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WD 2005/ 052591 PCT/ US2003/ 034526 METHODS AND DEVI CE
FOR ANALYTE CHARACTERI ZATI ON RELATED APPLI CATI ONS
wQ 0@80525The present application is a PCT/US2003/034526
continuation-in-part of U S. Patent Application Seria
5 No. 10/138,157, filed on May 1, 2002. FIELD [0002]

The disclo S I

ani§ EFDISS KBRS Ak AREL i rhofh riuzdnon
proteins, polypeptides, peptides, lipids and

pol ysaccharides. In particular, the nmethods and
apparatus relates to protein, polypeptide and/or

p&ﬁﬁ‘[ﬂk [‘EDlgPi’ﬂ%‘AdeNS‘“ on and/ or sequenci ng. RELATED
ART | | ' '

[[0003] fdentifrcation and/or sequenci ng of

[0002?2%%%3@??%:#5 lcaffion RY gtcght{?ﬁuatigﬁgn-é%ttong}g.of'%%lg}’ &‘Fﬁicﬁﬁbm Serial

orensi cs, toxicolo
No. /3 QU % dlledrdr ¥ay e, 2¢02bl i ¢ heal th and nunerous ot her
fields. The ability to identify a particul ar pathogen
or_agent may 15 depend on identification of one or
no @eci fic anal ytes characteristic of that pathogen

agent. ldentification of regulatory pathways

or . .
[00021Whe disaloser arethods ang pppasa®e selateep Abo pnalk§ls of pBaltes dpduding,

cel k. dj visio . i.dent i fi [ :
oot G5 et 0o, JoREHR, LA ok B8y SARarides. 1
parti6@ls€ athe hmethofy @aéndppyratiiy eelates tb opvatetdis pelgpdritide catd/am peptide
~and/or sequencing of nucleic acids or proteins, other
idenffieatipp a8d/e 9USRCIRHr bohydr at es, 20 pol ysacchari des,

lipids, fatty acids, etc. may be of inportance. The

rrek@ggsr]aqytgﬁppar atus disclosed herein are focused on
id ITicatlon and/ or sequenci ng of proteins,

[, des l:des r y I -
R
medicxi 8iaignestiast foedsickotoxivoddgyi, patheingyn diclggiclasadarenptibléc health

e o S See LTS RIS
depe%g 8%%@&1{%%%61{96@6&@ dg%drg @géc%ﬁé b BdcPa AL 0Pthat Pathogen or

am no aci d residues per sequencing run. Sequencing
agenaf Tdemifienti@r of signkorpipatiwayayintavechbudiaeass poceaseisnmetabolism,

acid residues in length, requires. cl eayage into
gro“étﬁﬁﬂnide?élf alé(b%’ﬁgh P?ya%d’%gg §é’n’6}|%9t1%‘?a%89 ea,q%éoﬁpqeﬂ&e% pt analytes.
n € 15 i5 preRBAY | BSted SRR URntificati d/
Ahh?ﬁ%#%i%?ghgagﬁgpﬁﬁﬁg?cénéﬁningyand e1 WO 2005/8é£gb?n e
sequBEingISED 0B/clida 5&6ds torpipeeteing, raskeri raslytene sughe asf carbohydrates,

poly%\%,lgh%?cﬁeg,:,}ypeldsl, ?ﬁ%rl e?cic%?‘ejtc.ortng}g e rc])ia Frr%o%lrjlge. Cﬁ?ﬂngﬁloas and apparatus
disclosed herein are focused on identification and/or sequencing of proteins, polypeptides

and peptides. However, they are also of use for analysis of other types of analytes.

[0004] Existing methods for protein sequencing, based on the Edman degradation
technique, are limited by the length of the protein that can be sequenced. Accurate
sequence determination is limited to about 50 to 100 amino acid residues per sequencing
run. Sequencing of longer proteins, which may be thousands of amino acid residues in
length, requires cleavage into smaller fragments and assembly of overlapping short

sequences. The process is laborious, expensive, inefficient and time-consuming and
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pose safety and waste di sposal problens. [0005] A
variety of techniques are available for identification

w@boopossei ns, pol ypepti des and peptides. CommBeil/¥$2003/034526
t hese involve binding and detection of antibodies that
can 5 recognize one or nore epitopic domains on the

. protein. Al though anti body-based jdentification qf )
typicailyotegnises the usg of rafigaghye fa%glg @ﬂdefg%ea;}@mr&gau%@@gglpﬁﬁawlﬁh can

: ' | evel s of fal se positive or
pose IR HEAEEER B prf g :

ts, due to cross-reactivity of the

{i ' i f f . Fgens,.: [ Gl :
oonsf AL o Gl STAE [P QR B0, Doy
and mpﬁ?as) : O@ﬁﬁn@rﬂ?,CElfe‘ses il’lﬁzioh@i bigdiig @r[t}1 dbechyort of watibaliss that can

surfaces, etc. They also.require the 10 preparatiq f
recogRife] SRRIIOESTIOIAEDHANC OBV 9B WA P alPoso@af fodrbased
. , i . .1t i
cen B84 5 ARS8 ok S RS8N R el
high lpvely bbfaddeypdsitive or thisermeghive adts, e © aresserbdtivityrodglse antibody

with Rt SRR BT g BeReiie e HralEBbAE pbBRL L b vt of
the asshPaN G spedt @iﬂailﬁg %;f AhHIREYRE Y sridiurfb&, 8 "’I%e?%is@ require the

conposition of the fragnents may be identified by mass
prepasgioot ofoadibodies 1Bt Aaalrgengnizef anaingdiMidhiad ipseisionompentides As such,

over | appi fr nt an provi.de dat am no_acid
they ¥ Gk AR i SRORERARRE oB 8y g Jud bl bRFafitsly been
chara@@flzE® AMorE FecB RS tRddk is?échféb'édggi Had e u&dd fot PeptideOietification
or peptide to be analyzed. [0006] A need exists in the
and/og sequeneinge Pretdins and pafypentides maydie elpavedfigio sppdler fragments and
identi.fiication a r nei of; ar
e P 2 R0 B s spesoscny

Analygieyf DsigtiyienPuieg ofiodemippingetaghernth asmpiogidezdath oBkinkfo acid
DESCRI PTI ON OF THE DRAW NGS [ 0007]. The fol%sowi ng .. .
sequegpQwA i§ Pracssms ghetlaboriopnexperseicrand Jequites sHestaptis! purification of

theplito%gﬁgfg%t{dgtgggg %;Zggdermnstrate certain aspects of

osed net hods and apparatus. The net hods and

ppar at us. e ter .under st ood [ t. .
100062 P ¢80T o BE aff ot Flegp 0 R 588 R 30 el Bpfifeation
and/of 8E@idnERl g eSHTalyats, ARcHIiIRS PRiteids Aad eptiddsOBaBhavel £ot previously

is a flowchart illustrating a non-lIimting exenplary
been idgptified oischpowtqrized: to scale) and nethods for protein
sequenci ng 150 and/or identification 160 by generation

o 5 B  pn e
ooy i R A IR A I B o e

demoB§tTdt8192AMR/ 433402 6f the disclosed methods and apparatus. The methods and

apparatus may be better understood by reference to one or more of these drawings in

combination with the detailed description presented herein.

[0008] FIG. 1 is a flow chart illustrating a non-limiting exemplary apparatus 100 (not to
scale) and methods for protein sequencing 150 and/or identification 160 by generation of

distance maps 140.

[0009] FIG. 2 illustrates a non-limiting example of a sub-device 200 (not to scale) for

protein 230 sequencing and/or identification by photodetection.
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[0010] FIG 3 illustrates another non-limting exanple

of a sub-device 300 (not to scale) for protein 310
wGae@sesashng and/ or identification by el ectri caPCT/US2003/034526

detection. [0011] FIG 4 shows non-limting exanples

of protein |abeling on cysteine residues. [0012] FIG

ootop JRE0Fulldins; oo tatog el oS husERepbiTailo seate
for prbtefa 310 RHEMRipOArdldrilidntifigat 1ecried] defeetign.n | abel i ng
on aspartate, glutamate and C-term nal residues.

o011 30674 55 U5 B0k AR 3 S 4
0125, S Ao Y BB Bl b

termifadresthel di fferent type of nucleotide. The data were
col |l ected wi thout surface-enhancenent or | abeling of

[0013%'1@@3 6CiRMs! #teSlimitB1&daniplds: ofSproteansabRlif ® WRdsPhitate, glutamate
ERS spectrum of a 500 nM sol ution of deoxyadenosine
and Crterrpinakighidties- coval ent |y | abel ed with fluorescein
(upper trace) and 15 unl abel ed dATP (| ower trace).
[0014T KEGd AThofsunmelsmiing axagiplastodi pretdint labehit oh seripgp ki threonine
.. Science (Indianapolis, IN). A strong increase in the
residu§ips i gnal was detected for the fluorescein |abel ed

dATP. [0017] FIG_10 illustrates the Raman spectrum of .
[0015] KiG + 3 yropn e Raman sppaiR Q%E%cg‘ﬁg?e“(tyﬁ%? Ry qugiotides.
Cta s RapAE P 48 SRR A ag0h das ver
colleatgdswihoe sunfdeherdiaficeineneonlabelingaifiteetuadentidesre. [ 0019]

FIG 12 exenplifies the Raman spectrumof 1 nmM
[0016)FIE. 0D stdywswiat ltompirasiee OFERS cpderat @i ti 680 AMMOR6Jution of

FIG 13 illustrates the Ra pectrymof 1 nM
deoxypienqshien &iphgspirpiy covaleay, dlg&gsg cBith cHpgrgseein fHPPgrolagy and

unlabglhgi%]lg’l g@@@ﬁ&éé\%ﬁt I@gﬂ%ﬁg@%ﬁé&@ggﬁﬁéoﬁMmdtﬁom .Roche Applied

ni ne, ection tine
Scienf® (Adjanipdls, IS).s RossoighmcRasaim dreeSERYmigfal Waridetected for the

argi nine,. W a 0.1 second <collectiontine. 3 W
ﬂuor%%%ﬁé’ﬁ%éﬂ%/ US2003/ 034526
[0017] FIG. 10 illustrates the Raman spectrum of 1 mM tryptophan, taken with a 1 second

(upper trace) and 0.1 second (lower trace) collection time.

[0018] FIG. 11 shows the Raman spectrum of 1 mM cysteine, with a 0.1 second

collection time.

[0019] FIG. 12 exemplifies the Raman spectrum of 1 mM methionine, with a 1 second

collection time.

[0020] FIG. 13 illustrates the Raman spectrum of 1 mM histidine, with a 1 second

collection time.

[0021] FIG. 14 shows the Raman spectrum of 1 mM phenylalanine, with a 1 second

collection time.

[0022] FIG. 15 shows the Raman spectrum of 1 mM arginine, with a 0.1 second

collection time.
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[0023] FIG 16 shows the Raman spectrumof 1 nmM
tyrosine, with a 1 second collection tinme (upper
wao ea@sej2sand 0.1 second col lection time (| ower BPCHUS)003/034526
[0024] FIG 17 shows the Raman spectra of 1 nM
5-fluorotryptophan, with a 0.1 second collection
tine. 5@&10025 FIG 18 illustrates the Ra n _spect rﬁ
[0023) FIEh1Hshays & Rage sppctram; fd B! BFOSIREGHh A h %P%‘%ico ection

time é@rﬁgacé) SREPT LBk . %Lct[)g 1\%\115'30 warQgfl FI G 19 shows

mean - spectrum o e calf serum with a1l

ol | ect
v 760 12,580 55 Rt B GPT 30k FBarp BN, 4o 01 second
colle@mamee. 10 collection tinme. [0028] FIG 21 shows the
Raman spectra of various fragnments obtained by trypsin

[0025] €S 119 MidtraRs 'HEN RARdre spbctrPbf Ao fe@l @aFeRaim] @fledYon an
reverse-phase high pressure |iquid chronatography

aluminti@l yte owith a ¢ segomsiojoligetionDBETAI LED DESCRI PTION 15
Definitions [0029] As used herein, "a" or "an" may
[0026}@!@ d19eshowsrtbe Ratraarspecieino bf aﬁO%t\elmle [cold3efunT, h\mtln erlnsecond
protein," "pol ypeptide" and "peptide" refer to
coﬂﬂﬁ&ﬁ9ﬁ% ic nol ecul es assenbled in linear fashion from
m no acids. The distinction between the terns is

l0027d 20 shogsehe RamspgpRotwiR o Opkprhals cekf spaap. Wlth a 1 second

fromabout 2 to about 25 anmino 20 acid
|
COI&%@@%&&%S polypeptldes from about 10 to about 100

S _an t ed b :
R e R e P N T N
digesti6Rbf g&u&"iﬁlbtelrﬂmpﬁdém&ecsbbﬁmﬂ by dertseophuse hi@f p?chSutethuld
pr ot ei ns olypeptldes or peptides, the terns
dﬂm@ﬂ@@ﬁpbﬁgﬂEkéxﬂ%%gn BColHy. | engt h. Where the present
specification uses the term "protein", it wll be

underst ood that tHpr £9 ses
"pol ypepti de" an ' ) is contenpl at ed
at_proteins to be analyzed nay conprise naturally
Def“BE {lﬁ’rl ng am no acid residues, nodified amno acid

100241754 § Eiagre%ﬁé‘%%% e R O Sdf ﬁaaéo%%rafﬁé“ﬂgﬁa e, ¢
resi dues that have bee

| e
(0030108 g Lok orloehpeen AN DABSh TSGT i POLERG Molecules
assenrﬂﬁéd qﬁ’q@obg tf;ﬁﬁfoﬂr ﬁ'l)ﬂnyalﬂ u5 &15”9 THeOkiShRSioR! Serlvk@l SR te¥ms is

pept | onds, 4 WD 2005/052591
prlma‘i’(ISF/OUSM(Dé}lgﬂS%lﬂﬁpeptldes typlcally ranging from about 2 to about 25 amino
acid residues, polypeptides from about 10 to about 100 amino acid residues and proteins
about 50 residues or longer. The terms overlap and the skilled artisan will realize that
where the following disclosure refers to proteins or polypeptides or peptides, the terms
encompass polymers of any length. Where the present specification uses the term
"protein", it will be understood that the term also encompasses "polypeptide” and/or
"peptide". It is contemplated that proteins to be analyzed may comprise naturally
occurring amino acid residues, modified amino acid residues, derivatized amino acid
residues, amino acid analogues and/or non-naturally occurring amino acids. Amino acid

residues that have been labeled with any labels are also encompassed. Although amino

acid residues in naturally occurring proteins are typically joined together by peptide bonds,

4
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within the scope of the disclosed nethods am no acid

resi dues nay be joined by peptide bonds or by any
wo@riensasype of known coval ent attachment. [ O03R(T/TRI03/034526

ternms "nanopore", "nanochannel" and "nanotube" refer

respectively to a hole, channel or tube with a

...diameter aqr. w.dth qf tyween. 1 and 999 nanonet.ers .
withif {5 SEo o8 heiE BB dTT GO PR TEE AeK RBLTOB e GG by pepide
bondd &Y Yy diititRd thpe rRORAotaRAChithehABAt. AS used herein,

the ‘terns "nanopore", "nanotube" and "nanochannel” may

[003 lﬁ eﬂ#ﬁ@ﬁ’n&i ‘%ﬁ&s\t}g@"] g‘ﬁé\ﬁcﬁannefh?nds‘l‘ﬂahl)ﬁge'afetfélﬁ@@e\@filfély to a hole,
eali ze that ere the specification refers to a
chanrieh@n tyder with addibtheteent widthtafrieaweenes and Y99 s@nameters (nm), more
. "napochannel " "nanot ube."” The only requir t is
typicglfyPetiRen 1o mM. RGBS, Seicl BEWBTU RGN Golthory ~As used
herei®MBe fekib thanbhdRY "a R MRA 4R cRARkIYahaPhlusel GndtdhaNgeably.
t'he passage and detection of |abeled proteins. [0032

The shilled swtipah eviB irenlize diséwhbtojthe spasifeationrecfers to hananoperes” digferent

altem?&%gsgﬁqgwg lauﬁlira]l{qéc%%% ; ré)g g’hirrgro lbeg'e ld'gl%elecgnls Pﬂeﬁgi?&%e\gﬁ 8% that the

nanopd?8,iaabLhana el Beotube cdnfeth @R TRId filled Cofipare@EmItol adhother and
arranged so that it may identify |abeled amno acid

allowrthe pagegse gdsistaston pf lbefad prdeindinopore. Sinilarly, a
nanopore may be operably 15 coupled to a chanber if
[0032)rAt eisert hierein, héopetabih epuplad” posass tthato thyire tihea Huncipoak and/or

A -detector al so be "operably coupled", to
strueiigl GElsTan iR PR veRe "Gt St oM aitin: FObRSTTe: & dfesips may be
"oper%la/tchﬁplg@’t 04 Rinopb@ if tHeQRtedtcRds hitdrpeti R6 MAMORLY Rlentify labeled
. [0033] As used herein, "fluid communication" refers to
aminga¢id mesidusa apssingrthecsigh dhe prsopersn Similerly @ napppore may be operably

c art ] |1 f Ui t
cou TR BN e e o RS ABELAE BR hpgre.
deteciod mdyl AlscIbe WPRLHBLE Sduipledl" i 4 HardpsROORE e EltRasdidredtd/drfsensing

fluid may pass fromthe first conpartnent to the
elemeniofithe detaster areinpgreied iBlodbaBanopeitpar t nent to the

first conpartnment. DESCRI PTION OF | LLUSTRATIVE
[0033fVBODieNENTSn,| GDad Fommanitiation orders he e Hotgionabicemeaticn befween

are of use for the rapid,.autonmate 25 sequencin
wo & o AL IR GIBYT R BTRES beafeon B ftdhenss. or
examplel @rfirst doniREBRAS is IACHIEE coMh@RichA6OUFRAW sece@h SbhpMnent if

__detection of single | abel ed protein nol ecul es,
fluid asomesedrose dhe fisle sompaiteaniofo dhe rhecend @nd/esiferre the second

' it cost of protein sequencing
Compgﬁ%%@ﬁ%%ﬁ%gﬁ?ﬁrﬁé%n?%ﬁ: [0035] The fol |l owi ng detai | ed

description contains nunerous specific details in
DESCRIRTION OBILRUSTRIETEY PFEMBODIMENTSUnder st andi ng of
t he cl ai red net hods and apparatus. However, 5

[0034] The disclosed methods and apparatus are of use for the rapid, automated
sequencing and/or identification of proteins. Advantages over prior art methods include
high throughput, sensitive detection of single labeled protein molecules, nanometer scale
resolution of amino acid residue distances and lower unit cost of protein sequencing and/or

identification.

[0035] The following detailed description contains numerous specific details in order to

provide a more thorough understanding of the claimed methods and apparatus. However,

5
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WD 2005/ 052591 PCT/ US2003/ 034526 it wll be apparent

to those skilled in the art that the nethods and
wW@ppanstses my be practiced without these speeCT/U82003/034526

details. In other instances, devices, nethods,

procedures and i ndi vi dual conponents that are well

it wi BRefhpaat 15 oty SRR Pk S Qi TRE Eredfer Tl BBl may be

pract1@6d Glnﬂh@ﬁipﬂh@éeespgﬁl’lc RRtaflb. 2@ SthieP ifRBACEY, IBHES, rr?elﬂﬁﬂb,eﬁl‘écedures,
120, each chanber 120 to contain a different | abeled

and ingdiyidualaimponenip dlabdre wilbkeawisinghe edddvopotitieen dessribpd in detail
hereil‘gCi d tenplate may be produced by in vitro translation
by linked transcription/translation. The |abeled

00361 % R ip B0 4o A L P PRelEF gy ROBpE et Amore

chamB&€ 120, RREIE cRARSR! 1710td ayR4ie »REFRBALY 126660 a88né QcRl. Labeled
detector. As a | abel ed protei n-passes through a

proteina sopasied by thamerlew zmrd teonmaaE dnayeld piidycasl by dleYlé”Qtt@@Slatlon or
di st ance am. no acid ye

by linkd A HBIRR RGPS 2nEdtelth BRR RE oot BRORYFSughf more

nanopot&Lagibeih@balgd ea@%ﬁﬁﬁlbaﬁ i e MABsbbies perfiRating bAd OF nitRP Sensor
140 may be used to sequence 150 and/or identify 160

layers pperpbiljedouplegrtateedaicctars poasibelyh@rairin paseesahiqugh nanopore,

labeled Lulnir{é)egéi%i.zl%sitd{ﬂéast alrehcﬁet et 248 &Qﬂaﬁcey’tget\%e labeled amino acid
consideration nmay show di'stances 1n -nanomnet er

remduters @‘é eRteemisedadel a Fdistarex amy 440 ds songpiled don Bau:hatyipd dfnlabeled

linear proteln sequence moul have a size of

aming)agid Tpsichest | ey B IR 40 Ty D e o regiupicecyso Tndlor dentify
160tﬂg@£9&@2ﬂ§&held strength of about 10 volt/cm,

ecules may travel about 100 mmin 60 n1nutes (or

[00373 8&% I?edo 9;9 &g}e&{ﬂ?rr Aize %qag)the %ﬁ&%‘%e Crﬂ#ﬂs ng i g&?ﬁ ofi may

rca ors are capa COUﬂ

showtdistirdres {refit gub-aamuinktSca gieatdes”cel@t iFoR egdmplady singletamino acid in
amno acids is well within the detection limts, Gven
a linggs ePTotRR | SEEYEICR L oW haﬁ{Po‘t iz5solifbeit @OebRy o@%mgsrys},mal gel

electrgPﬂmQQQ Q)ngéri‘f}%gg 3 ﬁ;é;\i%ﬁ% V(\QLHbg P& %W/éfﬁj qﬂ&le&@esamay travel

stance is I'ess Tt han
boutCH}Otmm ﬁﬁﬁ(bmmxmm(cbr Iabmlgt% 0 mb eat sd@oidy $1m:e curtem\ky_Lﬂvdllable

s< about 20 noseconds tp detect tvvo adj acen na
clectrga] QePEOIRRIESTDHIG ODEOTGEANEE s [IHD PSS ST ei<gHen of
adJac%rrre%rﬁ%ﬁ‘élr ?@?sew QR &fltﬁilhsﬁlé'lfe@ecelgn%rﬂﬂa URiveR thé @néb@ﬁ'@t fte of

ngth protein, which may be thousands of
proteinsni undlenelatsropluoresis, [@(138§nolsccoaldt wmeadirine weldhddsequivalent to a

s SRR TS B B SRR b RS REBAT S5 54 .

It wodfd ehkdNboBH D0 fehHRcOHNR 19 ddIBYt &wll Aljfiens amﬁﬁcpaalah@smues The
i ncubated cells. In other alternative, cells

distartce amapls dadaywiange Omethp pEerEd wtamt\ﬁbsime (@récnm) uigththe length
nt.er aI [ o for gel ed

of a fﬁ]ﬁ Zgn&ttﬂgrot% e‘?’léld?w%t ousanciN%q’ am?no L{

[0038] In alternative methods, labeled proteins may be prepared by incubating cells in, for
example, a solution comprising labeled amino acid and purifying one or more proteins
from the incubated cells. In other alternative, cells may be transformed with an expression

vector encoding a protein of interest and allowed to form labeled proteins. Where twenty
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6 WO 2005/ 052591 PCT/ US2003/ 034526 chanbers 120 are

used containing all twenty different | abeled am no
wW@eiod/0528i dues, the distance maps 140 may be PONP510031034526

into a conplete protein sequence 150. Proteins,

Pol ypepti des and Pepti des [0039] Proteins to be

anal yzed may. be: rlfle%ﬁffrom tural .sources;

champg} 189 e dsbh co@alwl& Gy Ciierrey PFIGH dgping foirpidues, the
distal%glgﬁbgwm %e'dog#) 86d Mt@Q%Sﬁan&é Yol ?é?ﬁak:ﬁéé . of a

speci e expressed in host cell that

Proth Sp?@%ﬁﬂglﬁg&ﬁ{ﬁgﬁ th a gene or a corrp! enent ary

Speci e ese methods are not limting and

0BT 1 B TEf TR RUSRER oty T e

by in PR} l@éﬂ%ﬁa’cﬁ)ﬁ dfan @ﬂﬁ{m ?6018336& Bydlirkad tiagbdription/tfauklhion of a DNA
purified froma varie sources before anal ysis.

spem@r; @né’pn [puerrressed i@ h0@t: peil &@ééla%b@em;@ﬁmsfklﬁl@ﬁ%wh & grae or a

comsBplput S350 LASPTLAUER. RSB BELNO, AR, B s

analy 2ty b@pfdpatéﬂs;ylamym@m«dlmdwmndhmm protein
fractions. Fractionation may utilize, for exanple,

digberiepliipbaal ubility in aqueous sol utions,
detergents and/ or organic solvents, 15 elim nation of

[004(@'??‘31%51% tgfb GRAY %H lﬁgymbé Siially 88l Lﬁ'iffédsf?érﬂi xQYlety of sources

mati c |get on, eC|p|tat| of proteins w't
beforammlylsum Qnd)tpimap&mﬁmﬂoyeteblgmm gieywell kraorvtd b@dh@gart These
heat tur on and.the

technmup; gg:g ¥i 18 lelaélnlnlt}i\ll \?Hi’qeeﬁrv%t?flat&& 8%1\5 %hpg t18§ueul%0énogenates

and/ok r&xﬂﬁ&% Shtd BtHidihi SR h@NpRK&@n KRREBNd. N Frﬁ@acﬁhﬁon ma ut111ze for
I ncl udi ng but not Ilmtedt0|on|c surfactants e.

exampbd diffarelutié s9lubdify (ith agesous @q]ruufm% iisteagaats ard{pry piganic solvents,

LSRR, PR AT bt
precigitRRA-cdroRids witk ,arrﬁh(ﬁhﬁrﬁrﬁugahai@ @b@%ﬂ@léﬂe%‘l@col antlbodles heat

octyl gl ucosi de). Non-ionjc detergents may,

denatgra@an and faeelilh dpllowedby plirasenirieaton.o WI%QQ é%iergents of use
in pr(gFm rpdlﬁ&‘scgﬁgn g%el%e wElolrn 89 taft;fﬁsludq% @Lﬁtﬂo‘? %rra{%'dttg %mb Qitfctants

Mgent's: i

(e.g.,t habdidpes dudecylexBulphbtes ubsidamh i abh@ib&pr pﬁoch).lmandbm(ycholate,
em ssion at the wavel engt hs, used for txcltat on % %
hexadgsy bampilafpuerupe biomige)ediid poRrenic spriggients riton X-100,

Twee?%ﬁeggg%% dRRgHE ﬁ%ﬁaﬁ%ﬁgtﬁosb&ggﬂ&osﬂhf hiveh! h&ﬁb td@{er ts may

ano e of reduce disulf
be obgredserand whasodectieal dmmlenmfa@ggﬁgaese@es Lisvused. For optical

nmol ecul ar vwei ght cont m nant s
detechipiy| R 101G PT BPRAGTH QEIRREERS B L oE 2&8%9#% {clbptgpes not
exhltﬁtﬁﬁl‘%gt]ant%:l %%Q?]I?ﬁéﬂ gfgl/of Qﬁfl tRflat @lﬁngﬁelﬁiﬁthsf 14 98 bR Gtation and
romat ogr ap or e ect rophoretic
detection would be of greater use for optical detection. Reducing agents such as
dithiothreitol or B-mercaptoethanol may be of use to reduce disulfide bonds and dissociate
protein aggregates. Low molecular weight contaminants may be removed by dialysis,

filtration and/or organic phase extraction.

[0041] Protein(s) of interest may be purified using chromatographic and/or electrophoretic
techniques to achieve partial or complete purification. Methods suited to the purification

of proteins, polypeptides and peptides include, but are not limited to, ion-exchange
7
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30 techniques to achieve partial or conplete

purification. Methods suited to the purification of
wEe@se523s] pol ypepti des and peptides include, BPCI/US2063/034526

not limted to, ion-exchange 7 WO 2005/052591

PCT/ US2003/ 034526 chr omat ogr aphy, gel exclusion

g a o e 5 IR B e b b a8 B Soptoresis,
afﬁmﬁhr OBt Rt &R Yy, hy drremih@Rabity €  hRsRaTBEABRRAPNY hydroxylapatite
ydr ophobi c |nteract|on chr orfat ogr aphy, reverse phase

chromtogrmpiyg ydwbhobic inseratiéaen ciromatogtaphygeverssphase @h@nwtography,

oSSR FOIBERAl PhoBB) EREEFRR A i

chronMt6g8piy uPL.E). CEhésernndr&hdsnavhodsiof ﬁrb&:n&ptmﬁﬂdloﬁfﬁe RO6wn in
l[imting for the clainmed subject matter.

the agfené are wstt ligriting for thg G]@ilffl@d: atmfeﬁﬁ AT HANY, &@awnm%h%d pEprotein
equl ne

pust RSP ST gl B B PR EL R 5 Ril BBy i mos

pur1fk&| fdtev eMuthidds | edlibiting rﬁi)l/owérodegree(alﬁpiehliwhapmlﬁcanon may, for
advant ages in mcrease% recover | abel ed protein.

examply, pOv. @%]vamﬁwﬁnmﬁrwﬁ RRPGEY 8P @’elﬁ‘éyf%@nused for
purification of some proteins. The nmethod relies on

[0042] A gimity néhrymiieguepby maypbotwsed fanaualipdicacef some ipiee. The

an spem
s B RRE G52k P TR TR GPLATRY RASY L acaty
bind.| l@l@ﬁﬁ}atc%wmyaﬁlamahmﬁaybbd}preﬁmd bo dyovhleagpesttaching a protem—
receptor protein, substrate, _inhibitor, product or

bindipg digsgd.osuchuen an gaikedy; gniibodynSigemente thgh Pl Praleign sugstrate,
1nh1bﬁ&ll,rg>%u]c§ %Qﬁ%ﬁq 95 2RI 1&%2%35 ECP bn %%de@@ i} Baa]s column

| X may t e use speci
chrorﬁ@tsgrhbhst beadsargehylpn at either fmeanbrans oThe inoatrix Ehat ﬂmn be used to

urs_by changing the _solvent conditj.ons
specifigh{icadsoft i HIES GRpHafioFes SORtiEs. g%ﬂ“l% febite i Aging the
solveﬁ% EOﬂdlthI@% p% >}3ﬂl NP $tre Eﬁﬁﬂf@ Qltedbhi E‘(bﬂc)éntratlon etc.).
romat ogr i's I mmuno |n| chr omat ogr aphy.

One Mt figdsmésr commenatfomes avft laﬁ’onmyeshagmtv@taphéarnSo@mmunoafﬁmty

chrortpgaog PARF: drr EREr e AR R P S Rrof Gl of poteins for

use i frﬁ’lhﬁﬁcfhffﬁl‘ﬁfy b RE®SapRrdRelb REGIA irCidk bit. | abel ed in
order to facilitate purification. The protein of

[0043F] B GlehRt ofnim’elr&? nflaﬁ'l i)e{? %@é@t%cteﬂﬁ? YL Bu&jd%f ﬁ)af‘a!cﬁﬂate Ipurlﬁcatlon

rot ocol ook presence o
The Iﬁpteileofmtamy ning b:a:dbﬂetvediﬂﬂblagh mpmhﬂigatlbamtecblﬂm lngking for the

si de c speci f.ic and/or sel ecti.ve ents as . .
preseis G Bodensh GO s CheRCHESUPTHbO FEIRe e side chain
spemh@bﬁfd{d}gse"l’écﬁvg%ﬁ%n'tsn ab NBscbded BHISWUSSRGiIoLE MRAEds for protein

detal |l bel ow itro Translation [0044] Proteins may

labeling agxknovesiadhesitdjscnssadrin wiare deteil plowat i on system with
MRNA
In Vitro Translation
[0044] Proteins may be expressed using an in vitro translation system with mRNA
templates. Complete kits for performing in vitro translation are available from
commercial sources, such as Ambion (Austin, TX), Promega (Madison, WI), Amersham
Pharmacia Biotech (Piscataway, NJ), Invitrogen (Carlsbad, CA) and Novagen (Madison,

WI). Such kits may utilize total RNA, purified polyadenylated mRNA, and/or purified

8
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tenpl ates. Conplete kits for performng in vitro
translation are available from comercial sources,
WG k059 Ahi on (Austin, TX), Pronega (Madi sonPCTAUF2003/034526

Amer sham 30 Pharmaci a Bi ot ech (Piscataway, NJ),

I nvitrogen (Carlsbad, CA) and Novagen (Madison, W).
~..Such kits may utjlize total RNA, purified
indivigualy BdtdVy | SREGES ,edaﬁamo% Gl Hefor 8GpsmBle odesbads of

Ik 34938 orls eHdVdr Sty ATBNAISRBCY R BbA RS in vit,

prepaﬁ%r%@&g%ﬂ& tlﬁés llJoe Sgéry d)g%rheraivéd;}répl e. l\/btlﬁolgs of oo
translpii@pae ikngwdi {£.r, SatnbRdok, £t alc tMolesulan@lonmg: ddl.shatataty Manual,

cold Fioe TPEB ol St Bl GRS BTN LR vt t .
CurrehPBRIOR M MEBAr Biofedy SWERY l:0d SHRY, b YR N a9g4),
Press, Cold Spring Harbor, , 1989; Ausubel et al’,

t.gc i cL [ j | ; icul
oo HRGTE, GEA°TES Bharilt P s W1 o
lysatesj Whenttgeam sixatitoand Y&t eols esrathasevrortranalabion systems based on
ret.icul oc

) te |lysates, ea er tracts and E. coli ..
rabbifetREPge TYSHes ot UL WALY JOPY 89 ST SHE g sk byoric Fanstation.
The %@Rmst cdifdih UL @C ¥EI® dx¥adt SfcilRgPabdsofidl atbihifsORtaaifer RNASs

nd efficient for eukaryotic translation. The systens

(tRNA®n taaninoasy L1t 8 e byntlestasesc ingtiativn, edonggtipn raslo ipamination factors

suhunits, t f R 10 RNAs ' | -t RN .
andi R SSRGS e AR B present i
such ER®4cH fay %dé@Eleﬁ{dnte‘at Wah dHRIGIOMEHY GiffeRalityRd dfolbeled amino

transl ati on. e natural am no acids present in such

acids.e Repending pajheapplcgiione therlaleal may be 1spiEiClse tergrsingle type of amino

.. different .types of |abe ] [ ' }
aci0 &, SUEERNLYP Sl BELSHA Yoy BE e PR et s
samplebN@HcB dfeicipimagBenexpoded b a Aliffeemadypy ff Yabetedsaminoeacidy For

be translated may be divided up intqg different s

15
optical etcBon M OF AT OFel TB OSSR b gl BHprescence

f j id. i tectid : :
L
residueat ¢ithel Hefarormsizansenthesisl orelyy Ipestusadiafional Rawdification.  Other

spectrgscopy. Labels may be added.to ot her i N ci
comppRE}Y byt HPPIIRIGRE BBt e AN @trﬂnh%lﬂeénso%n%eﬁwas of use of

such {}g{setmst 8RB0 LORe 5rtg&i@%£$§ alh9iBn webfigy), conponents of

e I n supplenentin I'tro translation systens and

h f . TR ar [
0043508 A5 Bl EUUTIOYARERTI KIS, BRI miins
Such t lirgked! &hﬁs@ﬂpﬁfﬁﬂrﬁﬁld‘dﬁﬁlk@mkm ntagn asy iPIR® na}mpli@mien products
gener ate nMRNAs. uc i nked transcription/tra tion .
and/og J Y4 ﬁngayewéertﬁgam stagidar F’iﬂf%ﬁ%‘n"%%ﬂ%?&“ﬁsrg‘mf ghacterial
. r . 3 .
A e
and/o¢ hotherokmoves Jexpiédeion (veetmsd. drinkéd ddamscriphipnimesdates) systems are

.. cosm ds, plasnids, phage 25 and/ ot . kno . )
availqbi deogt ogREatE by QurCEs, Fidoa PEoLGHEGITY Loy AP Agtn. TX:
QuiclS ¥RLFIEB S358m, Promega, Madison, WI; Expressway, Invitrogen, Carlsbad, CA).
Such systems may incorporate various elements to optimize the efficiency of transcription
and translation, such as polyadenylation sequences, consensus ribosomal binding (Kozak)

sequences, Shine-Dalgarno sequences and/or other regulatory sequences known in the art.
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avai | abl e from commerci al sources (e.g.,

ProteinscriptTM 11 kit, Anmbion, Austin, TX; Quick
w@ewplsad9Syst em Pronega, Madi son, W ; EXpr essRer/S2003/034526

I nvitrogen, Carlsbad, CA). Such systens may

I ncorporate various elenents to optim ze the

efficiency of transcrjption nd trans|atjon, such_as .
(0047} diapalad s sh RscRIBHIEISTom 5B EEE &7 PRt SO TR Hg Prir
to anél?ﬁg,?&) aBInRRIUL LS Soe SMIPRIDRIBA %rﬁﬁﬁﬁ@ﬂc%eﬁ\ff% oI protein

regul atory séquences known in the art. 9 )
purifi2fii/ fEg SpeRCil pS20D3WISHe06 cridORNA [frabtiee@r g prdiiess RNA

.may be ified fromthe.crude in vitro translation
Specu?ﬁéflﬁﬁ'deﬁgi‘? Eﬁmpq%t‘af%ﬁ%a f@0-or alternatively may be

anal %;ed vvithoutngri fjcation. The use of protein

put PReircEXy exsiond @ se&d in part on whether a crude RNA

fraction or a purified RNA specjes is used as the .
[0048] Q¥usileie cacidsy engosling 4arBein proseips gfeinterest pre¥ shoingaspated into

Cel | 4 ' i ' r t s
expref oL ey B R, e LT A cBECRLR B IS Gcoded
proteing! Nonakaftigrexainplesiofthosth@st lires [khewarinl tigr artl incfuderbagferia such

the encoded proteins. Non-lLimti ex les aqf h
a5 I cenl, SO GO RO APz P PRI B s UL e VERQ cells,
(o) . . | . {
el R o 2t
mousb arsiobtastoner W2 Adells,| driks W B8 BEK 0 §-dni CORi T4 28T, ek, 313,
RIN, G ns MD R R T heseii Olhis iest Sclytes o bE Poigingd from
stand&id SW G ab ithesamditeaeTand caliher CbRsdtioteRockiilies MD) or
may be ob

talned from standard sources, such as the
commereial cendoiype Cul ture Col | ection (Rockville, MD) or
comerci al vendors. 15 [0049] A conpl ete gene can be
[004% xR IcespEde gend candieeerpsesséd er fregmeren obdigege poodadingportibns of a
a protein can be expressed. The gene.,or gene fr:ilqmsnt
i%tfzgjastmay

proteinesade PRtk hsgensrorigepe fiagmenspeoding PhIin(Y
be in eﬂ%%séx?f%yigﬁngfétoWy SthANH@EHnflOBEMSqeaC M ﬂa‘dﬁign libraries

pressi on rari containing part or all of t
contairisg pager aRNAsheempssesgee RN As expgessedhircezivencell s Sissaie type may

type y. be prepared own techni ques. ch .
ve VR eronty RSP S N TS SALB B Sar A ones encodiog
partiRr Ar6iRT ofFhREAE or etarhflt kBB antibedy 6X dBdficledlig probes and

anti'body or oligonucl eotide probes and known

knowmcsceeeningdechaisiwas.ques. [ 0050] The engi neering of DNA
segnment (s) for expression in a prokaryotic or .
[0050] URigr gtiptiicering p§ DNA segmdre(sp forf axprassiobyn agedlmrgpieesor eukaryotic

generally kpown_ in the art. An nQwn expr.essi,on
systegh Sre b BBV Do HErS SPRELh RBPOLLHBn | Any known
expraseiBh &S SteB m4§ CBLEMplB¥d for protein expression. Expression vectors may
comprise various known regulatory elements for protein expression, such as promoters,

enhancers, ribosome binding sites, termination sequences, polyadenylation sites, etc.

[0051] Promoters commonly used in bacterial expression vectors include the B-lactamase,
lactose and tryptophan promoter systems. Suitable promoter sequences in yeast
expression vectors include the promoters for 3-phosphoglycerate kinase or other glycolytic
enzymes. Promoters of use for mammalian cell expression may be derived from the

genome of mammalian cells (e.g., metallothionein promoter) or from mammalian viruses
10
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25 conprise various known regulatory elenents for
protei n expression, such as pronoters, enhancers,

WO 2wemsesel bi ndi ng sites, term nation sequencesPCT/US2003/034526
pol yadenyl ation sites, etc. [0051] Pronoters commonly
used in bacterial expression vectors include the

3-1 act anase | act ose . and .tr ophan_pro f
5 iRt e o EST SruEor AR R REG TV 40). Many otter
prom&¥RAESRAWh ¥RCIAY Be Lskdl ik de friQideo? MY dsdodedmethods.
3- phosphogl ycerat e ki nase or other glycolytic 30
- P . i | . . 1
[00522)‘%%1%((e St|;1% ﬁkﬁﬂggsﬁ%’é §}as‘§e£nl1é\j2§ u%ér)gnr%ﬂﬁit hg’ellghﬂg%%oﬁ liglfnted to, insect ce
systemmrinfetiednwith) ifer eramgple, mesoaibinanhi toalomirps, o ipéany asil systems
of J om,manmal.i.an virP es 10 VO 2005/0?%%91 L I
infectpd S BRI RS SRRy P RS Y IUIECT 0 SiBt ern @0
exemplaryt i8ec@ &Il Yystersl, AiabE apho ballBrscOhucRM @hlyhldrods Ofrtkels used as
pronoters are known and may be used in the practice of
a vectdretodéxgpe¢ss sfereigme gharssin {Smézger@fmmda celx or dha A cell line
.. Syste f i pel.ude, . 17 [
R CR SR ROk o S Bhedy L e G B8 St
the pdlgiddri@vieny of the viphsauidee ebiird Y§ttlesrpolyhedriif protteriRdeombinant
_reconbinant cauliflower nosaic virus or tobag¢co no aiﬁ
virusepicopigining thertlenedasnapiy thesesed te m@;@%ﬂ%@é@g%ﬁﬁg s and
the ingg{e'dig%ﬁ? it Péﬁg‘écfségg RPSY MaBLPRLS 4¥ IEQ}CS&E RithSH8 Y 8Biot&hniques
vect 0 e?press Orei gn genes i Spodopt era
14:810+810] P9 L uekldvs enal. ,tTh&itdl.5 6Zd5667DNE993) ridther e@geplary insect
Carl sbad, CA). Nucleic acjd codi ng sequences are
cell eNnBeREIPN; NEGOLSF GFe i&%ﬁippa, 'ba% VIRIS| YHEeHS: H’g@e%éma%e’m%l“eBac
AV Rotals! trol of the polyhedrin pronoter.
(kwnﬁgégﬁ%lnaﬁ%(g ‘'viruses containing the cloned gene are
en o.J t ' . .
(0053 R HEpAgRRERh 7 BER Bl BAT PR gl B penovirus
as anieggg&siﬁﬁ ]vflcﬂé'r.t t(sodﬁazltg sdquendsi ahscheailigates to,14z 31 Bdshovirus late
. Lucklow et al., J. Virol., 67:4566-79, 1993). . .
promeieh e ThegloRpdl &PYe MAK B inscried mie s wleBp IS &0PBIE Sairepinro or in
. . 0 a I C . J | .
v RESEpHE AN M NAEL S5 PP B BB 8BYEs, rsin
E1 oreid)ressts dm a sysingsindm virasrtat isampatee bf infesmgray eapiekdizgcloned
prote g e B SR BRSSP AR 4R known
expre%‘&i‘%c%rmgyﬁe gdaned gene may be inserted into the
aéenovirus genone by in vitro or in vivo
: . S : : ' al ol
0054 RSV By ph RSB0t Byl 858 B s e
cells.r ec antnbeaml selection tysaems snayapa ke, dhcliding diut npt dimited to, the

expressing cloned 20 proteins in ma i ap host cells.
thymigife (KEEFS s eBPEx a#ﬁp‘é?gm RE-FHONG mpmoa %syg S}Eﬂﬁ?f‘\%; gene,
meth(t?tf‘eg('éﬁs %éﬁ&él’/(%pig%ﬁe MR¥oRgeit S lbs L&Qaﬁﬁ}‘er&%ljlgéne and hygromycin

ransf orme éxpressi on vectors nay sel ecte
resistnongeren- tTiess fgenes deontained in standard cloning vectors, either confer

resistance to cytotoxic agents or allow cell growth in nutrient deficient medium.

[0055] Expressed proteins may be partially or completely purified before analysis.
Protein purification may be facilitated by expressing cloned sequences as fusion proteins
containing short leader sequences that allow rapid affinity purification. Examples of such

fusion protein expression systems are the glutathione S-transferase system (Pharmacia,
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cells. A nunmber of selection systens may be used,
including but not limted to, the thym dine kinase
w@enws/0535ypoxant hi ne- guani ne phosphori bosyl t r anBE¢BUS203/034526
gene, 25 nethotrexate resistance gene, neonycin
phosphotransferase gene and hygronycin resistance

Piscatiety 0N}, 1 ERIIOS SHIGHE Puan sy BRRe N cPGT BRI Sahdhs FLAG
syster?l&)@giﬁ% lggééégxé ‘Sﬁrﬂgttg? ggﬂfsrrg;&@fg (gﬁ;ﬁr%eﬁ' @H&ts%ﬂh UON). A leader

seque;h@ﬂﬁia@tbellmkpd: to f ipesteinefyor @earfmlrymgutlonmmtfer a protease, allowing

remog?ﬁzéfféiq% igal glg sqra‘égmq%ipr&%%gr&é}ned P})és {(ﬁf’iﬁl g gﬁ gpi?a%?e protease

recoglgﬁﬁﬁile:{e §§1‘39§ﬂ1§ﬁﬂet’cﬂ@§e ratd fg‘ﬁi’leﬂ %9"(5’63 @B\f)dd&b tB¢tch Virus protease (Life

I fication. Exanples of such fusion protein
Techrodpgies SGaithesspstg g Daroe Hehtor @(mﬂ\éﬁ\?h iFaglang-Biokabss Beegsley, MA).

Alterp%ﬁvleﬁ'sﬁéghar %%ns B}%Cb\é\g Og {)Xg%g(?%rﬁ éecrlrlg jques. glscussed above.

i ndi ng prote y B, Bev .. MA), the FL .
0055 Rl A BB STEE . Ve 2 A 6 A
they §r9 aﬁs%%ﬁﬁph(gﬁ?é WRE H?al%s%))f otﬁ\eﬂ et anSIGEYE FoL cXmYplBLeells could
O a protein by a sp eC| i c recognition site for
be iupated emsaelaba]eﬂmwom@acmand«v ahd gfolysaechasidese couldbre potfied and

proteln nal ysi s. es of swta
identied @a0for b SPREBEH 1 For SRR OB ol UG, (Hage! suburie (e
monc{rsggéﬁgﬂﬂg)efﬁﬁ%é herivabRace Elte%ht\/its" Weetibdisenafd (donf&sion to a
echnol ogi es, Gaithersburg, M) or Factor Xa (New

diffefengétarctir®i Silats apdpelyimeyic fams of speh anaketes @r@ﬂ«;ﬂown in the art.

expressed proteins may be purified by standard

t eRAondinlebeltligscussed above. [0056] Although the

nmet hods di scl osed above are directed towards anal ysis
[0057ff PrdtcRisioNtse, analyyRy rﬁdyec@hmma@lﬁﬂle(bahim dodd tdfseﬂtamalﬁyﬁms acids

of other types of analytes. For cells cou
may e Iaheleos bt BHods A2 B eh it b o BERRG IR ad TSdde may be

8 | f ' infdyeBe attached t
noffIPREL T G SRS Ay, S0 s st
amin® labidirremdﬁ@ by coval&hhm&amedma]iedtdjonﬂmg afer pmtmayntbeﬂs to
prevent its netabolismand conversion to a different
[0058] LabelbLuseSbthei disclgied methydyemby ifddide bat asunst llmlted to, any
anal ytes are known in the art._ Protein Label.ing 1
commqsagm] @ma&leh sby o elsstriggh| )g)p@aa na%pe%téqﬁgoﬁcg%e pg,beplg)aochemlca
bloclgq%gﬂe i ncgci(%{éi\?\%ﬁ? dﬁﬁ'c‘ﬂgm?c%l %%hmﬂ s, g@?ﬁ%ﬁg Srlxé?ﬁ(de but are
not lﬁﬁﬁécﬂ't)@ dmﬁu&tﬂlg, Ilfﬂmﬁfepwmt fwbrésott, @hgnidtmaineschnt, i lmglummescent

nthesis. Alternativel | abel s ag attached t
and sphorgsaent labslsg ga}gop@g,tl Sy 516 tnaB?p%g % Cgpiq? élﬁ{lopartlcles, silver

nano?gﬁ?l{[gh:gg %Mrﬁ%%erﬂgma%itiﬁ ¥t BEShoY fga ts'—ag@deﬁcmy UifBineered
s may | nd are not
antiboldies f @dyines, sabstrat&) cofanijoos |11th1b1torsién3dmg M@emy, magnetic particles

eleggrlcal opti cal, spectrophotonetric,

and Py eleni cal ,

[0059] Non-limiting examples of photodetectable labels that may be used include dansyl

=)

u

chloride, thodamine isothiocyanate, TRIT (tetramethyl rhodamine isothiol), NBD (7-
nitrobenz-2-oxa-1,3-diazole), Texas Red, phthalic acid, terephthalic acid, isophthalic acid,
cresyl fast violet, cresyl blue violet, brilliant cresyl blue, para-aminobenzoic acid,

erythrosine, biotin, digoxigenin, fluorescein, 5-carboxy-4',5'-dichloro-2',7'-dimethoxy
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bi ochem cal , i mmunochem cal, and/or chem cal
techni ques. Labels may include, but are not limted
W egososeseuct i ng, | um nescent, fluorescent, PCT/US2003/034526
chem | um nescent, biolum nescent and phosphorescent
| abel s, nanoparticles, netal nanoparticles, gold

nanopartlcles il ngnoparticles, chro S, :
ﬂuor%sﬁ@mbodﬁégrboa%f X r@ﬁa@ﬁ%‘pﬁagofe‘@f&%t i c{a] f?in GresSPiBy >
carbo%ﬁﬁl%g%’lﬁl%d' é?lgmn%?ﬁﬁ? S 6-catRRyMBliSRineC A-8bOkytetramethyl amino

ors ng proteins, magnetic particles and
phthasquiyanihed) azemeth(1©5,94yahimes, | ianitiasg susgypflupsesseins, rare earth metal

hot odet ect abl.e | t hat may be used ncI ud
crypF o RaRTY RGO RE SV aenvs et of ey omine.
dlcyahnﬁdﬁg"]@l‘fa bl%@ ?b Oil)ophmyﬁlﬁn ﬁhﬁcb@ﬁ@ﬁlC?pMyanm R, th1am1ne
di azol e) exas d, hali ¢ acid, terephthallc
phycwyﬁiroclyamphphﬁeﬂwwﬂ@rm @t, lguf@memwﬂé@wm.%te& Thegssgnd other
r es |
lumlrgéﬁ:qilt\f bgisyxp g) h)ham ég)xjgf)%? S%Lﬁ?%sas@ﬂ]udéggg%éﬁlﬁf Probes
(Bug&iteS @R0d- dacked @ zﬁﬁin@remc% b 7meﬂioﬁ§kh@wy in 1iZe WD Alternatively,
2005/ 052591 PCT/ US2003/ 034526, fl uorescein,
certaig- @mﬂ@b&lyd Znyigo, widsyarq GoMEEHIIFhD FVEARIE dEin, Molecular Probes,
5- oxyfl uorescein, 5- carboxyrhodam ne,
Eugeg?n%z%gcrl di ne, 6-carboxyrhodam ne,

[0066)- &m0l etgidusstihyy bartabeed puhﬂlheibmnyaillyl datsctable labels, such as
azonet hi nes, iam nes, xanthi nes

meta%@ﬂf@ipﬁm"@u&(& OB Fikeer nanprarticles WWS@ 1 E‘Fnyfﬂda% &g in size may
be u?éﬂr %ﬁh{‘ﬁght b hﬂ%‘iésdbig@g?érﬁm QfrenSofY HAP ¥ GhiPlaiiotbe used.

I'am ne Icyanins, La Jolla blue dye,
Methatld; op bmany@nampanfw&smy &nownC(Sqmwgo &l &nibatemt Nos. 6,054,495;

o124 [AFT R soRMESCT NEREN] T, GRS ST g ss0s, 199

Nandg‘dfﬂc‘ﬂ%sﬁﬁytaléoajﬁglo%td?ﬁéﬂ B8P B RIRAGal foaraes O@gr Nlaﬁld) robes Inc.,

ources such as Ml ecul ar Probes Eu ene
Yaplﬂhk,aNTﬂ’ e Bolyemalmea,olnac Nﬂ@‘rlbgtonel’hb d anﬁpmlélea @fe available

t I
com g FER S P BT B DR O S TAL CPfans, ),
Nano%k&ﬁ@‘ ﬁano%!)trclefs Q@H0e drhined dvéth ditheSigplesr ﬂﬁﬁhlﬂb@mbmhﬁidedamme
h eleCtrically detectable | abels, such as

or othan cravpsi efteshed Gasirdnastopaiticleer %wapgql@eélalaﬁpaﬂéq?%éﬁo are
avallﬁlélﬁ OIB ae? et 3P<gsgt]1 %]gér en gﬁar S Fornf! EH%}‘ A dified nanopartlcles

nsi ons and mass

may Sdﬁta&ﬁ:dlkﬁﬁdlentlw hﬁﬁifio adid pesis i eith enbeforeaot aﬁ:érethe amsno acid
known. (See e.g., U S, Patent No 6, 054,

residges] o1p ulgmporgtegmgtogggten@e eNman e o ot}\xjar léﬁ:i%mawgrﬁttached to
amm%%c%&)’ %%s(:}él?e% via ﬁﬁ%ﬁowﬁﬂﬁ&&a% EJ) R Yedlcs %t&‘f‘c hindrance and

arned trom cormercial sourceS (e.g., Nanoprobes
facilitaie proteipplyandrizafldfi. Pol ysci ences, Inc., Warrington,
PA). Modified nanoparticles are avai | abl e

[006EPIERIET alinod aSidCResised\Nanggbe dhdorpdrardpiatd ipedtems fmada from a
noprobes, Inc. (Yaphank, NY).

nucleic acid template. Alternatively, labels may be attached to a particular type of amino

acid residue after synthesis of the protein. In some methods, the label may be attached by

antibody-antigen interactions. A label such as fluorescein or biotin may be attached to one

end of a protein molecule, such as the N-terminal or C-terminal end.

[0062] Proteins may be post-translationally labeled using side-chain specific and/or

selective reagents. Such reagents and methods for post-translational modification are
13
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Nanogol d(r) nanoparticles nay be obtained with either
single or multiple nmaleimde, amne 20 or other groups
w@raoaosese per nanoparticle. The Nanogol d(r) PCT/US2003/034526
nanoparticles also are available in either positively
or negatively charged form Such nodified
nanoparticles _nmay be attached cov }Pentl to a
knowReRdeeat dUSe- IR STEIRS GResh Shoir R i Wedalitlyde acetic

anhycfr?cﬁ" Qﬁfgﬁwar e1 H‘feoré%ﬁ Blggl tgilo@, aﬁ Ottﬁﬁlﬁ%beﬂﬁ'@ﬂ&ﬁﬁbﬁdt@ @§sine);

or ot'Her 1aBel's may e atta am no ac

carbotlfisiidbge s(ghitamatey lesmantate); nphcnydgimmhnc(atgmme)duczﬁ -butanedione
steric hi nd{ ce and 25 fac:ll

t !
(arsingtly nyacHE] oRLoSp g 1Tl EahleR TR ae | (st 55+
dlthlo%‘?s(t 'ﬁ&% Bg{z%ice%cﬂd?ﬂ(eyﬁélﬁé)el di&hyﬁgﬁ)cﬁfb%ﬁht@ (4168, ehiBtidine); N-

ernatively, el s may be attached
brombsncamparch (cwptaphany pad dtranitianaethansi (dysteise.dyeosire).e Such reagents

f t t I
may G hoghed ittt afo P eb oS el i bRy Mpatvely,
Ramdnafh%lalsséiﬁlyb a@l&'rﬂﬁé@s@aem tHak cBh@id FeabBiye Rroupt tfer Afachingent to
one 30 end a protein nolecule, such as the

variod$ ttyprasi @félarrmo acifdesid¢ whping qgay [b@og}g]nnp@ dren ngorwg?cgé sources
t l h f
ol ORGSR BRIk, Kan A BRI Z'nS ot hods

post-tran ati onal di ficat re

100631 s ey8 pers 1 PRNPe IR0 FHRSB R HBWATH RGthds fqmo-bifunctional,

heterb\l%ﬁ‘uhétfﬁntal Qﬂd/gf(ﬁﬁmbﬁfti)&atﬁﬁl%gﬁ‘ﬁgsslnﬂdi\@g reHBYNtH (ifndys&d used to attach
I nclude acetic anhydride (lysine, cysteine,

labelsrtel prytedsi n¥pp-limiting texeteles edfesishf reAgEIES (1111‘-‘)1%4% é)snmdates 1,5-

d1ﬂu((r8r%? IHE%O%e%e%QJOEﬁ gﬁ%éx%ngg’lgy?@rigng%%:rn%f;)ﬁggrgér 9& X%ﬁ?ﬁccmnmdyl

tartarBiéOSphat € dlhl\é gﬁl’vg 3:-dRhiotdigpropiehiedatbenzoat e N- succm1m1dy1 3-(2-
st ei ne) 5 dit hi obi SE}Z nitro- biaezz(?l C CI

yrldy@ tcépm@)onam et-tyrpmormmeetiyhat-aitophenylazides and dr q;éqoglyoxal

t th
methpgs OF QTRT R r'l‘%%?n%?sé‘ée@%%@%%%%‘?@%*#239%2' modi t1ed
t t h | abel h Ra

Nandit SRR S KBl 2P 5, SUCh 75 P

oneTRRA S & Dok SO0 RS B bt S Ulo e amasaiperores,

nanog?anBQl@ o? A6 {fo{‘ Qma} I\gﬁmrs Qiséd h&RHL, @RSterrhd ndddpotGUhatotubes

Eugene, noprobes, Inc., Yaphank,
and I{aﬁﬁﬁ&tnela nareanssd mrrtcmhangeaﬂhdyn dhe @h@ed @rishn gl réatize et where the
hono- bi f u n

speciliost TR act PYAPAIS O BFBRC A PTRTKG FEoB & D chpnel or

nanok®gd 'FHE @Hl#r @E&hlrehﬁﬁﬁissthhtothﬁ 2h 6018, naNeBhdningl & ﬁbglotube connect
exanpl es ot such reagents include bisimdates;

one Bifll ﬁimdoc@npar(rmm ito raowénlz anbyHlowthy Q&Sﬁﬁg@;@%ﬂﬁﬁeﬁﬁl%‘)f labeled
test er of suberic acid; disuccinimdyl 15 tartarate;
ProteffiSmet hyl - 3, 3' - di t hi o- bi spr opi oni mi dat e:

N S et etics (2
[0065] Nanopores of use may be about 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 nm in diameter.
However, the diameter may range between 1-3, 1-5, 1-10, 1-20, 1-50, 1-100, 5-10, 5-20,
10-20, 20-50, 30-75, 50-75, 50-100, 75-100, 100-300, 300-400, 400-500 or 100-999 nm.

Nanopore diameter may be selected to pass a single protein at a time, in a linear

configuration. In certain alternatives, nanopore diameter may be selected to be too small
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pyri dyl di t hi o) propi onat e;
4- (br onoam noet hyl ) - 2- ni t r ophenyl azi de; and

wd2@ziossgl yoxal . Met hods of use of cross-| i nkP@mUS2003/034526
reagents are well known in the art. Nanopores,
Nanochannel s and Nanot ubes [ 00641 Label ed proteins or

ot her polyners may be passed throu 0 or. no .
to Paptad ewlegn A Boba S dRKRA SPBlOBRatRh g{]%g@%wn%ﬁgmw folded
[
ot GEQEFLRREHE M, kb0 S HIERS, 8 AR g f i
such @ tﬁhsaﬂonvwﬂ mltramltmmgattdmat Protedrsetot Baeanatpedumaycm imgfelded and/or

refers . to nano |ffere § es us
pactg] i 66 HalR AT BRrd Bk kg medl oy PEUe: YRR wastagd; fufben o
nano?{l@ g%ﬁﬁ@ir%onfﬁﬁﬁﬁ&@n@%h KethFHI O e FRdY) @it areCA® limited to,
ui [ ed conpartnent to another and al | ow t he

expopas sagedimaf elthceolkabne of adidibgiFbdise 26 highoerelowssaligjongentrations,

use gtre?g%tn srzsluscé Iag 30(51%06%](16%/'? n@%ﬁr e,zqc lgfﬁﬁﬁglg%)%fgkr@?@ Y50, use of

chaoff@;‘ﬂﬁ(\! ﬁ%@nﬁ Q&hddsalﬂ‘@i ef %Wdlﬁl@ﬁg Qrebﬁﬁém eAthldidulfidle 5educmg agents
- 50, 5-10 10- 20, 20-50

such :a@ dmoﬂmtoi Br nmcapwthangl, m@su@d@ qrs%nc sgveipEic. Alternatively,

ine 353508 %00 SR, - ABRFRI A, B BTEREStFRIE Wi

amlnblaﬁﬁﬁfe&d@l@@ﬁﬂegb roetlabgled Withdilktyagoupd, tthe naddpees, may be larger to
nanopore di aneter may be selected to be toq small il4 .
allow3Ss ey gBSm PP S Sticotives St wilize Ruotibes oEpatas ipels in
I T [ '
iacgB bR i MAACES: COMBEIRE g ToP U SRS ? Al o
nanofiibes anghrivelardrelsest i mat ed by known techni ques, such as
filtration or ultracentrifugation. Proteins to be

anghpri@Bion sy NaRopbrts) INdRe @l Naprhbmwdld y or ful ly
denatured by known nethods to facilitate their passage

[006@215%1‘%9’0@11 Ebﬂ"ﬁﬂ%@fe% inAnétubdsN8Ad/of QRhOEHIBAEION indBki@hally or in
s may include, but are not limted to, _exposure
arraylsp nmdnmhee aiyt teshniguk akioven gn thei antc fasHnanpsealsf mangfpcturing.

ow { Ll
Nen e, HEGHBEIN. S0 BharEo s PG 06 et GisRhp S s taSmatri
compiislitPsentSieladrs usina Rh6WR Abtol R4 hysHehods inthedin@but not limited
o (glganl dinium treatnent wth disulfide reducing a

oficaks vabethi dapesidionol elepiroshemsispt oé@Hﬁ’éﬁ’@P» ehepais eé{etpesmon
electbo }r}lzgg d glgil)a b 1%fu%1§}é ?ar{dAISEf%{?Qﬁ}ohvfﬂh&s%%lg ve (f}eaéposnmn sol-gel

depo&%l@ﬁsfdcﬁﬁbd)élem&i Btans . fo¥setd doi fbeamamdil@umﬂbtanﬁsmtwy,sdlp-pen
are to be labeled with bul ky groups,. the na oporg 3/
nanojgogzaplyr 1eRSLivaTiPBPeREs SHYEIZof CheaBRAlbd A5¥idiEQi 3. byg  Ciching,

mlcr8+r5\¢6r &Qfs't i a&ﬁ?%tcﬂﬁa'(gl L&l eﬁ‘aﬁt?&?%cﬁ{nug}f‘?l%ﬁbg HRIE, bl‘ibmlcal

opor es, the sanme size consi tions apply
etchiig, ldher ablatimi,eor aty wihelt metifodt kown in the art (E.g., U.S. Patent No.

6,146,227).

[0067] Nanopores, nanotubes and/or nanochannels may penetrate one or more sensor
layers. The sensor layers may comprise semiconductor materials including, but not
limited to, silicon, silicon dioxide, silicon nitride, germanium, gallinium arsenide, and/or
metal-based compositions such as metals or metal oxides. Sensor layers may be processed

by electronic beam, ion beam and/or laser lithography and etching to create a channel,
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nanot ubes or nanochannels. 15 Fabrication of
Nanopor es, Nanot ubes and Nanochannel s [ 0066]
wo-asiosabi on of nanopores, nanot ubes and/ or PCT/US2003/034526
nanochannel s, individually or in arrays, may utilize
any technique knomn in the art for nanoscale

rmnuf tur ores, nanochan I S an [ or )
oot Bl S IRET Pl ISREATERT qodt dteo degsited onto
semlc%ﬁ@iib”cérséu@ﬁc§ 89 SR¢ank dY FeRl @%F&ﬁtlkﬂ% a@e&lﬂlﬁgaﬂmpmroscope
met hods, including but _not Timted 20 to chem ca
(STM) gp siomie fsee mwmsccw ééFMa dipeorifcoan a e@lpt;gm t Insnlatlng &yesahay be

forme(éﬁagf 553131 1?1% the g«%ﬁl%%cﬁl% lﬁg%ac tg%ﬁp}?ﬁulg pégllu%rqd

phy s depdsition

WO“?E?’@E‘EHH%SO? b%rfai?e?%fﬁ%&e%ﬁ Shst iR W ssmarond H%@‘F 3pfgee by various

technfq%@e?tldnﬁﬁml N tkeam alching. bt et Galtby 85 ThahSSbidAS using an
beam et ching, m crowave assisted pl asma et chi ng;

STM/AFddt tib- ixi afataxade @dammuw@tmnobeAﬁ@r heltanels h i dalrmezs two
semic?h(itpcijj;l(?r%’uftléca%er{laﬁgl%gﬁbgg% F& ch%e %n% Oi %rgg%]o%%f%?% .Fftnochannels
that NREEREr 88, séhaicohdiees. AT tip anehEd@NogES By Heeusidr & &reate
one or nore sensor |layers. The sensor |ayers may
nancpegkep prRKeiss ATy HaawiTes, nenelerdsananochamieds. wad dber Wgpstructures
usingltécﬁiﬁ %gs kRowit 1+l£h%.oarh. §éalnh%gg)rgﬁegxé ‘Iemc étéh%?g e%jéltll {1%, and/or
gernéhlun1 ga I'ni um arsen etal - base
mlcromnm«nﬁigt mayHeused t@Sutﬂiﬁtc&brﬁetelf-dlmailonai( ol @snoneas dilnensioned
yers nmay b? processed_ by el ectronic beam ion beam
channg}ﬁdgr@m%gréﬂfo 45110 BSGREGIRJUANFUBSERS-ng to create a
channel , 15 WD 2005/ 052591 PCT/ US2003/ 034526 roove,
[0069%, Namgméold@@nmxther@nplgx@s svheenip fornasdgnanstehes, agecarbon or
metalﬁg H}%gbttuﬁgs ot o 1§cedfs c%lrg%%t grse%{:&%ao?ycﬁasﬂ%st%{te. After
e evaporat M A scanning tunnel” m cf oscope

depos{tmpMidditiorall afateridlose eheTsaisaarQbiee (Adibdsi freofenfovedy Raving a
solution, Insulating.layers may be farnmed by
nanochnngl fnqi@r DAROPOEHIBRIHY UB st subsHalermaterily %}whu HREQSIEHGIHES can

be buﬁﬂmg%\fetr ?fﬂh é)?%[{e%&etl élgl 'ﬂ'ﬁlei;ec dé&'t gﬁ’tvlﬁ%; ﬁﬁ%tl@l‘?as detectors.

etch em con r surftace I ous
nown ncl i m.t

10070} SERARFHE Snd BE M farndfs B4 bgfm%pkﬁ?% st A oyshall Rediron-
beam eftEdHriithyS§stéint. O Eleotiohieamhiahoglaphyd héryf 6 (18l tol White features as
sem conduct or surfaces nmay be op gosed to create one or

small g p @ gy ibig e shipe. ﬁamﬁ@femﬁﬂéts,ssuc Rapolyerenl-arehagadate, coated
on s1l§gﬁr%1§1‘?&%gﬁ{agrbe aﬁEMnteH QVIHI% tf LK. Y eﬁ)&n%ﬁ%%aﬁﬁn‘ray may

ores nano ors, nanowres
combmarwﬁ@ldcﬁsmttaamahﬁwmhlaSmlcﬁzMaﬂmdi ealmpifﬂwsds ﬁm@éase else Stablllty of

si ng techni ques known in the art. anni_n
the elg I gtie&[m @tlllggﬁﬁ%% opgation auloy CHFRM D T%e SoftMas 7 control system

may be used to control electron-beam lithography of nanoscale features on a

semiconductor chip substrate.

[0071] Nanopores and/or nanochannels may be produced using focused atom lasers (e.g.,
Bloch et al., "Optics with an atom laser beam," Phys. Rev. Lett. 87:123-321,1). Focused
atom lasers may be used for lithography, much like standard lasers or focused electron
beams. Such techniques are capable of producing micron scale or even nanoscale

structures on a chip. In other alternatives, dip-pen nanolithography may be used to form

16



10

15

20

25

30

m cromachi ni ng may be used to cut
m cronet er - di nensi oned or nanonet er - di nensi oned
W@ b@ansdssy grooves or holes in a sem conduct or PCT/US2003/034526
substrate. [0069] Nano-nol di ng may be enpl oyed,
wherei n forned nanotubes, such as carbon or 15
nmetal li c nanotubes, are placed or

, )| a royn on a ,
nanoderRalbr{dgot HRTSRYS €hisd: ;I enr NoRoIYgSEhY | oy Semiconductor
di ti | erqgal . . B abhs. AFM
Surfag(?sé ‘?e?r@@e , ft'eési\(/)?'ﬁglgg' yér@nmﬂhglﬁﬁapr%l;}%rn Bﬁg% po?élses
technidues todepiosit trfodecales wrsatfecaspdvehiaskilicGu chipsaFeatures os smald as 15
.can be bui

o € om B ok S iR P L B EEH e

mgé’&” f By RAROGPARAG R oY caShy Rl 8otBinabo with regular
cha i gﬁ’??ﬁ’feifﬁg‘ﬂ%tpm ect rgﬁﬁzo ab(e)am i?tﬁogr a%hf/ sygt gvr}] et
apy'

photdHitlengraphy-tbehanyues.t Foyexapiple, raampidsen seabedlinginyg fayer of resist may be

features as |1 as 5 nmon,.silicon.chi Sensilkye
rormiE8y S8 e b ossine: hERUP sk FORUFI BRI IR gt e
line &id {1 driRds GRS diXBtd AL teBhMed affef kotilnguiRy de Aarrowed by
mask. The ‘el ectron-beam array may conbine a fjeld

depositing dditionalstesist wpmpoundei visE Iebolvieg ohiRe fthipeer kgp, a nanoscale

i ncrease. the, stabiljty o ' :
chantg GG APt A BT PRl 0 RFE D) i@ Phdresi
mateSYSb ESRPRanFRILtddecals eghidres.cont r ol el ectron- beam

l'i thography of nanoscal e features on a sem conductor

[0075MoR-basBSith&r8phyl Ry bk N @PErcaR mNopces BRI haiveRimels on a
may be produced "usi ng focused atom | asers

! : €.g., .
chip Bf.g¢ Biegel,dllon Beapx Lishogipphty, alyY L& dHPEtENEGS, @g@fﬁs-trupiwes Science,

v..Lett. 87. -321, 1) .. Fo d S
voL TS R A PRI, 10000 b s
jon bERA WERThELhRE td ARt akiRadle feabuieh diretrimga benofresBp@itheut use
of producing mcron scale or even nanoscal e

of a gwsluctAltesantivalya begsdgion |heaws Hagy e veschin sQalinatign, wihmasks to
lith h 005/ .
form n%ﬁ%%ﬁ%@giw ngﬁogﬁggagée'ﬁsbﬁé@gf .a 1,1%va arﬁz’ sfeg)?/i %éﬁ?é with

hydréluoric"acld, Rrafpée vded & iettvog erpisyd siticGent othedeltip oraterial that is not
Surf aces, " ' [

f J. A.n.. Ch ...S0¢,, 123. 7887-7889,1).
brotogieg Sy ansitare kWG En TH Seslek 0 diser diaecs Bsbisd abve are
not lﬂHftﬁgrg}nFcf 1 @ﬂBﬁ&‘é?%ﬂdﬁ)P AnSchafihdld ‘h?aﬁleﬁé”fgﬁnedz 8 ldh CSethod
as s as 1 0 I

min size may be forned, with spatia

knowreiadhassri.on of 10 nm Nanoscal e pores and/or 5 channels

may be formed by using di p-pen nanolithography in
[00735F]OI'KB Ratfhdel off hindpoess| aknotobat of idahograandly mey e qodiied by

For exanple, a micron scale |ine_i 5 a layer of resist
coatipgyfop exampl i@ drapgfonn andaiage GivBt » ydeheliprg 2 }%{r‘?{gﬂlc surface

| By ook RAr LAt Botdife to! 4 NGrBAY  Surf:

and/(fqh]g) @ ggr}F' %gp%&nggl}dr%]%%d?gﬁ%tlyen?é}gfswkﬁeggcﬁgﬁéﬁe gf ter g urtace
modi€icatiinngf dohymdiechipiratesiads dugh asiglass stlicoy awdldi quaptzah known in the
art (q;g.; Bitgafgaqgrﬁuﬁgf é%?,&Sg)t Cg{l(ﬂlg n%fdiftlcg%oﬁsh Irrpar;/elrnciuldg,ebutaare not
limited to, coating with commercially available capillary coatings (Supelco, Bellafonte,
PA), silanes with various functional groups such as polyethyleneoxide or acrylamide, or
any other known coating. Such coatings may not be appropriate where they would
interfere with label detection, such as interfering with electrical conductivity using an

electrical detector.
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10 channel may be forned. Alternatively, AFM nethods
may be used to renove photoresist material to form
worecvsnexser scal e features. 100721 | on-beam | i t POOUSINS034526

may be used to create nanopor es and/ or nanochannel s on

a chip (e.g., Siegel, "lon Beam Lithography, " VLSI

El ectroni cs, M crostructure Science, Vol. 16,

Ei ﬁ@ﬁmnd‘fﬂ”ﬁﬂ’é’e&/\mts Eds., Academ c Press, New York,

1987). A finely focused 15 i on beam may be used to
[0074\]\nNatnepoaa81 osayabenprisst be exstaghadetst py be rﬂel%{w%ly@f ngpotples, sich as
arboH,HSJ,a gutﬁuseclal%og orrl%lio?uii)esAl terb%%&a‘f&i{Xm % ﬁagrfghﬁ)i@ &B?Hﬁ‘gamc

Sed MatT On i
compBﬁﬁbﬁ” RavAg 5 MRbbsikd Y& MioldT seahe. caﬁanna:raitube When the
etching, for exanple, with hydrofluoric acid, my
nanotybed removedene Sepaped o8] {fiecasbandy oeerrpéga% ﬂﬁpq%&t & hagppore or
that .is n t 8Si
nanod e el o PUSE SEEE, BN Sk BEYG S B e in
semicoddi@br lem tdthg, campoidns, mhop@rﬁﬁsmn thyers, formed around the
nanochannel s may be fornmed by any nethod known in the
nanotypes. [00731 The surfaces of nanopores, nanotubes or
nanochannel s may be nodified by coatjng, for, exa
[007&] Carbem shegtuhes way ecwanyiachieedhli ChFRSA} ¥aR%p %?POSIUOH “cvp),
h| |j.c sur t
usmgp I'|(1j qnd jron Uag 13%!?? d P@?ﬂé&)‘ﬁ% &gc%ﬁfé §aé§e%g%? ggequgSq7.3809
3813 'mﬂbOﬁ i Sﬁ@l&@al@éarb&mmtm payedeefoiaddsoms sitiboraships b VD using

d/ k

oo S, N RS FcBE A n
t

i 550 s, 0 AR SR G on o VD

diam&H surBlde@NEE Yribri@ids) WorkAgioh O08) £rautp SoRIUGH QBI) at high
pol yet hyl eneOX| de or acrylam de, or any other known

scan capaed nG0 Biaghavdavithgs mege rsoan biezearﬂﬂﬁ opm) afos §fverad minutes.
y would 30 jnterf

th | abel detect
Apprpﬁn@ﬁlé R gm?/\ndtaﬁleéqregﬂm P BEfAR S P Clt}”gtpﬁdﬁﬁ%s may be

o Sl 3,0 0 Ry g g om

wateiBy 3005qer hfter, whieh aixvess hstlicanomey bberemmdamﬁh tﬂ;xanol resulting in
nanot ube uch as _carbon nanot ubes. Carbon nanot ubes
nanopﬁ;ys %@“@géﬁéa sifas of thefiyani ¢ or i norganic
onposition, |eaving a deposited |ayer "

(00761 45bon rmanebRse maywen aitheed ah5MLIES [uing k%%ﬁ nfaig{[ggds For
exami)?eo ?rroﬁtcgtqys{ &)rri:fgfs{gc gf;] %@1{' b£id@ Bgﬁedf)glﬁtgzgétye a}{jlgé)%%gﬁesm@d according

to Mﬁq:fhlycm dlar(austbed. nSoil Bes.f dB1t8a. 308, 497 9erfranatalyso).5 to 4 nm

wi th ot her conponen h .
partigdesg ypey b electroc em?c tlly de%gscltedaf?orﬁ eango(ffoula?)égsrpenmor? rlrrlltg qhe pores

using platinum counter electrodes at—0.5 V (Cheung, et al., 2000). Tips may be washed in
water to remove excess iron oxide particles. AFM tips may be oxidized by heating in
oxygen gas and carbon nanotubes may be grown on the catalyst by controlled heating and
cooling in the presence of a carbon source (Murphy et al., 1975; Cheung et al., 2000).
The diameter of the resulting nanotubes should correspond to the size of the iron oxide
catalyst used (0.5 to 4 nm). Individual, single-walled nanotubes prepared under these
conditions are aligned perpendicular to the flattened surface of the AFM tip. Residual iron

catalyst may be removed by known methods.
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nanot ubes. [0075] Carbon nanot ubes may be nmanufactured
by chem cal vapor deposition (CVD), 10 using ethylene
w@nasiosasal cat al ysts deposited on silicon (e.g.PCI82903/034526
et al. PNAS 97:3809- 3813, 2000). Single-wall carbon
nanot ubes maybe for med on silicon chips by CVD using
AFM Si 3N4 ti eung et al 000; nq, et
[0077] | Nanqiihgs gnay g’& C“S@ 35@3 %9@81)16(1 Jengthgysin t\é\blBT quess In some
embo?\ﬁ?ﬂﬁéé i F%%%%%t%%&bgﬁgﬁgg%bgﬁ%gw &tEa@ﬁecpYo pPfahAGd of gold
coateSuyiliadr amitileers Wing inngtrylic adbpsied. HItghcirbaul ranttubps may be

o0 by T b i 2 B
moblﬁil'naﬁ'i?r‘fa%é 1111591 dcﬁ@@erp%rﬁ&ﬁh@ret bWoﬁQd%t szl NRuRFBO4:5R35, 1998).

made anodi zat'i on for 100 sec.
Altemm@bz éngh-ermgmh@amﬁemy (h¢e1d56d rto @hm $aThp nanofialesr $ush high

f whi_ch
enerey gy BEIRE R SR TR b Ber T enont M, lbetron
beam8f Alkgndtive- meRodsOff Glun@idzoshrbefindheses HRY kheva it dehad (e.g.,

to AFM tips usi ng known net hods. For exanple, iron

U.S. cBatamtyEo A%, &@%ﬂ gl’rgformfs@ ﬁa@@nd@nﬁ@h%mm altached tpa@ chip

mater Qlﬁé% S1 1%%1‘? %%r ?%nlfg gﬁé F{[}%{j %@%’Fl’)}é?ﬂ?{?&‘ §aﬂrum arsenide

(e.g., TUTS Patchi Mbes§,0380600¢nded, 862,930 heni cal |y deposited from
a col |l oidal suspension into the pores using platinum

[007&}[%‘ NERE 8l QFt EPB8S ndhotuBesd méy( 6B ewsed, aselcoRll cathd@9@mitters on
i ps may be washed in 25 water to renove excess iron

semiconitueiopelips, abwsiatotrith iapscond sch of oxnatubes Fopipinieapratgns. The

first ﬁeﬁ 8f g%ri/ogﬁletifg i baenLgsrg?ﬁ?oFF a’gq%gzg:e?%ﬁc T%%ldg g%‘ I%{ Pe‘ﬁ@t H’a Volts/cm

wheninegeaas Wltage Gﬁb&%eﬁ 00a6€ 50Moltp Walﬁilledl Such Qﬂ 5lectrlc ﬁeld in
Cheung et al., 2000). The dianmeter of the resulting

the fiysh Aestof Barotabes ¢r] be Badde doive Prseinm hreyehethe feqond setrf) ﬁlanotubesa
or to géﬁe‘?%e aﬁ%ﬁﬁ%’t%’c% OIua?&B(;nQaggle&(? Slé @ ee@fj élg&‘ Q{nglo acid residues

nano repare ese
(Chuarg)) dzk‘ tal.pDBOGE.Sal PgaadNe.eresdiy) ﬂlecttﬁ)m@eﬁd: asdistivedfrom a
f f the AFM R
third ?%:%gggotgyes&ﬁ%cﬁgta;{g@gleg%g% L 0126515 %%tg%lo%m passﬁgg tﬁrough

a seciid %%?Q%@%%Sﬁgdm%q &bdssNANA e AeilB¥d B a%ﬁot&déteﬁ:tor that is

predeterm 1ength using knowt techniqués.” I n sone
operabiybauiptedrtt @ foft sehef Hanv@bes.on, car bon nanot ubes may be
attached to pyram ds of gol d- coated silicon

C dbk IAhaNRalS orSémigorducentGhipe adhesive. The carbon
nanot ubes may be shortened to a defined | ength by

[0079) AN rlopBies %a;of:oﬁphsea@ngrél foﬁg&laﬁﬁélm Nipid' ®ilhyd? RBAbANSs (e.g.,
ni obi um surface 1n an oxygen atnosphere (Wng, et al.
Kasiangwilz.cef3@ls: Bpc55¥ath 9@®pd. Sci. USA 93:13770-13773, 1996) Such ion
channels may include, but are not limited to, Staphylococcus aureus alpha-hemolysin
and/or mitochondrial voltage-dependent anion channels. These ion channels may remain
open for extended periods of time. An electric field applied to proteins can cause these
molecules to move through ion channels in lipid bilayer membranes. Ion channels may be

incorporated into chips and operably coupled to detectors.
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Al ternatively, high-energy beans may be used to
shorten carbon nanotubes. Such high energy beans nay

w0 p@baosks91 but are not limted to, |aser beans,P@DNS2003/034526
beans, and electron beans. Alternative nethods for
truncating carbon nanotubes are known in the art

Micro%]@l'e O_M&ﬁnifag§§§%?glgw§$23, 812). Preformed carbon

anot ubes may a chip 10 material such

100801 ReritpoteSortr RS aff HAT famgSIeR N IR RRloHE fiRRes may be
incorp8&ras3BinfP OneAtitimbreIbRerd Hlpetrd-N2EBdni Al ISykieins YREMK).C MEMIS are

nanot ubes may be used as cold cathode emtters on

integrajecpysiriau €13 rmash PREPTises ssehaniedd cdments asBpéfdelsmentss control
elemeﬂl?n@e&é{g&selgﬁgﬁtg'aﬂhfag gfércm)ﬁi'cne? méﬁﬁ? A{li Bf tthes’c,e(;n&;g nents may be
nanot ubes nay be Use ocal” e

o Create ectri

manufidteded sbyokn@tn neiamifablidationo tdchhigpes db ab@nman «hip,econgprising a
... Vvoltage of between 10 and 50 volts is applied. Such an
silicongaged OF cdRivalent Fipstugtielersr Vol gt ainadith ubes cRmsd Eng
1:401_@%30199%) drive proteins through the second set of

nafof ubés, or to generate an electrical or

. . | | . . o
(008 1PHECHEQTRAL o8l BF AV ThEE be AREREH A @bl circui
I0 pﬁ)c@;ﬁﬁ? 92g) .CI\E{b)SQ Bipotag Ime.tBICMelsi fbéesses).r dfhlegbmfiﬁ ibe hatterned
i set o nanat u S exclte a | um nescen a X
using photelihegraphic an(g P@E@%ﬁnﬁa%s ko winiop é%}ﬂl(’?@é‘%?t%rég‘éih gaggfacture.
. ny % ek
he nffeglEBbRESomb SRl beSbASk Pty bl e gy
that sefeetivelfy etenevapesrts bb theQihicorevafeo an$eniadd meucttorct@hl jagers to

o 01 Sgh SRS E3 o SOIBE P L0 e gn chatnel |y
manufidt@e- intRld deffisAfg (Hn! ﬁlnﬁﬁffd&ﬁéréﬁ%%oi dublifate Qp%?ﬁg% at%gi@t@med

ion 25 channel s may include, but are not limted .
mask 6t appydfotheciilus by mholidhqenephie mphgisg roraeititn known lithographic

1 tochgndrial val tageszdependent..ani on. chanpel.s. These
methofy, 488 AAEEDY st Bk oA SRR B8y bRt i Rest B HiF ranee
of a féwMinoMBted &F 100 Gnicthdler@PPDESShitidR REBIiIGHRS oL ake aRlySEclude

these nolecules to nove through ion channels in |ipid

chemigsil progedure stphaassbemicghvages saposstionslf-\Ja), elestodenosiioagepitaxy

and th(ii%%@ Pg@fgéﬂ %%ﬁ%eg%g %llé(ycggﬁr%g EEQ ph?siga?tvgl%roﬁe%bsi%ign YPVD) and

castingy! CSedsbl BGeFs0-d¥ES i tBivkn&y Sére s (MEMBE {09880 by such known
Nanopores, sensor |ayers and ot her conponents of the

techniiiesc| dadard pishesrepty iepnisees miyobpared del oo SeRROT dpyers of
mieror B S MOEL EL81L58: SRR S s et bR By R o

enent actuatgr elenepts, control 5. elepents
00821 GhEGRE e RieBlogrin R Mifing PRLAD mPuRUERES sy gt may
be usddN&u6lP HRONEMIS 14WRY dRPBosition, pulsed DC magnetron sputtering, vacuum

evaporation, laser ablation, injection molding, molecular beam epitaxy, dip-pen

nanolithograpy, reactive-ion beam etching, chemically assisted ion beam etching,
microwave assisted plasma etching, focused ion beam milling, electron beam or focused
ion beam technology or imprinting techniques. Methods for manufacture of
nanoelectromechanical systems may be used. (See, e.g., Craighead, Science 290:1532-
36,0.)
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manuf act ured by known m crofabrication techniques on a

comon chip, conprising a silicon-based or equival ent
wGeusosave (e.g., Voldman et al., Al an. Rev. BPOMES2003/034526

Eng. 1:401-425, 1999). [00811 The el ectronic

conmponents of MEMS may be fabri cat ed usi ng i nt egrated

circuit 10 (I g processes % % ol ar, %u
[0083B{tasrmnisrarRlaisd dBat. somgegr ﬁléyb o’ ﬁﬁ@?%ﬁl%%o fs fRparatus may be
constrBfl Ohd O(;L?tg fofh 1nf’é|$gat§4 S KRRYedtRides comprising

sem conduct or ¢ act ure The m cronechani cal

conducting anetalss suvhy ap @oﬂd; bplatimirad onsiopger’ mayr bersetteratiingoupled to

B T LN CI IR L YT O A A

Kolb f&" A1 { Reimes hai gl @99/ qr99¢j ecNLRbERsNRIAES, aletectors and other
conponents. Basic techniques in MEMS 15 manuf act ur e

compomentsuday tepasietied §ymanewirés ms of material on a
substrate, applying a patterned mask on top of the
Deteckérlsns by phot ol i t hographi c i magi ng or ot her known
l'ithographic nethods, and selectively etching the
f iPhpRdeiciond n fil mmay have a thickness in the range
of a few nanoneters to 100 mi croneters. Deposition

[0084] %chtﬁﬁb QU RBreSidustSBbLEBY Wlt'ﬁcﬂhkbﬂﬂabem‘ﬁﬁy BaldeRtrRdedingem excitatory
as chem cal vapor deposition

light muecft arotle gnbgtqdc‘r@ﬂtor Epit §sz19anza@c etred.» tJh eM?ﬁPGQixﬁtf@@’iaﬁﬁﬂs 1:155-

157, 1?9%@[)? %ﬁ 8;: aky a@?cﬁ grrggiﬁ j oF %3%2%2%6": eﬁor}é Fﬂ&g Eﬁ 'éﬂr&tﬁatog

463:39149 £589; RS, ORatf QHHE‘OE Aoz, 300 krewplaryt Hglii’tm(mm mclude diode-
Standard it hogr aphy {echni gques nay be used to cre
laserss wersionl dazife surfege-cmpiltingoAsess, cdgercmiEing rﬁaSS’FSné‘H&CSr?é‘““mg lasers

and gtuﬁplc Ylg)g Ypl.ed 4,0 eg%h@%t %rcao&?iﬂﬁ? g Iexﬁ)gfﬁﬁ)a N@%&é pumped

manu turing g an

Ti: Saﬁﬁhfwdﬁlaklﬁowmmsltaté hesennnd mayam% Bhysils @dcmsalnqmnm;td dye laser.
atom ¢ | ayer deposi t| an, %Pul sed

Exem@};ﬁgy treptadgtectpat 19480 ﬁv rpq%%chﬂes n! photomultlpher
[ I t

e B AR iy, s

photodfxles tfétdrioptic e photetredsistoy, deteritars ané\cbaxggs:pgpledi delg@ﬂyé:CDs)

An axelsaghe fhotpBidn AR L BeR Ramsl VLR FRttIE o cRN EBaroces

uses %&m&% £rllys Wéﬁ%ﬁ%ﬁt@ﬁcaﬁ@n BEBAS K@“St TIQHENBaIG 110a]503).

systens may be used. (See, e.g., Craighead, Science
[0085[21 g%(?é&?teglgr ? ntt ségrciwa%ng%91?(#2)?«,2g%%g@%rgg‘%gg%o%ﬁﬁ&mductor

chip mﬁngomwm N-wéll (bmpdmmmtaﬂy DMetateyxide Semmwﬂm,’col EMBS) processes

an ingegrated WS t
(Orbif & &?ﬁ}*‘?%dﬁg for.C S Aot ATCTEGIHY Nzh Yefgtoﬁrfggl?tniﬂﬂm and
nanofre GRRARY faBRYatb® irPP SiiBoH-¥n FMIPHGICEADS process (e.g., U.S. Pat. No.

6,117,643). In other alternatives, an array of diode-laser illuminators and CCD detectors
may be placed on a semiconductor chip (U.S. Pat. Nos. 4,874,492 and 5,061,067; Eggers
et al., BioTechniques 17: 516-524, 1994).

[0086] A photodetector may be positioned perpendicular to a light source to minimize

background light. The light source may be optically separated from the photodetector by

one or more light opaque layers. Photons generated by excitation of luminescent labels

may be collected by a fiber optic and transferred to a CCD detector on a chip (e.g., U.S.
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nanopor es, nanochannel s and/ or nanot ubes using STM

technol ogi es known in the art (e.g., 5 Kolb et al.,
W®ei0s0589275: 1097- 1099, 1997). Nanoel ectr odes, PCT/US2003/034526

detectors and other conponents may be connected by

nanowi res. Detectors Photodetectors [0084] Am no

Pateﬁéﬂxlggg 2241 %ft %gfrbggﬁvgyﬁlg%?a 0 lragggéﬁal ax)émgeesdaerg gttegt%d may
be r&BRfeg dRl 80 adi@riduc SRRARE Ao ?hla?lbe’coﬂstth&f ocol .
Separations 1:155- 157, 1981; For et et .

o RSB 3 T  f BER MIiaglpe o

incofpoedtid ait(y sémg:bhdlmlmrdﬁ:lss dUlSJ WPdeend Nod eé 19a§93)s D1ffract1ve optical

vert cav ttln ers -emt
clemegis she St lasdr @i et e Rleeraiod By h hib. An air-
coolé@ﬁgbﬁ ’last—noﬁt mﬁmlrﬁayabé:@s%a It@ ekune%&esrc@ﬁlugaelw p%éﬁéﬁqs Em1tted
ed 15 Ti: Sapphire tunable solid-state |aser and

lightl map ba cléﬂycstedk bgani optics gystpreccodipeisingsa fiber Exténml kny an 1mag1ng

specgﬂlgtp%giet Cz | ncﬂqj?%% ot Od Lb@;) caaﬁlra(a inéﬂg]an@tive examples of
photBJT@&c%Fd Iatfé ]@Advﬁ{ mttﬁpsﬁ (e h@tS)tPa&nNoStSJIZP’.’» gs4EguUUM
phot odi odes, l'icon ot odi odes, fiber-optic or

phetot), éét?& 95 et ectors and charge coupl ed devi ces
Cg%)sgz @B S )gnche phot odi ode ( APD) rray be used to

v i PP R 858G

label(s Wfse BaﬁpecNOph(ﬁoﬂaStﬁcmtloﬁ @&&5&11 An@\lmhmd&t aclog., U S. Patent
t source an nanogore rmé%]e fabricated into

Nos b AT BT 1o L 32 61 L RSN T s SR Rgpited with
a ool o o LR IS af MR RPRERRERIC ATl ctected by o
varighet cfCRaman Ite@hﬁqubsu llrmaldimgll buh anob dnitedrty sbhefadealbnhanatd Raman

in a si nonlns at or CMOS ocess
speclitoopXGSERE) s e EphRed s RAPFS SRRy (SHRRS) normal

Ram@3h rs.@éfteﬁﬁg dﬂe@&%ntz@f{%ﬁlah |s1:é%f6hﬁ§t Chereal! %tﬁ@&k@@ 'R%ﬁiaﬁ {\%ectroscopy

aced on a sem conductor chip (U S
(CARSR 7st1mﬂ2tednﬂaﬁ\,a@ 6La@ihg, Hygass Ragtana quctrBscmiec Ishmqlaé@ gain

17: 5 6-524, . 199 008
Ram Spoit g Y RS AT SER Tt PR i Elaf ingr SMOLE)
or RBASK B GBPbbh o8 Ramark rﬂﬁcﬂo's&ﬁ? o%%ﬁmalrmn@ﬁnm@&sp@&kweuy, three-

separated fromthe photodefector by 30 one or nore
dlmdnsxgnal QpsyuUEng Ryaérdg, Ranen @ﬂt@rag@m epegtresropy, e iresglvedresonance

Ranly, RETAGORPIR 3 Pediol by BBl pllSidhbipyn SERS and
SERRS; the,sehbifpvity 3ft thdR 2004 d&c2iof 1s EXBhLESPE 8 /fEk3615601 06 or more for
Patent No. 6,274 320). The tinmes at which | abel ed

molegples gdsprbed @Iégq%b@gedgn@a]cp@ﬁégqsewch@; silver, gold, platinum, copper or
aluminum surfaces. Portions of the nanopores and/or sensor layers may be coated with a

Raman sensitive metal, such as silver or gold to provide an enhanced Raman signal.
FRET Detection

[0089] A protein may also be analyzed using fluorescence resonance energy transfer
(FRET). FRET is a spectroscopic phenomenon used to detect proximity between
fluorescent donor and acceptor molecules. The donor and acceptor pairs are chosen such
that fluorescent emission from the donor overlaps the excitation spectrum of the acceptor.
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be recorded and am no acid residue di stance naps may
be constructed. [0087] Light sources, such as
wo e@hossmi tting di odes and/ or sem conduct or | aBEF/BES1003/034526
be incorporated into sem conductor chips (U S. Patent
No. 6,197,503). Diffractive optical 5 el ements that

h I di od I
wieh 88 38 mBREE e eppaleiitn FISRBGT oh 19 GO 1199 chnggtroms, the
excit8Btafdrendyy RE HE IdnbiO 1&%&15?&&1' hH-R8Geivelyl Rb@leestceptor. If the

proteins. Emtted |ight may be col | ected by an optics
acceRtps rRMPQBdPY idsilyryophdarp Hhen dptomissien fepshanged. rfeqinpegitions and

Ct | ed CCD
et BERKLOU FRETAPO BBl L Rl e ol g o0 O
No., .5, 143,.8545

t rt
1009@;% e PosSeisgs S Hanhs a8 “A it agidssadue, and
the 4BRY¥ptbe fhieipRbRINRYecRREBRayE PE HohRSEAP Yo aF@ifﬁ)ﬁ}oré épﬁérﬁsor layer.

of 'use in spectrophotonetric detection are well known
Follgwing l&citation by aglight sp@ce,thg deror fh;@g)phgresmglezp@]gs may transfer their
02, 4 7{ bel d residues
ner%' QO t?he %c]captgr éli%o‘le&z?s)asreesuﬁmgho tS dl H(}%C OPU(()) cen 51%1ﬁ{7%m the
accept@uﬁm&:cand thdd ena§Xei dedtedBynplatiddtacasi due det ect ed by
a 15 variety of Raman techni ques, including but not

Ilrgl&@,chl(pegéwg,gce enhanced Raman spectroscopy
(SERS), surface enhanced resonance Raman spectroscopy

td , C
009 PR Bl RO 4360 800 SROPRAT Bl over o
labeleCARSPin p;issmlﬂhangﬁ RaaEposc aan-ﬂlrmgng iengmpks dRafietrical signals
ect r sti nul at ed al n ect.ros
inchg T R R EetEa: FERCRGE S HOPBLRGS EPeraapiTGapie signal sign
freq&ﬁ@ﬁbf‘ﬁ&s&( Mgﬂﬁhre?l@le%urms@ $dnOP5RDEA P k1BRMAN detector may be
m croscopy or confocal Raman m crospectronetry, three-
operalilyrsasploddd e erceard pondRating aymmnpmrumupl}o and one or more

tr l.ved
nanoR RS TP gt (PRUIERS oy R R forc PR Chpror g ammeter,
voltn%&sc@h&tarﬁ@?ﬁ@er Mlﬁors&ﬁﬁhétiv\{tbltrﬁet&f ekNeOffafBRctrical components

detection i s enhanced by a factor of 106 or nore fo
such g resistore nd(es eangeiors maydeghelndet! imethe elesiichbeiemit @Mﬂted with
thed@f%ct?)lrl ver, gold, platinum copper or 25 alum num

surtdces. Portions of the nanopores and/or sensor

ers, na ecotd ith man sensitiv al , .
100935t el OB G o DU cchabar By Bl ith 2 low
condﬁétﬁﬁ@' aqubstis TouPRlr e il SlBcthif8RtenfiaPhay ®ehpPRYd & @&dﬁ@tmg layers

anal zed usi n fl uorescence resonance ener ay transfer

flanken:gRErrc)mme ihen Jufpreal oneois pogsint, ﬁiwn@ﬁ@nmbthem the conducting

ayer{SUSEh o OB SRR s B SRR Bl B egrnopore
may BRASENa Skigt ihdiadselih UORRRERHY a@BisSHE ABndgoRen The pﬁ’e@ﬁ‘gH of amino

overl aps the excitation spectrumof the acceptor. 22
acid residues labeled with highly conductive labels, such as metal nanopartlcles would

result in an increase in conductivity that produces a detectable signal at the detector. The
time interval between detectable electrical signals may be measured and used to create a
distance map representing the positions of labeled amino acid residues on the protein
molecule for each type of labeled amino acid. The distance map(s) may be used to

identify the protein by comparison with known protein sequences. By compiling such
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WO 2005/ 052591 PCT/ US2003/ 034526 Wen the two

nol ecul es are associ ated at a distance of |ess than
wao®smsegst rons, the excited-state energy of tPET/USIV03/034526

is transferred non-radiatively to the acceptor. If the

acceptor nolecule is a fluorophore then its em ssion

I s enhanced. Conpositions and nethods f use %U@

mapyes erefbohe Eventy fsfpesof maneracidgsidyesgis Bogiighe P@S@ termine
I nol ecul es may be attached to an

acméﬁ?ﬁ%%g%%§£ngkgﬁggﬁgnd the acceptor fluorophore

nol ecul es may be connected to a nanopore or sensor

| ayer. Following excitation by a |light source, the

donor fl uorophore nol ec transfer their energy

to the acceptor nnleculggiiggﬁﬁﬁtlng in an enhanced

fl uorescent S|gPaI fromthe accept? | ecul es that
Example e Apparatug fprkrofeip ddenfifigatiop snd/opdeguepeipgc 5

Det ectors &8091 An el ectrical detector na¥ det ect
[0093] E&?ﬂ eafl FHGgAaprevide awanddimiting rxemplps| ofyethgds and apparatus for

prth\ng imi ta}ngé'gexanpﬁng% t@&l}l%zg?rnﬁr C%%}%P%;a 'S SuP r?gylﬁasezoo’ 300.

Eaclf biy-e&\ice Y60, t380enay B@ﬁﬂﬂs’&ﬂuldq?ﬂlbﬂCﬁﬁsaﬂm 350 and second 290, 360
el ectronotive force, nal sign frequency or noisg
charghegn e BICHESIERT TS 0] De 3 Rm i & A BOBOS G35, 330 may
extel%3 {hg&%%%r thd@nsBf 1 i@rs%?r 3 Xnd:'(ﬁ}q% ﬁ%s%éé &Nab&QEd PR*téins 230, 310.
ing layer a power supply and” one or re
The ma:ﬁrqmmse’E.SSp é’m@shmgtber@etdb@ caupdedctoi ong drayenesdetebhars 257, 345 that

can QPR B IRBUIETS HAT 2bricd | fheirdtes (gl the nanopores

255,330 TE18L tFfdes Q@@'z&&ogm@s@tlﬁ thS HFs aR$ séDRl ThohBerd 2800350, 290,
‘capacitors may ‘be incl’uded in the electrical circuit

360 amydei weeédb gerente theledtricat fiold. th@@r[v@@%]eleldrpm@mswﬁ, 310 from

e 51 D05 0 SE500 R0 56T g RG220 50, e

elect‘?ic@l‘:gfa'd?e% RSt BOhAtrolMRY bPa& FeIRige 8dotilatos @B@)UQBS N@hich may be
| ayers flanking a nanopore. \When buffer alone is

0perplplers®upledtthea p@gp@tﬁaaéé ) wdbe natvee o6 il slertiigal Beagians is not
11m1tr51% gn% th @ L?@ cﬁﬁagg Ilt%Hl% 1§§i b to lzl?regtf flﬂ{%t ebllﬁg‘e field

opore produte a's
diredtREFre@S R vERe PG Watret dranf ©fHRS kndhe typalwﬁlbbﬁ'lcalrg’tadwnt
passage of am no 25 acid residues |abeled with highly

CORGMG} T Yfer! @8l Aerictich as nmetal nanoparticles, would
result 1n an increase in conductivity that produces a

[009qg fk%cflﬂptlrdzﬁ? ?rﬁb A Aol ﬂﬁ&a%‘?gﬁk&rm }[ h& u§é lcRlaf YA ey of

able électrlc si"gnaf s nay neasur e

multisleéhdi sedctutesq0Sat 6.5aumdlion tagilicon@pstrEpy esh rstrucntgrd With a silicon
p03|t|ons of | abeled am_ no acid residues on
basesuppert and pig ercgpe ey ohepldilpeorarthragaiucdivg AW%S 321 tpparated

e _di ( b 0 [ d th
vy GhEpE TSR R T O ASd coROl L Bicb i, O
1nsula€tifﬂayerl§l @28 usMrlay the top and bottom conducting layers 327 and insulate the
sensor layers 323 from the medium in the first 350 and second 360 chambers. Conducting
and insulating layers 325, 327 may be formed on a chip by standard semiconductor

technologies.

[0095] A chip containing the multiplanar structures may be divided into two or more

parts. A layer of resist may be coated on the sides of each chip part, perpendicular to the
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23 WO 2005/ 052591 PCT/ US2003/ 034526 maps for each of

the twenty types of amno acid residues it would be
wpomsiilseit o determ ne a conpl ete sequence of PETIES2003/034526

protein. EXAMPLES 5 Exanple 1: Apparatus for Protein

I dentification and/or Sequencing [0093] FIG 2 and

FIG 3 provide non-limting exanpl es_of tho
condushng andinspBHng Hystseimn 25OL/SIPIIMAY \pgiuge wnetglbagibawémes in
the <3 _féggnge?l%%gQ%%%%sMeS%eﬂﬁéﬂl %?&ur%oﬁa?l %QQtsed Eﬁ&l%ate nano-

Vi ce conprise flui led first
scal@ &boovas (n agadh seciba dst@@tihreSS 6 Whenh érebeliip, passpare atligdedyand fused
Iayers 212,

323. 255, .330
T O Y
Nandiv} r@é"bcﬂﬁééﬁ%h@ Eoﬁcﬁ@ﬁh@féz Bis@08iH 8leéBfeal Bt&btors BBS may be formed

nanopor es bé operably coupled to one or
by knowe nmﬁh@istdmcgsszé ?bom SThetmahowirenmde be used taldpplyd ¥ahage across

the ipfhedeveroay - Gy ecEingiRah i aaseaap b ik roperies
maytﬁbedétle&téa wAtdtheesesde GTanpRiidin 330, 12660 wiOelectabllynBonductive

be used to generate an electrical field that drives
labelsabik¢ gdldprasopartigles 303, tlarmgh ennamperee330. r Atthinglgyersgfpinsulating

matetégaét he,obget&?:ﬁedd Clpfﬁ r s Ca Egr ag &[18 #ggr %ﬁﬁhgﬁ?@gﬁ@z‘atcmng to

preveirt cirieat flagexeg traig the 68nopdad330mhi C h may be
operably coupled to a conmputer 265, 340. The nature of

[OO%P% ea!lt%ﬁ{aﬁkf@ evidEAA0ENExdriplTRA inl FIG! RNehedBéhsbh @ayers 212 may
applied vol tage may be al ternati ng current, direct

comptise enret or mpetiedight preque lmerSe%ItS andheten sepgng laverspils everlaying a

current,Qr .an t.her..kno
suptf e 5 MhaRepBbi )R et aF oo BLi el npphotolabels 235
2451 ThesigheéRdué [hyEﬂs@lﬁnaWb@fdﬂnbﬂ ld6 gy Riyw i tightospagse thatedial, for
create an arra mul'ti pl aner structures

0.5
exarpple grihia lgyqriod @ﬁrcw@glﬂveatoé goléiaraﬁalstSlaakam/epfw&%seélsmg layers 220
rnayf‘dle: ér%?@r}lse ap gn 1at faPR BRGvaAY é@glﬁcérﬁ%ﬁfh% a}?&fvggs:‘i’%ﬁlg of light

her con uctrve layers separ.at e
emittyd byothe photeidbal 285, D4y frexSApleqbassy dikéangyr cknsineysasll @lastics.
silicon oxide. OQher 25 insulator |ayers 325 overl ay

[0047!:@\ Wade iRty haer 419 BekSthidiged A ITUsSEF phbfdnisBidth@lagers 220.

e sensor layers 323 fromthe nediumin the first
In cggainamen-Hedtingd egupleh dho axhotonCenngingt lapgr 24hanay serve to simply

con L&C’P H%ﬁttla "W eﬁ%‘@c@% %eu gi%lg ele%%e C%:@fya[ @g Itécger’c&'[':f‘%o%?] qg%lﬁka? aﬁé(rnatlves
the plsibRisensigg ehment! hiayﬂieaﬁmgrﬂbdl umbtﬂlesiaﬁmmb@sdl VF(deﬂ(ample a
into two or .nore er. of resist may

photeg a‘i?’&ﬂtlY%PNH’éncélloaé%aYd?e ‘é‘é?&ﬂ}’éﬁhrgfaf%lrlpto the pb@iﬁa,sggﬁnég layer 220
surr&tﬁld'iJEa nanopore 255 by layering with different types of materials (e.g., P-doped

and N-doped silicon or gallium arsenide (GaAs)) or by coating the inner surface of the
nanopore 255 with a different type of semiconductor material. =~ Methods for forming
layers of P-doped and N-doped semiconductors are well known in the arts of computer
chip and/or optical transducer manufacture. A photon transducer transduces a photonic
signal into an electrical signal counterpart. Different types of known photon transducing
structures that may be used to detect light emission include those based on
photoconductive materials, photovoltaic cells (photocells), photoemissive materials

(photomultiplier tubes, phototubes) and semiconductor p» junctions (photodiodes).
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24 WD 2005/ 052591 PCT/ US2003/ 034526 conducting and

insulating |layers. An AFM STP tip may be used to etch
wG208/05e591 i nes in the resist |ayer overl ayi ngp€EUK2003/034526

structure. Chemical etching may be used to create

nano- scal e grooves in each of the structures. Wen

the chip parts _are aligned d, fused e r h
10098] B SU5GPH D sl SEEREoRAIor SRtie At Ay BLgHP Yo 1nSPr Inds
HeCEOSH POV Defidvds Ik NANBYHES TIRNB&RicbAtckdICis in series with a
conducting layers 327 to electrical detectors 345 ma

. : Yy
conshat foltagecsoutyy alnd @vipadesistods Te yolisgseatreds dheload tesistor is used to

nangw r es. m used t |y, a voltage, acrqss .the .
menggh it RETagers SarorandRbmb Tt ciR iRy B, g in
the B OF o8t BRftted FEdton GRIm [ efp@ed | Bfino "B esihed, esiugsd band-gap

W th the passage of a protein 310 | abeled with
excitgtien and loavers/the seritisce wé the| sgmigondugtpke gol d

nanoparticles 315, through the nanopore 330. A thin
[009Phye phatbdiods udoataimsga TOvarst-bias semicopdbetof grrgaciaon. t Hde p-type

sides of the divided,chip prior.to J]it ra and
semBORRiag e Bdeped crianr PrpYie oppt TS s Phess clectron
hole§ 2RANOEe 33Qpe [LRFhdhdtoR (4.8 PAbSPHRrELeMbS&S sifi86h, silicon doped

exemplified’in FIG 2, the sensor |ayers 212 ma}éo
GaAsphpy exesse redectronsrolénder ghteversadpias, |2agenieiion Byemgprms at the prn

. hoton sensing |ayers. 220, overl ayjng | ayer

soncBE oS DEL DR ACE R RS RALAT . Prog PR b s when

an MitdrAalpBREAIcab§loten?idb is HppRED . thath€ortésgRlecapadhisded dyeths p-type
215 may be forned of any known |ight opaque materi al

semicepductor ag|cacess elfctonsadhe ByRaReHeondyrioy & migratgsvgy from the
. gy i )

o 5 T ) O A A G0 Tl s o

undérhadzstddakeing iak tehporapvelb@rigi oarreit der@ltthe pajuncton. bfhotodiodes

t he photol abel 235, 245 for exanple glass, sjlicon or
and pihex g(pﬁs pg,]ﬁggorbfralquggpg éggctut[egggy]beplng\ﬁ)ragra\t,eéilrlpg{ g nyopore 255

[ : r photon sensing
and 2135 pRhGR 0T HUEEHS 8P PheliieatBl2 el Rl o, t he
t i.ng. 2 r 0. S >
[010?11 gﬂﬁﬂ}egﬁgﬁ%telgﬁlg t%%[)a bseegno%teﬁ?ﬁeﬁlg r%lﬁ)t{so eg?ﬂafé@ s)fgna? %wat%n. Such
polyflReit ogRteeal0 mab inclide, oblte brealmberliaitéd &, polymethiiatetimcrylate,
sensing elenent pay be integrated into the nanogor e

ultrayiiet-cugzble pabprahanes JofotRoRIcseARY (R My eiscibaofxiRY optical
. . n n .

e P, ORI BETEA By v

insuldtibh.errh myesslsahayrbt dotnadds infe agpropRadoppitizss, fod example by

N- doped siljcon or gallium arsenide ((GaAs) b _
polygisacrsiEe g SRS of Phsie e@?w@r?émaéﬁaﬁﬁq? .o Rfr 376:591-5%4
199$ifferent type of sem conductor material. Methods for

orming layers of P-doped and N-doped sem conductors

Exa,g%,?‘?ﬁ\ﬂ ll’tlllﬁfb%@geciti%nt he arts of conputer chip and/or

Ccal "transducer manufacture. A photon transducer

k] 305! O PRl BBy SELA b5 mov e

excifedaB\s dUkgH Osource 210, such as a laser. Excitatory light may pass through a

transparent window 240 in the first chamber 280, exciting the photolabel 235 to a higher
energy state. The labeled amino acid passes through the light opaque layer 215, cutting
off the source of excitatory light and shielding the photodetector 257 from the light source
210. As the photolabel 235 passes the photon sensing layer 220, it emits a photon and
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30 structures that may be used to detect |ight

em ssion include those based on photoconductive
woraiosnszabs, photovoltaic cells (photocells), PCT/US2003/034526

phot oem ssive materials (photonultiplier tubes,

phot ot ubes) and sem conductorpn junctions

( phot odi odes%. 25 WO 2005/,052591 PCT/ Us2003/ 034526
retung (10 1 UIFKCACPH Rigteotdn d%q%e% el??t?n nay, &m‘%? phefeetector

ASTLH JotePRF: si B byGCaiIee:r PHE IR stored and/
257beﬁave§el?kemghgggfgggfyn#lé se%icond gtogaﬁs %ﬁls(ﬁe andror
procssseil by andnipuder 266N SEtendomypoikdr 296 nsyyualse revodt theltbvelat which each

sistor.. The val tage _across t | oad .resi stor.is used
el SR 8t oS ORI BEoDT A% LB Lo JERHon oF ditances
betwBh @jadént 1hEGEASRInG A9d AsidiRs ah@ theeXdPlRion b dif@nce map for
formof an emtted photon froma tagged am no acid
eachrtypé dillebeledawin dsadhd- gap excitation and | owers the
resi stance of the sem conductor. [0099] A photodi ode
[0102p it akeraplaryr methods -dhighlysensition doded CHM dptenior 26 mafhiee used.

The Baol GO 00 Care)  Habfilivad T EBRTiGR Geisofighot up to 80%, o
high‘é‘éﬁlah?l febSlufiord BRI §f%€‘(g Qf%gfb%&??& %e&i‘oiviﬁhﬁﬁﬂﬁéloﬁéiﬁle%%%h near

' I'l't con, silicon dope \ as excess el ectrons.
infragedi espectra. ev €Blsappbidas Coafodal pMicioseoriyay Basi¢ oPrieciples t éngl  System

pe B MR RPAESR SRE R ON a 198, S Vs N

YorRX{eppal1-8l, aobs)) cal otRétekBibRb, 4 SoiRBRMagE idtbRifidddoupling device
el ectron holes in the p-szé%eﬂ@%sem conduct or and excess
50

(IC@D ey bays¢dnpst hphatiodejgsso nipoeehestsingls-gheton conping levels

r t P j i on. e erial .1

0357 FBhi Ao OB on ot eBatRl R SpsPited s phoromuliptir wbe
wheidin Ungieil Rinlser dfgshidtdns Afggeis an hedtpaoharof ebdcdons itlealimpinge on a

current across _the pn junction. Photodi odes . and .ot her
phosplige screen, redusing paHbHNBRIGE iags c tihscRhaspoignage is sensed by a

rnos at ' NONGIE .

c AR AG6AT ARG AIRNIE: 190 1nB0g 4585, GRyERbRA. A coD
deteBlot R§% rancthewhéy ivaly sbensepsibiee ¢oattendialet, tvisdblehampl/droinfrared spectra
. .enhance signal detection. Such polyneric materials
lightydS; Ré‘]-ﬁ?ﬁ‘é,i%gﬂ e not linted to,

pol ymet hyl met hacryl ate, 20 ultraviolet-curable
Exapyil¢ 31 eftilegteicakBefeeti@xi es, and ot her pol ymers t hat

exhi bit optical transparency, |ow fluorescence at
[0103% st iflustoatediav Bl rig taheno edid gesidussimayobel trgepd with alabielodls5 that

insul ati.on. . Such nmaterials be forned into
can g SttsBler 3L SRl BB " e s PR p1 fwple, the label 315
mayCasthprit@ 261d seneparticles I15PhAk omh @imireAkcil Uekidge (Khehedtto a gold
al.,” Nature 376: 581-584 1995). 25 Exanple 2: .
nanqplagiadel 81 & pebssa thioueh ja menopere ak podueesratectable ghangss in the

con&%itigfi&e%sgs a%%el gnkzieloﬁger%lggrigalpBI%tpgrltl%?eJ)f %I;IJ’CS nqggp(}?g 330. The

conducting layers 327 flanking a nanopore 330 may be operably coupled to an electrical

—t
=

detector 345, which may detect any type of electrical signal, such as voltage, conductance,
resistance, capacitance, etc. The detector 345 may be operably coupled to a computer 340
to process and store data. Distance maps showing distances between labeled amino acid

residues may be constructed and used to identify and/or sequence the labeled protein.
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excited by a light source 210, such as a | aser.

Excitatory light may pass through a transparent
wowedoses2u0 in the first chanber 280, exciti ngP@TES2003/034526

phot ol abel 235 to a higher energy state. The | abel ed

am no acid passes through the |ight opaque Iayer 215,

ttln f thes urce of excit,at
010Gh AFERREFECES SRSt BORBER e o e A o ghica g Petyeen the
first 2.”3@ anﬁ‘sseéélﬁl PEO bR, @?tﬁmﬁ@%%@%ﬂeﬁ@l WHR10Am §'nﬁﬂopartlcles
| ayer 220, it emts a photon and 26 WO 2005/ 052591
315 paybesSPobeyiodsndRr plased imihe tigstahambenddilt ¢ eeetrigalzigctor 345,

The e 0 be det ect ed .b ot od
suchyin et e BOr a8 e Sr PR P R PR YO U Bnducting
layesm7i flanRin §3K8nﬁmﬂ)oﬁd (e dC@féht QbrosPthe GRASRSE B0 @hay be converted
conputer 265. The conputer 265 nmay al so record the

to veltags aad ampltfwde%m ar %@P@@%W@n destynpatss Festen CiigkA) or a

l I
Dachf o8R0 400K SER a0 IEGRRLRY! Mot v The s
mayrtesfilttred usingl atH’rquIBﬁﬁjD iDe&Icle@ (Haferlall g VA aloeepasa Beksal filter. Data
each type of |aheled amno acid. [010 In exenplary. .
may by qhslal@e HSIRg wyl%@héwwwn@d&% &% AdeMIO, 16 X5t6bit board
r .
and pro%g@lnlql ?;/W g/fCT\?.e e- Tgwjot on gﬁlﬁ)ect o%ezgglem%a ﬁo 1060%10 and
maghétih mejsat iscaircerses;l&lngt 'aomupmxtal ®ixz éAbinealc rRinlsa)ielphlad PA) (see
sensj tivi t he visible through near 10 infrared
Kas‘%‘é%‘lc?’a?t até?@gbar d, Confocal M croscopy: Basic
Princi ples and System Performance in:

Exaipid 4.0 1Rpeised PAdeGhoscopy, Cheng et al . Eds.
Springer-Verlag, New York, NY pp. 1-51, 1994) In

C
o8] s Ay S ! syt coughipanIc . o
shovapirr BHE. e scystengl msudh@st may d)@wpbq:lﬁgall}etagged ugitg Sulflatryl specific

reagite SIS Gobi g ST SR 1 FEHRE 41y By reduced fom
dlsuﬂf&§ %éu%l{ é}%ﬂ)@ﬁ%o@ Wﬂ ANedRing g%é}&é' %ﬂ@h bhakthiothreitol or B-

i nge or screen, pro
memabtdethanalt exifternfageval“blﬁlexcqshmlphng agem,gﬁer ezsampia bydllib@ﬁlaatlon or
CCD,chip regjon 257 attached to an a
colu RASE R el Boriiaibe oo NATGAS Diglstb 1 Fomgiping feduced
cyst&ﬂ@re%f@lh@s 718y bbeaged %%rtubl‘ﬁg attﬁlo‘}' lsﬂé'cfﬁ’d &égént 4¥0 S 1Pt non-limiting
d/ or infrared Spec l'ig
exanﬁplam FJagdite RbelHhplag 8: re@tectmﬂloendommcystnmpﬁ 1®8¢nerate a

|| t FIG 3 d b

labele einapPh ATiaap Y iR 05 430 DY PEvERY Gt By Grigure to N-

succﬁhﬁfdymcxalnemlam@ﬂa@emsd NTIRNECtRAfng bubi430 c%%@l@ﬁdlﬁbmds to the
the I'abel 315 may nprise gold nanoparticles 3

amingrlabghidde. dbe @cﬁi%ftdjemnﬂpx 460 érpnttinds tgcsulihydrahgtmps, .rgsuétmg in
fomgﬁgegfg%ﬁgl % angghwe nanopore 330, it produces

n the

[0106] FIG. 5. illustrates exemplary methods of labeling proteins 510 on amine residues,
such as lysine, arginine and the N-terminal residue of the protein 510. As shown in Fig. 5,
amine residues on a protein 510 may be activated by reaction with a reagent 520, such as
N-succinimidyl-4-maleimidobutyrate. The activated protein 530 may then be reacted with
a thiolated label 540, resulting in covalent bond formation and production of a labeled

protein 550. In another non-limiting example, a water soluble carbodiimide 570, such as
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25 conductivity, resistance and other electrical
properties of the nanopore 330. The conducting |ayers
WwW@20050540ki ng a nanopore 330 nay be operably cPCpUSIH03/@84526
an electrical detector 345, which may detect any type

of electrical signal, such as voltage, conductance,

reS|stance itance, etc, The detector 345
EDAS A} 8- cauiie @?%f%mapr@awamr@dlmé ¥8Y pPoeEd b Hie- Bk amine

resuﬁfaeg ﬁ Lftotkin 516 WAMCE cABOSy1 5‘%@‘1‘&%@ 560. St[ﬁ@ Q%oaﬁﬁﬂ&eﬁo binds to

ed amno acid 30 residues nay be constructed and
and asticitasathe dabet iof foramray mtlvaed,unﬂmmedwte Bapwhist qansowilantly bond

Wit SO RGeS T S GUN S M b TN EAGRGA abeled

pmtgﬁtgggqgwfdrﬁed first 350 and second 360 chanbers.
Proteins 310 |l abeled with 1 nm gold nanoparticles 315
. & lingSin EHBERA"
O A e b PO EE etk BB I S BB residues,
suchdes eglttema®q Sispatate podethe sUp@ininatasesidee.opér atdtync@lfb Icentaining
to .conductin | aye 327 flanking the n ore
carbpRY G UG FBE Do HEVREA B oeac a0 Wilyp BaRESRUBR wibodigiide 615,
such/® EPA, and tRéfPlehétb® %ﬂhsam gmAR 1ABQRR5 G0 Aofn4aBbeled protein 630.
I nstruneénts, Foster ty, CA) or a Dagan 3900A pa

Altemaawplyanqrbo?ﬁ}fl ecsu@@a@ara Ipreeinui®rmay bwaﬁn@aqsl&y @acmmg with both

N A s T e

640,0Bich ic# eeadSwit af abiidite Niel baS td' fomRd Iibélé@l ptdtéin 66%) In another
‘AT-M O 16- X 16-bit board 10 and LAB W NDOWS/ CVI

alterppidyp, spboxyihesidhespomaypreeinshilemans fe pedyated By feactiomndth EDAC

615 ghY @gsgélﬁuﬁ%% i‘%ﬂ{ §ER At éis}lgtgﬁlogm&q: {ZE’EEtg{i wgﬁf% ﬁ@g@gx@f& label 655,

resuEih@rm|f@’n{’a,t10habellabaadqfrot8fmti(ﬁ)i. ns [0105] Exenpl ary
nmet hods for protein |abeling are disclosed in FIG 4
[0108DFRGIh ﬁlhﬁrat@s eXémpl; 1?! sleeds | oF Tab&kingd profdifd 910745 on serine,
resi dues may be specifically tagged usi n73 sul fh dry
threeying irgsidues r@agjmqsslatqdateaxdaps y (Breapreteing dPsmay rb@ omdlzed with
peru'(;]dE ?lff‘ﬁetg) éJ Q?Lﬁir %tcﬁzﬂ&al %gﬁgﬁlﬁteﬁs%[v%%ﬁeq“hg d?aw%eélalde 720 will react

roug nown 't hi ol

spord@Rohsly it Bmask ﬁbélhlnﬁ%eﬂohma Schiffs base qwuaepm@mo The
After renoval of excess reduci ng agent, for exarrp

Shifflg bpsgr 759 reaction isrreversiblerm Redneinn: Bithaindiuns ozolydride 7V35, for
exa@%@n}}‘e O P} rs1l;1§; Fatidi ﬁ'o'ﬂenf' %gocqﬂtaﬁbﬁll Pglt%ﬁ%?gerine or

el ne residues’ may be tagged by using a
threapne re‘sldnes eagambtedh2BiS inay beexitized, If(m dxample withgplaetosanxidase
750 2t§)r g}lltqgsgl eg\(}ella%ﬁég)%n]g g?qtég CStgg 1@@'&‘10 Sge?tlzed protein 755
mayAeh & Witk 'aﬁec{nYlne UbeR T 580 |f@ﬁﬁ| ﬁ%@f’s”@éée qgo 1 yrg o8 11?1r gg@y Again,

exposure t succi ni m dyl - 4 mal el m do
reduttien wdhmvduunﬂg)rglydmie 439 powlnatseant g vérsiblislabeed peotein 765.

[0109] The skilled artisan will realize that the disclosed methods are exemplary only.
Many methods for side-chain specific protein labeling are known in the art (e.g., Bell and
Bell, Proteins and Enzymes, Ch. 7, pp. 132-183, Prentice-Hall, Inc., Englewood Cliffs, NJ,

1988) and any such known method may be used to label proteins with a photolabel,

electrical label, or any other type of label disclosed herein or otherwise known in the art.

29



10

15

20

25

am ne | abel 440. The activated conpl ex 460 then binds
to sul fhydryl groups, resulting in 25 formation of a
wo awslosxsoprotein 470. [0106] FIG 5. il ustratB&I/US2003/034526

exenpl ary met hods of | abeling proteins 510 on am ne
resi dues, such as lysine, arginine and the N-term na
resi due of th roteip,510. As shown in Fig. 5, amne

Exa?'é’z‘f grue&é’fﬁ'hﬁﬁﬁ’sﬁ‘é‘r ﬂp‘%fég'ﬁeéy be activated by reaction
with a reagent 520, such as
N- 313Kd 3] WplprArdigal ei m dobutyrate. The activated
protein 530 nay then be reacted with 30 a thiolated

| abel 540, resulting_in coval ent bond formation c}nd .
[0118} by gertain Ropfinyting giefthods, Ramanesnectsgtsopy mayns wsd for analysis of

analfis 14 o P W gl ST P BBl B rom unit was

gencEMACHY b Btahipim: SxppBirellavet VMaibyoPolepydt) eea heatiinfrinéd)wavelength

be used tQq.cross-link am.ne . residue a protei
(15058 fiFDriora aHisik PRETIBN™ HEGHI® Gi5dc e (Rl Feicchy Process
Instrakienfd) BE984 Bm ARG RALY 1hde bhé’r?l? or EontfRIGIR BBams were used.

activated internediate 580, which can covalently bond
The wixcitatmm beanr wes ¢asssd tivegl ar dickkioioindworn drolegraphig ngichufplter by
.570 i.s elim.nnated and a.l abel 5 protein 290 | . .
Keispp Rt TR BFp et 5 RiaES S Shroind gt Dpticad into o
colliRéRt SdomBdOwitB DBk | dolle@Bd BRAROX The tABEMHRE, beatt! PHssBE through a
_glutamate, aspartate and the C-termnal residue. A
micrpseppeiohjestive NikoriLd segies)c ardory focusss enie theRamageactive substrate

activat ed by react i { L= S
wheBhigdBhRyal hEShA hehite BB AR Seralopgd, ¢
an am ne | abel 625 to forma | abeled protein 630. 10
[011A Tae Ratriavistytieredbligloxiom thesindlyes vz cdllpeted by thetshthemaigroscope
. be activated by reaction with _both EDAC 615 1z%\nd
objegh, Al RasgrgisthieT¢iplyojcemiiirersta fher Bpman idgwcwr- dhe Raman detector

Y oul £ o ! | . o .
oo LRI KBy, Ay )80 8k, g e
focubed dreoRhmian sehttereddight ¢hroogh lox ghtraresi ditesf’ the spectrograph. The
rotejn 610 be activated by reaction.w th EDAC. :
specl DTG A4/t MSHECBRSORHE he Hek P oty JAPorset it keht by it
wavEleRAGthedTMd WRparsERlighiTldE ihaRQ ofeSan aday UEREHoE i(Bbkliluminated
formation of "a | abel ed protein 660. [01I08] FIG 7
deep-flépletionaC€P eaxeenp by Ropeesicientifichf Thabehy detepionwal wennected to a

conftfe 55 ST P Snne RGO 8 G g gn conto o i
dete@st Hing86h WM th  periodate 715 to produce a di al dehyde

sugar derivative 720. The di al dehyde 720 wi |l react
ontaneously with amne | abels 725 to forma Schiffs

S .

[0118g§ er puetecanhpnesdeRsmasepectioscopy GRRY)s thraRamappotive substrate
k [ V e [ i L UIQ; .
consbsge?% é{/ g’lr%lta To g%%alﬁigfés déxrgz%p%@altéﬁ;% it o%tgucﬁl%%%n@ﬂver nanoparticles,
rangingl i@vefesfrbmys k@@ ath, prastnedde biAthe rhethadof he¢ and Meisel (J. Phys.

alternative, serine qr
Chem., 86:3391, 1982). Alternatively, samples were placed on an aluminum substrate

under the microscope objective. The Figures discussed below were collected in a
stationary sample on the aluminum substrate. The number of molecules detected was
determined by the optical collection volume of the illuminated sample. Detection

sensitivity down to the single molecule level was demonstrated.
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t hreoni ne residues on a protein 745 may be oxi di zed,

for exanple with gal actose oxidase 750, to form an
w@b@sloyxsel deri vati zed protein 755. The al dehydBCT/US2003/034526

derivatized protein 755 may react with an am ne | abe

725 to forma Shiffs base Iabeled protein 760. Again,

10113F el Shepgtides TBrealhrt by SEROSHITRS 1OR) e 200 pim
mlCI%ﬁ{I dﬁf Chatthéll N%@ ebﬁ@estrlhf@[ R H&lv@ke?f:ﬂo%sﬁéirnﬁﬁ?ﬁﬁmssuﬁﬁt@ate through
a ods for side-cha

ry onl I'n specif
a mllafdfm&hﬁ chabel (btgwaﬂfrEaHGuO\ﬁ/rand rQO()hﬁnanldeX eMgcrpﬂ&lhd clmndels may

be denby cea hggpsolﬁalgnet %E%%%DMSH ﬂ%fng e teﬁ@we disglosed in
And\j@\r/lﬁ%f%ség%ghg ow;%ag;]%?ﬁgd gﬁ%gt rllf%%%p'ieg(ePﬁ‘?@ehlnﬂarngfoﬁhlnﬁncroﬂuldlc

I cal or any oth
systdmypia RIDMISyedapli mototypieg, hdnai Ghen. T heidws I6d, ROAOMN i n
the art. 29 WD 2005/052591 PCT/ US2003/ 034526 Exanpl e

B A .
purlﬁ’ep%?t }?ﬁ’lﬁﬁﬂl}é A1ERY: Qewéésﬁﬁlxédo(zvnﬁnﬁi(}is(% vaI fﬁ‘lﬁﬁlcﬁﬁ&‘ﬁtraﬂldih) and

mting exanp e, the excitation beam of
nanclj)attEﬂHSI (625U ﬁnalmncdﬁtrgmtemht% dtomys).a SERSaddtaimere collected using
sap h| re | asle?,%%gl ta by Coherent) at a near-infrared
roo or a gallium al um num ar seni de
di ode Iaser (PI-ECL series by Process Instrunents) at

[0113?@1&%&!16&?&5 gﬁ%palf’ Bedolliag Qiirciéeﬁﬂ‘ﬁhﬁéatl‘éﬁr\ifére LKM)S analyzed by
beans were use he ‘exci tati on beam was

Ramah ispeaioseonyi @necmeormlp (pol) 96 b sgitiag mreleramninﬁcmqﬂt @C )y primer

was éﬁ | %lﬁtg O(T tpla,gz ag L?}? lfﬁhfe n%hded %E Iﬁ?&%@%?at% eg@é{&mp&ﬂre was

incubhtbd vxtlfmelx'om p@yﬁﬂra@@am) buitter (zoanmmﬂmotae)amlpmeﬁﬂ 7.5, 10
t hr oug m croscope objective (N kon LU serl%'e@%J

M MECh ob SaM RO BRI, R SNy Snd den uidt af TARNA polmerase

o 4 6051 RS RYF RS0 20 1RUK HRAEE, PYSLAAAL Mol vas

prephfedibytrhigim@ldyihesbanag thechnectapgnizywitHoat thed@NA mﬂm@mm

objective and passed the dichroic mrror to the Raman
detector. The Raman det ect onprlsed a focusin

(0116} Rine bl spfether %@wduahanid ke of Ubmsgte congel semple were

R S0 By AR AP BPRRSETLAF 58, b 5 . o

1X PBSCpHapRRd Hufetsn sﬂﬁﬁ?ar Thy r&BEPWAS e@beategr thiréd @inidsaind the
di spersed the |i ght b%/hgl ts wavel ength. The di spersed

alunmipyfhttrayawas ﬁlﬁ-g]é]@ rfingl |r1é1§e .ddnesmilljjiter of silver colloid solution
was g@ﬁ&‘a \!Viﬂll lﬁ a&f)e(‘iiistl.lge%e&atgp PlEg, o% It OictSHi§ BFRRA dfited 5llver colloid

erSscienti ector was connecte

soluﬁori2 Qras AMKED W 2 QL &RL0.§ M MCTihd\edided a0 e REA p@dact spot on the
computer for data transfer and control of the
aluminum tray. The same solution was added to the negative control spot. The Raman

signals were collected as disclosed above.
Results

[0117] Nucleoside monophosphates, purine bases and pyrimidine bases were analyzed by
SERS, using the system disclosed above. Table 1 shows the present detection limits for

various analytes.
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detector function. [0112] For surface-enhanced Ranan
spectroscopy (SERS), the Raman active substrate
weonsiostsed of netal lic nanoparticles or netal - POHUSZH03/034526
nanostructures. Silver nanoparticles, ranging in size
from5 to 200 nm was nmade by the rret hod of Lee and

Mei sel 25 Chena., 86: 339

ALt or Rablevie SIS Bgredomachioside MompmlivsalisrRiines and
substrate under the m cropoGREiAE ective. The Figures
di scussed bel ow were collected In a stationary sanple

o the—atummumrspbstrate—The munmber jof —Totecutes

det ect ekhalle  det prmi ned by 'chBllopti cal col | Numben of
vol une of the illum nated_sa ection

sensitivity down o the spﬂ’érgi‘t?ﬁspé‘cul e | eveMojgpules Detected
dennnst rat od 30 2005/ 052591 PCT/ US2003/ 034526

oo ot T &t G o o LA = QT OO OO T OO

[01131 Shngd € nuc eoti des piRyncMrgpMye [det ect ed Dby nifi&RBle
usi ng a 100 mor ROO m mcrofluidic channel.

subst r dtdeningr ough| a microf | §iMc channel (bet weé#nolecule

NOcTeotides may be delivered to a Harnaln active
about 5 and 200 mwide). M crofl uidic ichannels may be

made by i ng ppl ydi et hyl ane (|PDVS), usi
techni qgcgmc#scl osed in 5 Ander® @ et I . ("Fabrication
|

of _tonaoloaicall v r'\nnrnl ex—t hree--dimensi
o+—topoogi-cart-y

m cr of Igijadine systerrs i n PDgg9 w1 ;rlgpl d pr ot ot ypi nggb
Anal . Chem 72:31p8-3164, 2000). [01141 Where SERS was

nucl eot #GMP  puripe or pyri #0BiMe anal yte was mi ey

performed in the presence of silver n:]nopartl cles Tl(r)ge
with LiCl (90 Mf[nal concentration) and

nanopa |cles (0.25 M final ntratj on silver 3
atons) . CI RS data| were col | eg(?]é usingl 10 room 6x 10

fnnr‘nnrnfllrn nnnl vio cnl ||f|nne rﬂ’l’ll:L mlnnhnr\l ant i deo es

LAC LI 4 . J.J.\J y Mmoo T CULUT UC'O
pr egar edrimp rolling circle agqufi catijon were al s®x 10°
anal yzed by Ramap spectroscopy One p| conol e (pnol)

of dIUIIIIIgL,IIL,(:‘dllpIIIILdLIDﬂ U-(b/-\) prlner WEBl?3
added {fhytide prol | of circul a?Q nki ngl e-ist randed M@g10
DNA tenplate. The|mi xture was incubatied with 1X T7

o LA S Bt (20 B L T B T
conc@ﬁgﬁﬁ)ﬁ s %eﬁnﬂﬁieﬁ%o Bfovide SR YRRIEAASGionl FTadénile Hhdleotides.

C resulting in"‘formation of an RCA product. A
Detenngabf vibecomiiewidenvasyy Yorfepititaa lb»yusm ofi afbyerzatkli-metal halide salts,

t {s t th
such g3 CE, NG P Cond P CBriedhirea piegudpisddpuyng cspolvte
solufid}f uRgy %hu\&te i€ eaﬁte&blmaﬁ oWRF @ypes EdTag1aétedlyteSaditiodd, such as
on an alumnumtray and air-drie Each spot

was
MgGlj @86l Mak,HKBr, Lif etcomayyberplsusphdbe rﬁéculéedb@lﬂtsm adll realize that

electroaly{e S 1ut1(-)1;1r]°,ethralc o ndP 2xhiff & to%g ﬁet]rﬁa?ne s%éna S wAll %r&@iﬁe minimal

interference with SERS detection of nucleotides. The results demonstrate that the Raman
detection system and methods disclosed above were capable of detecting and identifying

single molecules of analyte

[0119] FIG. 8 shows the Raman emission spectra of a 100 mM solution of four different
types of nucleotides, in the absence of surface enhancement and without Raman labels.

No LiCl was added to the solution. A 10 second data collection time was used. Excitation
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alumnumtray was air-dried after the final rinse. One
mlliliter of silver colloid solution was diluted

wowal/o2sal of distilled water. Eight mcrolitePGT/o820031€34526
diluted silver colloid solution was mxed with 2 L of
0.5 MLiCl and added to the RCA product spot on the

occuﬁr@aaﬁt %m by &Y ;%Tgre@?%ﬁqilgh%tghgﬂcle gdeglddedﬁ)% 8%8?tgd with longer
colle‘éﬁblll BReS, dadﬁéd @leéﬁ&l?&@ GndReVEfacBeaddcemen0 1A dhown in FIG. 8, the
Nucl eosi'de nonophoSphates, purine bases and pyrimdi ne

unenbased Reman amhyzwww ch@ERBristis iemyssidie pegkst Bmeach of the four

1 shows the present detection
“nlag?lﬁ‘?{’%ﬁ?o&}‘%‘(}%}% %81 ytes. 31 WD 2005/ 052591

PCT/ US2003/ 034526 Table 1. SERS Detection of

[0120) Shﬁ'ﬂ&i-dﬂiaﬁ@ﬂolmlﬁﬁpbﬁﬁﬁﬁm dpuctten @sreavistainyd ifod alilneld solution of
Anal yte Final Number of Concentration Ml ecul es
guanigg, 0B @M aplption pf @a%n%uan@ VPO nM solgfier gf t%lynma%m the peesence

oL RS R 0ol 43100 U OB k.

Eachlépectrith erhibie® BistilifishabkdBarh A1l Biksito peliksi(notshoeng
optim zed for adenine nucleotides only. LiClL (90 M

[012f] PEE. 9 SRRGaRE SERISHpEC@E o @1500 RiMIe6lution pf dArme(lower trace) and
opti mal SERS detection of adenine nucl eoti des,

fluoreegedn-tabelsd ¢A TS (eperitroed &ltm@ltw He/ 8P qan.| MEPef&P%wceln was

g A0S CASRTIST T g o

incrdaye inSERS sighalaipph éabeling mﬂldhlomeﬂn. and it is
contenpl ated that other types of electrolyte

[OIZQPMtR@ASproW Rvad Sdetdveible b d)CSERS ek, enfiBiion bedks ®tabout 833 and
be of use. The skilled artisan will realize that

877 éme@tot shapm. sndaritbpsonditiensdef thist presaepbiwiths er dagl relivaper, the
|
i) AR b D S I b B RSl s

and tieniRamabhe negative control (not shown) showed that the Raman signal was

specific for the RCA product, as no signal was observed in the absence of amplification.

[0123] The skilled artisan will realize that the disclosed methods are exemplary only and
that the Raman detection techniques disclosed for analysis of nucleotides and
oligonucleotides are also applicable for amino acids and proteins. Using the disclosed
techniques, specific types of amino acid residues on proteins may be covalently labeled,
for example with a Raman tag. The labeled protein may be passed through a nanopore and
the tagged residues detected, for example by Raman spectroscopy. As disclosed above,
Raman spectroscopy may be used to detected tagged or untagged residues at the single
molecule level. Detection of tagged amino acid residues may be used to construct

distances maps, to identify and/or sequence proteins or other analytes of interest.
Example 6. Raman Detection of Amino Acids, Proteins and Peptides

[0124] Raman spectroscopy of amino acids, proteins and peptides was performed as
disclosed in Example 5. As shown in FIG. 10 through FIG. 17, the SERS spectra of

tryptophan, cysteine, methionine, histidine, phenylalanine, arginine and tyrosine all
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detection system and net hods di scl osed above were

capabl e of detecting and identifying single nolecules
w@booansdsyt e [ 0119] FIG 8 shows the Ranman em sBCDIS2003/034526

spectra of a 100 nM solution of four different types

of nucleotides, in the absence of surface enhancenent

d th bel Li Cl dded to th
shovgd) AT Lo o aPegiti-a "E) 1SBEEFGHSL AL Saggion poaks.
Derifatfhtit bPhe agand\6id9 3R6 QAR i SHhEERR0RE @{%ﬁé%@pectra (compare

occurred at 514 nm Lower concentrations of
FIG.ndé| ewuajel’sIGnaw bler dibceSERS wpdactral ohgkrmM orypsephesn versus 5-

VBT KPS 5L 5 e SHOIEE 5, EDHBRAER e

the sERSEﬂméﬁﬁha@ﬂﬁ@pﬁ@hﬁa%FR§SI@QmB€ﬁK§ for amehs Enmhewasako
four “unl abel ed nucl eosi de nonophosphates. 5 [01

20]
depeggertt agrone i ositioRartavhich dhe dhiosipecresidugetvas giieghadedwith 5-
n ni.n i
ﬂuoropry%t%Pl}an % %rgn %lﬁeglgczﬁ%n %tg llf% 18, ﬁflof gﬂ‘%&ngrl\ﬁelﬁlg}r?ﬂf ﬁgf{so gpectrum
fromP8-886i0aeptopharl(n6l stmeh)si | ver nanoparticles (not
shown). A 785 nm excitation wavel ength was used. Each

[0128PAG dideRsed ﬂietlﬁgce@tlﬁlg'mmlpw aok @ofmei@ 1881 B&h& spectroscopic
peaks (not shown) 01 G 9 shows the SERS

techmgm rSu¢h of S@@oonwvbg olsml ite idestifyl amp dqistingwisht diffeesnt types of
T
aminiq BRIk of P SER R sp ARk aBOn A FIG B ol E) il rained

for il@BBIRD GhREndRRIdsed ASCklRdve i | FIdi. a9 afpp | riusleotilld .rediliges, covalent
Fi gure shows a strong increase in SERS sjgnal upon

modifipaen Methvid Ramen laheb sy nio lfqglazbl]fgemcm@ﬁﬁ By gantstigagth for the

derlvgaﬁggcf g%giu% b%‘n o%ﬁ%%ﬁse‘ﬁ’ %‘tﬂ)v ﬁé—' ﬁﬂepsg) F?%%%%%SP ? 3% used to

attachrdofiferent types dffR aatanltags to elmﬂﬁamo:teypestdf amiddadd gesédues.
strength fromthe adenine noieties was stronger than

[0126]'SER STsPéctBUREe Ao dbydifed foe widtk HroyisNERIGT N8 shegahh ¥gemplary
control (not shown) showed that the Raman signal was

SER§rﬁ@§@tﬂH@ food % prif RapmpAderdien, anaaﬂum@n%m Gheae- ission peaks were

o BT 49,5, 08 28855l st oy nhENGHS i o

1% mﬁwﬁeﬁumrﬂbﬁmnwbmlmml Wltlalﬁghttdiﬁbrehm dﬁaafazed in the spectrum
detection techni ques discl gosed for anal ysSi s

(not ghewpot PERS dsieqtion ob mhglenertl wspmdewligddn élpge@tlon of characteristic
peakgI Slér:nct@% 2 391{1 180 18GhdF1@Mh prfq&.e'@@]?ov%sfﬁg%ﬁlt@ spectrum of

ose tec nf'ques; specific¢ types of amno ac

100% esiolbi@dt @urlr ot Bi0nsl akiepotast slostalaaopdriicleaittuest 1:2fwdth distilled .
exanple with a Raman tag. The | abel ed protein may be
watepasgpieingih W ofanliparan w0 ehet SBBICY oL dacand collection

cted,. for exa
time R B e s Ee R Taa ek o Lpy Ry PR shoy e emission
peakd @t 824,802} a9y 84 W43UBSARBRISTE 76 URE 886 nirIEA Shi@lecof 0.1% calf
serum still resulted in a detectable SERS spectrum (FIG. 20), with detectable peaks at 842,
848, 854, 876, 882 and 886 nm.

[0127] SERS spectra were also obtained for a series of peptides, generated by trypsin
digestion of serum proteins. The digested peptides were separated by reverse-phase HPLC
on a C18 column. Elution of peptides occurred in an acidic mixture of trifluoroacetate and

acetonitrile. The resulting peptides were analyzed by SERS spectroscopy (FIG. 21). It
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25 nol ecul e I evel. Detection of tagged am no acid
resi dues nay be used to construct distances nmaps, to

WO d@ansFsy1 and/ or sequence proteins or other anedUSR086034526
interest. Exanple 6. Raman Detection of Am no Acids,
Proteins and Peptides [0124] Raman spectroscopy of

m no roteins tide
can B S5 860Gl B9 M e SRASINEY SEREL IS, B aitern
sizedp&aks ddourtiMeatIBRIB TN @44 180853, 387 859pB6N 18I0, 31y sided30enm.
net hi oni ne,” hi sti di ne, phenylalanlne argi ni ne and

[012%% The 'rc%ﬁlt@bi)tam%@ d\é@oﬁ&pag?é S la §Eks%9€é&!§8@;%3ﬁﬁ§4fé%§ed to identify
I st1ngui shabl e SERS spectra, wt
and mhemgmmhffsnenttyMrmno asudamlqhsa keithin Deateinser peptiden allowing

no_ac so..r.es [
the rRpchishn LR RS i B Bforhtteti e NefUARIER apd of Sfasepeine
SERS spectra of 1 mMtryptophan yersus 5-
quorotryptophan) Attachment of a fluorine residue
esulted in a considerabl e chan th

(0129 Adk o eoME TIPS sanAPPABA TGS éipﬁéloer@aangwfamﬁ@erem can be
madg A 5‘?@%&@@%&@‘2%@%@%@ ROl e RAShe ppRpR!disclosure. 1t

will fileu @psirént ploofHosd of SikglireinGie are ethat, vaﬁ‘uatlohm uhsy WeOppplied to the
ving a different SERS spectr
MEBIOPRORdARHRLS vty WAbotaPmoedioge fsopor sii
and E&g)e RF ARG dhRE S%@&% ter] Mdré S}g dauged wilak aBﬁif@ﬁ‘t that certain
ctroscopi c techni ques, such a§ SERS, nay
agentss €kt tace bdiintiehjicadlydardi physigjogisallydidlited enty by ;sebstttlﬂted for the

The SERS t Fi
agerf P RO Peseinr Bl e S48, Ph oo P B0 28 heyer: ANl such
simifA¥ 'sﬁ*l%tltlﬁ@s SOMBdifRafidds apgarfeﬁtr toﬂﬁ@éee&t‘illé@iemrtﬁ§ bAURS deemed to be

covalent nodification with a Raman | abel may produce
withén thaspjgit,i saopecssleconeens iof thel claimed sghipctieatter.ne
derivati zed residue. As discussed above, side-chain
specific labeling may be used to 15 attach different
types of Raman tags to different types of amno acid
resi dues. [0126] SERS spectra were al so obtained for
whol e proteins. FIG 18 shows an exenplary SERS
spectrum for 1% calf serumdried on an alum num pl ate.
Em ssi on peaks were observed at 829, 839, 848, 852,
865, 872, 877, 886 and 896 nm The SERS spectrum of
1% bovi ne serum al bumin was simlar, with slight
di fferences observed in the spectrum 20 (not shown).
SERS detection of whole calf serumresulted in
detection of characteristic peaks down to 0.1 % serum
(FIG 19 and FIG 20). FIG 19 shows the SERS spectrum
of 100% whol e calf serum A 160 | aliquot of silver
nanoparticles (diluted 1:2 with distilled water) was
mxed with 20 | of calf serumand 40 | of 0.5 MLid.
A 1 second collection
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time resulted in the spectrumshown in FIG 19. The
SERS spectrum showed em ssion 25 peaks at 826, 832,
w@3®5/08521 848, 854, 862, 873, 876 and 886 nm PEI/ES20pI/E34526
of 0.1%calf serumstill resulted in a detectable
SERS spectrum (FIG 20), with detectable peaks at 842,
848, 854 , nd 886 nm [0127] SERS spectra
werbHA K @@Nﬁ‘gﬁ gor a series of peptides, generated
by trypS|n di gestion of serum proteins. The di gest ed
. pept mgthed geMprisiagar at ed by reverse-phase HPLC 30 on a
C18 colum. Elution of peptides occurred in an acidic
mi 1) usttainigtaniefor nmre tbelted peotams, iytephidesrdripeptidise
resulting peptides were anal yzed by SERS spectroscopy
( Fb$> pagdihg thé 1&4@/@&&&5/ PUIARYEIRC PGRARS/(DBAER Gne or more
can be seen that ferent peptides showed
di stipgil P Sfagbl e SERS spectra, with different sized
peaks octurring at 827, 833, 844, 848, 853, 857, 859,

h b
252, AR P B8 L R g S o
i dent I{pgi,d and di stinguish different types of am no

aci d P@8ilRies within proteins or peptides, allowing 5
t he production of distance maps for proteins
detpcednypi]ing aeamirl asid distanemanp forsacfune ioh tpbelefl@nrng acid; and
Al'l of the METHODS and APPARATUS di scl osed and cl ai nmed
heredi Rleatifiyinpahe pRuden daskdenahetiBthnee tdaput undue
experimentation in light of the present disclosure. It

Wi |T'he%tl§6?i°(ﬁfc¢aﬁﬁ1 i Quﬂtl'ﬂé?%@n'%ﬁsi% i1l in the art that
vari ations may be applied e 10 METHODS and

APP@%}&‘{%% d e?eﬁ{plgg gnal@ﬁfce hlla {oh%ulteaﬁq oy 5(]4 H%gf,g%%téﬁﬁmber to

SCOpé o

matter e ecifically, it wll pparent that
c ert a?‘ﬂlta"éﬂéillﬁge?tme %}.1@&6@% ?fnlﬂ?é’l‘ﬁcﬁ ﬁP‘?y and
siologically related may be substituted for the
ght Brodeding ohe ar e Tabeigdh Prateinse palyneptisies oF ppptiges encoded by
resul ts woul d be achieved. Al such simlar
subst ihe w¢mpslaemicleindidid.cat i ons apparent to those
skilled in the art are deened to be 15 within the

S Pk tmetBsORR:1 AR @@ﬂm%n@hsm e cl ai med subj ect
matter. 35 WO 2005/ 052591 S2003/ 034526  WHAT IS

Aim r eal:nag T]TédAf) @Tg %S&W F’b’é’géﬁh‘lg@“ f}%ggﬁ .ﬁ%‘ég ;Qe%is)logical

passi n he Iabeled proteins, polypeptides or peptides
throufj‘%rl nore 5 nanopor es;

b) labeling the proteins, polypeptides or peptideé post-translationally.

The method of claim 1, wherein the protein, polypeptide or peptide is identified by

comparing the distance maps with a library of amino acid distance maps.

The method of claim 1, wherein the protein, polypeptide or peptide is identified by

comparing the distance maps with the sequences of known proteins.

The method of claim 2, wherein each chamber is operably coupled to a different

set of nanopores.
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c) detecting | abeled amno acid residues in the

| abel ed proteins, polypeptides or peptides; d)
w@wpiosasny an am no acid di stance map for eachPCps2003/034526

| abel ed am no acid; and e) identifying the protein

based on the distance maps. 10 2. The nethod of claim

7 oTh S0 oFORRh 17 Wi fiach nRfoitd B SR U0 8 dtector.
8. o DR ERHGI G Ei Tov b Pueis 7 R o R ybaip e gr beptide

or peptides encoded by the tenplate nucleic acid. 15
passey thrpwgh gaependrost atisiem 1, further conprising: a)
obt ai ni ng one or nore proteins, polypeptides or
9. pephé nhethoflrodwladmRi, etherpin tie latsdedodreino anids ) edchbeainbgr represent
the proteins, polypeptides or peptides
betwB&S hbdut ARk i Abald 50%%f thé eotiiesht Of tB¢ 8t hmino acid in that
wherein the protein, polypeptide or peptide is
dmnkggntified by 20 conparing the distance maps with a
I'brary of amino acid distance maps. 5. The net hod of
clajm1 erej n the protejn, y {i or._pept.ide
10. £ FheTarendd g Sln L cbiiPr B IR Ponsn et toe i
sequences, of known proteins. 6. The nethod of claim 2, )
labelg @ming, agigdcthreughnibe rnapgpgs@,ngmaﬁsa(gglﬂﬂ % geqogdlabeled amino acid
different set of nanopores. 36 WD 2005/ 052591
throuRBThetEaRP8r04E3Eond? to THealistendeadongf the labieted Iprotefre pelymeptide or
each nanopore is operably coupled to a detector. 8.

peptillb ®etvich it bkt fldadebonld antiaemeids. onl y one | abel ed
protein, polypeptide or peptide passes through a

11. NangP et offclfitd™®; wlereilBe MicOe Qblcbtb@iFFON? the/YBLF i508nsisting

the | abel ed am no acids in each chanber represent

of lu%ﬁrtu?véﬁegnq ggo%?slf tﬂugfeég/@n"fl Tag)el?sg Btfé]sgﬁgr%%%g’h%tg gls,t @%ﬂilﬂﬁ@gg&gm labels,

e’ am no- aci

met hod, of claim 1, wherein the length of tinme between

condijgiieEalglel g er PEnCH FAPRATCS TH55- SR8 SRYGHGIRY L HESls, Clectron
_ nanopore and passage of a second | abel ed am no acid

spin t4sprangh labiels, elasiopopasamegnetis prsntance dabiekreandi Rareaclabelp.ong

the | abel ed protein, polypeptide or 10 peptide
12. beThemeathblef tiaimtl, svhdredreatdeadt ané eral efithelfabeled protein, polypeptide
or peptide is attached to an identifiable label.
13.  The method of claim 1, wherein said labeled amino acids are detected with a
photodetector.
14.  The method of claim 1, wherein said labeled amino acids are detected with an
electrical detector.
15.  The method of claim 2, further comprising analyzing a multiplicity of labeled
proteins, polypeptides or peptides from each chamber.

16.  The method of claim 1, further comprising determining at least a partial sequence

of the protein, polypeptide or peptide based on the distance maps.
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11. The nethod of claim1, wherein the | abels are
sel ected fromthe group consisting of |um nescent
wo a8l05259f | uor escent | abel s, phosphorescent | aPel/8552003/034526
chem | um nescent | abels, conductive |abels, nuclear
magneti c resonance | abels, mass spectroscopy | abels,
el nance | abel s, el ectron paramagnetic
17. re§%%é§RMu$9%ﬂ 1St %d Raman | abels. 15 12. The net hod
ne end o he .| ahel ed
o e On%%lmf@eevbee’ fach b %@1&?.caaiprlélngtapat‘gﬁ%ﬂwp%eaﬁnd a second
identifiable label. 13. The nethod of claim]1l, wherein
chamber) s¥d| fugt and second; ehambers srperded @y viensoralayers, the first and
phot odet ector. 14. The nethod of claim1, wherein said
stcind| chembrisnol eavhdsibadeyiateineftiddcommhnigatior hrough one or more
el ectrical detector. 15. The nethod of claim 2,

nhaggob&t aednpri sing analyzing a nmultiplicity of |abeled
proteins, polypeptides or peptides from each chanber.

b}%neTJ}%n&@td@fa@to?sf ﬁﬁm&lrplé&t@ttﬂéﬁa& BRI i ng

determ ning at t a part sequence of the

. PP RSP0 BB 4288

aratus co i sing: t one_sub-device
changh L0V de %86 mcgﬁgfgergﬁl Bilient taADbIte Al SReseeaambers.
chanber, said first and second chanbers separated by
19. seﬁs%apnam@f claipel 1i figherapomprisigonepraprietbencsabdy cewpled to the
sub-device in fluid communication through one or nore
one dr mabddpectess. and b) one or nore detectors operably
coupl ed to the nanopores. 18. The apparatus of claim

20. 17Thd Uppdigius COMRLIAI Y MMeRiLdhd Q8 b nfeNddtbdtsls Sdtfiprise a
second  chanber to provide an electrical potentia

phot%?eg{o? N &?&H@aﬁ e{ePf%r fifl(?(@lt ?&%g% AERp chambers.  19.

e apbara us o er conprising a
ut er ed. t the 10 o :
21, g of SRS st S0 BhitSioy Be R o Hiord HeteSlprt Potprisery Raman
one or nore detectors conprise a photodetector, an
detecitect ri cal detector and/or a vol tage detector. 21. The
apparatus of claim 20, wherein the one or nore
22. detlecippamtsooiprlaise 3 wearein sadeteasdrdayerd Bo@griséTeupport layer, a
apparatus of claim 17, wherein said sensor |ayers
photdiOd¥Rsih S Bayer SR dr thé¥@ight Gpaque layers.
23.  The apparatus of claim 22, further comprising a light source and an amplifier.
24.  The apparatus of claim 17, wherein said sensor layers comprise at least one
conducting layer and at least two insulating layers.
25.  The apparatus of claim 24, wherein said conducting layer is operably coupled to
one or more electrical detectors.

26.  The apparatus of claim 17, wherein said nanopore is part of a nanotube or

nanochannel.
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photon sensing |layer and two or nore |ight opaque

| ayers. 23. The apparatus of claim 22, further
weowpisshng a | i ght source and an anplifier. ZBCT/Ukm®03/034526

apparatus of claim 17, wherein said sensor |ayers

conprise at | east one conducting |ayer and at | east

t ' ' .Jayers. 20 25. The apparatus of claim
27. LaR RS Bdrhfitsi

efeln Sal d'conducting |layer is operably coupl ed

to ., one or nore electrical detectors. .26. The
ap@a?%‘ltﬁgmgfonsloémﬂri?‘?ﬂ%‘g}%f e%gisﬂglﬂﬂﬁopore is part

of a nanotube or nanochannel. 38 WO 2005/ 052591 .

PCY) o200y 032 5D BOTQ PODIFs plet e pReisige lahpled subunits from
contacting one or nore cells with a | abel ed subunit;

b) oliteadetls;ng one or nore copies of a nolecule

conprising | abel ed subunits from the cells; 5 ¢)

pags badirshte AR eEL168IEtirdihtdhe @ @hore AgndPordspr €

nanopores; d) detecting | abel ed subunits on the

| a . : [l 7] it distance map;

angﬁbeg?gg%gﬁgégﬁgﬁ%ﬁgeﬁgkgﬁﬁggp?ég%#@he di st ance map.

28., The t hod, of.. ¢l ai m 27 erein the nolecule is

seP%E?@%HﬁgﬁﬁWPH@Ié?%ﬂﬁ?@' é&@ting 10 of a nucleic

aci d, oligonucleotide, protejn, polypeptide, peptide,

poby adsatifang the raplgeuls Fom the digtaneg, Maget hod of cl ai m 28,

wherein the nolecule is a protein, polypeptide or o
28. pepnictwdartcclaitthd?, celhdreindhe molesnksf is splediediftam ghe group consisting

expression vector encoding the protein, polypeptide or

of a MeNdit 8eid, dGonttieotidry, prdeinfpotyrbtild peplidy, pbBsaccharide and lipid.
conprising contacting at |east two groups of cells 15

29. Th RelhBloF gRirk YBURhER N tBERIDIGLRUR aProte R, %élyg%’gﬁfd%%tr ®eptide and
wth a different type of |abeled Subunit. 39

the cells are transformed with an expression vector encoding the protein, polypeptide or

peptide.

30. The method of claim 27, further comprising contacting at least two groups of cells

with labeled subunits, each group of cells contacted with a different type of labeled

subunit,
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