NANONOZZLE DEVI CE ARRAYS: THEI R PREPARATI ON AND USE FOR MACROMOLECULAR
ANALYSI S CROSS REFERENCE TO RELATED APPLI CATI ONS [0001] This
application clains the benefit of U S. Provisional Application No.

60/ 831, 772, filed July 19, 2006; U.S. Provisional Application No.

60/ 908,582, filed on March 28, 2007, ;and U.S. Provisional Application No.
60/ 908,584, filed March 28, 2007, the entireties of which are incorporated
by reference herein. FIELD OF THE | NVENTI ON [0002] The present

i nvention pertains to the field of nanoscal e devices. The present

i nvention also pertains to the field of macronol ecul ar sequenci ng,

par ti cul arNXNOROEZEFDEVION A RRASICTHEIR FREPARATION AND USE FEARKGROUND
OF |' HE | NVENTI ON ARG AMIOLFYMSLAR ANRIfYSISand patent publications
are referred to herein. Each is incorporated by reference in its entirety.
[ 0004] Bi onol ecul es such as DNA or RNA are | ong nol ecul es conposed of

nucl eoti des, the sequence of which is directly related to the genom c and
post - genorni ¢ gene expression informati on of an organism In nost cases,

t he MERDSYREFERENCRTICRELATEDIARPHICATIONSe sequences during an
I ndi vi dual ' |.fe_span _can | ead t | seas es .su a | C

abnor mal i t i@&“&r ?B??Pﬂ}r‘ﬁw ﬁw.tﬁ?ﬂe'be?ﬁgfviéa?%%‘fm?ﬁagr}‘spr?éf%%gﬁsnount of
sequengpesl, FlefiRagesy 130D60S; E6S.ProvidioneAppiicasbh Mot 6)/808:588, fitedsint Mawh t he
geneti g u he .popyl at i.on. o th di r es. Ln.genetic
e quere ZOGE aha s el 4l Paicpoe R Toaasn R Nekon 267 2007 e pOET T
and si gmahish afeRfidostiratgd By ngerdeneeiiereint s.  For exanpl e, sone patients
experience positive response to certain conmpounds whil e others experience
no efffﬁ%ﬁb Syeh-advarse,si de ef fects. [ 0005] The fields of

popul a g%%.*- S, nedical genonics and phar macogenoni cs st udyi ng
genetic di vis0eZ} yTirptesentiinventiqnperiains ¢b dp faeld of ravoscala dayipss.r Ehgpresent
extensj ve sequencing c¢o 1AL | RS} % : SRANSNSNAD
knov%e‘&&%ntbc'@%gsrpa‘fgga' ﬁgou%guﬁ%%e%specfg‘f’%u%gf%gﬁ e %%?%lgﬁggnal th care and

phar massguéncirgy androfteratesizatiBancer genom cs and di agnostics study genomic
instability events leading to tunorigenesis. Al these fields would

benef i : m SRS m oy f ast determ nation of the |inear
sequen%gk%‘?gg opo %rrlgr nol ecul es such as nucleic 'acids, or epigenetic
bi or nar ker si983h Xerieuseeigyiif anshpasent publicatignparg refsged to herein. Bach'is

incorporated by reference in its entirety.
| [6004] Biomolecules such as DNA or RNA are long molecuies composed of

nucleotides, the sequence of which is directiy reiated to the genomic and post-gcnonﬁc gene

expression informaticn of an organism. In most cases, the mutation or rearrangement of the

f1 ]

nucleotide 'sequsnccs‘during an individual’s life span can lead to dizease states such as genetic
abnormaiities ar cell malignancy. In. other cases, the small amount of sequence differences
amdng each individual refiects the diversity of the genetic makeup of the population. Because of
these differences.in gmeﬁc sequence, certain individuals respond differently to envimnmcnta}
stimuli. and signals, iaicluding drﬁg treatments. For example, some patients experience positive
response to certain compounds while others experience no effects or even adverse side effects.
[0005] The fields of population genomics, medical genomics and pharmacogenomics

studying genetic diversity and medical pharmacological implications requirs extensive

- seguencing coverage and large sample numbers. The sequencing knowiedge generated would be
especially vaiuable for the health care and pharmaceutical industry. Cancer genomics and
diagnostics study genomic instability events leading to tumorigenesis. All these fields would
bensiit from.technolégies enabling fast determination of the linear sequence of biopoiymer
molecules such as nucleic acids, or epigenetic biomarkers such as methylation patterns along the



2 biopolyrners. There is a long felt need to use very little anmount of
sanple, even as little as a single cell. This would greatly advance the
ability to nmonitor the cellular state and understand the genesis and
progress of diseases such as the malignant stage of a cancer cel

[0006] Most genome or epigenome anal ysis technol ogies remain too expen5|ve
for general analysis of |arge genormzs regions for a large population. In
order to achieve the goal of reducing the genon1c anal ysis cost by at

| east f I Gifid Aflount 5P HiinflEVER as Hitle @Sk ONeE,
newtecﬁgﬁidglegﬁﬁgls ggﬁﬂﬁ%n;ﬁ?&;ﬁ?g nethog% are_needed. m%ee "The Quest
for thange

CThig wanid Gspaskyeadvanss thg daikiy-9 meniter theieliyies,stats apd ypdegsiand ) |

.18, 20Q8 ..sxs an[i ¢ BP@istRENNRK RO heARUSHARERJQF alcafider 8QQUENCI NQ
-|nvolves Pe Use o a nanoscal e pore through whi ch DNA is threaded.

" Histori cal | EPDOGIH cMostgenpror or crigtoEsangbiss tehivpiBisg TBAIn f BpardYe #Evice to

pr odug%,gcﬁﬂne gg%ggg; %ﬁ&gn§ ,g{g@ &s%ﬁglﬁg%mwiﬁhfﬁmﬁaﬂ&e gl gbﬁlrbf

t hrou volta Bi ol ogi cal systens, s
sensi tredwnmti}srg=nwrenmé¢lwaﬁ@t§ﬁdt k?lﬂ%ge‘lwli @g t’ﬁ'@us"-caﬁl?ﬁ édp%l
mol ec ugﬁfo  GnildGtond, 586 thohinb Yo @@ﬁ@c&ﬁl&ﬁaﬁaﬂ%xsﬁﬁéﬂx@&@é‘ﬁéﬁw preCcegEes

requir or sensitive on-chip electronics. }r I\/anéﬂefforts have
redn

been sRness firghs$bo0HumeR ﬁgmrng” by dighalas Wads, ﬁ&eé‘fem lf'q'é B el
sol i d stat erggByEr b échzﬂmawiopaﬁiﬁ,r 09 W) RheiniMtivelved iR s8BRDhancataie

produci ng onIy pores I n- nenbranes are not capable of producing

| onger pesh shraegiswhisk DOH isgheradede Fistpricaliys Wg?@%?%ﬁ?@&ﬂﬁ&@rﬁ!?‘ﬁ%‘cﬁf | ong |
bi ol Og{'n% lﬁpéiw@té pﬁi&%@c foRid Diret sn%res when RO DRACHAEGE irivéhere is

a need 1n the freld for devices capabl e of yielding sequence and_ot her
i nf or nthreugh thepore by gn BPRiicdgiolags. FBIPIAgISal sYstrims, BOWEYGh 357 sRRikive U RRKRY OF

THE 1 Ny ,}fgﬁg}le and electiO B4Rk, FinRedibRgidab molRarRE kivafbt fAallY AilERSed Withand i 1 St
aspect e present invention provides methods for characterizing one or
nor e fenmigensigcior proceRses Tonvirsdior eensigypepriimYestraNSsr i zi ng a macronol ecul e

residing atgog@pt Mally B8bds Mive/tebn SndRRGAA N UesigAing|afd Sdbridaiiy drlififialof t he
nanochannel be| ncgl ca abl e of physi calﬁlqa/q constral ning at |l east a,portion of

t he naotnewolesius d§@£§a§’ﬂ‘l¢6aﬁa nmmcth hAweyer £ whigh P‘FF&FP%? Pf FRAYFDE he

macr 0”8&1?%6#& in aiaﬂm}ahss ARRechaRbRof ?ﬁi&&ir@l@ﬁk@bbdﬁﬂéﬁm 16 Ai1SdVeitRE T ON;
transporting at.least a portion of the macronplecule within at |east a

por t i osingit-mtlecuinsrgutREinged’ langbiotogisal BRlYFERCh apBh GiRIBf t he
macr onol eculgpeipS AeSorkinbRYHird B8 n%@&‘ﬁmt the Gleld¥or dsREs capdbRPoBiclting

signal arising 1n connection with the nacronnleculeg$QSS|ng t hr oug the
const r arst other, infarmaLey fopjorgibigjogipd P&’U‘T‘"é’éﬂ"hcﬂ‘?é)@f‘g’ﬁ A0 one or nore
features of the macronol ecul e. [ 0011] In a second aspect, the

presenSUhmRYwmmmmes for anal yzi ng a |linearized

nmacr onol ecu] rising t r servoi .s; and. .a nanochannel
3 0%10 I meetmgqm: Eé)s dmhaﬁenges, 1N & 11r8¢ aspect Ehe 'present ven %’1

provides methods for characterizing one or more features of a macromolecule, comprising
linearizing a macromolecule residing at ieast in part within a nanochannel, at least a portion of
the nanochannel being capab}é of physically constraining at ieast a portion qf the macromoiecule
0 as to maintain in linear form that portion of the macromoiecule, and the nanochannel
comprising at least one constriction; transporting at least a portion of the macromolecuie within
at ieast a portion of the nancchannel such that at least 2 portion of the macromolecule passes
through the constriction; monitoring at least one signal arising in connection with the
macromolecule passing through the constriction; and correlating the at least one signal to one or
more features of the macromolecule.

[8013] In=a second aspect, the present invention provides devices for analyzing a

linearized macromolecule, comprising two or more fluid reservoirs; and a nanochannel



conprising a constriction, the nanochannel placing the at least tw fluid
reservoirs in fluid comruni cation with one another. [ 0012] Further
provi ded are methods for transporting a nacronol ecul e, conpri sing
providing at least two fluid reservoirs; providing an at |least partially

| i neari zed macronol ecul e, at | east aégortion of the macronol ecul e residing
I n a nanochannel, the nanochannel ing the at |l east two reservoirs in
fluid conmuni cati on with one another t he nancchannel conprising a

constr é&ﬁ;}rﬁihg FofsABRbnY, ﬁ%ﬁo&iﬁﬂél@ﬁmﬁ@d{c heiaR e MRiERYFoird MTTuEd adi ent
giving rise to at | east a portion of the linearized macronol ecul e bei ng

t r ans pRAPRBENIGHIORYthAne|88AET- 2 porti on of the nanochannel . [0013]
Addi t 1 onal | pogpsio v #oRiddE eROMEBA fof &fdoRllg WmBcreMBRl oRthrising

nanochannel, conprising provi ding a_nanochannel; the nanochannel havi ng an
i nt er neEviging AL feast tvR Thpdrepeigiss: FFOVidinga819b pestpasialiilingangse macomndedtle,  and

the naﬂqe&amammhaf/me%a&dxﬁagédm &Eldﬁatc xh%ﬂ%o@:ﬂﬂhul the nﬂﬁﬂch&aﬁﬂ!lﬁi 9% tHaGt

internal dianmeter of the nanochannel “either at a location wt
nanoc higastEwo reservairy g semprugicaten with one protherdthsmanprhaprph semervieg 2 or

bot h,  Shs@Rtib® a8l ¥5pijing & ér&du&t@@ﬂz%txﬁdc?éﬂneﬁcﬂl’etthé Bra@fenf SiviHEGE 1d & 1&£§a
nanochannel t'he constriction having an internal diameter in fluidic

comunPerHeR efthelipseriged magromoiacy edteing FRNSRATSLWItHA &f iepgiaRgrean ke of
mai Nt ah4poRckngell | Neari zed macronol ecule in its linearized form and the
reduced internal dianeter being capable of permtting the passa e of at

| east a porf0PEH otdditipnaliy prpvider sa eHinsts deq febricating a copgyqtad nag flscl osed

ar e Meidm g%o%ﬂ:ﬁ@%rdaﬁbéiﬂnﬁ’elnﬁﬁ nefBh & ﬁavxﬁ%ﬁ?@fdt&hﬂ%&h&& 19 éhefrange of
macronpl ecul € i n a nanochannel, at |east a portion of the nanochannel

bei ng FABAIPE Ust nm e abqu LPQ0 eBnand the REnRshagne] bavpg & 1998Wqt ghioast abepg 10

MaCr ONpheRdhdnshe ffietndl diBinBleAbMtht Ragdci@fde] bRidFat § fcatiét Withh upf the
macr onol ecul e. [ 0015], The general_ description and the follow ng

det ai | BaTOGRAIRE) ﬁmlwusper@se@ﬁﬁta TAGT S PRARBIAT. BRPIDLRAS B EVRBEE ©

restri£bonsRicRbn Witkin dPeB ek ﬂ?e%aﬂ@éﬂaﬂﬁéi 1h8 chREriARARIRG a6 liftbmE) di
aspects of the present 1nvention wll be’ apparent to those skill ed in the

art i ninfiuigic spmmypicaqroyith thecnanpshiaprsl s spneghanns) being caprblecof sRasitaiging 2
her ei NinBRbEFmEdrsiableRik Nt inchHEc A Midhe reduced (18044 dialhRer D HFREYabIAS

well as the follow ng detail ed description, is further understood when
read i REGH{HHRCDP BRFSHR 91 Af IRISHHRREHER aj}ingariegd magremoseilen ur pose of

|| Tustrati n@oidie ARY@REICEH ark WitRBEGr Hfrkkaibing B rhforHibiBdid) %m?iiﬁﬂ? bREMg
enmbodi nents of the invention; however, the invention is not [imted to the

speci f3 mapRemolsgule in 3 RBRASHERNEh- least e Rastion elthg nanqehanng] Deipg sRAAPIEI%n, t he

dr awi NgysRbBy Edstril g S8 Battl pdHi@\6F th® mizeAintoledulk 08 16 MuURE $h Jinear form{ 0017]
FIG lais a schematic view of a DNA sequencer showi ng |inearized

doubl ethay Bosenef thmagremissyier hr ough a nanochannel into an outl et

reser V_Oi r, pobgs)e The'BRasdl @éﬁeﬂbnmﬁﬂidltﬁeefcﬂﬁhﬁﬁ &tﬁmﬂsdeﬁéﬁpuoﬁ e dxe: iary
el ectri cal or other changes 1n the outlet reservoir or within t

nanoc A FPlapgpR eRly #ns %rﬁ@%'&g@ag‘ée offthe FYCSPREL, as defined 1p %W@F@f‘a{’ﬁ

depi ctGtidr AINEcEBY B8 pheBed:li@VdnfiBn Wil 84 Gibalert 36 M08 Al BeCiNBd Art Tl Vi@ offhet he
end of a nanochanne i

detailed description of the invention es provided herein.
BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The summary, as well as the following detailed description, is further
understood when rsad in conjunction with the appended drawings, For the purpose of
‘illustrating the invention, there are shown in the drawings exemplary embodiments of the
invention; however, the invention is not Iimited to the specific methods, compositions, and
devices disclosed. In addition, the drawings are not necessarily drawn o scaie. In the drawings:
(00171 FIG. 1a is 2 schematic view of a DNA sequencer showing linearized double-

stranded DNA passing through a nanochannel into ap outiet reservoir, where a measurement



[0019] FIG Ic depicts the data evol ved fromthe passage of the DNA

t hrough the constricted nanochannel ; [0020] FIG 2a is a schematic
vi ew of a DNA sequencer show ng |inearized single-stranded DNA passi ng

t hrough a nanochannel into an outlet reservoir, where a neasurenent device
detects any physical, chem cal, electyrical, or other changes in the outlet
reservoir or within the nanochannel related to the passage of the DNA;

[ 0021] HG 2b depicts single-stranded DNA nol ecul e fl owi ng through a

nat i oNE# ik Geeas phydical,ichBmital, eierRaY opbtbdr CAEs 18 MRCbutiet reservoir o @R the G
2c depicts the data evolved as, individual nucleotides of the
si ngl S128PFERRRL selmREIothe PasspEs Offhe 'constriction of the nanocharnel;

[0023] Fl GioPssi FIE. 15kepRE LONBANbIEERIS flOWNnSRENBRAGGTansRieRgnitictiarat zed,
met hyl at ed doubl e- stranded DNA passi ng through a nanochannel into an
out | etth? 8a&ef\AfIapochaRBfle a neasurement devi ce detects any physical,

chem cal , g [ iFE. dc QEpitlsRg dEdhatiess fréim EpaRLkige OF tHeaSHAUBdigRtheW t hi n
t he nanochannel related to the passage of the DNA [0024] FIG 3b
depi ctSnEHedBRIAFI2ANEH doubl e- st randed DNA ol ecul e f1owi ng through a

nanonozzl e [p@gt IFIC. 28 % AkcHeRRte Mdwalf ADNANRGldeBCihowing linearipdikfgle-FI G 3C
depicts the data evol ved as i ndivi dyal nucl elot | des .of .the nethyl at ed

doubl esepaed R4 naRpang kecueh A paRgehenpy! IGASOUIEL TRV WINE SR R

[ 0026] gehlcSdeded @Ry physical) chERIAE elRbaichY or tiBOsHaRd!in tle GilleCRELr06iC8r
nanochannel in conmunication with a rgﬁgrm'r, t he nanochannel having a
const rVERip 8 nepogiapas related g Hig pasiage o5 g4 t han renai nder of

nanochannelmﬁffjd FUEE; 20 HRbRE M Rfie-Redriagd DN aidizatt Mdwip fhroligh Hameatannel
and features of interest on the nolecul e being detected as they pass
t hr oucfPREtREtienF ¢he sndiqf g panochannel; 1 0027] FIG 5 depicts an encl osed

nanochannel gz C NG 2e GRpicRtndbid evbi b A IddivRIBACRR IR Hes/dfansifglaatrrided i on
of cross-sectional area smal | eﬁ t han bot h nanochannel s, nmacronol ecul es are

| i nearPYédasi ughthr-consmiSERR AREE napRf ures of interest on the nol ecul e
are detect gggzsy tHWY, 3236 & séHthoug Riehher LDRSY fegbtdcenNshowing lineali@&P8] FI G 6a

2ddi 1 PEHEER AP SPEISA PP PESHED § LA REB e PR SRR B SO aph
of an greastidnt cdficedttdttfaiOvkitiicéicafticd] elbdifiest et dliter @harRo inhthe omtle;
reservoir or within the nanochannel rziated to the passage of the DNA;

[60624] FIG. 3b depicts the methylated double-stranded DNA molecule fiowing throﬁgh
a nanonozzle constriction at the end of a nanochannel;

[0625] FIG. 3c depicts the data evolved as individual nucleotides of the methylated

o doqble—strénded DNA pass through the constriction of the nanochannel;

.. [0826] FIG. 4 depicts an representative embodiment of an enclosed nanochanmel in
communication with a reservoir, the nanochannel having a constriction of cross-sectional arsa
smaller than remainder of nanochanrel, and macromolecules being linearized within the
nanochanne! and features of interest on the molecule being detected as they pass through the

constriction;

[6027] FIG. 5 depicts an enclosed nanochannel in communication with a second
nanochannel via a constriction of cross-sectional arsa smaller than both nanochannels,
macromoiecules are linearized within the nanochannel and features of interest on the moiecule
are detected as they pass through the constriction; )

[0028] FIG. 6a depicts the preparation of a constriction at the end of 2 nanochannel by
additive material deposition, and FIG 6b is 2 scanning electron micrograph of an embodiment of

such a consiriction at the end of a nanochannel;



5 [0029] FIG 7 depicts a representative fabrication of a
constriction at the end of a nanochannel by (FIG 7a) deposition of
material at the end of the nanochannel resulting in conplete sealing of

t he channel; (FIG 7b) self-term nating opening of the constriction using
an acid emhant term nated by exposurg to a neutralizing strong base; and
(FIG 7c) the final nanonozzle devicé after the etchant and neutrali zer
are renoved, [0030] FIG 8 depicts an representative fabrication of
a constri ct[mzs}atmawceﬁms W&ﬂdﬁbﬂ@c&&&ﬁdﬁdn@t&bdﬁ&héﬁi al :

(FIG 8a macronol ecul e nto the nano hannel and
1| ovetimbeag PTG ) CEReaD G AT aF o7 of e gienpt| D e

I enoV eghnitiléle BRliAE bPthe char@ep wlaem)aemuaduhhmg&@emmg iog tife! constiegat mngamd
(FIG 8c¢) the sacrificial nolecule |s r.enoved Ieamg ,gcﬁi?r cnilon at

t he erfFbHCHAREIHLINEEH 2X FEpOsULE i a neutralizing §E9RE Base, ?E?%’s eries of
three mamuz&gieeiceﬁﬁémwacﬁm%&aamﬂﬂaﬁmdmvebes the gradual reduction
in size of a enln u3|n additj ve de sition of teria (FIG
om *nadi 11 B0 OB A5 S pmsthe e bR BES reRiknBo A REn B4 1 ¢
wibdt h rgdgdcmgghismgfsaﬁmﬂ Gnﬂa'ié}xba)z d mGew)sa mn?aaﬁmdremetécmnopmﬁmado thof
about i amet variation of, t arangters
oads TgoRETaR Ay ekepatisalano Hrprveis G10" 5518 rifle SmeRAEHE . 0
ri m opaBend is aépob@cdcar&atdaﬂ- sdorifidlal Ezd&daﬁsml mmucme hhdﬂﬂﬁ]’di?}ﬁﬁiééﬁie is

EMBODI MENTS, Ter.ns 2] ed h the term"substantially
i near"Moshisayifg a conriction %Wfi&ﬁ 583 ta'%fhport ion of a |ong

nol Iecul e, swemd I]aSiIGéMpr%hfhs|alﬁhbeﬁfm&e saammil g/aeml?ei:mcmgmb' he ahgrdesdribgs 200
nucl ei ¢ acids |inked, t ogether es not .l.oop,hack on itse not
Cont ol B ALY AR AeptR GBS GF BSIBERE iR S<amtiPT SoTeiel CEe

[ 0033] 9= addisioe d&}ﬁ&ﬁbﬁ of hlnlemt &xite o an opfauIetianie ajlifsnx&ammaﬂd, he@gmnhel

pi pe, duct t sim/lar, structure east aqpe 0sC

G hon< 156 Seadf s apetofs spnogianiel shAbne B oh ey, G B0

readi | e lﬁh!pds&fdﬂ o€ pEx@mieterd ﬂaedsfmlshﬁnemcﬁebmc&mdeid,ma (FPEI iﬁ) bya:kensmm a
connectlo w th the a CO ing figures and exanpl es, which forma part
of t hi¥Pg GETYRE <3P "g‘p“F%ybe under stood that this invention is not
limted to the specific devices, nethods, applications, conditions or

par aneERERA AN DEBSRIBNIDNrOE ADLUSERATHYERMBOTHMENT St er m nol ogy used
herein is f.ﬂg the pur pose of describing particular enbodi nents by way of
exanpl e onl'y—omd is not intended to be limting of the clained invention.
Al so, as usmﬂ@]n Ahesed rerzird, |ﬂmﬂarmr‘1‘submhuaﬁﬂ)n@maﬁ’emawehﬁéhb ernfgrmation dfcnt

S| ngul al f%o&?ono?ai a le.c&ﬂg,ds fxgg bu{: {3' #Al lﬁkﬂl" Qc&xﬁ di to a
parti cﬁ?sar numert ca PEe e €s eas ar val u unl ess
t he coatceit amﬁsimue;’: nageﬁmawess mtﬁem}w\b@& orfitself pefpes'not conshining any aiarp bends

her ei Nar r‘?ﬁ a range of values is expressed, another
enbodi rren C udes ngﬁ%t% @hy

[0633] As used herein, the term “nanacnannel” means a conduit, channel, pipe, duct, or

other similar structure having at isast one nanoscale dimension,

[0034] The present invention may be understood more readily by reference to the
following detailed description taken in connection with the accompanying figures and exaﬁlpies,
which form a part of this disclosure, It is to be understood that this invention is not limited to the
specific devices, methods, applications, conditions or parameters described and/or shown herein,
and that the terminology used herein is for the purpose of describing particular embodiments by
way of example only and is not intended to be limiting of the claimed invention. Also, as used in
the specification including the appended claims, the singular forms “a,” “an,” and “the” includge
the plural, and reference to a particular numerical value includes at ieast that particular vaiue,
unless the context clearly dictates otherwise. The term “pluraiity”, as used herein, means more

than one. When a range of values is expressed, another embodiment includes from the one



particular value and/or to the other particular value. Simlarly, when

val ues are expressed as approxi mati ons, by use of the antecedent " about,"
it will be understood that the particular value forns another enbodi nent.
Al'l ranges are inclusive and conbi nabl e. [0035] It is to be

appreci ated that certain features of .the invention which are, for clarity,
descri bed herein in the context of séparate enbodi nents, nmay al so be

provi ded in conbination in a single enbodi nent. Conversely, various

f eat ur g Qfiarvife sRYENS it othBalardéular Valle. HigMbiy, witaSelueb ot dxprebded asont ext
~of a single enbodi nen may al so be provi dﬁd se arg)tqﬁlﬁglq&or in.an

t A
subcorPPFREImEIPns My ush 8F the aBlegrdsnt o 2bokty 4 Wllkbesynders APRORATETHIAT VBWE each

and eviginls Yithid eiibbdiingnd N rdn@B0&e inclusive #R0&binaBlONe aspect, the present
i nvention provides nethods for characterizing one or pore features of a

macr onol ec ULE35ITHRIs &0 e aprsemiated ap perain fRamres/0f (e IOVERRAPOKRIFR 851 0T FBED i ng

at | eaghedikdRbdin #thdddhrskt BAEPERRERbodifHent SR8} aifo BOPiovRIzd & cdritsination in
nanochannel being capabl e of physically cfgnstral nin st a portion of

. at le
t he necybeieEmbodimen CGROveEelyayHioNs Fauyes PHBS INVEBHOR TALATS S8 PRRER of t he
MBCT ONEs&ftid8n the contexd (¥ @3 gisbinbadiiRn{) a9 RNRYrsvibay @parattipsmhany of | ess

than about tw ce the radius of gyration of the macronolecule in its
ext endaECHBRIARIoR. nEREREh SHRENcH 0 Q@lRas SRt ALINIATETS i“?f‘f?ﬁ(?ﬁﬁ‘ ?"154 VEG ¥ exert

ent r oplfhin e dtigeENt Oof the freely extended, fluctuating macronol ecule
coils so as to extend and el ongate the coils. Sui a@lrfe ﬁochannel s can be
prepared aci®83Gi g onpesPse. HEIEEEt BXSHIqNREAVIASS TREMCISHSH FATACATZIREOnR 5F)

Thei r BoRiaidiel 8ha AlchoksfchR! THeehmihtay flanidt iMBeizaiE macrbmbleAuia lratiding

U. S. Pat. Application No. 10/484, 293, filed Janu 20, .2004,. th

ent i r edtyeast Ingertarthine panceharmeh ableashp Rostion hbenEnochtapel being ca B‘ﬁ?g]

Sui t ablify s RaRPELIRARRMEAINS at Rad WdRrddn 6AAE nLRALNAIEINS J0 #Bitd AdintSH GMiinear form
constrictions function to |locally reduce the effective inner dianeter of

t he nahacaRenef hemagromelcPns can be sized so as to pernit the passage of

l'inearized pgag¥yoSli@bld!n@Rochanneis h&@mhm;ﬁﬁomﬁshﬂﬁﬁaﬁﬂuﬁﬁvi?@ﬁkuﬁiﬁui dfe step

i in at .l east a

of transporting at |least a portion of the macronol ecule w.th
pOr 1 OSYFEROR B BRUEAISAUE 1 FRERSRR F9T1 AcRAROSTABBT.) SHPRAIETRIon s knowin

oAl R BNA s Shown Saso no. Lhr oL
exanpl e. : , , and 3b, in iC is own_passi ng.t hrough a
nangg hasriR Er=rd ARG pipRgarsdhc coibh SRl neRecag EI%W?F&O%?PH a%ﬁ%fﬁﬁ *8%‘-2)‘5

depos L&E&gdél 'Es@xgﬂ.{e@ﬁn %néd’hﬁnﬂ] Chredys uridieT st W&#ﬁdﬂ%@ﬁhﬁ Bif E-iifgh-&“hmug_hptft
nanochannel , and then etchin a ti n osi t ria

it 1| SO ARS o Ls- P PPN R A AR 295 < i et 2, e

f Ur t Negntirdy 68 whadhlinkokpbiated bybref@erke herein. [ 0040] Wiere a conparatively

| ong macr onpl ecul e ,ia to b an%I ﬁé@dﬁﬁ t he end of tcgle cr.onol eculﬂe is

del i ver ed i H38londviehis ngroghsangs (A 1725t Ong RPRStRIGHOR SERN PONSHICHOR, ¢ of

7 exanhuomiodtaBh redbbs thelefifebsve inhed dignsieS6f thel fincdRdrinek rJorstrictions can be
nanochannel ; suitable gradient structures are .described in U S Pat. No.

7,217, 5558 soi35 i peymildhe Bgssage O 1’["66‘2%‘“%?5"’?@%‘8‘5& al so include nonitoring
at | east ON@EISINBhe MEh6ds s e RAB BRCIEOSE trinboriifieattesst o potien of thepassi ng

t hrough the constriction; and correl ati ng‘l?%lhel at. Ieasi_-(tel one si.ggg% teo one
or ror BaTERPlFCRIE Wihia #dedshR PATHORSE Hicnanprpannel sugh At 3t leas; {ppIipRGrthg © 5
and 3amaMifeltcdRRagks RraEhenBbdisuitiolD Thisds sgviinsiog eadmpie FIGE) 1br2b,
connection with the_ assa%e of .a cr%rml ecgl}é t.hr ough. a Onstri.grtlsic%rll in a
nanoc hafda in which A8¥4 IsShgh s Resqing [EARED & RANCERRRAY COPSTHFRRN, L stiguoned

si gnal §s ma@d, i&adxamb@ b3 depofiliRe inamifabmahd endofgnahschaneg nesea ofitymal s, or

any conbination thereof. Electrical signals can be_nonift. i.ng, for
exanp| BAROghARNG) *’%J] &3‘? PIERE G ey G IR %flq ?/d%{’\f’ﬁ'l%f%arﬂ?%n% Vi %‘fe)% ?&%%g s and

anpl i f jBfcsveriigin thx adiptitnns U badtlueeds i Diats famhértibusimgdan FIGRedto 9.5 capabl e

of appl ying ongjant voltage in the ran of fro , or a
m crovol t, m T ATPEGTHY, &P&ﬁ’%"\‘% “%g?cuﬁfblrséo g%:?%?s %,ﬁg%ﬁbﬁéﬁééi n
cont acinadohddldcuui eeiwkiliimotone sheé o€ thegianschamebl.nThis dcheocomplished g nfor

Sui tabl e nonitoring equi pnent is al so capabl e of neasuring current between
the el ectrodes many tines persecond. Suitable equipnment wll have a

bandw dt h of at |east about 100 Hertz ("Hz", cycles per second), or about
1 kilohertz ("kHz"), or about 10 kHz, or about 100 kHz, or about 1
megahertz ("MHz"), or even about 10 nmegahertz. Accordingly, current can be
made once neasurenments are variations on the order of the nanosecond, or
the m crosecond, or even on the mllisecond scale. Current anplitude can
be from pico seconds ... Transl ocati on speed of a sDNA can be around 40
bases per mcrosecond through a typical "patch clanp anplifier". Best




[ 0042] Macronol ecul es suitable for the present nethod include

poi ynucl eoti des, pol ynucl eosi des, natural and synthetic polyners, natural
and synthetic copolymers, dencirimers, surfactants, |ipids, natural and
synt heti c carbohydrates, natural and synthetic pol ypeptides, natural and
synthetic proteins, or any conbination thereof. DNA is considered a
particul arly suitable macronol ecul e t/hat can be anal yzed according to the
nmet hods as di scussed el sewhere herein. [0043] A nacronol ecul e

i ¢ e ke b yRERIRE P Ra LG G oo UGB sl dSﬁd

the | |stmctmmdiﬂsenﬁdduhd38m1ﬁda§0215éﬁél ecCxokyali c, acidic, or basi c

[ 0044] Tra ti cul e. a 0
macr onol ec o] @ggwagl en s lnﬁgsﬁfnganéﬂ?g &%Q%}P%*e s’% nge'gé(% 3"?\‘5&? e flow
di r ect wih tiefmersoclealbd msmg@iubagméie cofieritido; engccathlamgam gideastiensagignal

el ectroosmotic f eI ectro c fl ca | o netic
field, [oéar'l' ef 8¢ F’Jzam g’ oac{| ver ol%algted H ﬁﬁgﬁ#&é(}% n\é"/rz'aéWH%Q

ei ect rmpmmtschenfauc o’émoamomigangnqihuszeg mccbtmectmn with thegpassagkdhet i f orce, a
t { t,
ere! bt RoRbae LiRlan S RLERINA fn ORA Rl S aHbEARRIRAGKL Yo Lhdte . @

gr adi en icT a capl ow, or a |né 1 on e’reof
An el eglestric chargs SIBHBE apqmi sms,eﬁmcp'omgnm&gzglsamamc szgnais, or gnh045] The

ggﬁ‘g: n&{.'?on 'tﬁgr?‘%% %E\f%é’kégé} wn?ﬁbﬂﬁg géﬁ/gér{fcl n spa ie Qﬁ g{%meg of

neededconmersialiy awﬂabldl cogRitSneteE At raglptxﬁersg Fadeempia rsainabés s:ghﬂ monitoring

transp uﬁﬁﬁ‘l ?Q cg%abt}cl:'gf n@%} iR lc@r?s%n? v& r%% Exefr%éﬂfw gbéu% X%ﬁsﬁo!t or a

directi Aents, varyi e gr ent permts

por t i omicpdvolther smiliiwoty loe cvdnca vait onpEIsEss t:hmm@h it dnmt@@ n»stt"lixqoidt \amm

mul ti p hE n r e user
‘to advancées%aﬁﬁ.s %ic?agﬁ% 4“8&#2&3%@0 “&g?’%r oﬁi&ﬁﬁg% g%uiglﬁtol | a

r egi onmedsupag curcomk between éﬁ@ﬁctrodeﬁmmymmmeemd eSulmbkﬂ@qoipa&m wiil veranner
anal o t | e £ ! ce
e oG bARUOINR! SO0HeR, 385 bR, Hh R ortEl FRIGELEERAED, of
pass tdeur kul@n ooﬁnauutlﬁﬁ &Eit, Mai:roughn'@g@:ect@ lﬁ‘ﬁﬁﬂzé)t omveatabautl IOwmegabgeed. The

ot ot gl e AR K IRE ph? bt bl € AU R N ol o T

r ewi nomangsschsd, oassemt:mstcaqné, ¢revan go sherradlxmemd scels, (Moot enpiighgs cahpeay "

"f ast r

cont r AT aepeongs o islocarich ISR o AN E LPb Ll A HAEE R ookl
"~ reser vtbmugh a typical “pftgOdizinp Suiniifist e Basymathing teday mawlmce@b'%ml i nclude a
vi sual 61 0l AR bk & PSR, Midlbdiar ﬁe!%&fo(&,@W QFI%EUIM%LSC r;a t' Ve
si gnal ; "a magneti ¢ signal, 'an electri signal, an electro gne
si gnal banciwxc&hnyf BHHBHRASs CaptbierasrlOe000 Elnzentmeasiremetn aersegens. @ommw
prefer
si gnal gp%l%ésgémrdg?e i@gﬁ%ﬁz{%ﬁég@é&ﬁ@% &FS%t%%e ﬁaﬁ(%gblrm ecul e may
i ncl uckenoertedio tim)tt“@ Wmmewgm tabl e | abels include el ectron spi n
resonance I | ecul e,
a1 sot ope, DE, JfacrBmblodiel 8ERl. APhE G B e hF AL FRARRERICE" 20
avi di rpakyiveizotidss, am:ml mwwmcmm mawred fapg symbetissiopelyimers, écnunmers,
sem cqpy 0 ;]éﬁg M% HakTale] d gold
nanocr yst% Iﬂﬁmgg g‘]'drf?@rt g%a ma%%letl c %ggéyﬁ%ﬁdﬁr%é n(gétsi c
par t i olaguralangsamtbesn mﬁlnsaogzwmmgwmll@ﬂ shepeals ZANA iscpongitieted atgriigsladiul e, a
pr ot ©!dlicafle RaBlonfifecnfl AHTARHE 'tygeda% &%imnwxﬁ{:ﬁod% ARLRE Yise@ndpaPt en,
an ant'i bo y, an antibody fragnen i pi d, yner, an el ectrically
char gé@mmrtl cle, a nodi fied nucleotide, a chem cal functional group, a
chem cal MHopis. 2 ébencﬁéEﬁiH Apiy-A8 abdopEiRD fo thh TeBRRE 2 PRAMARBLS the

| abel is m ca m)l ety such . L .
typ:cal]y resides within a ﬂuld. Suitabie fiuids include water, buffers, cell media, and the like.

Suitabie fiuids can also be electrolytic, acidic, or basic.



as a nethyl group. This is shown in non-limting fashion at FIG 3b, which
depicts a DNA strand | abeled with several nethyl-groups and the detection
of those nmethyl groups as indicative of the presence of one or nore
particul ar features of the | abel ed DNA. (0049] Signals are, in sone
enbodi nents, inherently emtted by the macronol ecul e. Such inherently
emtted signals include magnetic sigrfals or radioactive signals, where the
macronol ecul e or portions of the nmacronol ecul e are magnetic or

radi oactiv er.g the signal is |°'ri1 ngntlﬁé/ em tt d b thetrracrorml ecul e,
it may not FRRPCELEANS TREOMY TR A A 18 BRESE S0 as to

el i ci t macrdmbizehiahs & gﬁdgsﬂalthe gradxcnt sbﬁélﬁ@]apblﬁhctﬁlh@the mbwcﬁxmenmsof d suitalste gnal

I s generated hy m n Nng nol.ecul e. n i ncl.udes exposi ng
St T eadosagnet Syt el p R AT EmoyF BB 8 FRgHPROGEE SR of b

I i ght cipilfaipfiod, 4 ingficticicld ¥ ,elcgammid &wﬁdloﬁitsetfremamhmmwcatanon

adi dj ti ticl onbi nat th f t abl
1 i BBy 15 = HEr IO g Sy EhAn I o UBHE RN SoBtP ot r
whi ch ﬁr&ﬁkutd drudieitad surfaex ptdperty gradinen gradibhieof h&dmhﬁhar}rramapxﬁmlye‘mﬂ er UV,
VIS, IR ght | d..ot her |ight
sur t actly, Sombnation g A SR 81 LR ENaT St B M ek od byt he
di scl osed @A SThe grhdiehe: rhﬁyebes:bmomilytdaastampxpaﬁm}emmlsem. bhanymmirddination
conposi.tio

f th | ecul t he ecul ar uence of .the
oo orliestt e shSel o p et S g e ndhed S E el ||
Macr onudreitp ke gradneditmmaé thp mmbt:ynmf othe necromiecubnindott imwarﬂ ahdhesverse
macro:gl ecule,. a rad Mtlve I?‘ert 0f,8 e or or e nol cuI of t he
macr onBEEEFe, " 2oMa G ’S’BBFOp@' §d6‘fg13ﬁ5 ToT SEq! 6 % he
macr onmhmtmb&;:ularto ampassmhrmgmmanbmoﬁ mu}uple t:maﬁ 0052] As d| scussed

"‘n

el sewher e macro ul e are sorre e od| nt S el .ed
Accor di ngl v eX?rd’W gogrsag c?rgmﬁs S 1 qkb 1'0ca ?rgﬁl%g ulgne or
nor e | qiteitig tirbughe oBmatriotoh aatil aaregmn of parti@%&]:erih@nrmé sactoaolecoigposi ti on
of a molecyle is also charact y_the ins The | ecul ar
 omaooTeErEth oA PR R GrErCrtines Spsen b re FBEARAReI(H, Tics

macr o nunbeegdneuf 1%&.5;)@ Iryamhtep hhxesgradxeﬁl‘iﬂayc opyarimdrdoas t:.ppdsy mrrpgms pBintersst

arrpl i f] cat Wit rans t o

e R eotkidich E o Pt B BebfinDred Sn bt PB B AARE L,
gr oup iotrdrhant bhﬂzcnmmmihmwﬂmughmhamﬁmnbl Watsivonnld besrebigouol xywmapigl sm&
are, ipn _sone enbodi nen det ectge by agbsery 0 S £ beI ed
ot obe. (PRSP BB LRI POT BRIl S, heels o S RSind Bl
det ect amit‘smp” fenrtiomgcasi aies bjoedmmﬁmghd magniantd drkigoimicy otk «gmdiw; bctwcen
macr onpl ecul e- drug conpl exes, DNA repairing sites, DNA binding sites, DNA

cl eavi 5 TEFYeY> Si RNA bi ndi ng sites, anti-sense binding sites,
transcripti WT}ac$mmbbi sighiaisghavicee be deregiet andnge & aisuﬂrsignzbabinfttmﬁgsig‘iat es,

trict b t t
iy cotfot RRFPBEMERL T Raene 244, ariirehS el SAKTHCA SGR4. B0, °1 3,
[ 0055] el¢sranagoerissghabl s enf eorebinatia theresfl cﬁi"t@aﬁwmmmcmw&mmﬁy
t t | b
cornp! e RrPSpob d: RS BT g eficbilh, bltoufts SRRNS e Ec e b fALO0CS
schemat i cal I]094$]n FieGBacrbmoleyie amry i8eipdeanhomshomtidteks; s@pibistisbdihigchidni t or i ng
of a si, I Bl InGRANE G el biB6 LIS BB Henddibhe HRELAIDLECU! ©
anne N sore enbod!

thr oug {52 constrictron ments, two of nore
pr obes:mnae,wsediomop:bemecmym subsiragy, arbioten foeletuic.om ayidin mplarale, an electrical

macro rmnarge%ransfﬂmng molecuie, 2 semiconductor nanocrystal, a semiconductor nanoparticle, 2
colloid gold nanocrystal, 2 ligand, a microbead, a magnstic bead, 2 paramagnetic particle, a
quantumn dot, 2 chrnmdgcnic substrate, an affinity molecuie, a protein, a peptide, a nucleic acid, a
carbohydrate, an antigen, & hapten, an antibody, an antibody fragment, & lipid, a polymer, an
electrically charged particle, 2 modified nucleotide, a chemical functional group, a chemical

moiety, or any combination thereof. In some empodiments, the label is 2 chernical moiety such



[ 0056] Certain enbodi nents of the device include a plurality of

nanochannel s. Such arrays of nanochannels are useful in efficiently
characterizing nmultiple features of a single nacronolecule or nmultiple
features of nmultiple nmacronolecules. It will be apparent to one having
ordinary skill in the art that |abelsg conplenentary to certain features
can be chosen and then applied to a aven macr onol ecul e that is then
characterized to determ ne whet her such features are present on -that given

macr orglaGhsth@-group. This hgﬂﬁ;& iMhonOlidlivng fagseh arm;dam Wwhith kiepicR ADNAI ng a
| i neari-zed nmacr ool ecul e. Suitable devi ces jncluyde t fluid

[ esor ARG 1akplad A RN ATARBY! EeHRS AN Fi,OStecEion OF F10st METhYLBRPUPY 8 SRR annel

pl aci %ﬁ%é%&&%&bﬁh&n&@ﬁ%@dﬁmmbélbalmlmommm cation with one
anot her. As described el sewhere herein, suitable nago%mgnnel S are éapabl e

of physi callPa9orSignals 37r.rip same pabedimenty, ifhepmty £ f BEGTOmRlEsUlEs (o

mai nt %d&hnm}m@;?@khm d:éhald iRSidke frﬁglmmwgzmg &t rB@bachi0k Eignélp, Witkrd her det ai |
in US 1 cafion No. /831, 772 l ed July, 19, 2006; U lication

No. 607‘%8‘“9‘82“13 pr P@‘aoaﬁwofm MO’%WM“@@” B‘f‘i"(‘,’%tl o signel
60/ 908 pfiddrentil Lmaqune Acrodiiictutd, RendNidtlafolbe Gkcdtd tofiluiigate the

aforenmentioned patent applications is incorporated by reference herein.
Sui t abnecreregiceds spy 1o siigks 8 Apiseiabiesignehe nade using standard silicon

phot ol i t hoqpal)i CindRtkr 8nbBdiREni:C R RighPR geﬁ&ﬂﬁﬁh@%ﬁiunhﬁ%hnm’tu&l so be
controll ed using such techni gues. Reser Vtgul rs and associ at.ed fI u}=§' iC

r egi ondiumiRRPD Hicics ﬁ@%”&ﬂé?qaﬁﬁ BCRTHOR At B FRACTHRPIF Wn"és‘bl&m ’?&‘3

usi ng @eieliafatal deekShys ME’%’,B&&&O e rdapiieh gdioentves, (imﬁsactchh as

t her mal pbond| ng, adheS| ve bon %qtﬁ ans rent El?#"gla% éﬁgartz, i

gl ass, PASHCIRY, gL iy gombination therep) %1@%’%‘?5"? P@‘g?’g es at one
end Ofm&&}@réa@mrbmgm WHicE emmm RS or Besnatter fioRethe R tamhaléduten

resi des within the nanochannel . The uitl matg I oc tion of the constriction

will dd¥eNd dR ligesqpess can Fewird, sueh a8 {9sesEng Aher Rt a8 anochannel can be

made as fol ﬂo@m Fb'“‘ahﬂéb ﬁxﬁﬁ«.@ésh&b@mad ddiBdrel b;aihsasscﬁ;séd kebdamenias teisked
further herein (see ) Exanpl e 7 .di sgcussed furtpgﬁr

égel o&.
[ 0059] ofdie W@%&%M@kﬁﬁ@?&m%m SimACTRoleCHis, dhg polepulpr ssayenge, ¢

10 NM oiQke AHaclofidcuRDOtiedfic Brogditydf ohe asnoabRdleclfs Sithe ﬁiacioﬁﬁﬁdcu&bﬁ)ut 30
nm at |east about 50 nm or even_ at _ 11 | east, about éOO nm at

about HWOUGR)ProPSTY gt B e e 0 e R O besfy ot

nanochg sl lﬁ&@&?ﬂés&ﬁ%eamhc@ﬂﬁbﬁ:cﬂf& 4 RAghetRPrGperiy®f ohO UE mbhﬁnbﬁd&lgésfbfmﬁe t he
| i neari zed nacronol ecul e, ? Sui t abl e nanochannel s al so have an

ef f ect MOGOMAlFEHie AR Cambinatipp dh ge of fromabout 0.5 nmto about 1000
nm or in tMEZJanﬂecﬂaéusteémmﬁ h&annmamnmms aRinsBmeaimbodirhdngs, r ange

of from about 100 nm t abou 0 nm e, range ,of from 50
.  ohs ASSARD: AR Shteh TS iR cap o B APdtoe o
| east ﬁgmﬂ@imc or at Ieast about 20 nm or at Ieast about 30 nm or at
| east about nm or_ at |east about 50 nm, or. at .| east.

at | east ab@ﬁ? 70T‘EFrW°186‘Fiara‘f°q’%§§i°“a?686?°1§ﬂﬂ%?sﬁj WP@%‘EYU%BHEF“QO nm
or at jneddls. afRlholdflllartBmphsitidh $isde the pdiRionasiond enmete mdaqnﬂmﬁshsan -

effective inner diameter capable mai nt ai_ni n the nacr onol.ec
i s TEAMPEHiE, DNA polymOwiemaDNA Y SEpES BE R RHcH SHPLReoRs Wiy

"I nnerpalisg ABle@bns witifin INeA], trdisREaii Gaah Emllm:bﬁuhfqaﬁmdlaﬁ&dtéme The
term"effective |nn rodi aygeter refers not Og‘:ﬁﬁlto naréo%ﬁ 16 ha¥| ng a
ci r cul BN4e tipdigeationq Gﬁ"a"’ith SERPP BN SR TEFTERIR B A AT 58 n'b

NON- Ci P&lyrdighsres 1A s@:h@smsammﬁn&:emmsowmmg(mmmmmm 2'lafefed probee

i nner dianeter” can be det ed .assum ng t he nanochannel has a

ci rcul@l"‘“&r"ﬂ%‘g%ﬁ‘}%ﬂm)’é‘h *R%& actual cross sectional area of the
nanochannel[wmpmmmuwwmgmmmwmaﬁmgmamme mheromoizaulef a circle
havi ng an ef |ve i nner te Cr oss e nel =
pi x (BrFe e&?é & FOBPETRT %ﬁb‘ Bypoiring SIS &t gI y, sA&'S Igétclbl%ggg Eﬁéel'r

di anet SIRMNA ba;d&mmhanﬁebnsemmdmg aieisetmnscmhcms“ac:ﬁrr Hnemng iges| ragulatoly fagwrer =
2[ (Cross Sectional Area of Neutochrunel)/ [ 0062] Constrictions

suitably have an effective inner dianmeter or effective di nension
permtting nol ecular transport in the range of from about 0.5 nm CO about
100 urn; or in the range of fromabout 1 to about 80 nm or in the range
of fromabout 5 to about 50 nut, or in the range of fromabout 8 nmto
about 30 nm or in the range of fromabout 10 nmto about 15 nut. Suitable
constrictions have an effective inner dianeter capable of nmintaining a

| i neari zed macronol ecul e passing across the constriction in linearized
form The effective inner dianmeter or dinension can be controlled by



[ 0063] The di scl osed devices also include a gradient, such gradients
suitably existing along at |east a portion of the nanochannel. Suitable
gradients include an eiectroosnotic field, an eiectrophoretic field,
capillary flow, a magnetic field, an electric field, a radioactive field,
a nmechani cal force, an electroosnotig,force, an el ectrophore.tic force, an
eiectrokinetic force, a tenperature g}adient, a pressure gradient, a
surface property gradient, a capillary flow, or any conbination thereof.

12 I bindifPGeek, Mﬁ%ﬁ&n@@dlﬂﬁﬁ}ﬁﬁﬁ,%ﬁiﬁﬁrﬂm bﬁaﬁﬁ@&ﬂr@oﬂiﬂﬂ i neari zi ng
at |least a portion,o crom] ecul e residin in at |east a portion
of t hé“ﬁ'&ﬂ@gﬂ%ﬁﬁwm@ﬁﬂﬂggw‘@@‘% e ver, the gradient is

capabl e of 16¢58PsPQRIdidcigea bistRAtE hamﬂﬁ&ﬁtmaﬁi-es&rém&mﬁﬁédab}mn&d@@tmg&ﬁe
wi t hin the nanochannel al ong at |l east a porti n of theaga{égchan e

|
[ 0065]™eeRANRERHIE 08 the AresgRFs, OF | O ROT3 PEDSE FUTP eﬁ‘@‘i‘FéFYa‘P KI5 0% trpggrest.
suppl yfﬁ&%:ﬁtﬁismwb@&m&winm tielBeLarficStosth @f Whidicdspites the Vol t age

source, a nmagnet,, an aCOUStIC SOUI’CG ngressurg source,

conbi TETERNE R % sigal ansing in cenRgRY (0 @pasholeIE Hfugh tRe

capabl@nedhamidp borsiittion. Cﬂﬂﬁ:@d\ém&ﬁﬁﬁbﬁn swold¥endé prbibeiregRed toadetirming rabso,
I n sone enbodi nents,  capabl e of Iggpl ying a variable gradient. The exanpl es

set f(ﬂ"t"FP’%feéE\mé’rfégﬁ‘@l“éP‘ﬁ’%‘F‘B\?F “additional detail. It will be apparent

to one havirpgsedr dieRain)enttoditherdtdiof the dovite id&ﬁidefaftfmrhli@@ﬁ&hﬁc)bhamﬁlsvmhiabi lity
of the gradient will be chosen _accordi.ng to. the se{ﬁf need g fe [0067]
The t 528 OfRAnEchanRfizare gsghul iy facigptiy ﬁlﬁ‘ﬁ SRURR ST BSNEYt | uid in

SOMEe GHRPEthORALIS or rhﬁ!ngteife&mmﬁtw& macfd?e&ﬂédm-.so it widkrie dpphideth themer voi r s

conprise differeng, fl odi nent s different fluids may
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embodiments, however, the constriction resides within the nanochannel. The ultimate location

- of the constriction will depend on the user’s needs. Constrictions inside a nanochannel can be
made as follows: using a sacrificial material as 2 filler as described further herein (see. e.z.,
Exampie 7 discussed further below).

{6859] Suitable nanochannels have a length in the range of at least about 10 nm, or at

. least sbout 15 nm, or at Jeast about 20 nm, at least about 30 nm, a2t least about 50 nm, or even at



13 within the nanochannel, or even a |l ocation proximate to an end of the
nanochannel. It will be apparent to the user that enploying one or nore
detectors capable of detecting different signals at different |ocations
woul d enabl e characterization of nultiple features of a given

macr onol ecul e. [0070] In sonme enbodi nents, the devices include an
illunminator. Illutninators suitable fhclude a |laser, a source of visible
l'ight, a source of radioactive particles, a magnet a source of

U LT aVieRliGholr 186, 8 Bk b5z 300 A, b4t Gask bOH: 1060 ol Yo GORDLABIifAEn 1T COT
The il T'umna s’ use I'n sone Iments, to excite a portion of the
rracronuarwhamemctﬂwneqmngtmeMWﬂeﬂmﬁhmaEhR)‘ﬁﬂsth@f thedipeasizedpl e, a source
of Ilgn, E_n rtai n wavel ength is used to excite fluorescent |abels
residing a cer Tain, specific |ocations on the macronol ecule so as .to
elicit the W@]en&lewae enothanndie klso have an effqcGy mnemiiamensy indhe rase 6f from
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nanochannel © Rs di scusse ere herein, the macronol ecul e may be
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| i neari ze Sui t abl e nanochannel s, pl ace the
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as descri beggodbs evhflifodtint ShithbiPhSR ah %@éeuﬁl@e Bn&QiiahdtkClriBRetiveBmehsRNS ONS
of suitable constrictions are described el sewhere herein, 14
permitting molecular transport in the range of from about 0.5 nm to about 100 nm; or in the

range of from about 1 to about B0 nr, or in the range of from about 5 to about 50 nm, or in the
range of from about 8 nm to about 30 nm, or in the range of from about 10 nim to about 13 nm.
Suitable constrictions have an effective inner diameter capable of maintaining a lineanzed
macromolecuie passing across the constriction in linearized form. The effective inner diameter or
dimension can be controlied by controlling the etching conditions, or by controlling the size of
the sacrificial material within the constriction region. '

[00c¢3] The disclosed devices also include a gradient, such gradients suitably existing
along at least & portion of the nanochannsl. Suitable gradients include an elecroosmotic field, an
electraphoretic field, capillary flow, a magnetic field, an electric field, a radioactive field, a
mechanical force, an electroosmotic force, an electrophoretic force, an eiectrokinetic force, a
temperature gradient, a pressure gradient, a surface property gradient, a capillary fiow, or any

combination thereof.



[0076] The nethods al so include the application of a gradient to the
macr onol ecul e. The gradient suitably gives rise to at |east a portion of
the linearized macronol ecul e being transported within at |east a portion
of the nanochannel. Suitable gradients include an el ectroosnmotic field, an
ei ectrophoretic field, capillary flow, a magnetic field, an electric
field, a radioactive field, a nechanﬁ%al force, an electroosnntlc force,
an el ectrophoretic force, an electrokinetic force, a tenperature gradient,
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addltlver §é ing one-or nore materi a or ‘exterior to, the
nanoc h RiRe) detbhiion sSystcau  palch glampoingsition ﬁ»ﬂ%wnsqém@i FYRFAE SFFPSliAnRYSIem,
physi c G5 O ¥ ARREnHERO Subdrht sydfenfB)eabititienat i on
t her eo?A \érgt&g'(g)lrre e(r%%th)%é rr%%ﬁ%{aﬁg%%é{addl tive depositi ons%eases efore the
_nanochémeionwswwmcb@eweoccl uded. This is depicted in FIGS. 6a and 6b,
where the dfiﬁ% lt 'Sgﬁ'atﬁé A0 b MECATRDIR 0k BlonRbRXd GRS & théte W1 SMTwBlin ane or

nanochannel hown, deposition ceasing before the nanochannel IS
conpl emrayob@e |ﬂyuieaaserswh on i ARETHBEPRMERS, A SR RRFPATHORNER 15209, whi ch
the reduction in effective inner dianeter is seen as the end of the
nanochannel (FIG 9a) is reduced by varied deposition (FIGS. 9b and 9c) of
additive material . [0082] In other enbodi nents of the invention,
the additive deposition ceases after the nanochannel is conpletely
occluded. In these enbodi nents, the nethods include the step of reopening
t he seal ed nanochannel by renoving at |east a portion of the deposited
additive material. This is suitably acconplished by etching. The etching

-




[0083] In still other enbodi ments, reducing the internal dianeter of the
nanochannel includes several steps: (FIG 8a) placing a sacrificial
material w thin the nanochannel, (FIG 8b) depositing additive nmateri al
proximate to the sacrificial material so as to fully occlude the 16
nanochannel, and (FIG Sc) sel ectiveg renoving at |east a portion of the
sacrificial material while | eaving essentially intact the proximte
additive material So as to give rise to a reduced internal diameter of the
nanochy, Bﬁﬁn%t%e&gwmwsm&ﬁmw a8 offthe hiocHBne!, il bd Wi | |
be apparent to those having ordinary skill in the art that this aspect of
t he pranpersnt forieuser that ¢mplgmg @ne ppmoredateetans caRpblepidistacting Adfement sighddt y of
di-mens t G516 Shibi@Bilrid Baliof BARNGIpE Qhriisldriabivhher
struct%gﬁcwaa %akgarﬁon nanot ubes anr)e bot h~ conS|uder ecai%;w tabl e

sacri fmg¢ramolegtler i al s. Other materials that may be sel ectively dissol ved
or et ched a@@*f Binkls, HR deDRRE IR iMiinBRE Y nitkdihdrods Buitdhe art .
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portion o ecul e. ‘?ﬁa‘&i The nanochannel s sui tabl¥

i ncl udiabgls eesiving fteertain, soSHfic MSRHORS GRS |"‘Eﬂ¢§°‘1’@?°"é“o$%%srtf’ liibig PEsgnce ©
descrlr%%q is_;evvhere her ei n. [ 0086] The net hods al so include, in
sone e él nment s, fﬂefyl ng a gradient to the macronol ecul e, such ttg}at at

| east a por 808K oTh ignaise AEFADEINEIUGE <148 DIPFSREnsy I SOrReFTRRRAMENS, ®
1anochalagls i ARih i rkddftier Sbd s96:3 i 1d RihigIRIANoREi0EERIL C

field, an el ecn-ophoretic frel capillary flow, a magnetic field, an
el ectrs%SfleId a radioactive fleld a nmechani cal force, an electroosnotic

force, an efggesy 0@9@&5& b R B %he BRCIBLRAISH RS WS i PIGS, vhidiPdERREAL UT e
gradient, a pressure gradient, a surface propert radient, a capillary

flow, oencghannelavBbtrigter GhonerRadEEPximate to a reganygy ANt RS SR BUHRRAB RSIEBR ( he

di scl OMnéﬂtr&?q sﬁw&x@%%}méﬁﬁﬁak%&écd@fs@mw HarfsBS§@4Y Urghern fluid
conmuni cat th one another. [0088] The nanochannel s suitahle

i ncl udembedimsnids pRaw IR IR 81 INGYhick 8 SORTRGHONFONRESS YO Hanachappes. | I d T Sof

gyrati ﬁ“s %fe tHlel dARR1or GRRTOS TRE 0P FhoRd siEhas BRAVRIIRIAS teondiaBeE hannel s
sui tab av engths of at |east about 10 nm of at |east about 50 nm of

at |ea54n03b33mlﬂ§@f@n‘?hfn of at |east about 500 nrn. Suitable inner

di aneters fgg78ANAC BRARASL i hdrOndr, %B&% Rfngaf V064 mlcrombRECEe isbout
1000 nm or in the range of from about nmto about 200 Eg,nor Eﬂn t he

range b% afatyzad.cansgnd 9He MacsBpistHie WWW“SEBWL‘ES ORR B nnel.
» USI RALTYEEABORL VER Be accomphsfxwgﬁ]fm:ﬂi@rﬁn% lo P R srRkicRure) Bnd: bd¥ist BuRg

exarrpl es and rllustrative enbodi nents, and_do_not nece,sssérl ly restrict the
scope a3livene shigabiengrpdignt structures are gescribed in U.S. Pat. No. 7,21 an, et al,, the

entirety of which is incorporated by reference herein.
[0074] Also disclosed are methods for transporting a macromolecuie. Such methods

inciude providing at least two fluid reservoirs and providing an at least parually linearized
macromolecule at least a portion of the macromolecuie residing in a nanochannel. As discussed
eisawhere herein, the macromoiecuie may be linearized by confinement in a suitably-
dimensioned nanochannel having an inner ciiamcter of iess than about twice the radius of
syration of the linearized macromolecule.

[6075] Suitable nanochannels place the reservoirs in fiuid communication with one
another. Suitable nanochannels, as described elsewhere herein, also includs a consmiction. The

dimensions of suitable constrictions are descritced eisewhere herein.



17 [ 0090] General Procedures. Deposition of filling material was
provi ded by sputtering, CVD, e-beam evaporation with a tilted sanple wafer
at various angles. This step was used to both reduce the nanochannel

openi ngs and create a tapered nozzle at the end of the channels.

[ 0091] Typically, to fabricate encl osed nanochannels, 100-340 nm of S102
was deposited onto the channel openid§s. Effective sealing was achi eved

wi th various deposition conditions that were rested. At gas pressure of 30
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I Ih near eiedstﬁ:rkh fretis fdrea; angmperditt: gradienton pleesnrd ghadsand acsutfsce ;rmmrt}egreth»!hteat ght.
These ¢ peni n re.s ered a

accor d‘faﬁ’ We‘“g"éﬁgf"a'ﬁ ‘Eg'ﬁtﬁ‘%s?‘é? %rea%‘ %ﬁg%@:ﬁy @'p%hsep{%g{) dition
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t he suﬁ’g‘i rate ¢ ep ace at’ varlous angles incident to
t he deﬁm&rddrbyghéamn‘shemmmﬁmm\lamon di oxi de source target; the deposition

rate can be abo 3. nm can
be deposi te@ %} a@b %nar?rn %ﬁtog{syc%g’s% of t %%fééegr?l% ﬁ%%%s%bta J|'ltng
beam o0 s@abd grgaterahm abmiut é%nmber graatetian ebmédérw tuhereewaﬂne Iﬂbw*dﬁwnemd

hei ght _to | ssth 0 r %Hayﬁe lally
seal t# a@ﬁ%ﬁ%% S b8 %%r’ 86 EQ owotrgx?]% tra lt%gpagggt%ﬁg!rﬁ ’ﬁéﬁg‘?

[ 0094] thiax abgit 80 &m, bngnahﬂcs&mnahwtéﬁ m,wargmmiml abayir4dynre.0r gb@%@r@@é@@d
with a,surface-nodif '. n PBAG, A5

Exanpl §§ hsga° %rﬁ%‘#é e‘ %nk%ﬁhwﬁq{mgg Z.J(::rf %’t*g wett ng(&fatir]‘lb re uce
non- speesnfgmréritmﬁ abgut SﬂﬁiexmoBMaMnmmmnlsamahsob?emr franebgjitylguicrosi | ent

in toluene at conce | Langin in
cont act® g %tﬁ T& ma%an%oag%tgnﬁgeﬁ) arr ay’ %%L&g}b%ﬁgmim%gg? Hl?%@ﬁ% % 4{]%8Aur S.
Subs eqaiﬁmlt 1wars irregeri greatchdao rabmndomem Igngth, do gome embaiventsnige dgngtop!
mat er | %" nanocthﬁnne} is! chgg G0 the %th F A, fad m&&&%o@cﬁ@ml €

reservolr W RanoChanieT array nanof i ui di i p. A nanochannel
array havi n#6790 Fwther displos@Dam medts@p f@faﬁabrzmaep@med m;’@eh%%‘ér dhesy to

gener al Blafk gk’ {risfia? Ercﬁxcﬁﬂg L %allrochlllﬂ'ﬁel. NGRS GLhAREIR Raveldh effective internal

diamneter in the range of from about 0.5 nm to about 1000 nm, or in the range of from about 1 nm

to about 500 nm, or in the range of from about 5 nm to about 100 nm, or in the range of from
about 10 nm to about 15 nm. Nanochanne! effective inner diameters can also be at-ieast about 15
nm, or at least about 20 nm, or at least about 30 nmm, or at least about 40 nm, or at least about 50
nm, or at least about 60 nm, or at jeast about 70 nm, or at l=ast about 80 nm, or at least about 90
nm, or at least about 100 nmi,

[G080] Tﬁe methods also include the step of reducing the effective internal diameter of
the nancchannel either at a location within the nanochannel, at a location proximate to the end of
the nanochannel, or both, so as to give rise to a constriction within or adjacent w the
nanochannel, the constriction having an inter-nal diameter in fluidic communication with the

nanochannel. Sample constrictions are shown in FIG. 1b, FIG. 4, FIG. §, and FIG. 6. Suitable



was spin-coated with a photoresist such as 4Z-5214E and patterned by
photolithography with a photonask using a Karl Suss MA6 Aligner to provide
regi ons on opposite ends of the channel array for preparing the
reservoirs. The exposed areas were etched using reactive ion etching in a
Pl asma- Therm 720SLR using a conbinatgfn of OF4 and 02 at a pressure of
5nlforr and RP power of 100Ww th an ch rate of 20 nmmn to expose the
nanochannel ends and to provide a mcron-deep reservoir about a mllineter
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nanochannel constriction. Suitable gradients include an electroosmaotic field, an electrophoretic
field, capillary flow, a magnetic field, an electric field, a radioactive field, a mechanical force, an
electroosmotic force, an electrophoretic force, an electrokinetic force, a temperature gradient, a
pressure gradient, a surface property gradient, a capillary flow, or any combination thereof.

[0087] The microchanneis of the disclosed methods suitable place two or more fiuid
reservoirs in fiuid communication with one another.

[0088] The nanochannels suitable include an internal diameter of less than about two
times the radius of gyration of the linear conformation of the macromolecule. Nanochannels
suitably have iengths of at least about 10 nm, of at l=ast about 50 nm, of at ieast about 100 nm, of
at l=ast about 500 nm. Suitable inner diameters for nanochannels are in the range of from about

©.5 nm to about 1000 nm, or in the range of from about 5 nm to about 200 nm, or in the range of '

from about 50 nm to about 100 nm.
EXAMPLES AND OTHER ILLUSTRATIVE EMBODIMENTS
[0089] The following are non-limiting examples and illustrative embodiments, and do

not necessarily restrict the scope of the invenuon.



ss-DNA 1.5 ss-DNA + conpl enentary strands 2 ds-DNA with nick, gap or
lesion 2 ds-DNA 2 ds-DNA + noiety (eg. Methyl group, |abeling group) 2.1
ds- DNAsnmal | conpound
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[0090] General Procedures. Deposition of filling material was provided by sputiering,
CVD, e~beam evaporation with a tilted sample wafer at various angles. This step was used to
both reduce the nancchannel openings and create a tapered nozzle at the end of the channels.

[099i] Typically, to fabricate enclosed nanochannels, 100-340 nm of Si0, was
deposited onto the c!_riannel openings. Effective s=aling was achieved with various deposition
conditions that were tested. At gas pressure of 30 mTorr, RF power of ~800 W, and DC bias of
1400 V, a deposition rate of ~9 nm/min was achieved. At lower pressure of 5 mTorr, the
deposition rate was increased to an estimated 17 nm/min. Filling material was deposited on the
nanachannel opening by sputtering at 5 mTorr. Further details about making nanochannel arrays
and devices can be found in U.S. Patent Application Pub. Nos. US 2004-0033515 Al and US
2004-0197843 Al, the entirety of which is incorporated by reference herein.

{0092} Exempie 1: A silicon substrate was provided having a piurality of paralle!
linsar channels having a 150 am trench width and 2 150 nm trench height. These channel
openings are sputtered at a gas pressure of 5 mTorr according to the general proceduras given
above. The sputter deposition time was 10-25 minutes to provide a nanochannel array that can
either be partially sealed or compleiely sealed.

[0693] Example 2: This example provides an enclosed nancchannel armay using an e-
beam ‘&cposition technique. A substrate can be provided as in Example 1. Silicon dioxide can
be deposited by an e-beam (thermo) evaporator (Temescal BID-1800) onto the substrate. The
substrate can be placed at various angles incident to the depositing beam from the silicon dioxide
source target; the deposition rate can be set to about 3 nm/minuts and 150 nm of sealing material
can be deposited in about 50 minutes. The angte of the incident depositing beam of sealing
material can be varied to reduce the channei width and height to less than 150 nm and 150 nm,
respectively, and to substantially seal the channels by providing shallow tangential deposition
angies.

' [00%4] Example 3: In this example, a2 nanochannel array can be contacted with 2
surface-modifying agent. A nanochannel array made according to Example 1 can be submerged
in sojution to facilitate wetting and reduce non-specific binding. The solution can contain
polyethelyene glycoi silane in toluene at concentrations ranging from 0.1 — 100 mM and remains
in conwct with the nanochannel array from about 1 hour to about 24 hours. Subseguent washing
in ethano! and water is nsed to remove ungrafted material.

[0095] Exampie 4: This exampie describes a sample reservoir with a nanochannel
array for 2 nanofiuidic chip. A nanochannel array having 100 nm wide, 100 nm deep

nanochannels was made according to general procedures of Exampie 1. The nanochannel array



2.5 ds-DNA + 3rd strand probe 3.5 ds-DNA + biotin 5 ds-DNA + protein bound
factors (eg. Transcription factors) 4-15 ds-DNA + bead (eg. Quantum dot,
magneti ¢ beads) 10-50 22
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was spin-coated with a photoresist such as AZ-5214E and patterned by photolithography with 2
photomnask using a Karl Suss MA6 Aligner to provide regions on opposite ends of the channel
array for preparing the reservoirs. The exposed areas were etched using reactive ion etching in 2
Plasma-Therm 720SLR using a combination of CF, and O, at a pressure of SmTorr and RF
power of 100W with an etch rate of 20 nm/min to expose the nanochanne! ends and to provide a
micron-deep reservoir about 2 millimeter wide on the opposite ends of the channeis at the edge
of the substrate.

[0096] Example 5: This example describes filiing a nanofluidic chip with a fluid
containing DNA macromolecules to analyze DNA. A cylindrical-shaped plastic sample-delivery
tube of 2 mm diameter was placed in fluid communication with one of the reservoirs of the
nanochanne! array of Example 3. The delivery tube can be connected to an extesnal sample
delivery/coliection device, which can be in turn connected to a pressure /vaccum generating
apparatus. The nanochannels are wetted using capiliary action with a buffer solution. A buffer
solution containing stained for example lambda phage macromolecules (lambda DNA) were
introduced into the nanochannel array by electric field (at 1-50 Viem): thé solution concentratilon

 was 0.05-5 microgram/mL and the lambda DNA was stained at a ratio of 10:1 base pair/dye
with TOTO-1 dye (Moiecular Probes, Eugene, Oregon). This solution of stained DNA was
diluted to 0.01-0.05microgram/mL into 0.5xTRE (tris-boroacetare buffer at pH 7.0) containing
0.1M of an anti~oxidant émd 0.1% of a linear polyacrylamide used as an anti-sticking agent. |

{0097} Exampie 6: This example describes the fabrication of a nanozzle at end of

" nanochannel using acid etching. Fabrication of the nanozzie device begins with a completed
silicon nanochannel having enclosed nancchanneis as provided in Exampie 1. Creation of the

_nanopore proceeds by sputter coating a thin layer of chromium over the exposed end of the

channel. Sputter coatirig using a Temescal system can be controlied with sub-nm precision with
deposition amounts of 5 - 200 nm at a rate of 0.01 — I nm/sec or until the end of the nanochanne!
is compietely covered with chromium. A wei-etch process can then be empioyed to open a sub-
10 nm pore in the chromium. A dilute chromium etchant such as Cr” can be flowed into the
channei using capillary forces or other forms of pumping. Dilution can range from X1
10,000X. Because Cr"’ is a highly seiective acid etchant, it will prefersntially react with the
chromiurm at the end of the channel rather than the silicon channels themselves. To stop the etch
once a pore has opened, the area outside the channel will be filled with 2 highly concentrated
base solution (such gs sodium hydroxide) that will rapidiy neutralize the weak acid upon break-

* through. After subsequent washing of the device, the result will be a nanoscale nozzie at the end

of a nanochannel.



What is clainmed: 1. A nethod for characterizing one or nore features of a
macronol ecul e, conprising: linearizing a macronol ecul e residing at |east
in part within a nanochannel, at |east a portion of the nanochannel being
capabl e of physically constraining at |east a portion of the macronol ecul e
so as to maintain in linear formthat-portion of the macronol ecul e, and

t he nanochannel conprising at |east ®®e constriction; transporting at

| east a portion of the macronol ecule within at |east a portion of the
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eiectric field across the reservoirs (1-50 Vicm).  With such a scheme, a desired DNA fragment’s
position can be suspended having only partially exited the nanochanne!. The nanochannel chip
is then dried at 50°C in vacuum environment removing any residual buffer sclution, so that the
DNA fragment of interest remains partially inside the nanochannel. Interaction between the
nanochannel surface and the DNA fragment, such as through van der Waals bonding, maintains
the fragment’s position in the channel during the drying process. |
106991 After the nanochannel chip has been dried, a material such as silicon dioxide is
deposited over the surface of the chip (FIG. 8b) such that the entrance to the nanochannel
becomes blocked, and the DNA fragment enclosed. The rate of material deposition and the
temperature of the deposition must be carefully chosen such that the DNA fragment is not
| damaged during this process. Evaporating material at 0.2 Afs or less on a sampie kept at ~160°C
using a cooling stage has been shown to protect small organic molecuies fromdamége (Austin
2003). In order to obtain uniform coverage around the nanochannel to property form 2
nanonozzle, the stage is rotated and tilted during the evaporation process. To compietely close a
nanochannel of 80 nm in diameter, approximately 200 nm of silicon dioxide material shouid be
evaporated. '
[0100] Exampie B. Operation of a8 Device - Electrical measurement for
Sequenceing single-stranded nucleic zcid: A voltage bias is applied across a nanochanrel
device having a constriction (either nanogate or nanozzle) approximately 1.5 nm inner diameter
placed at one end of the nanochannel, the nanochannel being about 200 microns in iength, fora
single strand nucieic acid for sequencing using electrodss (can be copper, silver, titanum,
pkal:irium, gold, or aluminum) contacting reservoirs at each end of the nanochannel, the reservoirs

having dimensions of about 5 — 100 microns in diameter and -2 microns deep. The electrodes



23 6. The nethod of claim4, wherein the gradient is constant. 7. The

nmet hod of claim4, wherein the gradient varies. 8. The nmethod of claim 17
wherein the signal conprises a visual signal, an infrared signal, an
ultraviolet signal, a radioactive signal, a nagnetic signal, an electrica
signal, an electronagnetlc signal, or any conbination thereof. 9. The

met hod of claim1, wherein the nacroﬁﬁlecule conpri ses one or nore |abels.
10. The method of claim9, wherein the one or nore | abels conprise an

el ectron spin resonance nDIec
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constriction with the polynulceic acid residing within the constriction, and mto the second

reservoir. The electrical current flowing through this system is detected and amplified using an
Axopatch 200B (Molecular Devices) patch clamp amplifier. Typical measured currents range
from about 100 fA to about 1 uA with fluctuations approximatley hundreds of picoamps as the
'DNA moves through the constriction. Labels attached to the single étrand DNA can produce
additionat current fiuctuations of magnitude smailer than that created by the DNA itself. For the
case of measurements with a spatial resolution of a single base, typical translocation speed is
such that.the measurement system can register a minimum of 1 measurement per base. In the

" case of the Axopatch 200B with 100kHz bandwidth, the maximum transiccation speed is 100
kB/sec, assuming 50% stretching of the DNA molecule in the nanochannel. This givesrisstoa
translocation speed of the DNA throixgh the construction to be about 0.015 nm/microsec. The
measure current differences are measured and corrélated to a sest of calibration standards te give
rise to the sequence of the DNA sample.

f0101] A sample table tabuiating suitable cross-sectional dimensions for the analysis of

various target molecules is shown below:



14. The method of claim8, wherein a feature of the macronol ecul e
conpri ses the size of the macronol ecul e, the nol ecul ar conposition of the
macr onol ecul e, the nol ecul ar sequence of the macronol ecule, an el ectrical
property of one or nore nol ecul es of the nacronol ecul e, a chenical
property of one or nore nol ecul es of the macronol ecul e, a radi oactive
property of one or nore nol ecul es of 2t he macronol ecul e, a magneti c
property of one or- nore nol ecul es of the macronol ecul e, or any conbination
t her eof . zfabiéLS' The met hod of claim9, wherein a feature of the
macronpl ecul’e Conprises the location of one or npre labels of the
macronol ecul e. 16. The nethod of claim 14, wherei h t hbimigse gress-
conpogi tion of the macrom)l ecul e corrprl ses the posij tsestions dimension ofprie
mol ecul es _of t he néfareetiMistesiie Ageado| vior phi sns, | DNA-ansgictientnoy
pol ymasphi sns, arrpl i f| cat Lsggﬁmﬂm t hi n DNA del'etions within DNA,
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Si RNA bi ndldﬁrP h prguoiety (e, Mathybonoup. dabeling s rsetp-ehfactof

bi ndi ng sites, rengsaDNmy-u&maIioombom nt 7 sites, destricti®h enzyme

bi nding sites, restglgijop 3%% ggé@aw ng sites, or any cogibi nation
therecf-.—re"-vﬂrdem-ce—féb‘ TT T T c,
conprls_agm_wéi'ﬂwr"m St —a—Ranecharaet l1"{",3.“.",3."5 sHHAg a
const rii ctdsd:mammmm@aunﬂﬁwbiséggagmsmmwts@e manochanield pl acing the
at legst twg HiH 4 pGPREVShintuhn ol 'milofleGOPERAEY Cation wi th gnepanot her.
19. ThHe—devrTe of —Ctar i —WIerer mtne-constriction resrdes at one end of
t he nanorbannel . 20. The device of elsim 18, wherein the constriction

. resides within the nanochannel.

honrd ~t £ oot .ok




21. The device of claim 18, wherein the nanochatnel conprises a length in
the range of at |east about 10 mm 22. The device of claim 18, wherein the
nanocbannel conprises a length in the range of at |east about 50 nm 25
24. The device of claim 18, wherein the nanochannel conprises a length in
the range of at |east about 500 nm _25. The device of claim18, wherein

t he nanochannel conprises a length a4 | east equal to the length of the

| i neari zed macronol ecul e. 26. The device of claim 18, wherein the

nanoc H@giﬁﬁ@g&gises an effective inner dianeter in the range of from
about 0% W lbout 1000 rim 27. The device of claim 18, wherein the
nanochannel conprises an effective inner dianeter in tQ§%Q%n e .of from

about 110 nrh methad Ewchemecrizing ono gr merrieatss Ok 2 SacEmeiRe BFBFn the

nanochannel conprises an effective inner dianeter in the range of from

about 100 nmto. about 3%%5%%&?21%.%;{1@&%%%%%"04ﬁgr{ahﬂ&mlv\herei n the

nanochanne"PEHHNE 3BE] veci nner df anet er e range of from
about 150 nmto about 250 nm 30. The device of claim 18, wherein the

nanochannel CO”QF 1585 pRRicH {rQ64 hidchdRE! biihAEEPhBIE of BR7EMABY CbngpRlsAgeal | Y
constraining at Teast "a portion of a macronol ecyle so_as to nqll nt ai.n t hat
portion in [|i ne dgdstzappriipn gf the macromolecule 5o as to maintam In linear form that portion

of the macromolecuie, and
the nanochannel comprising at least one constriction;

transporting at least a portion of the macromolecule within at least a portion of the

nanochannel such that at least a portion of the macromolecuie passes through the

constriction,

monitoring at least one signal arising in connection with the macromolecule passing

through the constriction; and
correlating the at least one signal to one or more features of the macromelecule.

2. The method of claim 1, wherein the macromolecule comprises a polynucieotds, a
polynucleoside, a polymer, a copolymer, a dendrimer, a surfactant, a lipid, a carbohydrate, a

polypeptide, a protein, or any combination thereof.

3. The method of claim 1, wherein the macromolecule resides within a fiuid.

4, The method of claim 1, wherein the transporiing comprises exposing the macromolecuie
to a gradient,

5. The method of claim 4, wherein the gradient comprises an ei=ctroosmotic field, an

electrophoretic field, 2 magnetic field, an elsctric field, an electromagnetic field, a fiow field, a
radicactive fieid, a mechanical force, an electroosmotic foree, an electrophoretic force, an
electrokinetic force, & Temperature gradient, 2 pressure gradient, a surface property gradient, a

capiilary fiow, or any combination thereof.



31. The device of claim 18, wherein the constriction conprises an
effective inner dianeter in the range of fromabout 0.5 nmto about 100
nm 32. The device of claim 18, wherein the constriction conprises an
effective inner dianeter in the range of from about 10 to about 50 nm

33. The device of claim 18, wherein the constriction conprises an
effective inner dianeter capable of %%jntaining a |linearized nmacronol ecul e
passi hg across the constriction in linearized form 34. The device of

clai mls, erelyn fhe. gp;%;:m ?Ea:ﬁ% chesn@ gradient. 35. The device
of clalrnB\z‘:Mx ﬂ%@relrl %$E gra |en?l onprlse% an electroosnotic field, an

el ectrophoretic field, capillary flow, a magnetic field, an electrlc

fields a ragQauddet ddifl4 wirein e BRahiativaats. f orce, an el ectroosnotic

force, an electrophoretic force, an electrokinetic force, a tenperature
gradient, a pressure gradient, a surface property gradient, a capillary
flow, gr aﬂ&xaeﬁmﬂiﬁmﬁtdlﬁm 1, Retieeeind the sfal ddvepribey i wudfs:gﬂah|amxmred/\mM| n the

gr adi ent ca near12|n cronol ecul e
resi didfd* i?ﬁﬁ“’t‘ﬂ?‘%‘%’ta?laéﬁg‘f’a%’ S51EPry m%% %%aé%aa%oag’%géﬁn %%%’. @he devi ce of
clai mei’éh;roniagmicmgnbeogmdacem:mmmmm@ﬂ e of transporting at |east a
portion of a macronol ecule | ocated within the nanochannel along at |east a
portion of the nanochannel. 38. The device of claim34, further
conpri%ing ﬁxe@qm@ﬁclgmwn the macromolecule comprises one or more labels.

10. The method of claim 9, wherein the one or more labels comprise an electron spin
resoﬁance motlecule, a fluorescent molecule, a chemiluinescent molecule, a radiosotope, and
enzyme substrate, -a biotin molecule, an avidin molecule, an electrical charged transferring
‘molecule, a semiconductor nanoi:rystal, a serniconductor nanoparticle, a colioid gold nanccrystal,
a ligand, a microbead, a magnetic bead, a paramagnetic particle, a guantum dot, a chromogenic
substrate, an affinity molecule, a protein, a peptide, a pucleic acid, a carbohydrate, an antigen, a
hapten, an antibody, an anti'body fragment, a lipid, & polymer, an electrically 'charged particie,

modified nucleotide, or any combination thereof.
1L The method of ciaim 8, wherein the signal is inherently emitted by the macromolecuie.
12. The method of claim 8, wherein the signal is generated by #lluminating the molecule.

13. The method of claim 12, wherein the illuminating comprises exposing at least & portion
of the macromolecule to visible light, ultraviolet light, infrared light, x-rays, gamma rays,

electromagnetic radiation, radio waves, radioactive parucles, or any combination thereci.

14, The method of claim &, wherein a feature of the macromolecule comprises the size of the
rrmcmxhoiecule, the molecular composition of the macromolecule, the molecular sequence of the
macromolecule, an eiectrical property of one or more melecules of the macromolecuie, 2
chemical property of one or more molecules of the macromoiecule, a radioactive property of one
or more molecules of the macromoiecule, a magnetic property of one or more molecuies of the

macromolecule, or any combination thereof.



39. The device of claim 38, wherein the gradi ent generator conprises a

vol tage source, a magnet, a acoustic source, a pressure source, oOr any
conbi nati on thereof. 40. The device of claim 34, wherein the gradient
generator is capable of applying a constant gradient. 41. The device of
claim 34, wherein the gradient generator is capable of applying a variable
gradient. 42. The device of claim18, wherein the two or nore fluid
reservoirs conprise the sane fluid. 3. The device of claim 18, wherein
the two or nore fluid reservoirs conprise different fluids. 44. The

device of claim 18, further conprising a detector pabl e of detecting a
signal af5 si Aide tethed af claimds wherewicy feptgre ofth ?W‘H@ﬁﬁl%ﬂ“ﬁ Beonol ecul e

passi Ng L kyaHGRoddiE mbRNSHeld o HoWheroriSicculile devi ce of clai m 44, wherein the

detector conprises a charge coupled device (COD) detection system a
conpl enentary netal - oxi de sem conduct or (CIVDS) detection system a

phot ot ofe. degy g%gem%ﬁo?memwﬂwaﬂ%ﬁﬂmm& ifdihe ehepih iRy Stem 2
scintillation ection system a p ton coun ing detection system an
el ect r oncomirisesrtasposiioe of e tempiegnolsyeser wyeellAdet ecti on system

a photon ete Bdati Rk ogr aphi c
film det%ocwﬂrﬁﬁlgﬂgt% Oﬁ%ﬁﬂ ?Bﬁﬁlionﬂé%%g%%%et ecﬁgo‘ﬁn%st em@eldgigﬁgénzyne
det ecti mmmmmmm@m invesioss ofpprticiRMpeiceterPNonthy st em  a

scannin nelln eLERt LnSNS %§h° scarm ng

el ectro%1 P(S’g S%t;?nf(%%%ps‘% @Sn }%CP%L % opt1 caf1 gCtI on system a
nucl ear rragnetl C resonance (NI\/R) detection systau, a near field detection
system t ot r e t t%ﬂst‘?ﬁ:ﬂ tch clanp
detectio sysﬁ?rﬁ‘é}ﬁﬁ E?ﬂ%‘%’t Mgé%f%r&%ﬁ%g%ﬁ%n&%y %ésn%; an egtrl cal

anpl i fi cahggﬁdﬁehﬁﬁbmahcﬁgmaamomcnbs}mg eompiexer ABVA mpdring sies i a f
capaci tiye detect atlon evice o
cl ai m 44P m%ﬁﬁﬁﬁsrﬁﬁﬁé%ﬁ‘%%ﬁ%@ PORST {‘ﬁiﬁiﬁ%%s%e?fgrag%ﬁ &

| ocat i ongciat binding SiRe, roduldldy etk bidamagfdmes desummn sroyms binding sites,
restriction enzyme cleaving sites, or any combination thereof.

18. A device for analyzing a linearized macromolecule, comprising:
two or mors fiuid reservoirs; and
a nanochaunel comprising & constriction extending into the nanochannel,
the nanochannel placing the at least two fluid reservoirs in fluid

communication with one another.

19 The device of claim 18, wherein the constriction resides at one end of the
nanochannel.,

20. The device of claim 18, wherein the constriction resides within the nanochannel.

21, The device of claim 18, wherein the nanochanne] comprises 2 length in the range of at
least about 10 nm.

22, The device of claim 18, wherein the nanochannel comprises a iength in the range of at
Jeast about 50 nm.

23. The device of claim 18, wherein the nanochannel comprises 2 length in the range of at

least about 100 nm.



47. The device of claimd44, wherein the detector is capable of nonitoring

a location within the nanochannel. 48. The device of claim44, wherein
the detector is capable of nmonitoring a | ocation proxinmate to an end of
t he nanochannel. 49. The device of ciPim 18, further conprising an
illumnator. 50. The device of claim49, wherein the illum nator

conprises a laser, a source of visibR& |ight, a source of radioactive
particles, a magnet, a source of ultraviolet light, a source of infrared

l'ight,,.or onbi pation_ thereof. . 51.. The devi 0 | f urt her
conpri %‘ﬁngaﬂyeo‘g’t"ﬁcﬁfg]&%Eﬁ’r‘."ﬁer%'?.mcﬁxnwgm%’&&fctg r ptnggsn%%g i P\éﬂ e;rg nge dfal
macr omeheabbe S00anpri sing: providing at least two fluid reservoirs;
providing an at |east partially linearized macronol ecule, at |east a
portion of the macronol ecule residing in a nanochannel, the nanochannel
pl aci ngs-t heThke davieg of clrige 18 .cwberoini thangngachangelcomprisems ILagtha lagptcauY fpthe

anot he{epg%%tﬁqmwcrﬂmédléi ng a constriction extending into the nano

channel ;

26.  The device of claim 18, wherein the nanochannel comprises an effective inner diameter

in the rangs of from about 0.5 nm 1o about 1000 am.

27. The device of claim 18, wharein the nanochannel comprises an effective inner diameter

in the range of from about 10 nm to about 500 nm.

28. - The device of claim 18, wherein the nanochannel comprises an effective inner diameter

in the range.of from about 100 nm to about 300 nm.

29.  The device of claim 18, wherein the nanochannel comprises an effective inner diameter

in the range of from about 150 nm to about 250 nm.

30, The device of claimn 18, wherein the nanochanne} comprises an effective inner diameter
capable of physically constraining at least a portion of a macromolecule 5o as 1o maintain that

portion in linearized form.

31. The device of claim 18, wherein the constriction comprises an effective inner diameter in

the range of from about 0.5 nm to about 100 nm.

32. The device of claim 18, wherein the constriction comprises an effective inner diameter in

the range of from about 10 to about 50 nm.

33 The device of claim 18, whersin the constriction comprises an effective inner diameter

capable of maintaining a linearized macromolecule passing across the constriction in linearized

form.
34, The device of claim 18, wheresin the device further comprises a gradient.
3s. The device of claim 34, wherein the gradient cormprises an eiectroosmotic field, an

electropnoretic field, capillary fiow, a magnetic field, an slectric field, a radioactive field, a

8



28 applying a gradient to the macronol ecule, the gradient giving rise to
at least a portion of the linearized macronol ecul e being transported
within at | east a portion of the nanochannel. 53. The nethod of claim 52,
wherei n the nanochannel conprises a length greater than about 10 nm 54.
The nethod of claimb52, wherein the nanochannel conprises a |length greater
than about 50 nm 55. The nethod of2&l ai m 52, wherei n the nanochannel
conprises a length greater than about 100 nm 56. The nethod of claim 52,

wher ei n _the, nanochannel conpr.ises a |enagt [e r. t.han . m 57.
The neﬂ?ﬁ'ﬁf“if?‘a%fcﬁi H %“ngﬁ%é? if’“ﬁ‘n&" ﬁ%ﬁ%gé}éug%néﬁ%%ghﬁ} %gcélg’ l?(gn 82%??1 ggr eat er
t han akemerstiie giadiegt, A podssinb@ridiensar surfade ppeoyptadicut, @.capifigry fidve onetyhod of
claimb2, wherejin the gradient conprises an electroosnotic field, an

ei ect r SPRYPHENESEA| o “capillary flow, a magnetic field, an electric
field, a radioactive field, a nechanical force, an electroosnotic force,

an el eggropggr cgg%ic% of QlafrR 342RnEkRGhS HadiRfl és%adﬁm&@ﬁ lirﬁa&ﬁﬂ?ﬁﬁé&%?oﬁiﬁa%k ent.
a presSure gradient, a surface property gradient, a capiflary flow, or any
conbi namagyemoliasrisa¢siding within at least a pqrtion cf the nanochanne!.

37.  The device of claim 34, wherein the gradient is capable of transporting at least a portion

of a macromolecule located within the nanochannel along at least a portion of the nanochannel,
38.  The device of claim 34, further comprising a gradient generator.

39.  The device of claim 38, wherein the gradient generator comprises a voltage source, a

magnet, a acoustic source, a pressure scurce, or any combination thereof.

40.  The device of ciaim 34, wherein the gradient generator is capable of applying a constant

gradient.

41,  The device of claim 34, wherein the gradient generator is capable of applying a varabie

gradient.
42.  The device of claim 18, wherein the two or more fluid reservoirs comprise the same fluid.

43.  The device of claim 18, wherein the two or more fiunid reservoirs comprise different

fiuids.

44,  The device of claim 18, further comprising a detector capable of detecting a signal arising

from at least 2 portion of the linearized macromolecule passing through the constriction.

45,  The device of claim 44, wherein the detector comprises a charge coupled device (CCD)
detection system, a complementary metal-oxide semiconductor (CMOS) detection system, &
photodiode detection system, a photo-multpiying tube detection system, a scintillation detection
system, 2 photon counting detection system, an electron spin resonance dstection system, a
fluorescen: detection svstem, 2 photon detection system, an electrical detection system, a '
photographic film detection system, 2 chemiiuminescent detection system, an enzyme detection

system, an atomic force microscopy (AFM) detection system, a scanning tunneling microscopy



59. The nethod of claim58, wherein the gradient is constant. 60. The
nmet hod of claim58, wherein the gradient varies. 61. A nethod for
fabricating a constricted nartochannel, conprising: providing a
nanochannel 29 the nanochannel having a Il ength of at |east about 10 nm
reduci ng the internal dianeter of tgﬁ?nanochannel either at a |ocation

wi thin the nanochannel, at a | ocati proxi mate to the end of the
nanochannel, or both, so as to give rise to a constriction within or

adj aceiryifichddioR 87404 A W@ning Hiectesdidrbsiopy (SEMY degction systesy, ambpiiahnet er
in fluidic conmunicati on with the nanochannel, the nanocgggﬁggébeing

capab| detestionsysiem) aRusipan maERTis TEREnGeE MY deletion SR, & i zed form

and the reduced internal dj ' ﬁ%gin &%mpg Mt Lyl sgfassage
of at ’cartt?f?ﬁl' - %@@MN onD ggu e. ﬁ%%ﬁ&l%%ﬁ?ﬁg&g of
claim %ﬂ@ﬁ@m@mﬂgmbndymm slefritdl ammitfiosthemdaidction systeinced by
additiveiy depositing one or nore materials within or exteriaor t t he
nanoc higsisigate MeGPIEIERESYFHSh GFaBICIEYART LD W%Pmyi@“%&ﬂ%f’fl&ém%@posi tion
conprises sputtering, spraying, physical vapor deposition, chem cal vapor

deposition, or any conbination thereof. o
46.  The device of claim 44, wherein the detector is capable of monitoring one or more

locations within one or more of the fluid reservoirs.

47.  The device of claim 44, wherein the detector is capable of monitoring a location
within the nanochannel.

48.  The device of claim 44, wherein the detector is capable of monitoring a location
proximate to an end of the nanochannel.

49.  The device of ciaim 18, further comprising an illuminator.

50.  The device of claim 49, wherein the illuminator comprises a laser, a source of visible
light, a source of radioactive particies, a magnet, a source of ultraviolet light, a source of
infrared light, or any combination thereof.

51.  The device of claim 18, further comprising 2 data processor.

52. A method for transporting 2 macromolecule, comprising:
‘providing &t least two fluid TESErvoilrs;
providing an at jeast partiaily linearized macromolecule,
at least a portion of the macromolecule residing in a nanochannel,
the nanocharmel placing the at least two reservoirs in fiuid
commﬁnication with one another,
the nanochannel comprising a constriction extending mto the

nanochannel; and -



64. The nethod of claim 62, wherein the additive deposition ceases before
t he nanochannel is conpletely occluded. 65. The nethod of claim62,
wherein the additive deposition ceases after the nanochannel is conpletely
occluded. 66. The nethod of claim®65, further conmprising the step of
re-openi ng the seal ed nanochannel by_renoving at |east a portion of the
deposited additive material. 67. The8 et hod of cl aim 66, wherein the
renoving i s acconplished by etching. 68. The nethod of claim 67, wherein

t he etchingglg’gg ris gm&ﬂghgﬁékggngﬁgﬁﬁjde of deposited additive materi al

with an fi es capa Ing the deposited additive materi al
69. The nethod of claim#68, further conprising contacting the other side

of the deposit ecth@ﬁ@hﬁhé’%iy@trﬁé kctht 18hst B pArtioR@P A irteAiaismenpmblanobeing
retarding the etching activity of the etch sggfles ﬁpon contact with the
first species. SOSHIedFithingtiaey aeerqratieaanotiandeler conpri si ng

contacting the other side of the deposited additive material with a second

oot aek oy PR Ry PEAGDE: MBS S ARl oRled 0 fhabp BbouioO"

conpri gmg. adj usting the conditions in the nano channel, the relative
anounts of the first and second species, or any conbination thereof, so as
to achieve the desired reduced internal diameter. 72. The nmethod of claim
61, whet.ei nThe metbod ptciaimeS2.therein thepaapghaspel SOMPRESS RIBER EETHRE AL SART ses
t he st o0f (@) placing a sacrificial material w thin the nanochannel

(b) depositing additive material proximate to the sacrificial material so
as to fully occlude the nanocham el, and (c) selectively renoving at | east

a portson ofnd MEhddef &ihint 52 witséia thohansoharnelt conpirises  lepgthigpeatertomhabet
intern?ﬁqdianeter of the nanochannel of the di mension of the renoved
sacrif oy ‘

56.  The methed of claim 52, wherein the nanochannel comprises a length greater than about
500 nm.

57. . The method of ciaim 52, wherein the nanochannel comprises a length greater than about

the length of thé linearized macromolecule.

58. The method of claim 52, wherein the gradient comprises an electroosmotic field, an
electrophoretic field, capillary fiow, a magnetic field, an electric field, a radioactive field, &
mechanica! force, an electroosmotic force, an electrophoretic force, an electrokinetic foree, a
temperature gradient, & pressure gradient, & surface property gradient, a capillary fiow, or any

combination thereof.

59. The method of claim 58, wherein the gra&ient lS constant.

50. The method of claim 58, whe.fcin the gradient varies.

61. A method for fabricating a constricted nancchaﬁnel,. COmprising:

providing a nanochanne!

the nanochannel having an internal diameter in the range of from about 0.5 nm 1o

about 1000 nm, and



material. 73. A nethod for linearizing a nmacronol ecul e, conprising:

pl aci ng a macronol ecul e in a nanochatuael conprising a constriction
extending into the nano channel, at |least a portion of the nanochannel
bei ng capabl e of physically constraining at |east a portion of the
macronol ecule so as to maintain in |inear formthat portion of the

macr onol ecul e. 74. The method of cl & 73, further conprising applying a
gradient to the nacronol ecul e, such that at |east a portion of the

macr ool ecul e PassEhocddnladaving 4 DhANGR of ek BAARIDARRS! cONStTiction. 75

The nethod of claim ereln the gradient conprises an el ectroosnotic
field, an eiectrophoretic field, capillary flow, a magnetic field, an

el ectric fighgingdné AtbrRa didni@ef ofthénanbciRmBbdiieah: d REfibn withigeCt r oosnoti ¢
force, an el ecutphoretic force, an elgg}roki etic forc§, %)tquerature
gradi ent, epPehsaRpl<t 8iorRtign proximaty ¢ theeeng,of Higmagochianaf! o9 Doty SR 8518, v
flow, or any:¢oabbdaickion Wikhs 80idjacemlo tHHnanbBRankey, ectofétricliai Kavihg anwher ei n

t he nanochannel places two or nore fluid reservoirs i [‘I fluid comuni cation
Wi th one ariBimaf diameter in finidic communication with the nanocchannel,

the nanochanne! being capable of maintaining & linearized macromolecule in its

linearized form, and

the reduced internal diameter being capable of permitting the passage of at least 2

portion of a linearized macromolecuie.

62.  The method of claim 61, wherein the internal diameter of the nanochannel is reduced by

.additively depositing one or more materials within, or exterior to, the nanochannel.

63.  The method of claim 62, wherein the additive deposition comprises sputtering, spraying,

physical vapor deposition, chemical vapor deposition, or any combination thereof,

64. The method of claim 62, wherein the additive deposition ceases before the nanochannel is

cofnplece:ly occluded.

65.  The method of claim 62, wherein the additive deposition ceases after the nanochannel is

completely occluded.

66. The method of claim 63, further comprising the step of re-opening the ssaled

nanochannel by rémoving at least a portion of the deposited additive material.
- §7.  The method of claim 66, wherein the removing is accomplished by etching.

68. The method of claim 67, wherein the siching comprises contacting one side of deposited

additive marterial with an first species capable of erching the deposited additive material.

69. The method of claim 68, further comprising contacting the other side of the deposited
additive material with a second species capabie of retarding the etching activity of the etch

species upon contact with the first species.



77. The method of claim73, wherein the nanochannel conprises an internal
di aneter of lass than about two times the radius of gyration of the linear
conformation of the macronol ecule.. 78. The nmethod of claim 73, wherein
the nanochannel conprises a length of at |east about 10 nm 7@. The

met hod of claim 78, wherein the nan annel conprises a length of at |east
about 50 nm 80. The nmethod of clai'm 78, wherein the nanochannel
conprises a length of at |east about 100 nm 81. The nethod of claim 78
wher ei70. t heThansitdthofudim 68y fuithes comprising contasting the athet sidp Le S6pP 82

The nmethod of claim73, wh I . ' |
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. 1 a 83. The
met hodsﬁg%e%@r@o%mﬁﬁlﬁ}sg@,gcig@nochannel conprises an inner dianmeter in

the rang romabout 5 nmito about 200 nm 84. The nethod of claim 83,
wherei n the nanochannel conprises an inner dianeter in the range of from

about 50 T .. .. e .
71. a'lcgetngetgg g% clgig:? 6% ,rin'lmher comprising adjusting the conditions in the
nanochannel, the relative amounts of the first and second species, or any combination thereor,

so as to achieve the desired reduced internal diameter.

72.  The method of claim 61, wherein affecting the internal diameter of the nanochannel
comprises the steps of (a) placing a sacrificial material within the nanochannel, (b) depositing
additive material proximate to the sacrificial material so as to fully occlude the nanochannel,
and (c) selectively removing at least a porticn of the sacrificial material so as to giverise to &
veduced internal diameter of the nanochannel of the dimension of the removed sacrificial

material.

73. A method for linearizing a macromolecule, comprising:

placing 2 macremolecule in a nanochannel comprising a constriction extending into

the nanochannel, _ 7
at least a portion of the nanochannel being capable of physically constraining

at least a portion of the macromolecule so as to maintain in linear form that

portion of the macromolecule.

74 Themethod of claim 73, further comprising applying a gradient to the
macromolecuie, such that at least a portion of the macromolecule passes, linearly, through the

nanochannel constriction.

75 The method of claim 74, wherein the gradient comprises an electroosmotic field, an
electrophoretic field, capiflary flow, a magnetic field, an electric field, a radioactive field, a
mechanical force, an electroosmotic force, an electrophoretic force, an electrokinetic foree, 2
temperature gradient, a pressure gradient, 2 surface property gradient, a capillary flow, or any

combination thereof.



31

76.  The method of claim 73, wherein the nanochannel places two or more fiuid reservoirs

in finid communication with one another.

77.  The method of claim 73, wherein the nanochannel comprises an internal diameter of
less than about two times the radius of gyration of the linear conformation of the

macromolecule,

78.  The method of claim 73, wherein the nanochannel comprises a length of at least about

10 nm.

79. ' The method of claim 78, wherein the nanochannel comprises a length of at least about

50 nm.

80. The method of claim 78, wherein the nanochannel comprises a length of at least about
100 nm.

 81.  The method of claim 78, wherein the nanochannel comprises a length of at least about

500 nm.

82.. The method of claim 73, wherein the nanochannel comprises an inner diameter in the

- range of from about 0.5 nm to about 1600 nm.

83, The method of claim 82, wherein the nanochannel comprises an inner diameter in the

range of from about 5 nm to about 200 nm.

84.  The method of claim 83, wherein the nanochanne] comprises an inner diameter in the

range of from about 50 nm to about 100 nm.



