIYE cMﬁ%{lﬁg Bt 1Bhst |a%ﬁ¥on%fﬁ%5dr@rﬂol@£ul@fso heRSdoAR drluhifslt Ghat
nanochannél segnment is illum nated by one or nore
portion yoétheanamm@l@aﬂc eEor ¢xpmpdy, a Sudcrerhdlecil¢ madelydmphlhc may be
annel ment.s an atterns
clong e B RO R RER R B Rt Pt G B Bophobie borders.
In thisSdx@fipleatRSmatiémalestlc G6E G ichRtkafled dvhes Borberk ahd v{ﬂ@ beddme
It is contenplated that the present devices include,
clonggted.some enmbodi nents, a view ng wi ndow di sposed between
Eﬁﬂ?r e S{lllflléé ﬁl@a%tleef%r ftﬂeudi%&seﬁ %@%‘8%31‘%%%;39&%&%3@}‘1 silicon,
Iun1na ion source, erein the viewng w ndow
rnetals; me'meS@ andithellike, Sarfacesiwilldberhosniaochrdidgits thelSer’s needs, and as will
renpva is als nt enpl at ed t hat Vi e
be aprwerlﬂaw & %tjapgs%ﬁla Sé?fl?ﬁll tﬁ% PigCE iR @f‘éﬁff'il%&ropaﬁgﬂas pmendable to
variotdRh&mfch b rdtCerMRAEHA R H FRUVERL Bolddt Rofdn¥iof such surfaces.
conmuni cation wth the environnent ext grna to t%e
f [B3] c Thankohehdwiices elymremtiudd DuRwngNeindewalmpebed above at least a

) are charac ed as trenche whi ch tr.enches
portiof PRALIBLE P G R B S5 el IR 1ol bt epf 6 O or more
macroSRY&uIRY A%Laﬁféxaﬁlﬁlaw%w@{%e walde R HBSmCiuae dnebsRWRSIRes, holes,

herein, and it is conte ated that one or nore
chann@ﬂamrm@@umeés agy ef Whlqh@aﬁtenpldp maarqr@olquamem threee
noc @nne

d1men§188% %n atﬁ%: cld l’fle V(l)cnegsj ase%n% ce rﬁilnlfe{lmPna{fagnf;%uratmns ngrrmt 1n&roduct10n

and ronfa2af mE&I‘dhﬁ)lld’éuIé@ oS hanRbel of daeéticals 90d,GhH36R6 tAbbdi@tnas enable
a zone_ bordered by one or nore regions having a

simultgpgoug v pead pltple iggioan of masramelaeyles sAdHhBIC $lagmed devices.
ngﬁ ]nb?ﬂe | SRR EMRLE Lo %rf ﬁ?d%?dete%?s oﬁucﬂe&cf&r#’%@'sﬁltably able

annel segnents I's In communi cati on
to monifte ob Captorecer ssgial avdlecd fromdi moldalle oéthjn thhickhmed écvices; which
descr|$ a el sewher e Hereln i.ncl ude a screen, an
detectgys AngledonCDagsras of PR é@untsr iG%ter, a reservoir,

0[0 139y Tﬁ@@laﬁﬁ‘éd ﬁioeﬁtﬂ)%ﬁ &Rb ch[s@&@rﬁ]:thb&‘s §toa.'ﬂ'§l zin zingt rnacrornolecules

nbodi nents, the devices iInclude one or bst acl es
The mstltodatn@lildne rqilqppsmg oin¢ yr morcomecromo kvoules oatn @csha?acmlhas/mg one or more

ch, obst S assi i n unpf ol raye
nanocl%annels capabell F constr 1n1ng at f’east a porgon ofd tlhe %mcrorno ecule so as 0 maintain in

linear form that portion of the macromolecule, subjecting the one or more macromolecules to a
motivating force so as to elongate at least a portion of one or more macromolecules within one or
more nanochannels, and monitoring one or more signals evolved from one or more of the
macromolecules.

[0140] Macromolecules are suitably disposed onto a surface by comprises dispensing,

dropping, flowing, and the like. Macromolecules are suitably carried in a fluid, such as water, a
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macr onol ecul es to enhance the ability of a
macr onol ecul e to enter into the nanochannel. [0125]
worw@somskecul es suitable for use in the presenPCT/US2008/058671

buffer Vaet\a;l '11%] tgr tﬂg 2 8[5@9&@01?&‘?[8 Wﬂiesru a eesr %‘h‘g caf%‘r:'er gl‘ﬁﬁf:ls cR&s%n

accordmg ® tho naakstoﬁﬂ& wsanahd mlmble[ﬁaﬁ@erﬁhlldsfMlld&\Mmeml ta tﬁdsel loflordinary
nication with one or nore apparatuses external to
skill “%ﬁ’@ aevi ce. Suitable apparatuses are described
e[(ﬁgwef@s @fhﬁbdl Qﬂtg@ne@f%&r?ﬁagfbnﬁﬂ RS SHil ]IS(%% Gt least
for use In devi ce include [asers, hal ogen
partlalﬂuswuhmyoﬂeammmre asmuchametsf infrared |ight, source of
.adi oacti ve

Lﬁ}4 Vi gu &}bl% tlg%ﬂ;ﬂ% %%? HWY\%% ?éé%%s’ ?n&% dnagnetic fields, electric
fields frHéetdﬂ@'mérﬂﬁl Uera8NRnfbn FRES, fHelh&lrFafidR@Pullinf forces, pushing forces,
transmtting a spectrum of excitation source 1ight.
and thp dike.7Pthrn enapoers o ApRIF ing adoree to mastomehesuids|viHibanewn to those of
nanoc one

ordinagy Hifl 3 1S APC SR DS SRREPs b T SRl WERGrrE P Ried probes,

atomléfﬂfr@e @l dréssop@sari@e Oike MBIV HCdk @ nFyHBeScon QM@ Sariable, alternating,
ygons, or any caonbination thereof. [0128] Suitable

and thé i@ml%ncw ond svensigof am@twab%f%ceowﬂb@qpﬁ@d Qe Higriser’ ©iegeds s
|
L014§ﬁsin rr]ll?eg%&rlrﬂé i ngﬁta ?g?otr? ﬁg& fg&/olf%cgﬂeféﬁg%ﬂ% J@ea%é surface
for anaalysu;m”lfethamg inay boaceaiplisksl §yolidth-alieit oesls,Siy 1h&bdc¥10ns between

i ncl.ude a detector. disposed so as to he capabl e
gold apd thip~grREPSy ﬁmie;bx prtihodyiaghgen str%nalgwiwm@pfs ﬂf&ﬁﬁa%“t% fysers of
ordinsP{8ifin [V Wil sl sﬁleﬂayredi(afys @@&%‘P A3 &Y F{ﬁ%c%s
[ 130] Suitable detectors include a charge coup
diMdde (1CBDyr mbMﬁmtBL aspat¢renmpleaule osrl leen;emraal;lry immobilized by a

dynanfie B Bic <00 Bet PORSYST iR May IO T PRy chg. Lo bead is

larger S HR At TadBE EFks-gecibh BE & pArati1a n HRERMSE0 N SHREEM ofXluid flow to
photon counting detection system an electron spin

such aragasprantseuld etib gesubnn ﬁwgnmmaleﬁula orbeed being dack e1t ¢ngrend of the

nanoc@ I%HSC%H %ﬁogys ogﬁlz gh chérgrrﬁ?? Hle CXiel ?ﬁl\ggntg% [east a portion of the

nanochtfitENn saclt aPddikehREHE eRicradRs e6ild MRy BY s1€¥d ABMEAE Yl channel
detecti on system an atonic force nicroscop

by appiceent plom apesiaenmosivainmioreey C Lu rbﬁéwqas@ngﬁf@r%@émof the fluid flow
field. MLUQ 5&?&%&89 fiehs %Fe"éhsoasu%t%‘?rusé‘ toghﬁéﬂlﬂ% &&6&8&‘8&%5 in

detectfion system an optica {ection syst
nanochammkeBawhivhdivéd are caglyanansel tO M)sudetrmnbblhmdsm&tremmleaules. In such

near field detecti system tot? i nternal
a way, hgiveR $Gt 9 nf(mﬂc%nn&gstrg@f bois- %s?g fupalyge B e rapcg%olecule multiple
times SESELEY QL 8%kl 2% a élffe?é?ﬁ‘%atcfo\fﬁolgﬁltl@g ALY REGHd e Qlles.

any corrbl nat1 on thereof 31] Also disclosed are
nEdH 6o Mamutosing am@nylsavslx@d\frowres mattvendésitd vsechnidishedby, inter

alia, rgﬁ%ﬁlﬂgﬁg&ﬁp Espgq; Tt?gqt %E]%ﬁgelﬂ]}ﬁ ngse %Ic’g%gllsoa?e &ifa fyf(ﬁe%%éd from a

portion of a macromolecule that is in substantially linear form within a nanochannel. The

monitoring may be performed through a viewing window or by directly interrogating one or
more macromolecules.

[0146] The disclosed methods also include analyzing one or more evolved signals,
which analysis suitably includes correlating one or more monitored signals to one or more

characteristics of one or more macromolecules. Correlating could include, for example, relating
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having a width of |ess than about 1000 nm and one or
nmore of the nanochannel s being defined by one or nore
whornddrs2and bei ng capabl e of constraining at PEEES2088/058671
the exﬁ?e#é% r8f] irn&'glg {]Bgag ? 8%%(#6%{:%& & %r‘rilg% {Haﬁbﬁl %8 fggﬂlent of
DNA.Nanochannel s suitably have a length in the range of

fromabouyt 10 n1to abou 0.cm .or from aho 100 nm
t B’lé%buﬁlfSP nfﬁYl %ﬁqeén%%%a]i é@hﬁ@agn%was@r%qkf?%'ﬁagﬁpalysw devices.
These Qﬁéﬂ%dh qﬁclu Cdr%re ﬁyﬁdéﬁgnneﬁro@@ﬁfrfac bg; dlSROTltlon of two or

nanoc anne S Of t e Instant I nvention suita
more drdéreasheronec esmerctafahd fordens hemlgtcapabl¢ olbconsimaiting a macromolecule,

th of. fromabout 10 nmfo 100 r in the
and 04@%3@ ot tegaredantcs 56 nHdSolBSharaouibef . oy
[ﬂlﬂBPledhoclﬁﬁﬁ dI9fRReY by %&H&taﬁn&ﬁo@&ﬁ@hﬁwe Wwils of less than 500
clainmed i nvention includes enbodi nents wherein
nm, lepnther heth nes bsaﬂmaﬁ@@m |on ceernpagsikihand1 0 fr tThe Optlrnal w1dth of a
surfac

nanoc@%lrﬁgwggl% %Etél e@%yst %Bﬁ 58 )}16 Usgrary bar[tgia)& ) ?ec es ugg%r study.

t [Ea9p 0D igpakitioh of B&@ctshanccdthplithed!by, Sﬁéfﬁzlz@zm%ﬁﬁﬁgléléctrlcally
t he nanochannel s suitably have a width of |less th

chargeghyd lgastppertipn of thevarfageesddetngatderstie e tinmot f@ls@nfpcqohvdmphoblc
e 458 T IRRRGPRCIL B DS 08 R 1 e s
magnmyoﬂmt\yecommmmsh alliHredfr (hSSn@ﬁﬁb(bd)fmeﬁnf dﬂp@’sm«ﬁf of ik Bccomplished by

crosssecti on, ndi on the user's nee 3 }
contaqige b §Sttwl%?§tﬁ% S‘frgage AathcHa VENZF ST ée W%i%%]@t Compriscs a

surfack gi’cﬁﬂ% {&Pls%ﬁff)l%ﬁ%ﬂtﬁy o ﬁl%rgeklgéﬁ'&ttﬂem bofradé?ﬁ{nd@éhoﬂ?a)ﬁnels Molds

be a physi cal , aridge, or t
suitabJal fbethneplreseeﬂ 1yyem10banmerlse mfl ardesrec aanascale tiedtgas,lapd may be

ch ed r he treated region, a region
fabricy 3&% g#P%WH%)éﬂ d|¥Q@3a dr ophobi ¢ and

hwﬂlrsop h Unle CxERPLBNEMBYEMERNS SRRV LR FERO8] ahlich Stird Akk@ates

borders. In some cases, borders are forned from

nanocmrmfebrqr mgnatencs rdpﬁn@i byab(gders of Shgacedd g’ﬂa@sma]o bag hiydrophobic

ta ot her. enbaodi
surfacg HE&I% f %ﬂfacg SA%, ewnlblflll %uér a me) r%alyg)ﬁehnﬁro(pﬁgmﬁr og}er s%r?ehce different
from fﬁm@@l BIESiinslar bdigerd angeartealssd & ¢k nddte inMedts atters of
constructi on wherein ex osed surface defines t

nanochygnglsy sichfas these phayge! and the central Iane of
OSSP e 0 S B e

contacﬁ@b‘ahh e h@ﬂro&phdiiflc oompowatd. ITéashold ipthet cartacéd @ith a hydrophilic surface,
C e .so as to elongate or unfo portio

lea"mg% élﬁggﬁg@i’h‘?ﬁi? Bpihes. Onl'—tg? S‘E%&ﬁﬁl?aé actzs bg Eq%bsf’rgPé‘EHg éan“ﬂannels on

the suf;fQ@ thht%o'f%% AR kﬁe%aﬁé%aﬁﬁel?aﬁm%qge QlY)l(pl MERIBRbtHRF patterns may

di spositio hi n a nanochannel bounded by
also bhyshddp h&bq:t(reglomd@“rezlectﬂmcltahgesore)famgneuc fitlds. This is accomplished by,

inter q%%r Fongo | e(é.ghee lgvlglttléa c aqrgéc’ tcaru%lnqg (sjpe% es, a Ey(gro rﬁjo ECSSpaeQIGS
hydrophilic species, a magnetic species, a ferromagnetic species, or any combination thereof.
Exemplary patterns are shown in FIGS. 17 and 18, which patterns were produced by disposing
regions of charge on substrates and highlighting those regions of charge by spreading an
indicator dust over the substrates that bound to the charged regions and removing the unbound

dust.

EXAMPLES AND OTHER ILLUSTRATIVE EMBODIMENTS
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[0136] Surfaces suitable for the disclosed devices
i nclude gl ass, ceramcs, silicon, netals, polyners,
W(ami)s;tlmm i ke. Surfaces will be chosen accor di PQI/US200$1€58671
Wi
525 G PO R DopoRfioR BE UM MG, byiged by

sputteﬁng I(ET‘H]D! y-baararsairetidnowitan itidtd sahgiowaddr aokarddud@ngles. This step was

tre nts needed to %eflne bor der, regi ons on such
used tg g9 afE ¢ theepprhapnel @pmetsben IOy eS8 CaPso i ncl ude a

V[(ﬁ‘S‘BPQIIY‘hlBQth‘ﬁ’s%' ?@P?@(ﬂnﬁ%@%ﬁ) tval Sé‘@%lt@d &R ttﬂeoéhagﬁel%emngs

| east one nanochanne Such vi Mﬁng ndows may

EffectRRISERHY Wast RhRAE Rfith %fleumbgﬂaﬂl e6iieshs R vl tested. At gas
exanpl e, a view ng w ndow g i ncl ude one or nore

pressumw miI@rreBF pewaneet¥0 Wi antbREdhzeraidite) Varydepdsitig ke of ~9

nrn/rmn w%shaé: fgelglgl nerlggvrvgrnql%sgsglrl’lel Og%crﬁ??]ﬁ’r%g dé}i)nos%tpornergteq;i/aﬁﬂcsrlegsre]a to an

estlrnalt@.ﬂf"l Qumain Pilisngd@ntatisl Wwas depdittlionnhanghochatinehgpedfng by sputtering at
macr onol ecul es in a nunber of directions and, in sone

> mTosiiouthes Aetalls dheabmakior panedawenh arroy el vises ¢ e fgpid in U.S.
Patent{%@&é@?ﬁ%uﬂgﬁsﬁgfﬂggggw 653315t A 5}14 s 26b43'0'i@7%4‘§ &Vf GRSentirety of

I nventions a I ncl ude
cach igleicegpootsal bySietdrettethecdior s ar e SU|tany able to nonitor

cloRAE s Kaampue A iicdn S s R tiey elsreletipers channcls
that h&f arPTURLAR HERUN Rith SRV ?(ﬁﬁnm[t&ﬁg’l?ilel-grllﬁewé‘sl RbWBEA. These channel

i nventions al so provide nethods of "anal yzi ng
openingsoyaserepugictddes a gihpreseirhods milioct asvderdmgp ols¢ gapeoah prasedures given
e r qmol ecul es ont surface havi,ng one, or re
sbovey TS AL AP Bk et (on gl PURS g oe agagengmel sy thatcan
range ROAE AR '&ofhble"télﬁ sER ONBhBMIS s8Qed S SHRoAIdXIdR! Was deposited by an c-

linear formt portion of the nacronol ecul e,

beam ghesreg @V@g)rqtﬁe(T@ﬁ@SQﬂd BdBr e80Anente i wbsirate. T be substrate was placed at
Varloug?lﬁél\é?}nc{&nt Q" ﬁee dFJsiin Eogarﬁlﬁ%%gt%[ %11%%n ld?o%(%e s%upc% Iitjggt the

rOﬁD

depositian @b anmnbt sct t@ﬁl:d)ulm i/ Ol g aran E5 ()th m3 s@hﬁg gmaérﬁl was deposited in
evol ved fromone or nore of the nmacronol ecul es. Ol4gb) d
€ varic

about R pYipet ddglapsleof tedpeidem|dgpenitipoeam Aneding wperiaou
to redl?ﬁg?% Elngi%ﬁel%ﬁﬁfeﬁﬁi' Iﬂz@% ?da Fspfhglg ’156 h Vﬂn'aq’SO?lFﬂj r%éﬂ@ct \Jeﬁp and to

ecul es are Yy carrle
substaagaliyateeted balubiiding shaitbve hiegtritkibdertositiandngloei r

di s ion onfo the surfaces. The carrier fluid is .
ISR Examolt tigin BTy iamRbeadpachans | geey vaysppticted with a surface-
modif§iigalte AC@Janl%nngll it smide! a!cc&ﬁl r’[@‘]’ﬁaﬁlﬁlet hQ$&eQhibmerged in a
o

inary skill in theart. In some enbodi nments,
surfacmnr@dnffymmntmagm@nmﬂ amidisiog @pblethegipo@ glycaltingidas tvaccum charnber to

- ti ls 0142] .
facitit B el Feahetch Dche R e ShadlBl RRGE B A€ Ll wbs fidfinishy b wrapped
jngdem&gﬁg&bmnﬁbﬁjds, electric fields, receding nenisc

surface tension forces, thernal %radlents pulllng

f Héek, Egamiplads Thiseaample describes how to provide a sample reservoir with a

nanochannel array to provide a nanofluidic chip. A nanochannel array having 100 nm wide, 100
nm deep nanochannels was made according to general procedures of Example 1. The
nanochannel array was spin-coated with a photoresist and imaged with a photomask to provide
regions on opposite ends of the channel array. The exposed areas were etched using reactive ion
etching to expose the nanochannel ends and to provide a micron-deep reservoir about a

millimeter wide on the opposite ends of the channels at the edge of the substrate.
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and the like. Oher manners of applying a force to
macronol ecules wi || be known to those of ordinary
W@ kooBi121828 t he art, which manners include opti cCRCT/USZPS)58671
o] fE4.S: I
C}PZEC(]:)E%eS a% dTPﬁ@é?ﬂn@% de%rﬁ)% W% ?p]oar a§18ﬁ1(1"1810 ctl)l Ip with a fluid
contaifidRMEAtmacv@nolabiles toailnhl@zé]&teIDNA aéndyltddecilmqpmlrmystﬁrsdmple-
nsity of .a notivatin rce will depend on t
dehve@é@ge ef n 8w dianeger ygp nlaweg &h@u@wam%%t@n wBieens o ﬁl%frréservmrs of

the naﬁ&% LR #b?ﬁxérﬁ k8t h%%%gh@&yrﬂh)% ﬁéércfoﬁﬁﬁt&ptﬁ an external sample
anal ysi's. Tetheri g may be actonpli shed
dehvem/mllenmavdemuw baumtiscan by in hine carotected $o bptemﬂfm Hgotu gemkrating

appardiiy. s e DB e R ST P b &igh gt Ruffey selptipp. A buffer

solutidcdnbEniftf StaMel ol a AR Bm®Ha pHideaRd RoBtSuIEL(1AREDEDNA) were
mol ecul es to surfaces. [0144] I'n other enbodi nments, a

lntrodn@@irlnmh@nmoghfmehmayéamlecrch ficld (atyl S PrYoesm; itheesd lusipneconcentration

was 004 oy T o0 s AR SN AR TRRER CEME 30 | e pairaye

with i &ETETOL h@olHdalCProbés; 58 ﬂeOOreégbn)a Pk h(blﬁtlﬂd)rﬂéf stained DNA was
nanochannel . Application of fluid flow to such

dilutedhiged Sl eisreta/ mLrigiou-3x THE Fie- bﬁ&?ﬁ@ﬁ@lb@éﬁﬁr & pl1 2.0) containing
o R LR 0, P 5 RS T S
| pES8] aEpamiplof THis thenpladechibestelw tol image ©®INA whole or substantial

enbodi nents, the macronol ecule may be rel eased fro
parts qfﬁg%%ﬂg%@}eagﬁda‘ﬁﬁﬁ@gp@%nﬁls é[?l g)ilaﬁéomolecu es were

ﬂuoreg@hﬂ%’ ?aﬁo!eﬁg 2h@¥6 d ‘ﬁltg the (PYOEIBYREIS 'a&g)r(ilﬁg tfink ?%de@ﬁ‘re@filscussed in
the T1ui Va

fl ow gnetic and electric ds are
Exarnlalle éoAgwixtlad:oioyl 1®Esbutr@ Supimebi 100w hmIgeo tohpeab s usai through a 60X

s ofSREPBRBE s e R AR SRR LR g

Fluor@bae 'Ilgﬁteémlﬁ’sflolﬂ AORCRATORIR 1 RBY nRfcduRs YSEflctRd ANBLYE Bcdens, was
gi ven macronol ecule nmultiplé tinmes or be recycles to

reflectgd é?bf;azdeclnimdufﬂﬁee prchpaspasicthesgh e dilice that alé@t/%trufsmlssmn of the
wavel]@n%%h 8an(i I’Iélr gﬁéy THDli](felﬂ gﬁ/gg t %%s%%ﬁgﬁa ﬁ‘l%la (?é(ﬁ calinera thus

produéifg en dhdi@.of@h@DNAﬂ@mld@ﬁle@ihﬁﬁhb@)ﬂmﬁf\hm i gnal ;
nmoni tored signals are suitabl g derived froma portion

of0139 ha Examplee:ulTes expanple descHba st trdotest PINA pgerpmolecules as
they pfak%rtﬁ;l Wgegldgﬁ@tl(gha o A&k an IR aTBIA 8&%—3‘&% E%s&%@&ength of DNA

rou a view ng w ndow or
rnolecum éncogad mmlmoohtanmals eDNacwanhiecdidrekflow &ilihe] thd henochannels

di.scl osed netho | so i ncl ude anal yzi e.or no
as desgrpiiB I amyHIe o o dHecHOR AP SORYT R Y deainggierarrow sit through

whlch%QElﬁeﬁioﬁtlig'ﬂgcé?l%SQ ITHER[iEw MR %gim% 1,908 ntn fiﬁn Qﬁﬁuﬁﬁnum deposited

more characteristics of one or noré macronol ecul es.
on top@di rth@lhemoplrr@ncb @hd theneipedieg aflcmlceomsm liretheraglnainiimgis e

photolgtﬁi)grtag %ﬂ,do Cflf]llﬂ e%g%sln%nuelt lg%lg]%%tﬁ? Dg\fAt he of %Slig% k& o 0? the
nanoclgzﬁgl?éb gflﬁfsér gfeeahggighmt af whadiposat folBe @xc’i@ﬁ&?ﬁg{t%ﬁ&' |eﬁ1‘its fluorescent
light. The fluorescent emission was collected as described in Example 5 but detected using a
photomultiplier tube (PMT). The PMT registered a signal until the DNA molecule completely
passed by the slit. By correlating the speed at which DNA moves past the slit (typically 1-100
microns/sec) to the length of time that a signal is detected, the size of the DNA molecule is

determined.
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These net hods include defining one or nore
nanochannel s on a surface by disposition of two or
wWoreos/1sesler s, where one or nore of the borderBCHERIIG8/058671
of constraining a macronol ecul e, and one or
Vthﬁgggﬁ%gdthe nanochannel s has a wdth of |ess than
about 1000 nm [0148] Nanochannels forned by the
1. i AS{aabfluidRIes capiblhéMaanbalbtiss 9bingR%SorighRd nlbridiecule,
| ess than 100 nm |ess than 50 nm or even |less than
compringim The optimal w dth of a nanochannel will be
di ctated by the needs of the user and by the
macr onol ecul es under study. [0149] D sposition of
beswstratei compeisigl sushedaryoneionheire dlhidés nanedltkaineinggments disposed
e%ﬁ%trLc Ily charged at |east a qortion oP éhe,
stHoriatally parelig] o ghe strtpesaaersing leashpncf theHuidis pageghannel
h [ ' : rtd t
R RBLAR L pablo Bl S eafe ROk ADoBlon 418 magromolecule
t tesidsng Wakie atrkgstet pactiomof thaylugherinoabanmal segereenfind vherein each of

one enmhodi nent, di sposition of is .acconplished. h .
B B RS ok CriRG SHrseaoy finsgsion of less
NMHafl aB@MI 1000 AmSiHdlACK:tR bR k&t bbGt 109Bahges a surface
profile that is conplenentary to the desired pattern
of borders or nanochannels. Ml ds suitable for the
present invention.co i se .one. or._ nore _nanascal e "
PGP but MERAEE0E8 PR AP SirNipd Rl Bas SRBliotagrmicing
t sl Ekpdckiefl of Bt 1k43e a bition[dI HROdon€nes EtRABASSYMore fluidic
enbodi nent is shown in FIG 9B, which figure
i pangshamebsegAgABechannel s or nanol anes defi ned by
borders of Surface B - which may be a hydrophobic
surface - and | anes of Surface A, which surface may be
2. hyd¢ ophied ofclam Qicbaprising hadealiiyfdf éluedit niroeharfbiet fegaents.that are
SLnilar bor der s nﬁy al so be used to define nore
nmﬂhpﬁf@>@&?@eﬁ%$ 8thehanochannel s, such as those shown
in FIG 7. [0151] For exanple, a nold or other
substrate conprising nanochannel s can be contact ed
3. wilhddeviteyalraphohivdecompeurdalifnd fhadid nasochherel segments are
contacted with a hydrophilic surface, |eaving behind
ﬂ*ﬂ“ﬁ@aﬂﬁﬁﬁ% ic patches on the surface that act as
borders, defining nanochannels on the surface that
correspond to the nanochannel pattern on the nold. '
4. Mbhedewee eftdim hapmpripisg gajuraliyefkidie aghochanskef sagments, wherein at

regi.ons. of el ectric, charge ar, of netic fields. Thi
teast o EGENGE 8% NEGREM5lo bR By B BRARERY forefiat T pe oher.
with a charge-carrying species, a hydrophobi c speci es,
a _hydraophilic species, a nmagneticC species, a o
5. téhe 6%@%&(1@%‘@@6}6&@} therpluafitycf i dia npeaehpmel sqgments fluidically
ef: iy . 17 and 18, which
Cmnwgé??ﬁ%ﬁé¥ﬁ§$%&bH%§B%£§i@§g@?g%%%§%§§regions of charge
on substrates and highlighting those regions of charge
by. spreadi .an i ndi cator dust aover .the substrates
6. ¢ Wit Deichef S heveran ey W&féh%ﬂwlﬂrcetﬁae?l}?@n?lwsgments

fluidicdNP @Y cted to each other are disposed in a grid pattern.

7. The device of claim 1, wherein one or more of the fluidic nanochannel segments are

characterized as being curved in form.
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dust. EXAMPLES AND OTHER | LLUSTRATI VE
EMBODI MENTS[ 0152] General Procedures. Deposition of
w@appiizig2srat eri al was provi ded by sputtering, EVIDUS2008/058671
e t I
8. V'gﬁg g{%gan (‘Iq)é[lﬂl i %ﬂl@%l{l ?n@or\tl\fététteuoq” t@@{ﬂﬁd&ﬂ%fo gﬁ%:l ese%rﬁents are
chmammnmdhabﬂﬁgudu@uehe%nand provide a cap. [0153] In nost
cases, 100-340 nm of SiC>2 was deposited onto the
channel openings. Effective sealing was achieved with
9. Vehd Qé’ﬁcéjmaﬁhﬂ Qthet&h ghé bPHSre J}‘Et‘ﬁe ﬂ@iﬁf"c ﬁaﬁ&lﬁﬂnel’% Hés is
pressure of mrorr, RF power of - bF as
describéd 4s4001ing,a @rﬂagomst-smnmndtchmetﬁsmg nrri m n vvas
achi eved. At |ower pressure of 5 nmiflorr, the deposition
rate was increased to an estimated 17 nmmn. Filling
10. Mrh&AdAte ¥adaiHER ARt &EH aPRadt BBe DAME FRANE RhnRRGHNEgR¥nts
sputtering at 5 niforr. Further details about making
compisgh 8 chaspriiedtioapl digensipn thaeisidedercutdhabdic censsrdedtiont), dmension of

plication Pub. Nos. US 2004-0033515 A | and
anOtheU§tf§E?Oqllﬁ\glf§1?§%1 f&ilel S?%ene%t irety of each is

i ncorporated by reference herein. [0154] Exanple 1 : A
silicon substrate having a pIuraIrfﬁmof par al | el

11| Thedevierefrhdms], thereimadleass onoof thafluidipapnogheanns! spsmeats
r t rav e
comp%‘s%ge)%:%ﬂl ?ﬁ{]&@aﬂﬁb :ﬁet}u\ef’fgjs a{bogt hrgg&h}%—gshg 3? a (?d?]é;‘rﬁhaﬁlon thereof.
accordrng to the gener al procedures gi ven above. The
sthter depositjon tine ma 10-25 m nutes to provide a
n %érrarﬁq@l clajpy hyvherpin ﬂ’@aﬁ‘t HERGEOTRRIES ASICtl ohpirapls § polymer, a
glass, %@i@&@% s%ﬁ’n QAERLEL % sﬁ%aa! &blectit! S&}%nGQAQXI'bee 88 silica, or any
deposi t y an éb herno) evaporator (Temescal
cmﬂMBmenhaﬁﬁﬁ onto the substrate The substrate was
pl aced at various angles incident to the depositing
beam fromthe silicon dioxide source target; the
13.  deRO&&EOSY dlAthel, GA IR ablBhst b 8POM tluiid RidBchainR] @égqlents has a
150 nm of sealing material was deposited in about
charaqigritic egss-Feasloaplglimengion plelepstbpmiabmut §épomi t i ng beam of
sealing material could be varied to reduce the channe
wi dt h and height to less than 150 nm and 150 nm
14. 1 ehpestitve daimah dvieeeis vbighadhé af thy fRdL ﬁ@hdaharﬁreoyégdieﬁ@ has a
shal | ow tangenti al deposition angles [ 0155] Exanple 2
characterjsfic Crss-sestigip) dmensiomablesithnerbort 289 Has cont act ed
with a surfacenodi fying agent. A nanochannel array
made according to Exanple 1 can be subnerged in a
15. sUhé doeeaafchldiyn nwmgamaslea;sm lout bﬁthts fluddit aandichgnnel segments has a
pol ethelyene col .ins ccu chanber to
charadkelisiF Crost 2Glion %t(tvr@le%w P 1@%& b 1V$8 T hannel s and
degas the air bubbl es that ntght be trapped inside the
nanochannel s. [0156] Exanple 3 : This exanple
16. débedébesofrmbaunt b vreoan deleast saempf te flsde yaiachainchsegments has a

characteristic cross-sectional dimension of less than about 50 nm.

17. The device of claim 1, wherein at least one of the fluidic nanochannel segments has a

characteristic cross-sectional dimension of less than about 10 nm.

18. The device of claim 1, wherein at least one of the fluidic nanochannel segments has a

characteristic cross-sectional dimension of less than about 5 nm.
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nanochannel array to provide a nanofluidic chip. A
nanochannel array having 100 nm wi de, 100 nm deep
wmaeatsesel s was made according to general preCEUSRO$058671
of Exanple 1. The nanochannel array was spi n-coated
with a photoresist and imaged with a photomask to
19. pThydeléce &Qilains], wheegip aslci ot dbtheffluidie nadvehiale] sophiyits has a

The exposed areas were etched using_reactive ion
characigristi ﬁ@’%'@%%@ﬁ%‘s‘ﬁmﬁﬁ%%‘ééw‘@ﬁéﬁhéboéﬁ@@and to provide
a mcron-deep reservoir about a mllinmeter w de on the

opposite ends of the channels at the edge of the
20. slibsteateofddib7], wbearipheledst ond bf the éhadiphanadbaurel fesients has a

howto fill a nanofl ui di chi ith fluid containin
chara {RIR if SIS HEIHORH! BLCPEOR MBIy ALER HhoupR N i

cylindrical -shaped plastic sanpl edelivery tube of 2 nm
di ameter was placed in fluid comunication with one of
21, t hbe dedey ofuilgim biwherain ablaast kanakihe dluidig nofocExmepsagn®nts has a

he .delivery. tube was connected to an external sanpl.e
characi G sy Betiont T B iRt e it eipus BB e RS of the
macro&itaki ed to a pressure /vaccum generating appar at us.
The nanochannel s were wetted using capillary action
with a buffer solution. A buffer solution containing
stal anl . g
2 e e A B ER R AL R SN gogments has o
characadrisaiy clyss-8t@onil dimthgebiof @tleabt duvihemkrsidtidiee $avlgth ofahe
concentration was 0.05-5 m crogranminL and the | anbda
lnamoﬁNK”Ng% stained at a ratio of 10:1 base pair/dye wth
the dye TOTO- I (Mol ecul ar Probes, Eugene, Oregon).
This solution of stained DNA was diluted to
23.  0Tbd d&v1G50 adaiogt, arhendin anlcast OnSRTBE f(uidic salyshamekbscaments has a
buffer a .0) containing 0.1 Mof an anti-oxi dant
bngmé#@‘%?%ﬁ&S&HQEFP%ear pol yacryl armi de used as an
anti-sticking agent. [0158] Exanple 5: This exanple
describes how to i mage DNA whol e or substantial parts
24.  ofherdevienef dam bavhiciaie ar licess dnopf thie lundin oeteghansick segMgats has a
ronol ecul es were fluorescently | abel ed and
lmgﬂgﬁgaggﬁﬁﬁ9gﬁ§ﬁémﬁanochannels according to the
procedures discussed in Exanple 4. An excitation |ight
source such as a ICINVhaI;gen | anp was focused through

25, aTboyevieanf daitmol. trherdia abled ARR PEthe Aluidip panoebannchgpemqats has a

I Y he field of view Fluorescent |ight
hngmgﬁﬁggﬁgﬁﬁ?¥%ﬁppﬁg£TCWC)I dye nol ecules is collected

through the lens, was reflected by a dichroic filter
an assed. through a filter that al]o trapsm ssion
26. oFﬂ? E%“%a‘?féltlaéﬂ]g]t’ﬁv 5y atelﬁ%%tpeat){ﬁhef@r}%& Panocgwef%e@mems has a

length¥tSit RELSEHGD Mdrbis. @ CCD camera thus producing an
i mage of the DNA nolecules in the field of view

[0159] Exanple 6: This exanpl e describes how to detect

cronol ecul es as they pass.through a detection
27, B TREECTRS G s hEIR B2 B O PRI athuR Gl peents has a
length! SR tAstAbolN MI@SRCUl es |inearized within
nanochannel s. DNA was stained and flowed into the

nanochannel s

28. The device of claim 1, wherein at least one of the fluidic nanochannel segments has a

length of at least about 10 microns.
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as described in Exanple 4. The detection area was
constrai ned by defining a narrow slit through which
wez@stzseon | i ght can pass. The slit was defi necI/tiSi008/058671
29. aTI][Q 8 W éf élamnof vﬁ?%ﬂl QH@LR 8RO 8f t%lg q"lu?(ﬁc hgchﬁ%nntep& ents has a
nanochannel s and en openi ng mecron slt i the
bnghaﬁuﬂkaumbmanmgnphotoI|thography and chl orine plasma
etching. As the DNA passed through the part of the
nanochannel under the alum numslit, it was exposed to
30. t li}ﬁ‘e gxgid &tdlﬁﬂl 1 'vﬁl&mﬁ‘%e?ﬂbh@ of thd PhEHE ﬁmochérgﬁi sc MiGits has a
[ uorescent em Ssion was collected as describ 7
bngthanhhﬁabowmﬂhdemected using a photonul tiplier tube
(PMT). The PMI registered a signal until the DNA
nol ecul e conpletely passed by the slit. By correlating
31. iR 8R8&IAllail, %e%tﬁ@ﬂ&ﬁ&c%@ﬁ&chﬁﬁ%l §égnt1en&§ MBIpEREADAL a density
1-100 m crons/sec) to the length of tine that a signa
of at I¢ast H@uwite anochdvackicgment par kebiDintradtet ul e is
determ ned. What is Clained: 1. A nanofluidic device
capabl e of manipulating a single elongated
32. NEBEE OBEEEIAm €IS tHRG/icvling WHBHEVAEEMPAYRAIsEL.NY a
surface and one or nore fluidic nanochannel segnents
di sposed substantially paraIIeI to the surface,
33, YRR LA Al JASE vAOF 0 Inc 16 ol il RARRGDATRC)
gnents i1's capdble con onga ing at
Ieast a portlon of a nacronDIecuIe reS|d|ng mnthln at

st a po ti.on of the fluidic nanochanne
34. E e drase? rPl?élé’c]h Vgrergim Eher Vigh e VIR %ﬁﬁ@? 0 B]@ﬁlé‘ﬁtt%e contents of
one 01l ASre A GNA A Rhk R kégn%%slﬁfosﬁﬁ c%ﬁ{unfyaﬂ&?%tﬁ%@énvln%ﬁﬁlent
t han about 1000 nm an [ength of at |east about
externahqo tfuidic napasitanodleseginenti ng wi ndow, wherein the
viewi ng wi ndow i s capable of permtting optica
i nspection of at |east a portion of the contents of
35.  tinBe 888cO6f dmRel, WHekdGh endaNRcRAITIR! 1S RAbShanAel séhBents is
device of claim'l, conprising a plurality of fluidic
Cmﬂwﬁ@ﬁ@dhahﬁ@ndsegnents that are not fluidically
connected to each other. 3. The device of claim 2,
wherein the plurality of fluidic nanochannel segments
36. aTRe 8GN Aditny3 P airélek edbmpdsind Bealepable oFfcowdriignit least a portion of
conpr|5|ng a plurality of fluidic nanochanne
at leass @pmisPRCY; wherein at 1east a portion of the fluidic
nanochannel segnents are fluidically connected to each
other. 5. The device of claim4, wherein the plurality
37. ofhé¢ Hemiel @f ahamoi) ahiodin std gave mpertfohuif thecaipliy paoreakle t@sbluble

to each ather are disposed in nching pattern.
analytes capable 0? Interaction with a Fr)nacrornolecu e resf('hng il tge Huldlc nanochannel

segment.

38.  The device of claim 36, wherein the cap is removable.

39.  The device of claim 36, wherein the cap is optically transparent.

40.  The device of claim 36, wherein one or more macromolecules are at least partially

elongated in the fluidic nanochannel segment, and remain in a substantially elongated form after

the cap is removed.
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6. The device of claim4, wherein the plurality of the
fluidi c nanochannel segnents fluidically connected to
we2awh/1i8ker are di sposed in a grid pattern. 7.PdngEs2008/058671
device of claim1l, wherein one or nore of the fluidic
nanochannel segnments are characterized as being curved
41. 1 Mh¢ devivdBof cldign dexticesn ofic 6 @bia of thavleid&i mnoctanoEl sopments is
of .the fluidjc nanochannel segnents are characterized
characferizg @ﬁ@“ﬂ%@luous in form 9. The device of claiml,
wherein one or nore of the fluidic nanochanne
segnments is described as having a varying
42. cTbsdewexdfi dnal 1,dvheens bonor thoce ofttkee theidicomnofhanhels m characterized
wherein at | east one af the.fl uidj nochanne
as a 2QR oEdTl B A SR Jodp RN TSP SBREIL o t hat i s
di fferent than the cross-sectional dinension of
anot her of the fluidic nanochannel segments. 11. The
43.  débe devief ofallaimm2] wharesr eburfase chemistry saepusestaiydionhioblicespecies, a

apochannel ri ses ansi
hydrof}i}E SR o REHIER S SnEP IR BRSE a Ry 96 analtaBs ERTbSML or any
combihhede@brcoft2. The device of claim1l, wherein the
substrate conprises a netal, a ceramic, a polyner, a
glass silicon, a sem conductor, a plastic, a
]ggﬁi I [
44. n‘%)lgér:]‘g él (gfncle? er o gné %ﬁ'nmf g@lﬁ%g%o#é ne‘f sengHéﬁts 1s in fluid
comm\ahtemmmwﬁh oheastmotuidic detieed.| ui di ¢ nanoc h annel
segnents has a characteristic cross-sectiona
di mensi on of | ess than about 500 nm 14. The device of
45.  CHrRL Mvice YNELiRI 44, @Jhe{e‘?ﬁ?@ hu%kﬁd&fflcet J?)‘ﬁlﬂr st didnduit, a pump, a filter, a
nanochannel segménts has aracteristic
screeng pesclswat, ia@ehla hdhterRspbticrof rdseiywirt draamyaioobina@ion themeof.
15. The device of claim1l, wherein at |east one of the
flui di c nanochannel segnents has a characteristic
46. cm@ 8ea&Csf QA 1, WHERAS HRMMm&rohBRsult Renpabekt, dbBBleRfinded DNA,
' . The device of claim1, wherein at Feast one of the
Slnglefstran@ndd)lﬂén BaHunmelypspidee atbiolpgisalanalpaaer eny sermbination thereof.
cross-sectional dinension of |ess than about 50 nm
17. The device of claim1l, wherein at | east one of the
47. T irhé dévGco@ndsihadoehersRGNEPd ?nﬂéﬁ&orﬁpt@é@é&h@hﬁbb@tﬂeﬁ copolymer,
cross-sectional di mensi on of | ess than about 10 nm
block ggpolymer, sradp@ecopplyaickihanchedpeuodymerap dprdiiner goreangfcopppgnation
thereok! Ui di ¢ nanochannel segnments has a characteristic
cross-sectional dinension of |ess than about 5 nm 19.
The devi ce of cIa|n11 wherein at | east one of the
segnents has a characteri sti

fl I G n cha )
E% g@%@c@ 3 THREA SPHRTIHNE PBE 8T MALECORBEATRTS faleﬂ%# ¢ gfplacing the
deV1cef ﬁﬁhﬁi@ E’drﬁﬁuﬁlca&&fa&vﬂh Lne YhELRS eﬁ)gé‘itatds@@é&et‘ﬂgleco Qe dR&e.

I di ¢ nanochannel segnents
49. The device of claim 48, wherein the one or more apparatuses external to the device
comprise a pump, a conduit, a filter, a screen, a gel, a heater, an occlusion, a splitter, a reservoir,

or any combination thereof.

50.  The device of claim 1 wherein at least a portion of a macromolecule is held within
the channel by use of an activated surface, a bead, or any combination thereof so as to enable

clongation of at least a portion of the macromolecule within the nanochannel.
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characteristic cross-sectional dinension of |ess than
about 0.5 nm 21. The device of claim1l, wherein at
wo e@sti2see of the fluidi c nanochannel segnent SPEEESH08/058671
characteristic cross-sectional dinension of |ess than
about tw ce the radius of gyration of the
51. nmAaahahod eftHaeactetizingldie od @wire enaofontdléduiBs lisinghetadbfluidic device,
| east one of the fluidic nanochannel segnents has a
COMPIE-act eri stic cross-sectional dinension of at |east
about the persistence |l ength of the nmacronol ecule. 23.
The device of claiml1l, wherein at | east one of the
fluidi ¢ nanochannel segnents has a Iength of at | east
about 100 n 24. The devjce o wher ei
" Ba ochiRe s & pprtinat at leist o0k s O meeng Gt through o
| ﬁﬁﬁﬁchneﬁ%cl?aﬁlnél%%gﬁleﬁtlﬁéﬁos&pﬁlbﬁtﬁhtuﬁ@ paHl%l Qﬁé’ s BicObf a substrate,
claim11l, wherein at | east one of th
naheishethe éllulciyegmh@nhhggalen@ﬁ g@mabdﬁf ofaftontaelaeg alabdgngatmg at least
1000 nm 1% ce of er ;Elﬁt ? 1 ;
o?aBO%’Pntoﬁ'é‘ r?gl?ﬁl 8f ﬁ*é%%oéﬂ%ﬁ%? a%% é“r?&?ﬁl% hs P%‘?ch fnct segmen

Ohasad cHaBR8drisab Bteks-geclibfdl AGenson of THE th@VALSAt PH00GIM LA a length of
1, wherein at | east one of the fluidi c nanochanne
sdldawhekouwid8 g edgt h of at | east about 5 microns. 28.

The device of claiml1l, wherein at | east one of the

flui di c nanochannel segnents has a | ength of at | east
abwouitordf), througns vi2@inghhmddewapsblobf gdraiitting optidee ispectdh of at least
| east. one of the flujdjc nanochannel segnents has a

| %ﬁ@%ﬂﬁn@? th*;tanaeéé%ofé%‘oﬂwdwogwnn#wggra%% QU PMQUE gjgpls related

1‘10 e %ﬁélﬂ:aﬁbn beasd o&ﬁ@re%%lbﬁ‘seoff thé‘hﬁbl%n{b@é&g‘tﬁ%%h the

gnents has a | engt | east about 10 mm
demumbmn$1@h¢|n1l wherein the fluidic nanochanne
segnents are present at a density of at least 1
flui di c nanochannel segnent per cubic centineter. 32.

Thardguigase RlonfibRH @1 als W BRAEHINMb R hWFaBI B8k SWf ISkOMYa cromolecule.
conprises a slit. The device of claim1, wherein

t he view ng MﬁndOM/IS renmovabl e. 34 The devi ce of

52. C%l‘ﬁli mﬁ&fopwff‘ cfalmgl Elrth\gllf ceovr\ﬁ n%ln € mI))Psmg |at 1%%3 gglc Eio?ofgical entity to at

fe “d0Rtren

least on3AgEN AN RREreEGNERMEEbDOIRE @f ﬂielagelntmmﬁfwesmi 4 Qi ofithdadeReof
environnent external to the fluidic nanochanne
1ntereg§€(§r?@mc_ombmatlon thereof.

53. The method of claim 52, further comprising isolating at least one macromolecule from

the exposed biological entity.

54. The method of claim 52, wherein the exposing the at least one biological entity to at least
one agent of interest, to a metabolite of the agent of interest, to a salt of the agent of interest, or
any combination thereof, comprises injecting, treating, spraying, transfecting, digesting,

immersing, flowing, applying, or any combination threreof.

55. The method of claim 52, wherein a biological entity comprises a living being, a cell, a

biological molecule, a protein, or any combination thereof.
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35. The device of claim1l, wherein one or nore of the
flui di c nanochannel segnents is characterized as a
W@ e@aatis286. The device of claim 35, further cREPUBRNIQS671
a l.e.0of,C ' - '
6. P1RSRGRIRYLB 8o QHSEINg: B SESLR P B Rl o
exposéd bibkgidal entpp compriseefextriveingalysing, peifyidgbhlit@ ns@lipuddtirg, reacting,
. ..anal ytes capable of interaction with a nacronol ecul e
distilling <51 tipRhPisS N BLTFNY CAMETNIHAR B1E¥el  segnent. 38. The
device of claim 36, wherein the cap is renovable. 39.
The device of claim 36, wherein the cap is optically
57. t Thosptiodni clad .52 TWwherdiavthe enoér mb@imac3@molebdeecammise proteins,

e RS TR eS8 N GRS B rror

remain in a substantially elongated formafter the cap
is renoved. 41. The device of claim1, wherein one or
58.  mbhemgthodteé claimisdi Grtheneswiasing disidgecthe on¢ er more macromolecules

intOwt]:haractesrizgdtas a tunnel. 42. The device of claiml,
WheTr B8Py S6RE°SP nore of the fluidic nanochannels is

characteri zed as a zone bordered by one or nore
regions having a surface chem stry. 43. The device of
59.  cThe metwd ofskeiraiSa, wherginrthe dividiegrampyscs daspie sedcaging, chemically

o SR R G 9D SPGBt s,

a carbonyl, or any conbination thereof. 44. The device

of claim1, wherei ne or pore fluidi c nanochanpel . )
60. s Ebmtithediod clampl uﬁ@t?lerommisea bipding Thoptiecnd fabppgadioactive
label, ]].21 ol 96U &tea%g ¢BRrbinkBBn gfe}:‘éocf % Bhie Gl @b réﬁioné"?@th@ g{écl%molecule.

['uirdi c device Conprises onduit, a punp, a
a screen, an occlusion, a gel, a heater, a splitter, a

reservoir, .0or.a conbi nati on thereof. 46. The devjce
61. o temahior o Bt WETR ek REIRGeaEsF S g yBF g fow. a
magn@RURIE af el RBtefk | &NWad Db &8 Bt 3d, laaRsl@dn N For Nt cléctroosmotic force,
pol ypepti de, a biological nolecule, or any conbination

an clegthanhetsttic farze, apadeatwlinstic &frc ladempasiufhgiadicnt, ppecssure gradient, a
ol r comprises.a. hanopol yner. .copal vner,.. bl ock
surtecg B et S Bop PV PR S8y rer ,
dendri nmer, or any conbination thereof. 48. The device
of claim1, further conprising one or npre connectors .
62.  cEpaprcthodof glagniohgwhereindbe fragsloqating coaPEwHEamTe lblyoRoving at least

a portlwintotP R RO mBRE G FB AL %Sé’fsd%rﬁ}&ﬁ il midfc%ahgﬁlagﬁé’iisggnent.

63. The method of claim 61, wherein the translocating comprises moving at least a portion of
the macromolecule through at least a portion of a fluidic nanochannel segment at a controlled

speed and a controlled direction.

64. The method of claim 51, wherein monitoring comprises recording, displaying, analyzing,

plotting, or any combination thereof.

65.  The method of claim 51, wherein the one or more signals comprise an optical signal, a
radiative signal, a fluorescent signal, an electrical signal, a magnetic signal, a chemical signal, or

any combination thereof.
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49. The device of claim48, wherein the one or nore
appar atuses external to the device conprise a punp, a
weodurs28 a filter, a screen, a gel, a heat er, PEFUS2008/058671
occlusion, a splitter, a reservoir, or any conbi nation
t hereof. 50. The device of claim1l wherein at |east a
66. pOh¢ methodfof @lairadi pwhtreithe sigBaliegehevdtthbyan hleCtﬁhlaaplilefesonance
use of an agﬁlvated SEIface a bea or an

b
mmecl&%ﬂ%%ﬁ%ﬁ“&ﬁt REscRlS 2 gy mlae%ﬁ%%le@ eﬁgra@wﬁw@fs gy enzyme
substrh@ aasﬁloﬂn Bﬁ)rlédufkn aleawHHlemHE&?lQrﬁ?ll A& & %&Eécf‘tr&rﬂ?emn%o molecule, a
nanochannel . 51. A net characteriziig one or
semlcmmhmmsw msmngomiun@n oﬁﬂqplamcbe devilaid, gottommotiystaly a ligand, a

rnlcroli)eéfl n%hl%ét?ett{cﬁ)g | eﬁ%{}l%@ﬂ? Ort&ih@g% aﬂangltup :dg‘? éltcgrornogemc substrate, an
affinit) NENAN Ao teRIABHItRI $RAI&H a§1klb§'5ﬁﬂéﬁﬂ|ralté’ a%%agéﬂe la Hapten, an
a surface of a substrate, wherein the fl
antibodgrpscinéihody fregmensing lipid, @aqu@loelbufatle@ titeaﬁrmﬂ ng and
el ongating at |east a portion of a region of the
macr onol ecul e, and wherein the fluidic nanochanne
67. SEBOBRtholaF cRirfiFal @Bérein tBE hidlRuRSS uslBElc@MR] mEhifidos bPthfrared
of less than about 1000 nmand a | ength of at |east
spectratsany. WigaApiet SELreRsony: oF prgcorabipgfiprhercol. ewi ng wi ndow
capabl e of permtting optical inspection of at |east a
portion of the contents of the fluidic nanochanne
68. sepemrthod@iielaih Sipwhersinghakignalas atreehttdby tidng one or more excitation
trans| ocation of opne or nore regions of the
sourceydR HES BHQIEE chtR: & aﬂoltlﬂlénq%%ﬁaleemﬁ?@}wesaﬁ@eclapwg}ua?%&e or any
combih o MBiLered signals to one or nore characteristics
t he macronol ecule. 52. The net hod of claim 51,
furt her conprising exposi ng at | east one biologica

entit 0 ea e.agent i nt erest a

0. bty uSttaindh, s B TealuicnspiieR s dlasd §visils fight source, a
sourc@@ﬁfrar@ﬁ light 8k8%ke oPlltraMslcE AR BRddydnitiefRafthersst. The

met hod of claim 52, further Conprising isolating at

| east one macronol ecule fromthe exposed blologlca
70. :Efﬁ% g?éthogtoﬁ 8%‘1{% S:irgxggs?rgglgce 12@ ng éPl’(I:lg][‘lseé r%{e%ttmmtl%g thfe features of a
distindt @@storaslecidgdend p&tioh MHeeded iﬁtom ] o@létﬁirﬁﬁﬁhadr@m@l%cﬁlbﬁby partial or

agent of interest, to a salt of the agent of interest,

full clopgagay of thesnaraemelsculadr e Bridicrwpehaseel scamert i ng,

treating, spraying, transfecting, digesting,

i mersing, flow ng, applying, or any conbination
71. t Mhemediod ob5laintlsé, whtrhmcht dfasicd portionhaf thamexcedsmolacule is stationary

blologlcal entity conprises a living being, a cell, a
duringfthg MSitEHPE ol ecul e, a protein, or any conbination

t hereof.56. The nethod of claim52, wherein the

isolating at | east one macronol ecule fromthe
72. The method of claim 51, wherein at least a portion of the macromolecule is translocated

within at least a portion of the fluidic nanochannel segment more than one time.

73.  The method of claim 51, wherein the correlating comprises determining the length of at

least a portion of the macromolecule.
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exposed bi ol ogical entity conprises extracting,
| ysing, purifying, pulling, manipulating, reacting,
waelr@siisesg, eI ect rophoresi ng, or any comnbi nat PGNUS2008/058671
74, 1 Ii‘ﬁé %%Ihod%% cl 1”@&&8& tﬁé cgljreelét[[ﬂ S%Ern "Ml&r &ét&nhﬂ%g e apparent
e omacr onol es conp ﬁ% dins
part1al$y ﬂgh@-tsd leagitlexd aDi¥Ast adﬂﬂiﬂrﬁof&hé ﬁﬁdledmlDNAle dNBnfisddRMALin one or
r..any conbi nation thereof. 58. The nethod of claim
n“”eg@dwﬂ@PPﬂ@Pngéﬁﬁpﬁgﬁng di viding the one or nore
macronol ecul es into two or nore segnents. 59. The
nmet hod of claim52, wherein the dividing conprises
75. | db¢ mgthod @fickani7dgwhakerthe appayertt pesitalln g],ongdrtyd; lepgthl iy determined as
ul ati n%tthbl ol ogi cal I treati

the hn@ rdigﬁ%&el% ¢ g}l]é% nan@sh eﬁlélpﬂg\ﬁlt v@} é} ?Tp%rﬁ}ally clongated

macrobddldcifris eomiedsi ng bi ndi ng a fluorescent |abel, a
radi oactive | abel, a magnetic |abel, or any

conbi nation thereof to one or nore regions of the

ronpl ecul e. . The. nethod .of claim51, wherei . .

6 TTanrReda sim o Pege B SR Rl e oPirlisg: fotgienge e identit of
one orfagRebhpohdrd 6f thamaetoeedlédte.fi el d, a radioactive

field, a nmechanical force, an el ect roosnot i ¢ force, an

electrophoretlc force, an electrokinetic force, a

t A r he ' | e
77. p?g%glr ﬁtoﬁ of c%ﬁt@% tl &}hereﬂl tﬁ% ?%?é}gtﬁggév\o?rgdglr%gg %%}MHI%& S sequence of
one oraﬁdjlﬂaicbﬁﬁ)bﬁkmti hiéthenfacrcﬁ%lec'ﬁm@ met hod of claim 61,

wherein the translocating conprises controllably

nmoving at least a portion of the macronolecule into at

I f
T e o e AR a8 tng (Rpresence of
onc oroponemabBcatous tgatdtast epsrtion oﬁﬁmtrnamoroblemﬂe

macr onol ecul e through at | east a portion of a fluidic

nanochannel segnment at a controll ed speed and a
79.  COR¢ MetHoBbdiaiiBSl | RAecrefithe db1ecIARINQ Ye@brntdddiyMubdmated means,

wher ei n nDnltorlng conprises recording, displaying,
compyeradodmesngs, mechenicalgneans, rmapat mepishar iryrncontenasion thgsof.

The nmet hod of claim51, wherein the one or nore

signals conprise an optical signal, a radiative

80. sTB&Rkethod of clagh 83 CRAErei tHE aénelaﬁlgedoe;qiﬁsbmi algbi@thad for a
nagnetlc signal, a cheni cal %2 b or any conbinatio
B 9DS

charagt¢yizings dggex mrféelﬁéflﬁéapl@qul%b%ie ofrRsrsegngl méul@rlgmﬁarhrough the
detectjfoﬁur ggggg% tﬁ&'n }4%@{& ‘%Jvh‘%‘félﬁ gaﬁgn %%)%ﬂ%g Ssg&@%ﬁ IF'QC&@gﬁt%r reddable
mediumadi oi sot ope, an enzyne substrate, a biotin nolecule,
an avidin nolecule, an electrical charged transferring
nol ecul e, a sem conductor nanocrystal, a sem conductor
81. NRRORRIHOH O Clairf 5 OWhAbth HObRL M%rcl'ﬁlta@!erls@csl Jf gl?erﬂacrémolecule
m crobead, a nmagnetic bead, a paramagnetic particle, a
COmprRgamE oot tfarget cdatwoopresdnt os abisast atperticroidahd mlacmmolecule
nol ecul e, a protein, a peptide, a nucleic acid, a
carbohydrate, an antigen, a hapten, an

82. The method of claim 81, wherein a target feature comprises an epigenetic factor.
83. The method of claim 82, wherein an epigenetic factor comprises one or more methylation
patterns.
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anti body, an anti body fragnment, a |lipid, or any
conbi nation thereof. 67. The nethod of claimb51,
wab@sa21828 he nol ecul e i s unl abel ed and noni t or BAI/B§2008/058671
[ r c . > 0 -
4. bt BRI SRRRLR AT AR BRIl IRBES BREPEorglenomic
structwberei n the signal is generated by using one or nore
excitation sources to induce fluorescence,
chenol um nescence, phosphorescence, bi ol um nescence,
85.  OTh@R¥tHoRWpRahisaMwhiieelienofiic st&%r%&ﬁggse@fth&ﬁc%hmn of one or
68, wherein the excitation source is a laser, a
more pargeldrambdliegier squences, SN Psphapbayeds, fepttitéreaderhémgd tcppyanumbers

polyrpig & chipee TR EnoRt gt 19 9 SPAPSoREHE: aith révting frames, introns,
cxons CRENIBI0R bIOScRRNBM dn§ e mBelaGbMH g t he features of a
di Stinct macronol ecule or a portion thereof froma
popul ati on of macronol ecul es by partial or ful
el.pngat.i qn .of .t cronol ecule in a fluidic L
s6. iAo BRI o AT TG PUESY L Betppristh S fpaupaarug binding
sites/cORBIcR DNt rdp@iiil o cRAvnE ®mdddg Jilte/cHMBIRANBIRSCAIbEartBsense
stationary during the nmonitoring. 72, The nethod of
nucleqtdgs ha,ngl,t_pg SHREE BN Chttrangeyytiog/T atpynfagpr pigding sites/complex,

restricB bR St Rg o R A A M el Bl oAl Bngingerad o
chemicdlly thodiicd Bhdinkhsitesedspldxaf ochpi sonblnativhelieedf. t he
correlating conprises determning the length of at
| east a portion of the macronvol ecul e. 74. The net hod of
87. ChrRk Mefibd ofRRNAIsT, filGCQURisHld. N9 conpri ses
determ ning the apparent partially elongated | ength of
at |l east a portion of the macronol ecul e as confined

wi thin one or nore fl ujdi channel .segnents. .75. )
THRHnEGAngsrormpls e FAt st BPHIoY ROS 95 EREKR hahek Diwhgrein the
ehinpodtRE pkaseds BorthplcHRh@EMoNEbnAs! tdi@nlié RRAEn@ WARBESpy number
al ong the fluidic nanochannel segnment within which a

perknoan gndevish g accedd hebetedmse kacefi kaoiva lengilh LAewhergip, thaprsond
ad of ¢l aim wherei-n the caorrelatjing conprises

B pfived: AR doarEGSh SHEeS T mmonent s of

the macronol ecule. 77. The nmethod of claim 51, wherein

the correl ating conprises determ ning the sequence of

oérogicing the mawrpapierils ige at least gt idbe flaidicamnoghpancl segment;

nmet hod of claim51, wherein the correlating conprises

determ ning the presence of one or nore nodifications

t cloagatingakd labelpd mMacmmaécul heithinahoftoidecndnechanfel sé@ent;

nmet hod of claim51, wherein the correlating is

performed by aut omated neans,

detecting binding between the first labeled probe and the genomic control sequence and

between the second labeled probe and the nucleotide sequence of interest; and

ascertaining the total length of the hybridization signals that correspond to the first
labeled probe (S1) and the second labeled probe (S2).

88.  The method of claim 87, further comprising calculating the copy number of the

nucleotide sequence of interest, wherein the copy number is calculated by calculating the ratios
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conmput eri zed nmeans, nechani cal neans, nmanual neans, or
any conbi nation thereof. 80. The nethod of claimb51,
wab@sa21828 he correl ating conpri ses an al gori t hPCT/U82008/058671
_ iz [ -
N1~ SDRE 368 80798000 UEL e TR SopSs et
control egjuenceaindaNenrespaiised thewdopy auimbsied fdhah@dedtide Redugnce of interest.
present on a conputer readable nedium 81. The nethod
of claim51, wherein the one or nore characteristics
89. Ofpd Hl%t%ﬁ%@@ﬁﬁh%@%ﬁer%ﬁmﬁé b&Sy AP bf fﬁ%rc?n{rﬁlrsg&ﬁence is an integer.
features present on at |least "a portion of the
macr onol ecul e. 82. The nethod of claim 81, wherein a

o0. BBt S5 Lfn aomhiar e oS Shtgerone 50 Qi ipficites &t
abnor8l qﬁg@gxgaﬁcpr nore met hyl ation patterns. 84. The

nmet hod of claim 81, wherein a target feature conprises
one or nore genom c structures. 85. The nethod of

o1 oAB Felibo of UGRS3, FndFl o Rbl IO E R ERE: S separae

portioBERHEREERI [cBNBcr Bafiin@t i¥ RESwn ekt tthy &qebRiTiRereSt@dYhpriscs
nunber s pol ynorphi snms, a change in one or nore | oci on

separaje pNHowoY kesgllengtiy permoraalicng i knves and wheighisa sighiggant difference

R P R L e

conpri ses conpound/ drug bi nding sites/conpl ex, DNA
repairin r. cleaving binding sites/conplex, SiRNA or
92. aﬁﬁ? methe Q%ﬁ@tm&’t‘fv @§1HHF?16?%§H“§W qfé%tﬁ%?éhrﬁfaé%@,to a trisomy-linked

chromb§SHIS GIHPdih MY doRttd] GnBhNC §&1ﬁfz&fe 1D J‘&réh&?o‘%ﬁ{&ﬁ&l th&n the
restriction enzyne Di ndi ng/cleaving sites/conplex, or
trisomgrnked heronyeomt | apdlWheren giNgENi eaticoof appendimatelyyl .5 indicates a
. nodi fied binding sites/conplexes, or any conbi nation
trisomiGaMBIPC- 87. The method of claim 51, further
conprising: contacting a macronolecule with a first
| abel ed probe of known length LI, wherein the first '
93. | Abemethodrodblaim$7 cwhprertbanuglgotids saquenae elointegesh eerprises a deletion
ofa ﬁgggepcem%@Q§e copy nunber is known, and with a second
PYTY ePe%gpré%e of known |l ength L2, wherein the second
| abel ed probe is specific to a nucl eoti de sequence of
interest; introducing the nmacronolecule into at | east

. g | . .
94.  aThomethed ofelaim 875 wherginthe apcdeqitds raquesegypisinterest comprises a

¢ q@gigigg the | abel ed macronol ecule within the
rqmaﬁ#hl i'c Hanochannel segnent; detecting binding between

the first |abel ed probe and the genom c contro

o5, SHIYEMGRGAId eues Lhe 2econd Labeled, P18 A0S e

sequence of interest are identical for a given genome, and wherein one or more different
genomes are analyzed within one or more fluidic nanochannel segments so as to determine the
respective quantities of each genome present.

96. The method of claim 87, wherein the N2/N1 ratio has a statistical error of less than 20%.

97.  The method of claim 87, wherein the control genomic sequence and nucleotide sequence

of interest are from the same genome.
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ascertaining the total length of the hybridization
signals that correspond to the first |abel ed probe
W@ Blop/12u8e8 t he second | abel ed probe (S2). 88. TPET/NB10h8e58671
0 ' I l.at
98. nﬁlﬁ%lélr%{h?fi%gﬁlaﬁtﬁ gtg;]\gfé?r&gl@é é%ttﬁ gr?cln?lld s@tideﬂge 1: ri‘?ovr\ﬁ ﬁl%ysarne
chrombbeme apthe nucibetidd ssqualce of atacstby cal cul ating the
ratiosNI = SI/LI and N2 = S2/L2, wherein N
corresponds to the copy nunber of the genomic contro
S
S S B PRRT h, Mg RO Pl hilReotide
either chdbfa Bileottde zenmof inereso pyd regivne of @fontivd nodedtids at either end of a
uence.i s an integer. 90. The nethod of claim 87,
nudaﬁﬁ@?8?$° LY -er ence between N2 and N i ndicates an
abnormality in the genone. 91. The nethod of claim 87,
wherein the control genom c sequence conprises
100. sé&pamathedpdrctain A8, seconerising @htiedpeing @l@d@iwéed wycleotides into
kn wher.ei n .t he segyence of |nt t
separaée ﬁl\é\{ﬁgc néflngg}app%lr?gg%% a‘fué%ﬁf??sf) 3¢C 188?% ?fmgglﬁ Su gcwnt to at least
substak 8IWelo@ii 1o e4tRldd rAicRb@adst (10 @bterdlinfidethe rdi‘s@ad@@b&ﬁ%@n b2 labels on
and N indicates a genetic abnormality in the g

eno

the sample npgleotige srskthe cortralingelgatidaskespegtiyelyh @%@ﬁ@féﬁ@éte@ﬁ (a) and (b)
one or V{ﬂ&%rtﬁr?és SE &l % ﬁl?th'é]lolu?eg%l%é ﬁl%@grélg e%ﬁ%oﬁt%l%%gﬂges and so as to obtain
additi@fat mfmslmmn@tgmmmg ﬁw”dlitlmeset‘tfetvﬁ@ﬁyhé labkle dn G:Ih:r @mmbaimi, sample

and &reln a m rati o of approximately 1.5
nucleqtidgs ahg Quglegtiqes §ipngatgenot ype. 93. The method of claim

87, wherein the nucl eotide sequence of interest

conprises a deletion of a portion of a genone. 94. The
101. nEhdhodthofl of ICkaiiImIBO,, further@imprishig deteringong the lseguehibe zofic of

ntere B O PRI b5 GBI P e Pl R el on the control

andsa sNg&tRARE the nucl eoti de sequence of interest are
entical for a given genone, and wherein one or nore
dlfferent genones are anal yzed within one or nnre
flui dj Q egnen s.to det
2 2t iefred B SRR TP RO B b o B Bt W e el

on therﬂbhﬁ@ldan@fsaﬁlbw ic@btidaviadichis hhebny2hNityli@tHezoR@sf Mterest on the
statistical error of |less than 20% 97. The net hod of

sample pugleRtalr, wherein the control genom ¢ sequence and
nucl eoti de sequence of interest are fromthe sane
genone. 98. The nethod of claim87, wherein the contro

103. gandervice, sequenee i s fromthe sane chronosone as the
nucl eoti de sequence of interest. 99. The method of
claimb51, further conprising |abeling regions of a

S AU sGaRohBPing8 s@tface and one or more fluidic nanochannel segments disposed
substantially parallel to the surface, wherein at least one of the fluidic nanochannel
segments is capable of containing and elongating at least a portion of a macromolecule
residing within at least a portion of the fluidic nanochannel segment, and wherein each of
the fluidic nanochannel segments has a characteristic cross-sectional dimension of less

than about 1000 nm and a length of at least about 10 nm; and

wherein at least a portion of at least one fluidic nanochannel segment is illuminated by

one or more excitation sources.
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either end of a nucleotide zone of interest and
regions of a control nucleotide at either end of a
woewBasegle zone of interest. 100. The mnet hod RPET/TB0$1958671
99, further conprising (a) introducing the | abel ed
nucl eoti des into separate fluidic nanochannel segnents
104. hawue¢ dgyiec effddsr HSctompadingla plvedley of Suiidid anecianhel sagments that are
L,asblsubstantlal y el ongate the | abel ed nucl eoti des,
not ﬂl’(@“)’al etamnpsted 0eaehathdl-st ance bet ween the |abels on the
sanpl e nucl eoti de and the control nucleotide,
respectively, and repeating steps (a) and (b) one or
105. rrﬁhedd:xiimscsf domak)4t evhengrt the pliralntg af flpeli¢ emoskanpkeseaments are
ntro ucl eotides and so as to obtain additiona
e“”“ﬁﬁ#’ ?Fon regardi ng the di stance between the | abels
on the control and sanpl e nucl eoti des as the
nucl eoti des el ongate. 101. The nmet hod of cl ai m 100,
106. f The fericaoeimbaims] gC@eplé&ilﬁﬁ m'phlgaltth ef fleidist tanoehanhel segments, wherein

at easfh pp BioR o Rl Mna R s BB b e SRR Biprsih other

nucl eoti des. 102. The nethod of claim101, wherein a
di fference between the di stance between the | abels on

107. t e doneq of claindl Warmprisimibe phelity oF fluidis panoghanagl segments
t I
A T S R T i
conprising a surface and one or nore fluidic

ochanne segnent dis os d substan 1y parall el
108. tgﬂ? ﬁ%wgcm e 100nepgicH FP WEaldy o H@fi}f&@ﬁlénqq%am&ﬁl gegments are

charadiéHIRE Q?ﬁﬁﬁihcaﬁ?%ﬁﬁbtc%d'té emp&i@éﬁng riQ8d t{éh{‘g and
el ongating at "I east a portion of & mcronol ecul e
residing within at least a portion of the fluidic

n hannel  .seg and wherein C the fluidic
09. niﬁ%gwé?ﬁ] jcla @ny@erﬁg]so% ogﬁ%qrggf &ﬁ%{l{h& nanochannel segments are
chara&ér%%%&h%@ﬁ@bdﬁims' on of less than about 1000 nm

and a length of at |east about 10 nm and wherein at

| east a portion of at |east one fluidic nanochanne
110. Sgge?geevs}cell(gf ZEllall | ufeHS 4 e:llllercelen eooqerrlo%rﬁ]o%%lu%{fjlﬁﬁlggochannel segments are
charadridedlab byin@torfdous ¢ ormanochannel segnents that are not
fluidically connected to each other. 105. The device
of claim 104, wherein the plurality of fluidic
n NE R e EoRS
I11. ngé) g%@?égcg cl%ﬁlgﬂﬁr T%!f orgeoo%'gfrﬁ?rg I%ﬁgﬁéafﬂg{ilg Irngzl%chaﬂl%? segments is
describddusdiavingana@odsaseniddnad egmemeion thattveried alosy the dm@th @f the fluidic
gort on of the fluidic nanochannel segnents are
nanocpgnieHICEEIRY; connected to each ot her.

112.  The device of claim 106, wherein at least one of the fluidic nanochannel segments
comprises a cross-sectional dimension that is different than the cross-sectional dimension of

another of the fluidic nanochannel segments.

113.  The device of claim 103, wherein at least one of the fluidic nanochannel segments

comprises a bulge, an expansion, a bump, a post, an occlusion, or any combination thereof.
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107. The device of claim 106, wherein the plurality of
fluidi c nanochannel segnents fluidically connected to
W@ 2wh/128ker ar e disposed in a branching patterPCT/LOB08/058671
114. :?ﬁe g\x&ecc?f c‘i’%{l (%I Wh%t%ﬁi t @?%S@a{% éoﬁﬁ;rﬁé%’a{ ﬁe{ai Y c%iantﬁg,ea polymer,
Ui di ¢ hanochannel seghents are characteri sed Gs
a glasd, Isilicdih caadelicondnaec, tagdastio, edielkcwich®iGd, Gaa s ITG] desdd silica, or any
pattern. 109. The device of claim 103, wherein one or
combigafion therephe f1 ui di ¢ nanochannel segnents are
characterized as being curved in form 110. The device
of claim 103, wherein one or nore of the fluidic
115. n@hodhacme claegitBntvhe@imeatdérat et efrthe Bdidasndnethgnel segments has a

uous in form. 111. The device of claim 103,
charadiglisHE Rt s sRalimEngen ohigsyi et 1ok BBhanne
segnents is described as having a cross-sectiona
di mensi on that varies along the |length of the fluidic
116. n@h@émm clag@glﬁénwhe@mzat |qseontesfitbe fluidicnaapphanod, scgments has a
n at nochannel
charaf {151 sPos SRR oL S bt ek P0G RRE o o ¢ hat i
different than the cross-sectional di nmension of
anot her. of the fluidic nanochannel segnents. 113. The
117, q&he devies ofglaimn 0o whesgiedtdeast ene ofdhe fluigirenagpchanacl segments has a
characftérﬁltlg 'c?osQQQCQ%Eermﬁllenﬁgr%fl%gssthgfr?5@({ Lk $6&F nfh. bul ge, an
expansi on, a bump, a post, an occlusion, or any
conbination t hereof. 114. The devi ce of clain1103

wherein the substra e co ri ses a ceram
18, b deice of iaol)3. ShPICHoH o4t S égeéu@tco@anoahﬁ&p@sseg@ents has

charac@et%'tlg Bk b Gionad cﬁﬁl?nsqﬁf‘éf leés hn f8Redoshd i ca, or any

nmbi nati on thereo he device of clai m 103,
mhereln at | east one of the fl ui di ¢ nanochanne

s nt.s cteri t|c cro tiona
19, SRR elGTai e M RG T JinCebistafe il MapRthagaghsggments has o
charac®fristik 3t &I ion¥BRBhfloRbf le@ahln Mt 86 nhhe fluidic

nanochannel segnments has a characteristic

Cr oss- sectional dinension of | ess than about 200 nm

h I
]%he ﬁ-:l;lge do C a1 w%ﬁraeinr%tjteaﬁeor%e oefr tﬁe ﬁg%l%nanggl%anngl segments has a

nano han has erist

charac®¢rix$i8 cERSst@idvahl dinardsh @mlem‘thhlesksou& Bam.about 100 nm
118. The device of claim 103, wherein at | east one of
the fluidic nanochannel segnments has a characteristic

21. iTBeQ‘ 8@??@605(? cq’zﬂﬂl l(ﬁI %Pl%inozﬂ ]l_%%t J)]V%ne tfl@ ﬁ&d%%ocl?a%n@l@e%lglents has a

evice of ¢C rern at least one
charadtdréstit IctossHsectivanlatimansied oSlegnteai sbdual nan.char acteri stic
cross-sectional dinension of |ess than about 10 nm
120. The device of claim 103, wherein at | east one of

122. thRe Héﬁé%ﬁlﬂﬁpﬂﬁb%%kn SEEMSoMRS flfidic nanochannel segments has a

characteristic cross-sectional dimension of less than about 0.5 nm.
123.  The device of claim 1, wherein at least one of the fluidic nanochannel segments has a

characteristic cross-sectional dimension of less than about twice the radius of gyration of the

macromolecule.
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characteristic cross-sectional dinension of |ess than
about 5 nm 121. The device of claim 103, wherein at
wo eastizsee of the fluidic nanochannel segment sPECEES208/058671
c Py , ; . . > ¢ ;
124 SR AR SA 5 GRS EEL NG} o P IO G LFRP s b
charadt@asit coose-sadftiohbladifnktidich 6f sanmcitanntlc peagnant senydsofahe
ch rafteristic cross-sectional dinension of |ess than
nmm”&ﬁ@ﬁ?‘b.S nm 123. The device of claim1, wherein at
| east one of the fluidic nanochannel segnents has a
characteristic cross-sectional dimension of |ess than
125. albbeidevivd efecldimel Badhosimodt lepst ad arthofluidivenanochannel segments has a
cronmpl ecul €..124. The device of claim1, wherein at
hnghﬂ&&%%agﬁ'o 1000t | ui di ¢ nanochannel segnents has a
characteristic cross-sectional dimension of at | east
about the persistence |ength of the macronol ecul e.
126. 17%Be dahes thcxkiimel (Bt whkrgimat198t onghadrthe Auidic namaehangelesegments has a
the fluidic nochannel segnments has a | ength of at
bngmfgggkaéggﬂ?“#®dm%n1 126. The device of claim 103,
wherein at | east one of the fluidic nanochanne

segnents has a |l ength of at |east about 500 nm 127.
127. Thie dexi¢ecel ddimel 03 mheos atiprst eiarfghe fleidia nagpehagpcksggments has a

f leUl (i | segnents has a length of at | east
bngméggt%aégggaﬁﬁﬁﬁ%QE. The device of claim 103, wherein
at | east one of the fluidic nanochannel segnents has a
gth.ofjﬁt,least bout ﬁ nm crons ﬁ29, The devi ce of
¢ hg

l e ;
128. Cﬂ"ng ﬁqxﬁp\go ey W3pwasremeat deashons Qfsthe Hridiq pangphannel segments has a

lengthARPEAGNBEL: BRghEt s has a length of at |east about 5
m crons. 130. The device of claim 103, wherein at

| east one of the fluidic nanochannel segnents has a

I h .of .l egst about 10 microns. .131. The devi ce
129, o PRk bRy oAl el Db aR: At Gl scEments has a
lengthARORAGIBEL: SRAIBNRL s has a length of at |east about

1mm 132. The device of claim 103, wherein at | east

one of the fluidic nanochannel segnents has a | ength

of, at_l.east ~abouyt, 10 nmm 133 The. dewice of cl aim 103
130. Pl R ARCH, Rl uBTHNEE SnafisPhdlfitons hos o

lengthaf atlcd@n®btityl 0hicedns| east 1 flui di c nanochannel segment
per cubic centineter. 134. The device of claim 103,

further conprising a view ng wi ndow di sposed bet ween
131. Uhfie 888ce of claim 103, wherein at least one of the fluidic nanochannel segments has a

length of at least about 1 mm.

132.  The device of claim 103, wherein at least one of the fluidic nanochannel segments has a

length of at least about 10 mm.

133.  The device of claim 103, wherein the fluidic nanochannel segments are present at a

density of at least 1 fluidic nanochannel segment per cubic centimeter.

134.  The device of claim 103, further comprising a viewing window disposed between the the

illumninated fluidic nanochannel segment and the illumination source.
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il luminated fluidic nanochannel segnent and the
illum nation source.135. The device of claim 134,
wob@sa21828 he vi ewi ng wi ndow conprises a slit. BGBUSZIh&058671

135, PTH SRR b AnglPRE VT BN RN 0

viewi ng wi ndow i s capable of placing the contents of
nore flujdi c nanochannel segpents int f|UId
ORISR B P VDR TeH6 3PS HITAOR BeFEPVADES-t he
fluidi c nanochannel segnment. 138. The device of claim
103, wherein one or nore of the fluidic nanochanne
137. s@gﬂéﬂtiee ofsclagmal3dc tvbeichettic agevang wemioly, is ]:319a.bleT bﬂﬁ)ldcéng the contents
of claijm rth r conpr.i Si a ca apabl e :
of one B g i hings B PN grTLag So Baleahen e Evironment
externdfe-thd NEidAEWn6 hadhelGegntntl 39, wherein at |east a
portion of the cap is perneable to soluble anal ytes
capabl e of |nteract|on with a macronol ecul e residing

s ot it ity PRSRRERCEs FERERD agfilic DS AR Sectlonss i

chmad%ﬂaea@s@heﬁ&ﬁln1139 wherein one or nore
macronol ecul es are at |east partially elongated in the

fl ui di c nanochannel segnent, and remain in a

10, SHBPAGIL Gt OB ALl LAIEERG) Sy EIPYE porion

of at l¢eorid ttindhc nanochannel segnents is characterized as a
tunnel . 144. The device of claim 103, wherein one or
nore of the fluidic nanochannels is characterized as a
140. Z@REBALLSH SHnPYi00ReRin ATELL & BHIBRDLIRMLPE forhAlIBkFsoluble
chem stry. 145. "The device of aim 144, ein
analytssicdpable of heerastianywitlo apracscemolacuhg/msmlmgmblthe Spda mepctannel
drophilic species, a surfactant, a thiol, an am ne,
hydroxyl, an al cohol, a carbonyl, or any combi nation
t her eof . 146. The device of cl ai m 103, wherein one or
nmore fluidic nanochannel segnments is in fluid
141, cSherderiesaefi drimpni on whersirothe gap & reingvalile devi ces. 147.
The device of claim 146, wherein a fluidic device
conprises a conduit, a punp, a filter, a screen, an
142. OTh¢ d&H&of daifel39, ¥hBRat e oran&P ndct@holedulésese ﬁt\/l@itsfc partially
or an combi nation thereof. 148. The device of c
clongaterbin taih gp@pq]nqnﬁ@hqgﬁgk@g@p@t@ @mcbrepgllthlnﬁquﬁtéptlally elongated form after
1heca€ uhl &5 %Iranded DNA, single-stranded DNA, RNA, a
ypeptide, a biological nolecule, or any conbination
t her eof .

136.

se gmng

143.  The device of claim 103, wherein one or more of the fluidic nanochannel segments is

characterized as a tunnel.

144.  The device of claim 103, wherein one or more of the fluidic nanochannels is

characterized as a zone bordered by one or more regions having a surface chemistry.
145.  The device of claim 144, wherein a surface chemistry comprises a hydrophobic species, a

hydrophilic species, a surfactant, a thiol, an amine, a hydroxyl, an alcohol, a carbonyl, or any

combination thereof.
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149. The device of claim 148, wherein the pol ynmer
conpri ses a honopol yner, copol yner, bl ock copol yner,
w0 a00domseopol yner, branched copol yner, a dendrPeEUS2008/058671
146. a*ﬂ{e{‘ g&’l‘pé &actlél&nl ()t3h%gl%fﬁ orile rnorQ ?lug(ﬁé/ bgn%cﬁ);nn% %{gﬁ%eﬁ%?is in fluid
further conprising one or more connectors capabte 0
commph@aticigwith enaewmsﬁ fluidicldevidescomuni cati on wi th one or
nore apparatuses external to the device. 151. The
devi ce of claim 150, wherein the one or nore
147. 3PRABAHUSSIN B Rholh 4 NEiaHSKHER c%ﬁiﬁﬁrséssﬁc&ldﬁﬂ "Ppurfp, a filter, a
conduit, a ter, a screen, a gel heat er,
screenQeic buslumn aages Rl heaibe ra, sphttcnes easmo’lorr oroanyamyabmamrbn tietreéadn
thereof. 152. The device of claim 103, wherein the
excitation source is a laser, a halogen light, a

148. MEREHENW cd GBhinAl (BOWhER Phe 'rrﬂlfcf&ﬁ(ﬁgcdlé Bhtpol Pn&OHEARe-Sranded
ultraviolet light, a diode, a waveguide, & radi oacti ve

DNA, stnglesiranded BINA, Fbi mmlb'mptltdheer kiofogickbmolcThle, ereanysembination

thereo | ai m 103, further conprising a filter capable of
Tansmtting a spectrum of excitation source |ight.

154. The nethod of claim 103, wherein the portion of

the at least one illum nated fluidic nanochanne

149. s@@%@ﬁlcq ofj datinkdBe hprpinothe pelynies cempsisgstadiomapolaiar ceopolymer,

block gg%oq Igfaﬂlﬁpﬁlzcﬁg&%%ep%glgg?% 8?}&)2}71{&{?[‘22 d§)¢drfél)§(%i (315%31 c-lc;ﬁl%matlon

thmeoﬁharacterlzed as being one or nore circular spots,
oval s, polygons, or any conbination thereof.156. The
device of claim 103, wherein the excitation source is
150. C@H?Qéﬁceo(tf ck?eﬁfnnﬂ)SS Eﬁ‘ﬂl@?’gorﬁ‘ﬁﬁ $eSof or rﬁ&%tcoﬁléa%ﬁ bﬁﬂbf%fof placing
at [east one fluidic nanoc anne? segnent .
the dedigv it BuidfcoginaimeatioB withumchoe maro apprargisey emeenatb fo thodevice.
excitation sources. 158. The device of claim 103,
further conprising a detector disposed so as to be
151. CRREBEBCOST dARLIN RlcRth BBLLE 8} m%ireg@?hraﬁlsbﬂéﬂ%hlntg the device
fromw thin one or nore illum nat '
compHgricB i ﬁetlon@eg wehtcs.a SLBYN, i, dbesitarearvpcchysaingn sp@ter, a reservoir,
or an Cerellu11 lreO%te(:tor conprises a charge coupl ed device
Y(EEEB 35?’ ctron system a conpl enentary netal - oxi de
sem conductor (CMOS) detection system a photodi ode
detection system_ a photo-nultiplying tube detection
152 syBe diceoiseaim 103, wbhrisin e caetation sayse sm lagerphislegen light, a
mercu A} ReoE: SFhERRAR! Aoy R0 oFLEEVLAR 2R 4 AERCRARCBrice. o
radloaphvﬁ @nratedeatyl ombsiysioathereot. el ectri cal detection
system a photographic filmdetection system a
chem | um nescent detection system an enzyne detection

153.  The device of claim 103, further comprising a filter capable of transmitting a spectrum of

excitation source light.

154.  The method of claim 103, wherein the portion of the at least one illuminated fluidic
nanochannel segment illuminated by one or more excitation sources is characterized as being one

or more slits.

155.  The device of claim 103, wherein the area of excitation is characterized as being one or

more circular spots, ovals, polygons, or any combination thereof.
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system an atonic force mcroscopy (AFM detection
system a scanning tunneling mcroscopy (STM
w@leaosazises system a scanni ng el ectron m cr oscP@ElUSDES8671
detection system an optical detection system a
nucl ear magnetic resonance (NVR) detection system a
156. n&ha¢ dévied of ddinel3i, ahcRysthe Rk citatibokaulret Btoapatat of being scanned across
reflectign (TIR) detection systen1 a patch clanmp
at leashapation 9 atlpastons fhydiapanockarps! 8eBt i on system or
any conbi nation thereof. 160. A macronol ecul ar
anal ysi s device, conprising: one or nore nanochannel s
157. dirbpdsed airlamsii3f fcther comeprivingrarecorahort kecitrioochanee| s
having a width of |ess than about 1000 nm and one or
nore of the nanochannels being defined by one or nore
158. bondgsscsrting NG, ARAPLSNPHsisPNaEEAbNEISEhsBd sb 8ABIbeapable of
portion of the macr ool ecul e so as to maintain in
receivinigrisanptitdrsignahertigipating foem ofithihengeroneeollewinated flivddic nanochannel
The macronol ecul ar anal ysis device of claim 160,
S er ei n one or nore of the nanochannel s conprises a
Iength in the range of fromabout 10 nmto about 10
162. The nmacronol ecul ar anal ysi s device of claim
159. 1@&6 dﬁam@er@f Ghaignk> Sevharsinethg fletepier pMPATA A sB1IEC cowed @@gce (CCD)
detectg)rrh s%i% &nhféglreg Sle&;-g%{dggg Rg#éu%&gcm%fd&%?ﬁh s;lstern a
photodi6ds det&foﬁlstysteﬂﬁea photmﬂtlpl@lﬂghebmwmi@amyabm g auiptilissies detection

an sentially straight portlon in the length of from
SYStené@dE‘PtOP@OHHﬁlQ% defesion Sygemesn clegion spHErARIRPAEHBT ELgNgYstem, a

ﬂuore?créﬂ{ yRéSiofl %%ét&ﬁ P hcﬁln‘?ﬂéfbc]t%'sy r gl DcOREalUetdTRES fﬁtem, a
he nanochahnel’s conprises at | east one essenti al
photogtaplac gibh detectiorosy siem, talpbengnigirescent ﬂctemoaltsorsntml@@emﬂymezﬂetection

b 10 165. Th |.ecul ar anal ysi s devj.ce .
syster AN o 15184 MICREOBNMABRE BIOCHEN &/ e ApG LIAF (yE icroscopy

(STM¥ @é’f@crtio% &§stéin, 4 §@Rhin@REcASS alitdodddp % (§EM?IdeéEt1&P§ te‘ﬁ{‘ ah Rptical
t he h of fromabout 1Immto about 1 cm 16
detectm‘acswsmml, @cmlaafr magealiis fosorbaoe MBMEY) detegiion H6EM, \M’I@ﬂl’eﬁﬂd detection
systenf eaggf%! Hléenrneglggffl?calga é?ﬁﬂ]od:egeéggﬁ S Ss&e:ﬁgnpraé%u %arnp g‘%tgftlon sgstern a
capaci@i®¥ deectidn Sk@Tod §0; comitefifion thgeoOr nore of t he
nanochannel s conprises a width of |ess than about 100
nm 168. nacronol ecul ar anal ysis device of claim 160,

160. &?ﬁ%ﬁﬁg?gﬁgmg{a (% (%hggﬂgﬂgﬁpannels conpri ses a

ess t

one or more nanochannels disposed on a surface,
one or more of the nanochannels having a width of less than about 1000 nm, and
one or more of the nanochannels being defined by one or more borders
and being capable of constraining at least a portion of the macromolecule

so as to maintain in linear form that portion of the macromolecule.

161. The macromolecular analysis device of claim 160, wherein one or more of the
nanochannels comprises a length in the range of from about 10 nm to about 10 cm.

162. The macromolecular analysis device of claim 161, wherein one or more of the
nanochannels comprises a length in the range of from about 100 nm to about 1 cm.
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169. macronol ecul ar anal ysi s device of claim 160,
wherein one or nore of the nanochannels conprises a
waoR@sh21888 | ess than about 10 nm 170. nacr 0I’TD|ECUUS\2008/058671

163. aﬁe%ﬁdc’?‘oﬂ&\é&ﬁ% s%fe@c%ggcla%%?ﬁﬁ e?&ﬁ oﬁiﬂ{‘}% g
nanocga S PFPISS F%l aé%%hpg?ﬂ%lgl eggt &fifiogn glyout 10 nm to

about Ip0FB, 160, wherein two or nore nanochannels are

connected. 172. The macronvol ecul ar anal ysis devi ce of
164. cTTh¢ meaooleghtar enslygndcdec ofldmolo 1y Wlcisanetranmer of Higs
nanochanmeh-coomsisestt leasowts esentinbystraigiy portine indle lsnethed diloar about 100
nm to abaltyl€icen.devi ce of claim 160, wherein at |east a

portion of two or nore nanochannels are oriented
165. PEh&@atlonidlccane afdlpdiféviceldPolaidhs ITRGERIDbRAH rddre of the

nanocR&Ak¥TofpHSd £ §eaqf orfe! e@éeﬁ‘i‘nl@@stréﬁ\%lﬁrp%h[bnqnw KREth of from about 1 mm
to aboPITPHI ses a physical wall, electrically charged

regi on, a chen1ca||y treated reglon a reglon of
ne di.f f.er,ent a sel f-asse

166 &g%nsc GGl dgﬁ%z gl gb% b B o 25 O
nanoc CPBHST %‘il% BMf claim 174,

wherei n_a border conprlses a hydr ophobi ¢ region,
167. hipgeopielacuiar paglyindeviee efrpjai b WAETCHHORCHEee of nhrelanochannels
Compﬂihteamdﬂlmfmsemﬂnaﬁboamms devi ce of claim 174,

wherein a border conprises a region of static
168. emaciohiotatlulat hadlgds ddvigde of IhamnBidy; aitele@ceteadr nadraloy gieanochannels
compriRY b GadBfof tdsitinl®Out 3thehei n the surface conprises

glass, a ceramc, silicon, a netal, a polyner, or any

169. Cﬁﬁpﬂo%ﬁéc%rta a%ew 7& aémlel GRGHLAR GRUrAfior@ SRt afiochanncls
compi\ g qusak her conpr|5|ng a vi ew ng
|spose ove a 1east a portion of at I east

one nan nnel The. macr | ecul ar ana
170. JB\IF10810 efcu%r anq]ly ev199n%frcéalﬂl ]?(ﬁo W?,\Frgw M5 %nh%r \R/? fhg nanochannels
Comp$@ﬁﬁ@€ﬁ Pu%%m@ macr onol ecul es. 180. The
macr onol ecul ar anaIyS|s device of claim 160, further
. CEh@magﬂong)lg:u@éla@@ym; devigeiof c,balrmmﬁ)@whglfenam gr2nerg ngnochannels are
cmnwnm¢ronnlecule conpri sing: disposing one or nore
macr onol ecul es onto a surface having one or nore
172. nZROehadRdIGEuR Ak ds aévieosrsddial ri0Ng/hateil @aSdr ndore of the

nanocRnkis®As @hohREndtRA cRPL&EBhe so as to maintain in
linear formthat portion of the macronol ecul e;

173. STH& ﬁl%{:ﬂoﬂg)k%ctﬂf‘ar 8 ﬁg dmgeeofr%ﬁlof%l %H%eﬁrc'attlgasﬁa Bortlon of two or

at e’ at east
more nafnos%aémslé %ﬁ%?ﬂenﬁasa%%%l O i o oneer aoP

ochannel's; and
174. ﬂe macromolecular analy51s device of claim 160, wherein a border comprises a physical

wall, an electrically charged region, a chemically-treated region, a region of magnetic field,
different materials, a self-assembled monolayer, a polymer, or any combination thereof.

o

175.  The macromolecular analysis device of claim 174, wherein a border comprises a
hydrophobic region, a hydrophilic region, or any combination thereof.

176. The macromolecular analysis device of claim 174, wherein a border comprises a region
of static electrical charge.

177. The macromolecular analysis device of claim 160, wherein the surface comprises glass, a
ceramic, silicon, a metal, a polymer, or any combination thereof.

178.  The macromolecular analysis device of claim 160, further comprising a viewing window
disposed above at least a portion of at least one nanochannel.
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noni toring one or nore signals evolved fromone or
nore of the macronol ecul es. 182. The nethod of claim
wa3mwg/1248es ei n t he di sposi ng one or nore nacr onRCEHUS1008058671
conprises dispensing, dr oppi ng, flomﬁng, or any
i nation f.clhaim 181, . .
179. vgﬁ g}iaﬁrog}%ecg 5 ﬁﬁ%mﬁé rl%eh%fh Cz%lm H; glhgreéﬂ télﬁ géegan%yvmdow 18
permephlg &9 ORGOR MO PPN eﬁu &he or nore nanochannel s. 184.
The nmet hod of claim 181, wherein a notivating force
180. cdhpmiagemokecylas 4ailyes devaen errlaimal (aGEier eompresivg 2 defector.
electric field, a receding neniscus, a surface
181. t Ansétbod oﬁattalwxingad mgcradiodaTle, emppﬂidililg]g force, a
pushing force, or any conbination thereof. 185. The
MBispé¥ih bneCdrahdte hhtronidledi@ésonthe sifice\hatinB @nt 6r MBR] h@ddchanncls
bb’ap@ﬂleQﬁtcbﬁs?ﬂllalﬂlﬁgaQt leefs"ﬂ a PBHIoR Il tHVBEZEMSlec@lcROUS td@hintain in lincar

p scope, or any conbi nati on
Eer ?'%{@Jagpm'lzﬁe Endgé&#é)cl ai m 184, wherein the

force is const ant the I r es

e
|a§ tGdoLten OnC O PGP magm ecu:l 9ne %mgwanochannels and
conbl nation ther eof . 188. The net hod of claim 181,
WHSRBPINGRI A GROTA §iZaRls culvedh Fremuqng pa neore phiheingasgomolecules.
recordi ng, plotting, displaying, or any conbination
182. t Wbe moefthod b89laitH&1 mehdred td dispaing di®lor niiare tdaeromolecules comprises
dispermsingpdiopping, Ameingzommyeombitatiohtlerqifgnal s evol ved from
one or nore of the macronol ecul es. 190. The net hod of
183. CIrRé MedBd.of ClAih N8I, WRIBhIohk Y nfoRd ﬁlﬁbt@hidl&u[%@%reodlsﬂ‘ﬂéé&at least

pamal'T@@Athfﬁrcﬁfé o?'n&ﬁlé‘hénotcﬁaxﬁ{éfs or nore characteristics of
one or nore macronol ecul es. 191. The nethod of claim

ng. one or nore signal-s evo

1%1;1?21] ﬁeolf clalmqg‘i o I eHr in a4 m?tlvat?lgc?ﬂc% Lomprisces & 1ressu1rcej gradient, a
rnagn

A Cafrffeft i it %i@ﬁ’ausguse% OfAsd {qipisn & H5gpe) ggpdicnt a
pullin Orae RS BAB (IR 2P CPRBaHOT BEFFPhi t hin a

nanochannel . 192. The net hod of claim 181, wherein the '
185. mbh¢ method@f elem dB 1 nwhasciithmaiog vatingl iy epblicd dmaometiesl trap, an optical
tweezersraphyficehgrobm en atmhie force snitrosqee f wramg dombmatigi thereof.

vi ew ng wi ndow. 193. The net hod of claim 181, wherein
186. OTMRe MlcthdEIoE clith @84 wiertid thefoR& i€ dofiarittBe $o1té diies, or both..

i mobi | i zed within a nanochannel, or both. 194. A

187. rf?h@ﬂféth%ﬁ offemrhqealmer n%fo%@va‘%fé%@ﬁocﬁ&@ }’Fn't dmitteny, randomly,

Oran %{b‘f&tlo % |ng defini ng one or nore nanochannel
on surtace by dlsp03|t|on of two or nore borders,

T T
potthga léelﬁglﬁgetprg;mp{gg 512150 | ess than about 1000

nm
189.  The method of claim 181, further comprising analyzing one or more signals evolved from

one or more of the macromolecules.

190. The method of claim 181, further comprising correlating one or more monitored signals
to one or more characteristics of one or more macromolecules.

191. The method of claim 181, wherein monitoring one or more signals evolved from one or
more of the macromolecules comprises monitoring one or more signals evolved from a portion

of a macromolecule in linear form within a nanochannel.

192.  The method of claim 181, wherein the monitoring one or more signals evolved from one
or more of the macromolecules is performed through a viewing window.
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195. The nethod of claim 194, wherein disposition of
two or nore borders conprises rendering electrically
webasgzd2at | east a portion of the surface, rePCBEUSI908/058671
193. aIl"hé fdthod df B%{{IEH%?, \Qltlergigeo@ f E@??eﬁlm’e%l%g ﬁotgfhgfed to the surface,
) .cland(gr g at %??S @, portion o e surface
“mﬂ°ﬁ¢a? WP ananpehainel PR | east a portion of the
surface nmagnetic, or any conbination thereof. 196. The
194, BiAghob et BPHFFHNRgEMacipBP S HapRebets d5viss, SRR G
nore borders conprises contacting at |east a portion
oficfirneg eup dranercwiandchanmads on b awifarg by deypositior optvaf ¢ more borders,
that conprises a surface profile conplenentary to one
or nor end@derof tHdbbrddkhdeing thndlcodf whstrdiniha mash@nelecule, and
di sposition of two or nore borders conprises
cont achhd\@ Bbrel FAR naRoBRMNEISRaAhg b RAIBWITIAS enah abBu@ 000 nm.
nol d having a surface profile that conprises one or

o, TEGTIERCE 9 SR IO D A e
renderé P ?a! ' st @ Rogton Qi dne 5urﬁ Sy jhgd {4 gt’ion of the
Surfécarﬁexg‘@ﬁgw% %ﬁ &t ‘geastfa Fpias ?183}?350,(5 ggﬂr@g’:ﬁi&j@aﬁ?mg at leasta
portiop ghBicspesMegNstie gy any combination thereof.

—t

196. The method of claim 195, wherein disposition of two or more borders comprises
contacting at least a portion of the surface with a mold having a surface profile that comprises a
surface profile complementary to one or more borders.

197.  The method of claim 195, wherein disposition of two or more borders comprises
contacting at least a portion of the surface with a mold having a surface profile that comprises
one or more nanoscale features.

198.  The method of claim 196, wherein the mold is contacted with a charge-carrying species, a

hydrophobic species, a hydrophilic species, a magnetic species, a ferromagnetic species, or any
combination thereof.
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