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proj ects magktmonfventRht ai n the sequence of entire genomes of
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thereof. The invention also relates to methods of using the compositions to diagnose whether a subject

is susceptible to cancer, autoimmune diseases, cell cycle disorders, or other disorders.

Background

[002] The invention relates to the field of compositions, methods, and apparatus for characterizing
polynucleotides and other polymers.

[003] Determining the nucleotide sequence of DNA and RNA in a rapid manner is a major goal of
researchers in biotechnology, especially for projects seeking to obtain the sequence of entire genomes
of organisms. In addition, rapidly determining the sequence of a polynucleotide is important for

identifying genetic mutations and polymorphisms in individuals and populations of individuals.
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[ 4] Nanopore sequencing is one nethod of rapidly determ ning the
sequence of pol ynucl eoti de nol ecul es. Nanopore sequencing i s based on
t he properw9 2008/1pH93si cal | y sensing the individual nucl B6T/UEWES/{0d+67
physi cal changes in the environnent of the nucleotides (that is, for
exanple, an electric current)) within an individual polynucleotide
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for exanple, but not Iimted to, enzyne activity of proteases,

ki nases, phosphatases, hydrol ases, oxi doreductases, isonerases,

t ransf er as®®@ 200882197 ases, acetyl ases, |igases, |yases, PEHUS20pR00H{6Re.
In a nore preferred enbodi nent the enzyne activity can be enzyne
activity of DNA pol ynmerase, RNA pol ynerase, endonucl ease,

exonucl ease, DNA |igase, DNase, uracil-DNA glycosidase, ribosones,

ki nase, plragpiiEp beesen meddeyideamits withired pdlmsesotids cab beobitdited if theQBibddchuion rate is
anot her g[jgggﬁ Naukdye pore is sized and shaped to allow passage of
an activator erel n the activator is selected fromthe group

consi sti nf0df ATwRere iINAIENINADE] to prodida cyningbitjene psl methoobpisen tedyddser i ne,

ei cosi noi Qﬁractérﬁ:&t‘idﬂ%&“ﬁolﬂﬁérsdmcl%%é?% ﬁmémés‘,ﬁ@%ﬂp@ptﬁe& &N aHEQRER! indes,

enkephal i ns, endor phi ns, 4-am nobutyrate hydr oxytrypt an ne
(5- HT), c&‘f’@@ﬂb‘?@ﬁf%@@d%&"é‘ieﬁ CoA, Sadenosyl met hi oni ne, and” any

ot her bi ol ogical activator. 3 WD 2008/ 124107PCT/ US2008/ 004467

[0012] I n yet anot her ﬂ%d' nment the pore is sized and shaped to all ow
passage oPfief DEyFiRHongf ¥"8P%h the cofactor is selected fromthe
group conmoaqtl nghadfweMam phdvities lhﬁamﬁdeukﬁﬁndh%%dsfbmmg;heamﬁh any subjebrer

bi ol ogi ca d v%gsfcg‘l%é IS¢ i Lndq ”:hamgerp roﬁr]:e%tet{l‘g n 2% algoen ntlcta]t(?onpn?erar?s. %e cis
channel is"a f e or anne )le ecure “4n CONprises a

bi ol ogi ca#ndmhsevbuhlers a@rselalrwm h@im Eimmouprisingat hﬂt@'@mbre or changl. tiepred

bi ol ogi c af:reﬁgpéd%ﬁﬁg&cﬁmen? rtheqmﬁ ﬁmpéoﬂﬁhéeg F cctntb%ﬁ avm gsyﬁﬂ oghd%&cqgl'nglﬁ Iand a

nol ecul es are, for exanp n channel, a
nucl eosi d@d@n@kﬂwamalm@p?fp a@fﬁﬁﬁbﬁm@fhmea tbtmyarﬁlm cempsisesratbpsphalipid. The

synapti ¢ ghrf@ther c%mbﬁ@@mm&aaﬁﬁylhgﬁf‘e@&% field YEDedd S FRERS the M slchfinbers.
i ke, a nuclear pore, synthetic variants, chineric variants, or the

like. In B‘ﬁé’OfﬁPé‘fhé‘?“F@as"@PPﬂéEﬁ fieef havinglipingiprsgpitahic frgpstginea ppiymer. In one

a- henol yspr¥erred embodiment the pore or channe] accommodates a part but not all of the polymer. In one other
preferred emboadiment, the polymer is a polynucleotide. In an alternative preferred embodiment, the
polymer is a polypeptide. Other polymers provided by the invention include polypeptides,
phospholipids, polysaccharides, and polyketides.

[009] In one embodiment, the thin film further comprises a compound having a binding affinity for
the polymer. In one preferred embodiment the binding affinity (K,) is at least 10° I/mole. In a more
preferred embodiment the K, is at least 10® /mole. In yet another preferred embodiment the compound
is adjacent to at least one pore. In a more preferred embodiment the compound is a channel. In a yet
more preferred embodiment the channel has biological activity. In a most preferred embodiment, the
compound comprises the pore.

[0010]  In one embodiment the compound comprises enzyme activity. The enzyme activity can be,
for example, but not limited to, enzyme activity of proteases, kinases, phosphatases, hydrolases,
oxidoreductases, isomerases, transferases, methylases, acetylases, ligases, lyases, and the like. Ina
more preferred embodiment the enzyme activity can be enzyme activity of DNA polymerase, RNA
polymerase, endonuclease, exonuclease, DNA ligase, DNase, uracil-DNA glycosidase, ribosomes,
kinase, phosphatase, methylase, acetylase, or the like.

[0011]  Inanother embodiment the pore is sized and shaped to allow passage of an activator, wherein
the activator is selected from the group consisting of ATP, NAD*, NADP?, diacylglycerol,
phosphatidylserine, eicosinoids, retinoic acid, calciferol, ascorbic acid, neuropeptides, enkephalins,
endarphins, 4-aminobutyrate (GABA), 5-hydroxytryptamine (5-HT), catecholamines, acetyl CoA, S-
adenosylmethionine, and any other biologic.al activator.
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[0014] In an alternative, the conpound conprises non-enzyne bi ol ogi cal
activity. The conpound havi ng non-enzyne bi ol ogi cal activity can be,
for exanplhep2tmstiziior |limted to, proteins, peptides, aRCI/DssARI467
antigens, nucleic acids, peptide nucleic acids (PNAs), |ocked nucleic
acids (LNAs), norpholinos, sugars, lipids, glycophosphoinositols,

| i popol ysaccharides or the |like. The conpound can have antigenic
activity. mﬁh@ CBﬂp&ﬂﬁﬂmﬁﬁﬁoﬁﬂﬁﬁﬂﬁ@hﬁ&kh&ﬁmbkm@&ngmamq&&&ghﬂscMmﬁﬁeby
t he pol yne ds .to th d under .
envir onrren%eéﬁ'" @%ﬁoézfcof—(? e@?}?}rr?(b)l %"é’r‘fo?sﬁg éoﬁ'i\%gr 0 F%e’n Rt%ﬁ‘%ﬁ% Har"
are changedamsumhmobgdﬂthms can be, for exanple, but not limted to,
change i ng, 11 t.

ctri ngency paidRaRE bR e e Bon SRR of PARARL bblecte an
the |ike.corpdsesi blnloaﬁ%méﬁul%zﬁbwn%ﬁﬂnodtf h@mplw@n@nadjﬁecplmlvx@é@olacule ora

conpound, co%ﬁ.srﬁin%&e'aﬁ sﬁa{m& dglékl &Hl%&uﬁb@&e%{mﬁhﬁ@%uﬁml ﬁxﬁll‘eﬁlio Em'c;r?&ldhﬂ%i a
the linker nolecule selected fromthe group consistin

group, a Welepsidshagpdipertide SHBAIAYES" GIEPHCT BSYaMRHE éhaé"“fgraéfa‘pfmelabfé’gﬁano

group, a jRidpRr, sith E@GQl‘I&LABd thaﬂkdzmﬁ:le&r[ﬁképsynﬁ&ii variBRCchiedid Rariah@ Bk B like.
a plurality of pores. In one

one enbodj nent the t hi ris

enbodi ment! °fHEe 8’5’\9?8‘80‘@8%?’%’8@’ a'BPEF'ﬂ? syeBPYErect rodes. Pol yners
[0017] I n @Oy hern aﬁﬁt&@ﬂhf?ﬁ?fﬂeporﬁﬁwnd dovhpidel foR- eﬁf),(a\élbdﬁ@wai H&H@Oﬂwfc@‘ﬁpound
controlllng bi ndi n

provi di ng a V\E)non en a&éologlcafeaé:.@é{r%an be ors&a?lglmiut n urpﬁtegﬁ%i proﬁemsrﬁngn S:\I(:gg
bet ween tdvebddiee apnmhsspucteh:emdnpmlﬂamlehamds(@Nas)clhamedclmcds {N#s), oned

as to all 8%}[8%0? gﬂ%ﬁrs[alhplﬁp g@ﬂ}g os@i{nﬁgﬂ)ﬁgﬁ{opﬁ%ﬁ&ﬁgﬁleg J (Mpl(ﬁg eThQ%grl’mywéde can

t he ot her _ y on r at pr ovi |ng an
havi ng bi w@gg&&@taptthyTheGorapmﬂ gamdipve splpativebluddgngonenies woarpirthe ppiipner

one of t htﬁncis\{&h@&mp&md'uﬁﬁef PEHEdRBc I G18 DA W BFndnfAl &m&m@n At nBt%eﬁM@
pool s; apply a potential difference between the two goo s, thereby

creating e&“‘f‘?"f’@"t‘m[ﬁﬁqd&i"f‘i e Chia%ﬁFér SR genganssat Rinfor glamaler fused H@éedéo {chgngs

tinme, thehehy, cBingdinicMGroAm&et @idermiOlefdhhdgy in Srgec$,ichghet My NOpheREItyathange
difference, a s to create the first polarity, thereby

ond tj
controlIiﬂayqﬂ@ﬁ%$%8Vh%ﬁ%f the enzyne to the polymer. In a preferred
enbodi men®e15t helnrmpathe embdsiingne dierinvedtioh yrogidesciconponed, Whared tikzo@pound further

preferr edco%gpsggjl mﬁgmolécn@, t%ﬂk%c@l&ul@gel&gﬁ &34 She group consisting of a thiol group, a
sulfide group, a phosphate group, a sulfate group, a cyano group, a piperidine group, an Fmoc group,
and a Boc group.

[0016]  In one embodiment the thin film comprises a plurality of pores. In one embodiment the
device comprises a plurality of electrodes.

Polymers

(0017] In another embodiment, the invention provides a method for controlling binding of an
enzyme to a polymer, the method comprising: providing two separate, adjacent pools of a medium and
an interface between the two pools, the interface having a channel so dimensioned as to allow
sequential monomer-by-monomer passage from one pool to the other pool of only one polymer at a
time; providing an enzyme having binding activity to a polymer; intraducing the polymer into one of
the two pools; introducing the enzyme into one of the two pools; applying a potential difference
between the two pools, thereby creating a first polarity; reversing the potential aifference a first time,
thereby creating a second polarity; reversing the potential difference a second time to create the first
polarity, thereby controlling the binding of the enzyme to the polymer. In a preferred embodiment, the
medium is electrically conductive. In a more preferred embodiment, the medium is an agueous
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solution. In another preferred enbodi ment, the nethod further
conprises the steps of neasuring the electrical current between the
two pool s;woamsaediiiy the el ectrical current val ue (11) PODWatINBE-&U
the first time the first polarity was induced with the electrical
current value (12) obtained at the tinme the second tinme the first
polarity was induced; and determning the difference between |, and
12 t her ebyluolt an miothgr ;&efeﬁ’efdfe&h&:l”lmﬁlt \tizel ropehod Flirthérra:oxaprﬁxtahtﬁe sypsef measetg the
glme)g'?:‘ InEQﬁ ecFCrlﬁzgi Ig:tét"[] nrltBag een [he 8@%5‘1 ?the elecmca u%rel(ljtfvf'a]{\;:g aéllé{étlél I‘ atéglF first
current aheuke f(rktlp))lamtbw@s mélderawﬂl! ﬁheelﬁqtmostcutmwhteﬂé) cﬁhtans:’d aprhe tame thy/seovag

I nduced w dﬁeﬁhéﬁ}& Elhfr‘t?wa&ﬁ c]_g(f‘dﬁ({ &tmi a%khgd#éﬁce%%&{he d%t:h edy%éfmnga

ti me and term t he erence ween and 12 't
obt ai ni ngliterdics Yaéméhcle anggiieq prefgired qppodimpgs the msthed @mhe“doewbeﬂhm of t he

enzyne | sme%elrﬁﬁih@aeétﬁ&mu}@ﬂ bR ECRD Dbt bdhthale cperaéceeaecamnlsmmg)s
phosphat ases, hydrol ases, oxi doreductases, isonerases, transferases,

nmet hyl as e%b‘a‘“é‘éet"lﬁlfé% gge the.f@%gegr 1y H?Fd"quﬁf‘éé‘é@ thejefseigieal cureept vafue dophingdbat a
enbodi menker ttniaendrmetﬂ.eﬁlmfgmetdmenewmﬁdeﬁesmtmmersﬁyem.rmfg aldfifferdned Viie dI. Ina
reagents that i ntroducing the_rea n.s to

ni t| enzyne ac
the poo! TURPFPETAFTOPHETOI RIS I FUREF S S WL BAET Hy KT
pool at aahsgph:hsﬁ&l, wdtmaemadonﬂdectashmnsammbeumiefaa:rsmﬁﬂhmhoﬁbm%,,hgis%
reagents are select the i t| va
cof actor . fﬁases I Oﬁnﬁf?g{emmé erre en’bo %10%% r{ﬂ?'com "ef vaf%p IE%rov’g
i nt roducedagnmsttbatﬂdmeatmwmqmcumy mmOduqnglbdmugeMththﬁepoobfoamnmg thd n a yet
still fur i ed
From t he To0 el AR oRpBl; Shd b RN R g e (BleraB. 00 o byl
phosphat i pPE@eitEE, reser:'ébei: présicted from heigrpyp eongieting of anecyatas prsl 2 cofpsteny b et
aci d, neuﬁ&p&%h&%bmﬁmmm@elch%r isSReRARN nibShne ﬂbpﬂﬂonﬁbMPoﬁﬁc@Ethe(c%a&)

5- hydroxyt ryptam ne (5-HT), catechol am nes, acetyl

S- adenosy At At biUe MofergT e Frpodiman}. fhe agivatonys éffee&e? éramé‘mmp REMEtingche
cof act or AT, Nabgotam* fd@?ﬂg@&%lgih@@ﬂmﬁﬂﬁﬁﬁhﬁhbdﬁ@olﬂfs ritkipic Wid alcif@a ascorbic
ATP, NADI - er. nor e nent, the

ol yirer 1SS EIERPTep i R SR B iR G GR B SE P R g HD.
pol ypept i cdesholapimes pleodl Cph.ded Spddnysyheciiaine dBispotbgrdtiipobryg lpefdanedd embodimeamn e
enbodi ne ihe 5 +

pol yner . qbenctogﬁogpﬁerqﬁg'{r?Wé eg:égggn%gmig%&%emgrﬁz’@ng '?%pl&rﬁ%rso Egé Pi'r% o]
t he opposineteer ot pref@si ymbedinest. iteepsly mPIOO 8T Ehirem B lseonp eambgiinizvént , t he

i nvent | 0*]30%5&%6’&? pa:yp%h&ga%hﬁeﬁo@m@tpﬁ@mm@@Iamibcrgq(emes qmmer&mmmén@m@
partially oubl e-stra nucl eoti de conpl e t he net

conpri si FEZYMSioVTdPesg intude é"éﬁa)P%itaéthe a‘bl}"a‘éelrﬁlta" 5&5‘&@%@@%& BEnZHEE fan
i nt er f acanhRteembd hd@pbsepspol s, the interface having a channel so

di mensi oneg aﬁ tg al I ow sequenti al nonomer - by-nmononer passage from
one pool . her pool of only one polynucleotide at a tine;

provi di nqo@R] eniswieheh axbadtneni, ndiinrventias bioVidésy niethod fop adritioling yndmg of an
ggﬁg: gxsf;(r)?pﬂ%%a aq a}i)r/-'#llocuhjgtsh!m%?d ﬁo‘& cl:lgoit(:de omgfé;aql!é Rel t&d%ﬁ%ﬁlnrgyn(él ng two
pol ynucl es@naraebeadJumlsmfa rrpémmlaomaroﬁtettf&wequdey the ew eprolsdibe mmfpfte@xvm&
doubl e- St&?rﬁ@l%&ldnm%%n%rt@élﬂw spﬁpﬁtlal’ noR‘lQ loﬁgltﬂagsgg JHH gh% pool to the
conprises a nolety that is I ncohpati th the secon

pol ynuc| eier het ofioply Pmmnn@eqlﬁfeatpémmmce@tan dezy e hpingdindine getyyitip togf

the two &Q)@ih]ﬁn dobit- EtQH&E@ fpegnﬁck'&%h(ﬁ%h’lﬂ@x lpR)thanQﬁolmucfe&ﬁ!ekmp{m%ﬁmsmg a
applying a potenti al f érence be pool s, thereb é
creat i ng THSIPPYWEleSSE arrdi atf‘?co“ii é‘?)é‘l“é‘F?f@'e't"f’i'éf%étP@ﬁ‘P‘i‘ %‘1 ‘h?cﬁoflﬁ‘é?l‘é’r‘fé"ew&m Kisst
tine, thefoebazstﬁﬁceatahmghamﬁﬁem@lp@g{uaédnawmﬁee\f@ﬁﬁism rhdi@y petientdndhtible
differencegaltseco 0.Cr atet e first

th b
Cont ror 1 e ny S FsT gy b pupiseiam Bk e SRS poots

introducing the enzyme into one of the two pools; applying a potential difference between the two
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preferred enbodi nent, the noiety is selected fromthe group
consisting of a peptide nucleic acid, a 2'- O-nmethyl group, a

fl uor escenwocomspound, a derivatized nucl eotide, and a BOTIUSNS/Gha467

i soner. In another preferred enbodi nent, the nethod further conprises
the steps of neasuring the electrical current between the two pools;
conparing the electrical current value obtained at the first time the
first polgmolks tﬂ;erabmre&thguﬁesdpomtth rdvasing the patentiglaliffecance 2fvst tingl hecirraaiingad
at the tine L

anot her pslgceopae pofagi re rr%rs%]% [he ?ter{%ﬁl Jl#fér%ﬁe 9&%(%?!{[1&% }o"%egate t%ﬁggz)gltawgngﬁreebgs
of neas urqontgalltrwlg@e@ir@m'g of hatnzgme ol pattied wiselrle-strandednoly pistsbide compiprarin mg
the el ect éf efnbiddi éﬁt th%%euﬁmqp%l&'u&gﬁb d%f"duht;@ fn' 4 midre Fﬂegﬁe& J?)?ooéllmlél?tt the
polarity s |n uced With t ectrical current value obtained at a
| at er ti nmediumns ap agpsoss jphiperip e grefavsdemtpdiment thpmoistyiysslscipdiramihe gtour|

fromthe grouR. &%@;&@E hm.&fmd%d)ahm@r %ﬂuﬁ%r@éﬂrﬂﬂﬁﬁcﬁ§@envaﬂzsd
endonucl ease, exonucl ease, DNA | gase, uraci -

gl ycosi dawgleotigs. qaanucisprise &HQFTaé‘éa"OWE‘tHﬁ'ifTr&g émb‘%?HEF"hHEt’%?fhﬁg furthgrcomprises
anot her ahd @erp_sla‘_trhe‘dﬁmegrmgahmt curieRt@eti@dnfiRectwb pols)esmpamipnhd degichllt@ment

st eps of providi east ent ti.ates, enz .
STty RRORGtar T bR PR R LI RS GRE SFe cbuained
pol ynucl emthk dge tespbreiimeandirstipolibgtwangdiche Ipaekheaprefarraisintbadinent the method
; rez)rfne{ ﬁteufrﬁr%‘lgh(bom l'lS Sl Sfte%ro?gnggs{lr%ggat rret?f{?g CEE)EEQ%@RH&BQ\%G%?I@%OO&OOE C0§1§$l‘l§g{h%d
pr ef er r ecelembddirresntajue pbtenai(ﬁt the ditsotimé he Sesl pobarieydvak induaed bésh the glagirical current
consi sti n\QluQBthéé’at Nal N‘?P'?B midbedf e)ﬁlr&h Xﬁﬁfd%ent m@e,wm@ts sgyétewo&ma group
acetyl CoA and adenosyl ne FII on| ne. In a nor e gre erred

embodi merfensistingof RAYA RekxTRsFase, §qulm%anqowﬂfawfé°% fse P4y figasgy DNase,

I ntroduci peiidde ARiae4se rkmaslenpr@mmﬁr méthyldst, amcaylweeiﬂnbm aREFRANE TNt ,
the cofactor is selected fromthe UIPSt consi stin

AT, RAD SR BN A T Tt SIRSOES HE SE LBy Haar s Hide Bt iache o
t he sane emgade aa®ith NRrgaadingRdiehgdar. to iha pmc@{pﬁlaﬁg\m polghueldidel tamgidx; anihe

enzyme is. tro uce into the o 00l 0 nventi.on
herein di '§%’ ‘3@% g3t e Fé?mp(? 8”5%3’#90%@ %Wa'ﬂet T e““STdefted

t he rate fadm m»hgrottp cammngimf\mddwhbcpmtiwm and fa cefaquarx Tnur et mgreawfeedd upon by
another COBRHER. nd (b AEARBLS . Al RREIRio ddRoRY 6 SeollithsTRIBACS: 3 ©

al so usede etermn nucl eot | se sequence o o
pol ynucl e@?lh@éﬂﬁr‘h@e pre(eaed ¢nahedimsnigthe pefpctar isgtlegted fipm thgreupecopsisingief g™,

nol ecul aryfpk, @aGgM'P ShDYGLMNADPYIIRbRBhbodiRtit thE k) RO inthhRh @8 HhtAhe same pool
switches, nolecular circuits, and nol ecul ar conputati onal devices,

and the nﬁﬁﬁwa'éme@*dﬁh@raeaFemqﬂwml]oﬁweatn@e &fzy1Rs if Erpduse o At 9pRaste Poehe
i nvent i onpgpipensidgges a nmet hod for control l'ing binding of an enzyne to a
partially bl e- st ande ucI eotide. c | ex and t .ho

Pesul t1 nefof 917 cbocks PrEpeien Ve dremien o <6 A pr (R Feue e PRPRES it ho
conpri si ngznieao spcemptmlf: thqnhmhudatnmgnsﬁng,{)prsecp@gtabeepaxd;eaarl@ntntmmslqﬁ a medium
CoerI’I si na%ﬂ g{/ LE?TP gace g;t een :ﬁel%gé%%cﬁle?n%%@e v1¥1£§(t‘htam1 s{?)%%c%lslorqela%? to a‘]ow

interface Mensi on ow sequen

mononer - bs;qumrabmrompal&srag@nier wssagdhizont pre-padl trethodther peol ehta-rlnrmle polgpeptds at a
trans-sidg,0 {,ms il &%m‘haﬁﬁg ARdi Xgo&ﬁﬁtygmi yd%gﬁmtar&?dl@tarp%ngeﬁh
time; provid nga enzynme havi ng activity to a al |
doubl e- st oAt amﬂdsﬂqbie PP P‘d@feélé\'ﬁplﬂéRdUC‘pS Bo p@lmgﬂd&tmw @&s@f the fo P°°1S

pr ot ect edi;dReXN hdQBHS BB lohdst thel 6 pmsog@cyﬁ qrﬁo@mp&r@mg bél&bdﬂghe&wo
pr ot ecti ng nol ety pr ovidin an annea 1 ng a en I’OVI

pol ynuc| elspideeredy fsas 2 SEpRIATLY: iy eing f*&egﬁe%'a e b e o St
gol )t; Inucl e@tdnél @ocliarlfﬁ edverksiflg the paeﬁuamaffaéncé hecpa Inyhg ttcdrmmdaé[qmmyemem@
oubl e-stranded a aprt on 1s rande ntr Ucl
o e crfale B Bt HRSnk ok RHe%HG ABEE e dodeE Bomtditn s
electrically conductive. In a more preferred embodiment, the medium is an aqueous soluuon Ina
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enbodi nent, the aqueous nedi um of at | east one pool conprises an
annealing agent. In a nore preferred enbodi nent, the annealing agent
sel ect ed fwomashe+1gr oup consi sting of a conpl enentary BCTBMONSETI de
and streptavidin. [0022] The invention al so provides a nethod for
sensing the position of a nolecule relative to a pore, the nethod
conprising: providing two separate, adjacent pools of a nediumand a
structur epré’.f&’tddl%ﬁbodﬁd‘f&ht thatnofey0ik sglecteh&ostﬂretg&tup b@s:mioﬁgp@nde nucleic acid, a 2’-
i on- per por e; rovi di

bi ndi ng a@ﬂe@? gyoup,o f[) esclgn rg%oun(P dRuc?eo r% J;'lga%u% § yn?er kﬁ\éh&'l%
the two podbeed emmdmmiumemglmﬂlélrtmjlcemmses thfmtaps Dheeawn&thpelmmcah@p’wl ng
a potent Ib%lwegrl ﬁ-,; Wo?gglg cprﬁﬁa\qﬁgme EIQ&W{'&MHQA&%I oblathelh StNe irft Gt 'tl{égirﬁpolanty
first polarity Irst ectrical current between t

pool s, t h\ea’seiﬂyced ath Iha glegtieal eyergiitvialypmohigined at theyireccityt scqnd tigpe the&iryt BOleﬁléWas
pore. I n gqRleheinbae [ﬁémg'emgmcnﬁ e mEMbPGiteBcdniprides EFBQEWH@%UH@ the
wherein the macronol ecul e selected fromthe group consistin

pr ot easestleclirH 448! beﬁf?ﬁ’b‘ﬁﬁ B{C-RORIS; CORPATNG thy gladricabsurTany v @H"u‘?ﬁ‘f’é‘?g a the firs:

i somer aﬁgﬁme the RRPHRHRS@Sindu¥BL Wiy DS QEctricAICaHdbk i&@&bbtainbcgaimer lu{ny am@Snor@

t ransnenbr ane recetor a receptor tyrosine kin - C

r ecept or , PreffTeflemped '?et%gﬁteﬁfrymeésrfaleﬁedrf T} BSEOPS (%Sbsf ?ﬁ(’ﬁ?lﬁ" 5?3%?%? RNA
preferr ecbo@mamdd é’fﬂﬂﬁuckhe cRErlElbate, IDNeligass DNesa) dragil- Vgl pdosidae, kinasea mor e
B:: g; g:: :: g Ophgsﬁgzgﬁe me lase iaf]n% acet yﬁﬁg [ril?ragot er a%ﬁn F\Qe e?nb%é?mgl}tltﬁ)eam%lgo% fm%} her
wher ei n tdmmpmanqbouml of moddbmst fead ofi rergentiat lgrtl@laxﬁnempsﬂlcmlﬁynlgtr@fucmg i ol
group, An@ kdoadiR o RHR a SiGHAN0
group, a pglf%gellr“ﬂg %p&é&gnﬁngq %&;ﬁ%ﬁ%%nn a IIBDOCH%g[F FQ ta "| con
nitride, BnPeAtEt ﬂwavre atefeyred enpofimge; thawelgeg‘df @lectphirem H@PP Eﬂ“&'f@ﬁ PEY

enbodi rrerucmato? @ndﬁ:%ﬁéé:@fn 1 §m§s@ b@ﬁh@&erﬁwommemﬁe mmp iGeR&EStdnGe fbup

pol ynucl eot i d Ingp i d phosphol |$ {) saCfEarl d{ and

pol yket i o‘i?%s'S“PWfé’}TtP el ARt N/A@Peﬁlﬁﬁﬂgl FiY ph Sﬁ'é"“% CHY2ENE EREP" Conpri ses
t he st EDSadafosyﬂﬁMﬁbrﬁhen @nd fbempatpeerﬁrtealamnhdfrﬁeer eBeivaofis i‘n&bdut:edl’i‘ﬁp uterpacn eby
greggﬁlldntgl %@? tf%gncl)r(r(jg Ué:antg the cHIIaXt?I rg%% (e)rl sgtgrr{onaepre%)nteg ernlgao%lmené th]:a%([) a%lloras selected
el ectri cafronctie grewncom:mgﬁmgzhMnf*m@azbadPsﬁAm*hmdeb'gDPF dn bmnbg‘émsmﬂg t he
position r ddhEhbatiNe
enbodi ne n‘%iy";englngn%#%gg‘l tﬁ?& ? Jﬁﬁﬁploeé@%rg P&ggp[?ﬁeﬁsap ggesn?ag? ¢ Qn@gs]u r f‘thg '?r{?uié

el ect ri cab intreduessrinto e opreeils pePle two pool s; conparing the el ectrical

current Vighae Oﬁeqwaﬂ%n‘m:reltn REcibdet §|tov1tiésr¥'§r detlEes bild RdihddQIha chl ¥gWaSthe rate at
i nduced with the electrical current value obtained at a |ater tine.

In a sti|yhighgpimiiduglpeymaGEE R e WRESGEPHEPRE bY IqentaPPRIgd fFofexdiRple. an enzyme.
conpri sesrHekevigt QﬂSntefodMé)élﬂodisd”ﬂigo aeagRB e ntl&lls’abhdd uaketsb@fe@ceanzymucleoude

e

t enper at uh@eculansvércies mivlqenlef dxcuishne Molecilareortputatibvel deeagemdshean@ufacture

sel ected l;]r rpthe group consisting of an activator and a cofactor. In
anot her rmre preferred enbodi nment, the activator is introduced into

t he pool [E¢2lbr m@né ﬂtemm@mhgﬂlmm teeo freaticmrprovides aameghdd|for capradiing biafliag pled
enbodi nen

e e gl P Ay LGRS OB RS SO s
gl ycosyl tbh@@‘ﬁh@tof aiyql)'ﬁUPieféid@ éhesnet@rly@r@mﬁws Hﬁé‘iﬁl?fd%lpmﬂ%"g two separate adjacent

l'i popol ysaek b@lﬁﬂri@nﬁéa mE@frh, AR irfterA6d thiweeRIhE tfooBlk, thed HEPIDhAin@GicBannel so
neur opepti des, kephallns endor phi.ns, 4- am nobutyrate, Gﬁgﬂ@melm

5- hydr ox ﬁ'?‘%‘?%ﬁ‘haﬁ@ aflegy Fme““@é‘l"é?ﬁ'ﬁﬁb&rﬁ"ﬁ@g” PaSEABE {Pm S5 Ar-S
adfe nosyl ngé Mneilamaa :rad cicﬂaraBlQif Eﬂy ot golyhudmetic sphrafaes t]Erﬁed pg,mbmg taﬂgaﬁpr& Ilizahﬁ g
cof act or I Ss,.selecte ro nsi st, 0 +, + +,
AT NAD SRR RAB0 * PGB S B e Frbfio i 5 e et
deoxyribonucleotide, the protection comprising using a protecting moiety; providing an annealing
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conpound havi ng non-enzyne biol ogical activity can be, for exanple,
but not limted to, proteins, peptides, antibodies, antigens, nucleic
aci ds, pep¥oOdessnegb®i c acids (PNAs), |ocked nucl ei c acPaBUSI0PN467
nor phol i nos, sugars, lipids, glycosyl phosphatidyl inositols,

gl ycophosphoi nositol s, |ipopol ysaccharides, or the |ike. The conpound
can have antigenic activity. The conpound can have ribozynme activity.
The corrpcugaﬁl; pe@mlﬂga\pelys&leeﬁdeicuﬂplbi adipAgngy fopeslynekotlaendbscdnie

pol ymer bi oun rtic

envi ronrre‘?‘?[] 31'“?98‘?%]”%‘%?1& Bl "Ofg'f’ p\?\ﬁ“u‘:ie& He & exr‘sodr?ﬁr@% al%écd%ﬂ%l? Sriongs
are changsgle-sGenced; dondlictng drgolyaurichile Cﬁrow!em'mamzﬂ of thelyeio pavbst applyiristaedtents]
change i

stri ngency'{ﬂa‘vgn %%ep%@?ﬁmh%op% gl\é t Q&E@ Qﬁtﬁ cha ge rﬂ]“ﬁ?(fr Echﬂ %g%]& (?e e
the like. str{ﬂ@@@@}ﬁm OﬁﬂveP@wb!dd@trﬁemtravmserﬂuwbﬁﬁlcéﬂ@mi@ ‘b%)‘f'ffmsgjés“‘@ﬁ%

activity. thJJ?:gyn?e%X ﬁf@pn%?eh'ecy HJOYyr%@ﬁth@t:deﬁr@J thEXMEIBLE: inddliciftOthe dnhéRlihELhkent
to, enzyne activity of proteases, kinases, phosphatases, hydr%ases

oxi dor edueedseder noglpomingdke anpgalipesge todind to Wﬁf‘l’ﬁ}? sfeapded palymiclpptidegaliowing

l'i gases, hyaghfeandihd ploktBred aé@s%ynbbﬁhcﬁotmEcﬂmmefhewmce&mwuﬁamg the p@tected
enzyne acti vi ty can B

e enzyne activit
pol ymer as‘@oxyéh?i’&}ﬂ‘iﬂﬁlf"’e‘&%'“C@%ﬁﬁiﬂn@a@ °'YUNR%Q’E?&"%&%@E““%&W“M‘
gl ygom dase, [h&ttrya;s@n gph;@é‘{ﬁﬁlﬁdlﬁﬁﬁ ,alldﬂﬁﬁé“lyé ﬂ'ﬁt@qtedaﬁety;&b(ﬂmﬂeotlgé WCeEISBe the
oxi dase, or | ecul e

r
can co rrprqr(g%cn%rlngeti/ ﬁljéﬁ be&oﬁlg d‘g;r).'rotectedﬂl me slur\llr}gt?he aglfndance of the ﬁ)rote% m%”ﬁz yre
activity refersingchetpoehtiabditier®tb 0 sam_tymea to trmtamc)ﬁl’ﬂte:xolaatyt @pqatitg apg one of the
embodi ment.,o Rda%by%%{ran@ tﬁecymngccme%ﬁg@rg oA Js%@ st Heaa PDfuclRe Bhplex and

enzyne activity, aci d synfhase. In

anot her edtisodhingie smwcmﬁéhemn@&av@ érbms@fprs%mw%wﬁ*@ ragdium g glectrically

[0026] I N QRauldee i Bhdry ﬁre@ﬁ&%b@@ﬂl@m tﬁm:sdf@rpl'é &ﬁb‘h}@dl@lﬁW%h@ﬁ'@fened
non- enzerE bi ol (0]0) ical acti V|t The ma.crom) ecul e havi ng: non- ele) %elhyl

bi ol ogi caAmPAEFEY tbeym@%mw@@ﬁﬂ@d’@b&%ﬁﬁ@é%ﬂfueg HAPeRidpyckls g, a 2

pr Olt ei ns, gr@gpdl ﬂﬂ%eenl&ﬂﬁb&ﬁdgﬁtﬁocyﬁﬂﬁsl Qéﬁﬂﬂgor&dﬁit ﬁﬂofém&(GFﬂﬁ[ﬁ g{h&pbmnﬂi@e,

nucl ei ¢ aci ds ocked nucl eic aci 0

Sugars.  PHUEBHOET by PGS MPtecuy s LIel P T PEGTE

gl ycophlosqarbledhmam theddngymd ib mpvadi l;ts:aﬁretga:gp chesisting of DIRA pblykeraseTRISA polymerase,
macromol ecyl e can cle ebin

p0| ypept i ex onﬁfl%ag egelzag aCBL{I\%’—l e%lllase uwcﬁbﬁgﬁﬁf(&&l&% T(m%gqlhgsﬁahatase

ri bosonme methydesna unﬂ a@oslweln ok eltqmuvecmmb@mmtshmﬁhddév@emmpg@h fhe steps of

activity. Tﬁl}?mgﬁ.% EIQHE éé.\lr’:]eﬁ bgt@@enhﬁ’evt@/og f@&rﬁp\ﬁﬁng o Adta CQHQ@?JIJB' oBined

wher eby t'ﬂea he macr ecul e under a particul ar
controll eq!therfirﬁirnm%ﬁms@nolaétmmsmdmd wi the legtricgherent alueehidineg Arrbnifnag the

condi ti ong.q34 ﬁmem@ﬂg%larlwﬁ i10Edi §rl ABtfer &R G5 enfbRUim@XARP IEthodihen Ot
limted to, change in [HIL, ch ange in environmental tenperat.ur

change i neogPHsehYefeRs of @Ff’é‘r‘fg'é thefleRYiR! 6 prradericEhe ‘é‘ﬁaﬁ’ﬂﬂ% cpparing the electrical
hydr ophi | dugrtdt YalugdbtainB@atl theld®st tifrd Ghe first polﬁnptvk’s&ﬁduaﬂbﬂdltlim;ncil la@rent value
B
consi st ncg'p@)fwdalghhbasl ong reagpy tha usudtéfsieniBmQ ROU{DY; umrqithg maezeerg mtncppmla

sul fate ggo(l)nlﬂ u}Fathe?%? o1 uc% dbgl!lr%q}ueg{(j 'épa teﬁlger tR Su &%Fg)' n:]na?rﬂﬁgn

a Bac gr oup: her e ecte

group conekstdaagyigf Ine foéféreed ctnbwrhattnt aﬁekgﬂlgm ulafcofd@oraﬁda ok dreferred
embodiment, the cofactor is selected from the group consisting of Mg, Mn*, Ca**, ATP, NAD",
NADP*, and S-adenosylmethionine. In another preferred embodiment, the protected
deoxyribonucleotide comprises a deoxyribonucleotide selected from the group consisting of dATP,
dGTP, dTTP, dCTP, and dUTP. In another more preferred embodiment, the reagent is selected from
the group consisting of ddATP, ddGTP, ddTTP, ddCTP, and ddUTP. In a yet other preferred
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[0028] I n one enbodinent the thin filmconprises a plurality of pores.
I n one enbodi nent the device conprises a plurality of el ectrodes.

[ 0029] Si ngve-2eusapiet thin filmdevices, systens, and nRCHERHOFWOHi67
usi ng the sane are provided. The subject devices or systens conprise
cis and trans chanbers connected by an el ectrical conmmrunication
means. At the cis end of the electrical conmunication neans is a

hor i Izont admbedife ahe aapend tédduns efalk gt wietphol aom;kﬁsa ah iaﬂnmlltnb agem' Nnech mdes a
si ngl e nangpor.e or.channel. The device ncl ude nme

2pply ng HHEGH gb i TR ep e A eleF e it bt A sl uivg P RRSgrg
subj ect dﬁwmm@&nﬁémmsuqmwwm applications in which the ionic current

thr ough gBANOPOL Sk 1RRRSliuksS JIRRL LOLS e WDRKRoPHEARDEIARLL A5

i ncl ude haracteri zat | occurring ion channels, the
char act ergoreathp mﬂhm‘comtlympmwd@mmm ada%ehf PoRds qf A R@dmtﬁl@%@ﬂtw%re

i nventi Orbe%c@rpthpfw%\bbg? PheBiriR DRIk OF 108 BEin¥id Pog; FroRliRgA Folyion; providing a

macr onol ecul e to a defined nanoscale site specified by a user.

[ 0031] Themeerpis figvingrpinding detyitp i tb%@'ygpnn@t%aﬂ& o¢ P%E'?‘h&ﬁl"ﬂif’féhes‘}”ﬁ gods:
macr onol eﬁﬂrﬂdﬁmﬁth@m&i@fuleﬁﬁ@' the @d’l‘&&p@aﬂ .ﬁ)pﬁ'lntgﬁ p&@tﬁﬁl diff@€hcOYerdechl B Ewo pools,
[0032] The invention als nlto

Funct! on B CEfIgR S ROF DR OECORE OO HRE TG By MW gPAS, tereby

ol ecul esgnsigitiR@odivniota murefm’elaﬁd@nmmg pora Imaprefsealpimbodimer, the molecule is a
macromolecule, wherein the macromolecule selected from the group consisting of proteases, kinases,
phosphatases, hydrolases, oxidoreductases, isomerases, transferases, methylases, acetylases, ligases,
lyases, a transmembrane receptor, a receptor tyrosine kinase, a T-cell receptor, an MHC receptor, and a
nuclear receptor. In another preferred embodiment the medium is electrically conductive. In a more
preferred embodiment, the medium is an aqueous solution. In another preferred embodiment, the
structure further comprises a compound, wherein the compound is selected from the group consisting of
a thiol group, a sulfide group, a phosphate group, a sulfate group, a cyano group, a piperidine group, an
Fmoc group, and a Boc group, silicon nitride, bifunctional alkyl sulfide, and gold. In another preferred
embodiment, the polyion is selected from the group consisting of polynucleotides, polypeptides,
phospholipids, polysaccharides, and polyketides. In alternative embodiment, the method further
comprises the steps of reversing the potential difference a first time, thereby creating a second polarity;
reversing the potential difference a second time to create the first polarity, measuring a second electrical
current between the two pools, thereby further sensing the position of the molecule relative to the pore.
In another alternative embodiment, the method further comprises the steps of measuring the electrical
current between the two pools; comparing the electrical current value obtained at the first time the first
polarity was induced with the electrical current value obtained at a later time. In a still further
alternative embodiment, the method further comprises the steps of providing reagents that initiate
enzyme activity; introducing the reagents to the pool comprising the polynucleotide complex; and
incubating the pool at a suitable temperature. In a more preferred embodiment, the reagents are
selected from the group censisting of an activator and a cofactor. In another more preferred
embodiment, the activator is introduced into the pool prior to introducing the cofactor. In a still more
preferred embodiment, the activator is selected from the group consisting of ATP, NAD*, NADP?,
diacylglycerol, phosphatidylserine, eicosinoids, glycosyl phosphatidyl inositols, glycophosphoinositols,
lipopolysaccharides, retinoic acid, calciferol, ascorbic acid, neuropeptides, enkephalins, endorphins, 4-
aminobutyrate (GABA), 5-hydroxytryptamine (5-HT), catecholamines, acetyl CoA, and S-
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[ 0033] The invention also provides a device or systemfor detecting
bi ndi ng of at |east two conmpounds, the device conprising a

m xed- si grnaD 288aoohduct or wafer, at | east one el ectroetizniwed/ookayer
the el ectrochem cal |ayer conprising a sem conductor material,
wherein the sem conductor material further conprises a surface

nodi fier, wherein the electrochem cal |ayer defines a plurality of
ori fi ces,adédagyIBethibriifet $n LONPYstiB g peef@Raahisiinandtha cofends isssaldctwhfemeihe

t he chanber of the fices a netallization

conposi ti%‘r‘i‘pé?“s’ts'r‘f@% dﬁgl gc% Aﬁ%%@éﬁ#é@? “waf er, wherein a
portion gboXhe mmipfefeed esbqdimeggbapond drlhaanarednadriseswhalagical ndleuketral i s
in electrg cQ I i

wnerei n (RAPGs FRTHE et el b UG e Rl h e GOTRE For b, Rl
form ng dinged teartion ghpeehaab hea- l@e@lyslata nu¢leosideelfanisf. aﬂJPiéldWhaWIebé sugghe

thin fil 'naLg;,SB&JPearsyﬁgmhhﬁkngnﬁasﬂaaﬁ@ane%@pt&%& s WPORE 2 r&OFtB ) SdiRkirse,
pore aperture. 1n”a pref erred enbodi nent, the conpounds are

bi ol ogi caind the Sk liselsrecapion. an NBICreespiar. & PYCAT EFABIGH SYA AT 2 Sterpid hermeneggiepiar

conpounds, ,ﬁgigarggrla%gg]@qu romthe group consisting of poI ynucl eoti des,

polypeptldes phosphol i pi d ol ysacchar i des, keti des, .proteas
K nabes. [k phaeasea b B Gpans catsagal syt RapylL oY TR

transfer a&ﬁhﬁounﬂ’fﬁd\rhﬁ |narsaﬁymaﬁelbgﬂ:aam$1,ty dah gﬁﬁﬁ's:;aniplbdbdt yas:eﬂed tojpraeiad, her
preferred enbo uct o teria fromthe
O oup ComSruey TBreeL PR o o R e p e g Ll s FEL ST 48

(Si ON), S(LNAe)olnorpmcnmsdwgz(r&hN)is glyedsall phosphatidy] 1raoﬂdnlsrrﬁw@bh<spﬁorrmatos In a
nore preferre i ot Lesial e %% h

di oxi de. B8PS qa‘:%ﬂ;g?gb&g eh,rk?e cﬁﬁggéllﬁér)r%ﬂt“ %gﬁeggm la‘?e rmc&?ll!oer s a
hydr ocar biezymenactiyitwofle cpmeduad randaversertivarending qrwertlﬁ%qubv shgpplymer binds to

conposi ti peohSod@hffel £ Jchfamom@negmu&mqasdoﬁammbmotmhemla envi:}@rln‘i‘:nlal
copper, and alum num a nost preferred enbodi nent, the neta

si | ver. |99nditigns are ehapgsg- §‘fﬁ36€ﬂdﬁ’é>ﬁ% can P%é"'ﬁﬁf"rﬂ'ef byt petligited tﬁﬁh@@arﬂéﬁﬂ change
bi I ayer. ihBnvirofiha] Bhedris, Qdar@ﬂﬁ@dinﬁ@ﬁﬁ chabgean bytrdphbbidiey) dhdnga in
phosphol i pi.d hil ayer !kn one alternative enbodinent, the orifice is
bet ween OVEORHEfiSS °§1H‘F isize. In a preferred embodi nent, the orifice
i S bet wegnozb) anhbh ode gibodimest tﬁeendcmnaalenmstorrmnaafs enzywel aeinino dihererdyme bdgeity can
orifice is betwe m i..0. e
enbodi manl{e f%{ tﬂ(gmg%rbut no?llml eg Fnz&%e aﬁtm rfﬁf g?ote'aieg kﬁ’l@l&g rbﬁésp%'ia%is lg));e:lrﬁ)?aéﬁé
enbodi nerﬂx;dotehle:tamsoqugzra@al tranﬁblespalr@ﬂwbses,@hfémseﬁllzawmhy%snﬁearglrtw&e Ina
consi sti ntgorg refifled e%o&pl@ﬂ%lenzyﬂxe@&{ﬁ/h?%'bggnzgrh@-ﬂ:'ﬂeilly 0f®l\&e®tlﬂn@%se RNA

channel gar transporter nag t1 ¢ channel t ransnmenbr ane
receptor, poamraép ﬁwew@afise-pfes?@cleasa ge, BNéieéFﬁcéd)%ﬂ)‘éSW‘ﬁﬁ‘ﬁ’tkmaf%e

bi ol ogi caﬁhogﬂa&lﬁe UhefhylaSe, ecer}ﬁapgmsds@mda& 8 thY 18k eI 8 dit @B OC B Bimend dhe
pore aperture is between about 1 and size. ILn a

Mo e
pr ef er r edEHARSYF B COTHE B‘B‘F‘“’é"%ﬁ&ﬁ'ﬁf“@ a‘?“é’“bgcfr\ﬁé"é’ﬂ’]ea% G2y e &Y 0 Am
in size. dy[bcl&orﬁ@BftSO Bﬂizgfnerrnedotﬁdﬁbwamnbodlhm,pmrﬁacammn&nle eanicsmprst ween
about 1 a

|
he por e mant (Pbe Pt auiuh Siatto's PaRG- 4R o o S Fa®! [o0aFEARabIRIN

i nvent i onth@nsonpreovie desprizesiribbiytre agivag.e nmachi ne t hat can be used to
detect an nttal . : v
ermmbodi man[;aoﬁf fn an Iapén{ihgg&?nsb%]élm%ntr@é %gc%r?oletcglego éér/sgg% enezkf % %Pﬁ% F:]al acti hy
protein i ﬁearncremz}ycrnﬁe having meenmwdmlmtactl‘tﬂbléaff enfor examplatbst rhbMItdo.can
detect a @&Ll}wﬁé’puﬁég rgﬂ%ﬂa@s Qﬁt@eﬁ@ntﬁ]eﬁ:taﬁﬁé:%é{il@é neleR BB (PNRSY lobl@:h hiiidics

transp03| 1 on 0] 0] yrrer COI'TpOUﬂ hr ou a nanopor e. n one

pr ef er r edecissBtshaivreholines spgaps ?"é’s@?lﬂf};‘é lipigls ?WQSY&%TWSH'%‘E"&‘POS&"]&OI yner

conpound Q%B{o‘s&bi'ﬂgsltals @Eﬁp&}%hd&ﬁﬁn@ess&rtﬁé%@ I EheInfhcrRmBRANPAR Bave BbIGLlebtlue-
conmpound conpri si.ng hai rpin or. DNA dupl ex structure froma

nanopor e Hpdirgracitity H%fg"'lﬂé'éPFPH‘?tbéQ,st’ RSB ARIVIE F‘GP ay, B @R imHit Ky 'E"FPéome ora

nucleosome. The macromolecule can have antigenic activity. The macromolecule can have selective
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WO 2008/ 124107PCT/ US2008/ 004467 Hz, at about 95 Hz. at about 100 Hz,
at about 110 Hz, at about 120 Hz, at about 125 Hz, at about 130 Hz.
at about QO 2048/12407 about 150 Hz, at about 160 Hz, at BODUS2007@4147,
at about 175 Hz, at about 180 Hz, at about 190 Hz, at about 200 Hz,
at about 250 Hz, at about 300 Hz, at about 350 Hz, at about 400 I-h,
at about 450 Hz, at about 500 Hz, at about 550 Hz, at about 600 Hz,
at about bHQAbg bl-zsperaas venlorobpt they By iz pm@tto &hbomrorsﬁla:umndaa parboar 6%9"&!6’12

at about 900 H
2t about “Tuaprg BhaRag s n3s oty bichROleh Bt rlecd S el e e
Hz, at albeiforex@ate, bt noimitet ey changssn (HE chaage!awutmr&%@bwﬂfﬂatafﬁ chysgi
1450 Hz, i Qphikoityadr dalkeait 1600 Hz, at
about 1703(%ﬂ,ﬁiszgﬁtan§aé ggy‘r%’?gﬁ&"@ﬁagte e B LAY about 185

at about B30 Hp anoser gpked tme%é‘eWe““aﬁa'°‘éff’eséﬁ?im°“%0%‘”ﬂ2 theycpmppund further
pref err edogphed lmﬁatmo:ekhle tﬁd IkéEnddcalt ecldrre hrbm eaecgadnp e@msmngl of bthmﬂ gmga of
a nolecule to a n% @ e of between ab i 1 moc ut
250 Hz. ISATGHEPHE: *b?"é?f ?‘Fé‘a’“%ﬁﬁ TREAP: "tﬁ’i%“"fgf"r‘if’*tae"‘%f‘ f'e? PmPc"Fu ne é P
control hhddBagrab. i avhaembedihent the pahpomeris stectad frarh ehe gfoub ednsieting oﬁbout
45 Hz anq)h nc%'nala]rk qul_*zdea D,y most preferred enbodinent the finite
state machi he ¢ah ycon &1 B ridi ng of a nolecule to a polyner at a
rate of bzl 51@ohtemh[o@@@@)ﬂ‘rmbmﬁhveqmwmﬁae’ar%h'd@f paesd [p epegapediminhde t he

nucl eot i %@v&%}&ﬁ%?a Bﬁraﬁ Bpé;é(:ﬂg&lseotl de. The invention can al so be
used to determ ne Fatlve affinity of an enzyne for bindin

pol ynucl def?PHe, Sl@ﬂ%‘?*@ﬁ}?' i g de s iskrait a6 methersifranns 1y samaiEm Pf%?ﬁf?rr?@e
conpoundsygjftadevRbs S)tsgmp@J,;y;;msJ;;egtdlndzﬁﬁschal{m&eb?aﬂdeae@mnemadal pEthynicafi®
subj ect devi ces, or, sy sh% rise cis and tr ans taﬁcomcglsé connect, ed
by an el S0P 4 ¢oifthehi ’EE}F‘i“dﬁ? RERicatpp meqns s 2 AR LR ABTEE S Sy &
separ at edvithy tgn fili Matfincludescosiglei indpgre at chhgak Thealadcgs durtheninctadeamreais.forl n

f d t j : i
ﬁ;grglroﬁogai{)r%a%%”*?ec%c?eﬂ%ew%%%e .ﬂ! a{%ﬂfnla SR R Shj &9 B g?epg\d/l ng a

enbodi merrpplicttives inlwhiehthieligniceymprtithseugh an«whwméhqnmleﬁ morwereélé‘(}’F@é'sch

further %ﬁ%ﬁt‘ﬁﬁnéu@%aé&énzﬁﬂﬂlo\f hfdfal R et RiE idnl chardnbiglutk BShaeRDioh be
cis and the trans chanbers. The devices further conprise a neans for

det ect i ngPobyRericeempeiRds Bet helis- t he cis and the trans chambers. The

pore or qb@ﬂpe| THesn\@ﬁlﬁB@Qo PR kA&l azsthol 8¢ HOTercliz ABMGIe @asrofbleduddb & défived
passagi ng a one preferred enbodi nent the pore or channel
accormodaﬁ"‘%‘? éﬁ%‘f‘ ?‘iﬂiyélus‘ﬁortl on of the polymer. In a yet nore
preferr ectowrbodrmemnttohelsppmedara nedtited ifve kttaalisg ddinglleogicomiolegele fod defmed | n

anot her preferr eg:ec ec&yn%ﬁe tthe polymer is a pol ynuel eoti de.

[0038]In n(%'r‘fésca(la hin filmfurther conprises a conpound

havi ng a [B933Hi nEheaivkntimntalso proridestemetor Jarmonitoring hp &inpiiaafoés pipgle macromolecule
embodi meng, Jolaagmmngqrglrggn@tml&aale@ﬁs&g%ck&aith&mtnam&pldﬁﬁ' e. ' h a

nore preferre Ka s at least 108 Umple. In
anot her pPEPEr r Bt iwispisdialte AoVidere deVWrqss sYstsm fer d&ﬁftﬁ'ét?ﬁ‘fi'“ﬁ(?f ‘ﬁfeaT‘é‘é%t one

pore. In QmpRes, ME 8 vekiceedpraiik QiR Rtznil Béni EnBIROK Wafe £ MTRISI @€ Sle@rochemical
pol ypepti lgyer the electrochemical layer comprising a semiconductor material, wherein the semiconductor
material further comprises a surface modifier, wherein the electrochemical layer defines a plurality of
orifices, the orifices comprising a chamber and a neck and wherein the chamber of the orifices co-
localize with a metallization composition of the mixed-signal semiconductor wafer, wherein a portion
of the orifice is plugged with a metal, wherein the metal is in electronic communication with the
metallization composition, and wherein the orifice further comprises a thin film, the thin film forming a
solvent-impermeable seal at the neck of the orifice, the thin film further comprising a pore, the pore

further comprising a pore aperture. In a preferred embodiment, the compounds are biological
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[0039] I n one enbodi nent the conmpound conprises enzyne activity. The
enzynme activity can be, for exanple, but not limted to, enzyne
activity obopsmstiedges, ki nases, phosphat ases, hydr ol as@€T/US2008/004467
oxi dor educt ases, isonerases, transferases, nethylases, acetyl ases,

| i gases, |yases, and the like. In a nore preferred enbodi nent the
enzynme activity can be enzyne activity of DNA pol ynerase, RNA 13

pol ymer ase@mpemdn Aue neq srefermek emedingass the biokigicd! cerepopnds Bijgelected froacthd srodifA

gl ycosi dagsisiilfd S135KnucRBRRED rﬂ@l%ﬂe%ﬁdes If{i‘ﬁ&%b(dh?ﬁ? ’pol?{é&fh)(rﬁd%? ‘E»olyl@eﬁldés '}ﬁotLés&e

[ 0040] I n anot her "enbodi ne hannél 1s sized and sha
to all ow ‘ﬁ'&é@d{j}@Spba\‘asésnhyéff’ths?ﬁa?’@‘?omdt\ﬁ@%lSPf“‘tfﬁés’ ERefeiREps gRethydaseseqcaly ea

fromthe iga@y Qn@l?z@@sl 3 énﬂgelq:freféf;ree embiient, N@@Jbr}ud‘ondéﬁtﬂ m'iféﬁal(?st d3REted from the
bi ol ogi cal acti vator. %9041 et anot her Qre o

Channel | BT utea a1 St OPNh LAt SR e
t he cof aC:Ind)meth&llﬁﬁb €l taexthref p’rﬁmddh&xbgﬂlﬁum tecasicaididg naferiMiPstlicoMiidxide. In

gas: of Q;_I_:_D gat Ifegeé\lA [%to?h{rﬁnt lrljle ?un%ye modﬂ'eerl blh)(w) rg %bgl?‘ lslg g(r)r}cao?‘(:t c%‘ffrred ngrfdz r]ienp

nol ecul e, thometglization composition is selected from the group cons1stmg of nickel, gold, copper, and
aluminum. In a most preferred embediment, the metal is silver. In a preferred embodiment, the thin
film is a molecular bilayer. In a more preferred embodiment, the thin film is a phospholipid bilayer.
In one alternative embodiment, the orif'lcl:e is between 0.5 and 3 um in size. In a preferred embodiment,
the orifice is between 1 and 2 um in size. In a most preferred embodiment, the orifice is between 1.25
and 1.5 um in size. In another preferred embodiment, the pore is a biological molecule. In a more
preferred embodiment, the biological molecule is selected from the group consisting of an ion channel,
a nucleoside channel, a peptide channel, a sugar transporter, a synaptic channel, a transmembrane
receptor, and a nuclear pore. In a most preferred embodiment, the biclogical molecule is ¢-hemolysin.
In a preferred embodiment, the pore aperture is between about 1 and 10 nm in size. In a more preferred
embodiment, the pore aperture is between about I and 4 nm in size. In a most preferred embodiment,
the pore aperture is between about 1 and 2 nm in size. In an alternative most preferred embodiment the
pore aperture is between about 2 and 4 nm in size.
[0034]  The invention also provides a finite state machine that can be used 10 detect and control
binding of a molecule to a polymer. In one embodiment, the molecule is a protein. In a preferred
embodiment, the protein is an enzyme. In one embodiment, the finite state machine can detect a
polymer compound having a structural element that inhibits transposition of the polymer compound
through a nanopore. In one preferred embodiment, the finite state machine can detect a polymer
compound comprising a DNA hairpin structure in a nanopore, eject the compound comprising a DNA
hairpin or DNA duplex structure from a nanopore after it has been detected but prior to unzipping the
hairpin or DNA duplex structure. In an alternative embodiment the polymer compound comprises a
derivatized nucleic acid. In yet another alternative embodiment, the polymer compound comprises a
peptide nucleic acid.
[00353]  In one embodiment the finite state machine can control binding of a molecule to a polymer at
a rate of between about 5 Hz and 2000 Hz. The finite state machine can control binding of a molecule
to a polymer at, for example, about 5 Hz, at about 10 Hz, at about 15 Hz, at about 20 Hz, at about 25
Hz, at about 30 Hz, at about 35 Hz, at about 40 Hz, at about 45 Hz, at about 50 Hz, at about 55 Hz, at
about 60 Hz, at about 65 Hz, at about 70 Hz, at about 75 Hz, at about 80 Hz, at about 85 Hz, at about 90
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synthetic nodified or altered biological nolecule. , Such biological
nol ecul es are, for exanple, but not limted to, an ion channel, a
nucl eosi dewonRasneilt7 a pepti de channel, a sugar transpoPCEUS2048/004467
synaptic channel, a transnenbrane receptor, such as GPCRs and the

| i ke, a nuclear pore, or the like. In one preferred enbodi nent the
bi ol ogi cal nolecule is a-henolySin. [0043]In an alternative, the
conpound Heoatpeous¥Hzme rbens kPrHe, iiabjub Gi0dE atabqut 120tHz, at Thrat b?érﬂ;oaj Aigbut 130
havi ng ngp: gBgMRoR, Ol AHCRQ HBCK hobht Posa Bfou lfrﬁhzed%@dsp 95 HOUL aaa&tdl

limted to, proteins, peptides, antibodies, antigens, nucleic acl

pept i de rifedt ot oAt etme@? Hz| 2 ahouic SA e 26 fR0utz300 Ha, af biaisds0 Hz, at about 400

mor phol i nRgsat alﬁﬂgﬁb $1z, dt b0 fﬁ' ail %m’&@ PR Qk A& OO S, at about 700 Hz, at about 750
or. the ound can have antigenic

I I h

ner T T Ao Bt o SR e n 0 ik BN E 3 S ODE IR by

t he pol yrmezs Hy, sdsout 150 e, anmvpoumﬁHu Iﬁ%butaZQDH{ZI ht@bﬂu&IZSO(BﬁId't @oueid00 Hz, at
i d t dit

eI o0l B b BB 1%, GIGD TP LE) SEORL RSy

change i riz[ 4 2fopt I7AGHY @t dbputd AY Hmtmétmt 5300 tHe rap alroat Jliiﬁ@Hz (ahea;nge%uﬂz at

stri 9P NG @Bm%ﬁ.d L b I6RRRO R %E%ne&%gﬂﬁﬁdt T R QRO &n'aéhvdetcxn i cofilrol

the like. et anot her enbodi ne nvention
met hod f @F‘d’@bﬁftarr@ﬂl‘%cPH@ bRohdich e agfte %fﬁewwi?éﬂaaww 8&d Ié@tln @610[95| ng

vol tage f @ﬁ%@@&#ﬂ;osﬂahw finitk R&te Hﬁ&mfedarr &:ﬁwl anmgg bty rﬁcﬁ&@@&@éﬂpo%% wat?at@f
and d|5500|at|on of the enzynme b énuc eotide, the

conpr|3|H@ePﬁﬁ“@P@ﬁé}Bﬁ“dﬂpvaﬁﬁﬁd“?ﬂﬂﬂgg 5?%T@méﬁF%é@H?mE8ﬁﬁ§?@ﬁ@ﬁ§%
conpri si ngmal b g Lo malacumbelpfal@me abehiseeibotdse Hzwo conpartnents, the
interfac Vi a_channel so to a Io uent i.
ronorer - B Agnond MySLERgE o fn i HEREHORE RSk Seer-ERt Rt e
trans-si deenipn tanelsc hawsadio dettrmin the relevepGinity ofch endymd éor Sindiag élpalgnueleotide,
time; proyigi Qo3 iR AV Bl

polynucleofld% r6VI§Mﬁﬁoﬁ Y}%gg% g%h@ '@% gﬁ*%%ﬂgpaémwhmggﬁld i ng
a pol ynudl@st i d@c"l?ueﬁ@%'gertédmwm devisepW7isyiamy cempise ymm@lt@m qheliebers
conpl ex, WeiRibh afelR@ichi @RmAhiciBE mPAk Y THACHGR 88 cRIFRk 8% séprated by a thin
doubl e- stranded and a portion is single-stranded; introducing

pol ynucl 88??%@”8%!%3&%%&08’%@"6‘# Injpae prsTedeapipent I%delnﬂfﬁ@omamsesa
pot ent i akor@boﬁﬁdafaﬁng:eh)heipmﬁomﬁ ahd\Whyahphiedomaint Mes abrys p&reexad txﬁl@dﬁhent
first polarlt e.first polari caus the sin

bor ¢ on_ 4 Wi timshgicctf orlRRE T oSREE Rl ol e R AR 5
trans- si édd bfttmendducian@tht hrensphambect Bd deddex forthd oorowlse o teabe far detectibhibe
sanme cha ; 4 /: nzyme
same the@@g%e%g ng@'aﬂn%]e s ch\i\Q?]e?g[ﬁ%é& &P.:ZEG‘J é@ﬁ%&%&?%&%&%ﬁ

pol ynuc| é@engpas suithtley Gor Wgsagméamlmgcine@e a@@xgﬁmmwﬂ@mtéﬁm&@r ehaoigl nd to

the pol yRau6hRsaled® subdBAR Yok of m@p&}ﬁ&tm hg@hopewfér&h emBEBHGNhE P or
channel thereby detecting the binding he enzynme and the protected

deoxyr i bo&HaReE %Pi"&"é‘ci“dc‘t"l‘% Iﬁ(ﬁ‘P?}PﬁJB‘I"'@’HP‘? H@"d'i"ﬁ?‘r ‘B%IPR!WFQ isyapglynucleotide.
pol ynucl eoss}detbénedinbeiGanpaunts ﬁmtu&harIa@nmshercomﬁouhmavtn\ga bR BIEhSy for

decr easi t.he i ff erence a atin
Second paF e s BLahP btie TanetaBn rudiobtsa iy ES gt dn e gt

to the spmnighetatbodindmdhedQlisaniead éditinde; Irr)&vmbmrrpgafarh:éepmm: @t compound
di ffereng n

pot ent | af G ERSS STes hERL Bl Ak B AP ARk o SHELBU B 2 ¢ o
t hr ough véereptifannel , thereby detecting a polynucleotlde al one or a

pol ynucl ggtdide ;baw @Qb&cﬁ}nénhﬁle Edipblita c%ﬂgnsrep&zﬁ'ﬁ@arcﬁﬁ{yeQ'he enzyme acnvnty can be,
deoxyri bonucl eoti de; repeating any one of

st eps t here
cont r ol | fHREFaRE: Byt mm@eddﬁ evﬁ@eéﬁwwef Rf?featsﬁek"ﬁ?é?symmh@éﬁa a)ﬁ;olms
pref er r egki@daodiseR RbmerhBE triRENOE, heth iy 2ceQIRK ] 1388s, 1hgs Shede 1iRf Ina

nmeasuring the electrical current between the two, chambers; conparing
more preferred embodiment the enzyme actwny can be enzyme activity of DNA polymerase, RNA
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[ 0046] I n anot her enbodi nent of the invention, the invention provides
a nethod for controlling binding of an enzyne to a pol ynucl eoti de
usi ng vol twgeofaedback control, the nmethod resulting i RCT/A8M03/G0ydeng

t he sequence O a pol ynucl eoti de, the nmethod conprising the steps of:
provi ding two separate adjacent chanmbers conprising a nedium an
interface between the two chanbers, the interface having a channel
so di nengiolymedscasdémcledst, syonsdepse BNAJ] gassOPave uraoy-Divdrghyresidapia ivasge f r om
the cis-sj t trans-si de of the channel of only
one polyﬁ)gﬁmg%ehmﬁéﬁggﬁg? ?:8w%ﬂﬁe providing an enzynme havin

bi ndi ng dePYi tly afiather emppdimeniubd roo dr a@nnqbrs@v%hnﬁ ghapedsp etcwonasage of an
deoxyr i bogual.e %krgiﬁ theQEtR/\it'oFll's E@ecéa RO YR YEuB Cdrsidfip B Adh, MATPORREBNhd any
provi di ng a pol ynucl eoti de conpl ex, wherein a portlon of the

pol ynucl e8er HRCESH SIS s doubl e- stranded and a portion is

si ngl e- stp@ndedn ye:rahcrtml er6ibdaneh@e [0d of BhiBhe Bitsizekand GipEdNS alidW M@ssagteof af

the two ch nbers; ntial differenc el ween.th .
Chaber s ey bRy EPRs i PR B ey et AR s MRS e Rt oA
causi ng tmsjaﬂgh@ osieflaﬁidgchlpﬂxctwon of the polynucleotide to

transpos 0
e Sh ego@gjgx;'@l %ef?grg n‘?ti gnem etgor maﬁmco%acpgs%woge%g@mgggIogg o
enzyne i nywheihmodifigrer ellemadibiniogical mwx;ﬁ:mch giotogizgl mwlacyessirn @rmmhebut not

pol ynucl qm.ee&ir% andr AWHnBYa AlRRoRIRLHGE egﬁfamnhéwsugalr e, sgynmﬁed to
t he pol ynucl'eotide; nmeasuring the electrical_ current throug

channel ~ thtpedpragateadianagearks stibfaCRGR M thsdika A PYART léﬁ"d"‘t th%‘ﬂjﬁr Bt%*Et ed
deoxyri b%ﬂ&}ee@fhwﬂneﬁm& 806 MBMENEObiheiRolysimt r oduci ng t he
pol ynucl eot i de- b| ndi Rg n‘?ound into the other

RN

f the two anbers;
decr easi n§*he Bt FPRP IS CamR ISP 1R ENYY ‘,°I°tgﬁ§|a%[8’§fy'?|?‘%&ci“?pﬁ&dda
second pCHaﬁﬁg oy en@hka)wc@galtahentpednyﬁ,ued eamhple] Guthiotithireg to; popds Peptides, D nd
to the sin st randed nucI t
differ enc@gJ ? Fars e"Sc"r"ga |‘a %ep e"“‘gelt aﬁr‘% (ﬁ&ﬂ,) q?cé%%r&g‘g% a%%d“ﬁm)'
pot ent i al maiptifires.enge, m®egimdhqswh¢ems:m’eda:gpqlmfcmhléewrék@tlrkp cHie cempquatt
t hrough thI?hagg'?rgoun éxctw.'@r ﬁﬂycogmﬁrsuelﬁEdn%ve%el@&ﬂvé’ﬂiH&h%ﬁgﬂeQEs @hé?él@ tH&poRmer

pol ynucl eot i de e enzynme and the protecte

deoxyr i bdtnde lodkscpmecund wislera Rerisuiarrpnisied e irgrimenial capriton; repet pen the

cont r ol | i a@rdhhetd itk 20 chhdped. emwmad.tl&stcmep@} kB SIk, B0t otiemiteki o, ahange
preferred enbodi nent,  the Er}ft hod further, conprises the

ste

measur i ng" Fhe SBPEdR FIVESIMCH FRRTAYE N ™ U ﬂ%%ﬂ%acrha?‘?g
t he el ectif hyzsiedphiGitityl @nitc [Mca| ue obtained at the first time the first
polarity uced the ectri I

the time [Wz] sl 5et &n?ther emlgtﬁhmﬁn k 1nvm=,mrf‘>f?l rong sa%nrghoxﬁlu ggﬁflab H&‘Q%ﬁ

pr ef er r ecenzymis owd mvcleulh@usmt\/h@de fembaﬁemt@é) Msrmicthed respjinggip Eﬁﬁgﬁl‘?@fcapt“fe of
measuri ng,,f Es?soait%ﬁ Ehh&&lzyrﬁysm@somﬁayeﬁ&@thk hembmnrphan‘g%e S:ps60 BRAkinRg
the electrical current val ue obtai ned he first tinme the first

pol arity "Waserirae adiasent RRTIRTINRES eIMPEsipg %,'a?d'% AR @Fﬂfa‘if‘z?F‘ﬂ’ée“dBﬁt %Pned at a

later ti rfmpdrithedts %&iﬁ:&%@ﬁhv&@heﬁhnﬂ@m dimbAIRN Ak Y HIE W S&lértier iktinBlérng-
conmpound i s selected from.the rou consj st i ngdof an, ol %{g}?@ cI eoti de

conpl emerltAPYePEIEREFOPYHUIEDF HEMa Pt Y Tfdieshin Y¥ ocked
nucl ei ¢ gpiytucledtiddairindat 4 wed providing ad én@lﬁne tabidg amursng:dceatyu foken folyomedotide; N

anot her preferred e K
consi sti Epéovb ngml%gpger% ogﬂcleﬂk% %r8Y1Xm : o%ynugeo%gogl dlpé&mé:&nﬁ LQE\%"% a
exonuc| eawiypucBhiiiclcoypise whidhias eortion aldid poDAleglidecomplepais doublerstransed and a
hosphat ag ) e
gnbo& e ‘?tfoFl ﬁglgls@a%ﬁed Rt u@ﬁ %g@?&cle&ﬁe@aﬂ&i&%ﬁto Bhedr 8l t\%jch mbers;

umils e Yy conductl ve I n anot
pr ef er r echpplribppaRatial dtffﬂ;eentmémv@m e twprehaphgsotigehyeaiatng a firy P@]h‘?}f Higfirst
preferred, f‘amaggus B sih @st%@éd 9&.@%%@3&%&@&%&% ﬁ%bdﬂ@zh?dagﬂ)ﬂhk Sffnefto

deoxyri bonucl eot e selected fromthe group consistin dATP, dGIP,
the trans- snde introducing the protected deoxyribonucleotide into the same ¢ amber introducing the
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device conprises a plurality of electrodes. Brief Description of the
Dr awi ngs [0049] Figure 1 illustrates an enbodi nent of the invention
wher eby en¥grreoshie410i ng to a pol ynucl eotide i s prevent eBChysSzaogaodoRi ng
pri nmer. [0050] Figure 2 illustrates an enbodi nent of the invention
wher eby enzynme catalytic activity upon a polynucl eotide is prevented
by a bl ocking priner. [0051] Figure 3 illustrates an enbodi nent of
t he i nverhiyon indibe aby cembynallovdatgakesniymeaeind/ i the pakyoutleatiqsplipwing theot i de

is acti V%—c{? Qtep Meokmbgﬁ}élegtqhe% blp@to% rﬁlcfeglﬁiemm‘ﬁ fhe electE&@é%ntﬁ&rG}éfl €

4 illust |vent|onsovv|ngarreto for
sequenci neg cbanng srebp Hsjastivg tobindieg dge aezime and the grefentegdegxypppnpcleptide to the

i1 lustr atp@@nﬁﬁotﬁﬁh%dﬂ@ﬁg [h@ﬁol)tnh]@edtlB&ﬁﬁﬁnﬁg@&ﬁmwirﬂgtha&hﬁbf (Y ﬂ&tch:}lﬂaers
met hod for “sequenci ng single pol ynuc| eoti de, nol ec‘ElJ)CLp h) '!"Fe
Figure 6 qu"faE@& e PRI ‘?a!r’i“f@FPBG%ﬁ TFRrAime g perghy STepiG & 3E iﬂﬁ‘{w‘ J"% YFet hod
for posi tpb@ﬁlicféglcﬁlbﬂ@ing ccb’tﬁﬂoﬁﬁ‘dlbeﬁld &ith@su@&fstrmﬁldd gdlnecleotidg; 0OBisihg e gorergial?

X
ot hod i A FPE OV HOFLraRars By B P R R L B s

Fi gur e 8 theleledsital atrest iamughrirodiamelntherelfy detfaging nv@mupbwds hlovd 919 pdmmhetrde
al ternatiye net hod. f o6 sRRSE G RB ANy ToMRleSiidiDk fGH Sy e o e SEpReby

site
controlling the binding of the enzyme to the polynucleotide. In a preferred embodiment, the method
I

further comprises the steps of measuring the electrical current between the two chambers; comparing
the electrical current value obtained at the first time the first polé.rity was induced with the electrical
current value obtained at the time the second time the first polarity was induced. In another preferred
embodiment, the method further comprises the steps of measuring the electrical current between the
two chambers; comparing the electrical current value obtained at the first time the first polarity was
induced with the electrical current value obtained at a later time. In a preferred embodiment, the
polynucleotide-binding compound is selected from the group consisting of an oligonucleotide
complementary Lo the polynucleotide, a peptide nucleic acid, a locked nucleic acid, a derivatized
nucleotide, and a nucleotide isomer. In another preferred embodiment, the enzyme is selected from the
group consisting of DNA polymerase, RNA polymerase, endonuclease, exonuclease, DNA ligase,
DNase, uracil-DNA glycosidase, kinase, phosphatase, methylase, and acetylase. In another preferred
embodiment the medium is electrically conductive. In another preferred embodiment the medium is an
aqueous medium. In another preferred embodiment the protected deoxyribonucleotide comprises a
deoxyribonucleotide selected from the group consisting of dATP, dGTP, TTP, dCTP, UTP, and dUTP.
[0045]  The method may further comprise the steps of providing at least one reagent that initiates
enzyme aclivity; introducing the reagent to the chamber comprising the polynucleotide complex; and
incubating the chamber at a temperature sufficient to maintain enzyme activity. In a preferred
embodiment the reagent is a cofactor. In a more preferred embodiment, the cofactor is selected from
the group consisting of Mg, Mn®, Ca®*, ATP, NAD", NADP", and S-adenosylmethionine. In another
preferred embodiment, the reagent is selected from the group consisting of ddATP, ddGTP, ddTTP,
ddCTP, and ddUTP.

[0046]  In another embodiment of the invention, the invention provides a method for controlling
binding of an enzyme to a polynucleotide using voltage feedback control, the method resulting in
identifying the sequence of a polynucleotide, the method comprising the steps of: providing two
separate adjacent chambers comprising a medium, an interface between the two chambers, the interface
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[0057] Figure 9 illustrates an exenplary enbodi nent of how t he
I nvention can be manufactured showi ng a side cutaway view of two

array el ermsotens/1241p0058] Figure 10 illustrates an over RERUS2008/004467
perspective of the invention showi ng portions of four adjacent
el ements of the invention. [0059] Figure 11 illustrates a flow chart

di scl osing the system of one enbodi nent of the invention. [0060]
Fi gur e 12ayitd aghammglse dimgngioned ko aliowreqnohtiabinenopenlyyenenomamessete flamitbheioom

shape) i e B[ttﬁéjchldrﬂkﬂo lh'e Wags @delo@%@ EhanwgﬁﬁlIy%gpgadlﬁlqclgﬁhggltah&lt a time;

(trans-side positive) ions flowto the cis side, ions flow
to the t ey ”§|aEIé“ZY"‘I'ﬁ@“’!F§§t“?B&P‘é'V@h’Hf%EW%@“%émﬂéWéaéw&ﬁ‘ﬁ'él are

shown. de&x(j)@&ihﬂucldahw %arev.alag k bdijsit E@HdE Bin@inSENPHBLI FrodindBRARQdNd
DNA (top), and resentative ionic current sjgnal bottitl)ﬁr?
duri ng a “oBP'Hay erﬁ&PP"rH%ﬁ pleRopRyAlertds rampedt fyplestased atﬁ‘ﬂaé? 19aE SRl
appl i ed ]s?and&ﬁﬂnﬁﬁ\ﬁBhﬂ.ﬂléi:ﬁl?rF&@EbtldSZ@ﬁlexGﬁlééﬁkf p@'t»&ﬁ%mﬁbe.rs éﬁa)ym%ta pbB6kianV,
E(?l) | agiﬁﬂgeseﬁ%etbe{w%gr?ln% § rt])ec:hanrﬂ)e tﬁer%%ry cre tm& iiie rsépo]?r%f the fﬁ\lB\OIE%Y caus P‘%ﬂ% n to
the cis open strvgdedfpomh@ofphm@lynndﬁ@mﬂd towargpost Hreggh he ¢ledubtedmtr@ns-2®, pA.

( I ) Af tlrﬁlroducﬁlﬁ %%gotec‘eggec}{@llll;oﬁ&?eolf&zlhtgﬁetsm cnéhl)tfep '1ﬂv0d&%§ﬁe%gzy§§%hg 0

pass throu pore into the trans chanb conpleting the ‘neasured
bl oc kadeda'@v‘éﬁf‘bef ?H@memﬁhafqzme @ﬁ)'“ﬁﬁ‘é‘h%ﬂﬁ@m’dﬁ‘%‘dﬁr afeyingdte prefediel dwel |

tine. deoxyribonucleotide to bind to the polynucleotide; measuring the electrical current through the channel
thereby detecting the binding of the enzyme and the protected deox yribonucleotide to the
polynucleotide; introducing the polynucieotide-binding compound into the other of the two chambers;
decreasing the potential difference a first time, thereby creating a second polarity; allowing the
polynucleotide-binding compound to bind to the single-stranded polynucleotide; reversing the potential
difference, thereby creating a third polarity; reversing the potential difference a second time; measuring
the electrical current through the channel, thereby detecting a polynucleotide alone or a polynucléotide
bound to the enzyme and the protected deoxyribonucleotide; repeating any one of the steps, thereby
controlling the binding of the enzyme to the polynucleotide. In a preferred embodiment, the method
further comprises the steps of measuring the electrical current between the two chambers; comparing
the electrical current value obtained at the first time the first polarity was induced with the electrical
current value obtained at the time the second time the first polarity was induced. In another preferred
embodiment, the method further comprises the steps of méasuring the electrical current between the
two chambers; comparing the electrical current value obtained at the first time the first polarity was
induced with the electrical current value obtained at a later time. In a preferred embodiment, the
polynucleotide-binding compound is selected from the group consisting of an oligonucleotide
complementary to the polynucleotide, a peptide nucleic acid, a locked nucleic acid, a derivatized
nucleotide, and a nucleotide isomer. In another preferred embodiment, the enzyme is selected from the
group consisting of DNA polymerase, RNA polymerase, endonuclease, exonuclease, DNA ligase,
DNase, uracil-DNA glycosidase, kinase, phosphatase, methylase, and acetylase. In another preferred
embodiment the medium is electrically conductive. In another preferred embodiment the medium is an
aqueous medium. In another preferred embodiment the protected deoxyribonucleotide comprises a
deoxyribonucleotide selected from the group consisting of dATP, dGTP, TTP, dCTP, UTP, and dUTP.
[0047]  The method may further comprise the steps of providing at least one reagent that initiates

enzyme activity; introducing the reagent to the chamber comprising the polynucleotide complex; and
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[0062] Figure 14 illustrates Distinguishing DNA, DNA/ I CE conpl exes,

or DNA/ KF/ dNTP conpl exes in the nanopore device. Row (a) depicts

t ransl ocatwonowsheaogh t he nanopore of DNA al one (14 bpPrPoOnUspbsioMMiczh a
36 nucleotide 5 overhang and 2'-3" dideoxycytidine term nus,

tenpl ate base at n=0 is C), while translocation of the 14bphp from
conpl exes with KF,- or fromconplexes with KF and dGIP, are shown in
rows (b) isoshiiggEhe chambpacd tbmﬁrayurc §ubfficiepato maimGiin, engyneki aadyianinof prefereed
nanopore W th the associ ate

(col um Ie\%’mpﬁeﬁ'ﬁi%%ma%\ei T aCmre en"? eégf?ljrc?mfjé&men?t w;)ffllragIt lé%eréeg%ﬁfrgn&

I N col umhe(grop cosistgtil Mgt yMhir', ﬂaﬁgﬁim/&@f’ NARP* {3ad &-adepogybegarioningnin @pother
et | 1T TRrdih Bnlat ol Mokl S @l 0 ARG 2Y ALICHE o /0, IdUTPONATE,
plot in é i reve at nost long dwell” tine events are
Wit hi n 224€TP. 2 ddWTP.A open bar subset hi stogram for the events within

22 t0 24 gfis] S 1RYR dnbbollmeRt trﬁrtmbam donfpMisch BilAGH &) In dne vaBddingt thhat
t he chosen range i s dom nat ed @j‘% |l ong dwell tinme events. [ 0063]

Fi gure 13eyigqcq@prisst BRueldly AR S a capt ured DNA ol i goner by
annealing a trans-side priner. a) The finite-state nmachi ne (FSM
nonitors thF ogﬁen chgglnz)l c.urrent for translocation events. b)
Capt ur ed Brsf ResGriiop oL S P B8 urrent to attenuate, and the FSM
di agnoses mm%Vigaire [ Ddbraes arRiNGOEKRET CTRY mb@sedwltm'br{ ey inhbiedihplod

15.75, 26,75 nosis, the FSMreduces the
gppl i ed \P8EyFUJB°[P({%IS %%Ver#%o?yaen\{%g%éghﬁgdurl ng which time the 20ner

primer ann@aioé Kigurg hélusfateemmbﬁfﬁelc'@jroéﬁbhI“Eeﬂéwfb‘m)&efe&)’ é?zéj@écwtﬁﬁ‘“t"ﬁé“?"“

| over halafpo T\ucﬂ. Qé)ﬁrgventmlg EIMngpmﬁQd and 20mer primer in the trans
chanber . ur e rates a tinme course of ion

current si %ﬂﬂ l‘i"ﬁ”? %t 'H%‘ia@éia’[ﬁ@%‘%‘ﬁ'éﬁ%m’e““@i yRereby e‘ézéE‘Bﬁad@y":‘fﬁB'{/\éty fa

end of tmepo@%c&e@denﬂchm&ddmg inp@tid drgag@ar:ﬂogdhe(raﬁbpaw appl i ed) for 5' -end
prlmar t o annea in trans cha

RGBT 11514 RO 1 e S R S B A L

to show Olﬁtyallcie&:dafmoaaaulwzyrre bound event, with termnal step and

subsequent wh%ré\r/l%%l{r%S %lu%{?ﬁte(sj Iﬁ_lg'%nmo §|Im%nt%¥‘ hl mvghh% Sé'l?&/ﬁlg an §ieﬂ1§§ve method for

enzyme- bou nsec € con gicis primarily in
fishing neghendng sihple polenupleptidemetecules. [ 0065] Figure 17 illustrates

fishing a”gjog’;{] opl LHQ? ﬁlfuﬂf?ﬁg %?é‘lgo%d@g@ [FBSL ﬁ]QH‘JnQn éh'awﬁ‘tg Q%&B@fe&/ﬁosﬁ%nm%smg]e

Fi shing no Proobi ng node
FSM appl i redectEgat ailefingd $ife. a DNA al one event is di agnosed with

threshol d EOE%&? Figute P]nuBltftes L@etﬁ%@mﬁ%@%eﬁﬂ@%n sHhig ah ARehali & wHtRgRased
as soon as the transient settles th no enzynme bound to the DNA,

and the fHOSHVS Sf‘i‘ﬁ’d@’oi%“‘?sé’é?%erﬁt"@jcf“ec) Fi shi ng node. [ 0066] Figure
18 illustr ahes ARRE BeRsthEs Aoehioimehd o8 e RGertioglsHpwmRiafighed fltciati eaneaitd BINA

nol ecul e in a_napopo node, with tfizt, =0.521 sec. b)
Pr obi ng nﬁ‘S’éﬂé"“"]gr?‘ "t"??‘:‘flﬁ)eat ﬁ?ﬁ]ﬁﬁ%ﬁ es 150 nV 18 WD
2008/ 124107067/ kig209 BluEtbibAd 6 exemplary embodiment of how the invention can be manufactured
showing a side cutaway view of two array elements.
[0058] Figure 10 illustrates an overhead perspective of the invention showing portions of four
adjacent elements of the invention.
[0059] Figure 11 illustrates a flow chart disclosing the systemn of one embodiment of the invention.
[0060]) Figure 12 illustrates a single a-hemolysin protein channel (mushroom shape) inserted into
lipid bilayer. Under applied potential (trans-side positive), K* ions flow to the cis side, and Cl_ ions
flow to the trans side. The vestibule and stem of the pore channel! are shown.
[0061] Figure 13 illustrates a schematic of nanopore and DNA (top), and plot of representative ionic

current signal (bottom) during a 20 base pair hairpin DNA transiocation event under 180 mV applied
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until a DNA al one event is diagnosed. In the event shown,

enzyme- bound DNA is di agnosed, and the FSM continues to monitor the
filtered awplzbasuad7 c) The termi nal step is di agnosed, POBURYOZ/ Wei6T
[7.5, 15.5] pA threshold, and the fishing phase is restarted. d)

Fi shi ng node. [0067] Figure 19 illustrates a proposed nechani sm for
transl ocati on of DNA/KF bi nary conpl ex and DNA/ | CFMOTP ternary

conpl ex tpbﬂéﬂiag (1) At i8amopH KCeioneasShrovg tize opgihaakb] reultingint~6f pacwmaphEh Upon

ternary co he smggr E?] &l endpoa{hg PNﬁ(rlllEhECHI@ rkd the c:?tngnlﬁé éf'tﬁe)pol'el Jhb‘ 35\5 ate

t he confi€ e system ftor each section of -the sig
and c) shmwsaeddwéltd mumaﬁ»@ﬁw ~pmeAc, tflwltegemzmhﬁdmap'&r?éuSaﬁdsfi%‘° pass

term nal BI%? tHe, &%%thé Rarls ShAAMEY conPERAEKe B¥ERESHodk &P Sehi. YR diratidiN€ the
S|mlar|ty times in the two plots supports the

per ceptlérﬁntlﬁaetfer{eﬁ@aﬁéW?H‘l‘f&q step is a result of KB dissociation. d)

and e) shoppéerig@d B idsiriys Biktthg@iJhitWNA, QN AFK R Eontpit s, oxDISABREINIP DNA
only event f(1) and a

t he abserfEBPIGES PR MRRAPRTC G5 1e331[9%vbfi eP‘tcﬁ%aIBmﬁ("on ?hrouéeg'ﬁ? dho %%gfc%rhpélrgngd
to the enmsmEmigeunith £36entleot[d®068thEegud Z- 32@1d¢dx}/qysfdmtat@@9ma, template base at

represent a@) §\6§ whelr p %s%ca%gx[rgil tﬁexl 4%%%@%&%&@&&8%}@ Cb'?%r&ﬂlcomﬁéﬂel lehﬁF and

FPGA di adh enzyne eve ection range [1
pAl. a(i idoTFhe dﬁa@mnm(bmémwpmm Bor cadhaowdrdioarim of Bwé?f?a?fé Wi"ﬂ e ”

stayed within.d J&ﬁng\g? g@ﬁhﬁﬁf'a E@Q&Qraéeqr:ollﬁ'ﬁn Jeﬁﬁta dR/@ll m&@&en@‘y& oRimn 111) are

| asti ng | onger nmsec were di agnose GIP, t er nar
conpl ex ewetied Taghm) CUbBROBIA S S el ‘h%xb%%%awth@o e g gl T
reversed if ifd (st BGidaBor Fhedhent 6t ibc, rmumenmtdam glat est bogpvaiinfereoans
the pore. The 80 0V C%T bt uxze \s/u setggtg r ? h@%nen ar b];}A 196@&1 id

pr obabi | i FYMRIF2EY s AW B EHABVER 22%& CORtro %{327
t ot al eveidbabilitp his@©ghhm ad)revialifzohst thEa@éencrme rscdbm(n&t%bytlgltgadweévwnt\senﬁn

bl ue).. [0063] Figure 15 illustrates tethering of a captured DNA oligomer by annealing a trans-side primer.
a) The finite-state machine (FSM) monitors the open channel current for translocation events. b)
Captured molecule causes the current to attenuate, and the FSM diagnoses an event (DNA or
DNA/KF/dGTP) based on the threshold [15.75, 26.75] pA. ¢) Upon event diagnosis, the FSM reduces
the applied voltage to 50 mV for 20 sec, during which time the 20mer primer anneals to the 5° end. The
graphic shows a close up of the lower half of nanopore, with the 5'end and 20mer primer in the trans
chamber. '

[0064] Figure 16 illustrates a time course of ionic current signal in tethered DNA experiment. First 2
seconds shows the end of the 20 sec tethering waiting period (50 mV applied) for 5°-end primer o
anneal in trans chamber. Fishing time of t;, =5 seconds used, with nine probe events shown. Probe
event number 5 is blown-up to show details of an enzyme-bound event, with terminal step and
subsequent terminal step diagnosis after 1.13 msec. Since enzyme-bound events last ~100 msec, the
control logic is primarily in fishing mode in this experiment.

[0065] Figure 17 illustrates fishing and probing of tethered DNA molecule in a nanopore. a) Fishing
mode, with 73, =0.521 sec. b) Probing mode, in which the FSM applies 150 mV until a DNA alone
event is diagnosed with threshold [7.5, 15.5] pA. In the event shown, DNA alone is diagnosed as soon
as the transient settles, with no enzyme bound to the DNA, and the fishing mode is restarted. ¢) Fishing
mode.

[0066] Figure 18 illustrates another method for fishing and probing of tethered DNA molecule in a
nanopore. a) Fishing mode, with t5,, =0.521 sec. b) Prebing mode, in which the FSM applies 150 mV
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[0069] Figure 21 illustrates regulation of 20 base pair hairpin
(bphp) dwell tinme using FSM control. (1) The red current signals are
| ow- pass fwbDtersae4iat 51 cHz, the blue signal is a nmean PCT/UEE8H004467
current, and the red voltage signal is the commanded vol tage. Typi cal
events and correspondi ng vol tage signals under a) constant 180 nV
voltage, b) dwell tinme extension control, and c) dwell tine

aggr egat iy am :I!&h'e evepl ib )ha@%&:ﬂlln ﬂie@trenoﬁown@mmsld DiYfomiingnosederna e
anpl i tude_vs t instrogr
of "t he bESH oGPPI PO R A Goee Tl <EF BRI Yo RAS 357
and for sguhisetholdfandine ithingiphase angyartdd3d) Kishing "wAB(open bars). [ 0070]
Figure 22 ftobézz #u%[l%%llt[sﬁﬂ%‘%pﬁ%aéﬁngéﬁagkrﬂ%r?r)(r%fét:a‘i:oh‘&ﬂm%lnﬁgk&nplex

pol ynucl eo tured hairpin or hairpin boundhvm th
KB at 18GndMNAMKF/AGTPrshany sReTDleh EFRPE} PP BLATEVEE BF! RiFepigace weeh temary

trans-si QST%H g@%sektol’zﬁl@ RO £ aBBC st thEb@'JﬁQtdatfoﬁ lof IKBsyatem fat@adtildedtion

5 sec. lied to check for e
b1 i ng. 868 el ByP 6} howARITNTR Ve PORHEHHPEP b BE T AP gesen
pore. O hghay &mplek E\@nLESBAprélﬁd‘hé inildlty éfohedivel Gmbsit the ot ngpdraithepi n

tibule (2 ) h .
oresent .p‘érc?m e < PHE et Teonrucs Beigi B3R sROGR e BIpRO Bu

hai r pi N Y&z 20 Spitpor) Sliosds a DDA aiycivire f() KBI a BN AMFE tm)af)tem@ f(gsidg )by wee- dlote the
repeat ed pnt i hed e[‘)g-, LRkl the
| nventi ol 58"?0’6%3?@%‘ s%%é%l%@?\%@?%{egﬁhgg%@ﬁ thi's document. ar e

i |1 ustrat i [pe6%nkswsifistntys arpRiesatativa Mmapyecampler 6“1’%”1‘1461‘ F’E’%C‘?f&‘f%ﬁt) TBﬁ

Q her eﬂg%m Lgseocmn%eu@en Mme@agn%émwbmzzcsmgas TREFP(recoIBtied
w t hout departing fromthe scope of the

i nvent i oro monifopthy yTELo fEY i Hté)‘eél“ﬁthﬁr‘l}éf qe'ﬁ""[‘)ﬂ éangﬁ){%ﬁ (!Fé’ﬂeé f"é?cglgsvemts fgtineg
si ngul ar lfn%Errfﬁan 28 msec v&’d?e dlagﬂﬁﬁd astahlﬁ\l‘A/KHElbUTH &rr[al')wbalblex efear €ilig Fpandiaggssis

the cont ext cl ear| W se. lex from th
r ef er encef My Cﬁﬁﬁla’b tr‘:g&g r‘h"(?fs SIS [a%‘l ur aI "ty Y {608 ?g)‘%&ﬁ %aer?gfg ores.
and a refRreTieast oV captam golabe wisshea rasefeérlﬂ Boell tlme prabability higipesans fgfr?é‘l—s2 8
and equi va| ent S W coh o"igg??o(?a]g%ws% red) aH)QZI‘%Lt I@GA &%M@ng&éi%@qu n

i s neant , R Ing any naturally occurring, synthetic, or
nodi fi ed tiuel eotl de. Nucl eotides include, but are not limted to,

ATP, dATPd EW T glg B lngﬂ-@es dgalHon BF@B bas-E-BEIr h I?laph%)‘ dveli iy v&ddFSM control.

5- net hyl 2-am no- adeno

2-am node(@x"lghacpé ﬁ@j‘gqnhsegnq'lpare How- pﬁs%ﬁlﬁgﬁzﬁfimkﬁé t]Eerq W@gﬂﬁ%ﬁ rgean filtered current, and

pyrrol o- P& jell SHafiesi gtnml,g)th@aﬁhﬁhm vaidghliTo piyd] bebnnk endarrespbriding yoltagesignals
al phat hi otrii phosghat es

for a
3 P oc ot v GoR oY gt PysRisu BRERERES corlPf ang eyl sime aperenaton
Modi fi ed &aseSil) Pehiyke of DNA eens, showing aveiageanlitide B Brell fpp forRagevenyfph
5- F- UTP, &2 bars), b AdubRBY
“trans por‘?mtﬁ?gé)’a LATSttdFam%F 89%’{3%/10 19%}(@ ’medr%Iag; elﬁ%@iﬁ?ﬁwgtﬂ(ﬁ;ﬁl ngrs?oo | ymer
nmovenent ofievdnisiespeds td 18 pb @pamdper e. The transport property may be,

for exanpl | Soo76l fgpﬁtzt i n%s tepica RFEAlng cVdA@ uBiRk ¥ e pofynhaddaibie tmaorhéie a
pol ymer, er utes (for exanple, ions or. an |nter achl on 58

t he nanop@arpeirﬁirhd"wh@f @WIWE‘?\’PC‘ with KB A$ mY- o) Hiaginsies peid i XPyipyIRat
Struct ur ey, qk Sisdgined %%ﬁe‘él (@@se@j BBl LRF htdﬂ) rha\mrrsgecadmso Indotpblgkel to check

sequence that 1s about t o .about 100 nugl es |n t
Firat hal forBFseTgtobR LR VL ESBEBHEE Sy SR SBR D oyt e pore

conpl enenpaenviseQhd FE S0 A KFas dissbtiae,dabing bmwmemyesc@dps@(hg‘\ ten“ema‘ step). In

g? lr ﬁg ,l[J ﬁlr gggtl% g(saestO%cJ l%req)ﬁm ?s%résén?% e poie(,){hgrl:é}q e REGRNIRLY (A& VD bdlore the
hairpin unzips to fish for another KF. Steps ¢) through d) were repeated until the hairpin translocated.
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[0076] A "hairpin shaped precursor” is defined as a hairpin structure
that is processed by a M croprocessor conplex and then by a Dicer
enzyne conwbengs/1941et di ng an ol i gonucl eotide that is ab8dr/UsBIy/@+about
24 nucl eotides in | ength. [0077] "ldentity" or "simlarity" refers
to sequence simlarity between two pol ynucl eoti de sequences or

bet ween two pol ypepti de sequences, with identi ty being a nore strict
conpar i sobetailth ®egliptoed thedevengont | dentity” and "To identity" refer to
the per Cenhd%?g ?l’re %%gdfrgglﬁsedl&‘oggdl19{h§std)§cut'r%h't% Ilﬂtr%vggﬂmgﬁlﬁgpaﬂfaréﬂw or
nor e pol ynuc e sequences or two or nore t1 de séquences

" Sequencemeiytp limit the ;ﬂverrnefr cPderembpdimentenag éﬂmtﬂ@drﬁmx HRrtept ghangsyeaa bpapde
sequence »Cl%ux%@[;aﬁfng'ﬁeﬁ%em{o BVIh@Hh[B‘@Qf‘ e prEENOH LRt Ween two or nore

pol ynucl eoti de sequences. Two nore sequences can be anywhere fraom
0- 100% si mi40&, Apysecbigein #ddrydr SRpEA e e S E WA BT E‘S}d gpe” include
simlari tp{urﬁaaaer@@e GRise Mak OBkt Llyarlg ARTARE i btﬂgwae [186s, for eamph, ze:ai_@.hp&eqtnence

that nmay be ali dfor ur s of co When. a position |n
he. comamBitraBqIee: Tt BB sy P e oot Lusts loine
am no aCIdimoEd’k%ﬂalsixiﬂeqmﬁI@Slﬂmf asdsoif@éint i cal at that position. A
degree of rit ent | &Sy
a Punct on B b rhlipleolidsy Mook raGL G0N RELNRY ) SALLAF oSEAMERGARLS
posi t i onsmeiifad eutldogdet Neclmﬁgsw@rie@@uacbewslerq@ém;é@ R 1FegFRdChr, GTP, dGTP,
identity ofp RopYiDEPLS ﬂ&hﬁ%@weﬁﬁaﬁymw TrHREH, @lamm) aaéaegm@rammo

identical armnd aci'ds at” positions shared b peptid
sequencesdeopyadiagpined Pot- twﬁm'%wn@ws@atm wa?lwwwﬁmﬁw?}/ﬁs@wﬁ #ehiocytidine as
sequencesydiS; tefl Flﬁh@{wt%oga‘ha&mr MUTRRLbAE, 280 TOmaE} 1dHomkle RS irtphSspRates for

AT e T e = SIS

or porti ONBUTmSIp&@f/nycmhndlSﬂirq:l’y&ﬂthWPI h one anot her, physically,
chem cal ly [t g
nucl eoti d egoogegng% trans rogir%g})s meéant faﬁ%ger{g rgeasugarl?leo ]pﬁ’% ﬁ()(l;%fer SOVIRE ﬁt%}uﬂ
conpri si ngspaarcd aeratquesﬂam:dnmoprhmtwhem Eakxampleet gmct@meﬂrtha@lvmrthe
exanpl e, 1?0 ﬁgpta a‘JQ OHHl% 'yg‘lelagthgS(gﬁteg(forgxa%‘eh%hs)%%Heera@n&cnlbk’t%éﬁﬁ@nt
conpound, efivatlzed Bucl eof | a nucl eotide isonmer, or the like.
I n anot helran@@@rmfl@csoé"emp@llr)‘ﬁefof a pol ynmer conprising amno acid

resi dues caprheak mmﬁl&dmé ﬂs aurhéu A amrgbhmom‘e havikad aﬁeiecstlds §H§@d’nb§m:ﬂgs
anm no acid residues an er chen_.c

exanpl e, ®0¥EId%eu 167 B{‘}b‘omﬁs ‘;S‘H%Eﬁ'h'ﬁ? Ersbf}agﬁf)‘”h‘%{%““é'@%ﬁdﬁ Feq{j?“ﬁfb'ﬁ a e85ty ano
group, a pkipey ¢dd1pmmegm9utp:he acénldtpm as:eﬁnmerg:ry@mpmgmesabahuceomlmifogmnwp,
a nmannose, gl Qu E‘i cF . {u "Alignment" refers to a nunber
of DNA or SHH'% "§3|S?:f°'§éldﬂ1§ﬁ%l S fgned by | engthwi se comparison so

t hat conpon@félsAi“mipanhaped freachr”asdefiul ae @ haiga shyectuss thatris pradesrod bicd d

resi dues) cr ro@gso\{ (ﬁ'ﬂ)ﬁx alld ﬁl@lg aeﬁgcl.r eyzyhgg&tlﬂléx gdm%@rﬁ ]I 5&%&&1@ tHal is
percentage o sinc rrrmn is’relat ed cFu%rm l'ogy or
identity @emtﬂémbouﬁ@ nustgédse dengi | gnnments may be used to identify

conserved ¢RFRI Agentild of €lIndlaRYNRESs t%éqhén@e §11hﬁa?@y 1arsh ﬂﬁ)poﬁﬁud’éohwmnt
may suitably be detérm ned by means of uter prograns known in_the

art, suchsca¥nIREECTERYE PV IEIE SCAOTSY W(* Wity Qririe e strickgampanzog e

CA. | Oowses-rbﬁcehﬁﬂéﬁﬁty bh % Merfikyirdig@B1ihe pédten ak’d cghéq)de:fké §1mﬂg&}fltound ina
condition" refer to conditions t ermt h atl

T ands w8 S e e PH s aBan Bt PEPy® PREP R PR same
condi t i onSeq¢ade Widtelatiybiefeth taaielpanenofxmﬁarmhfohseamt:ieguemes(mﬁemhsdedmmsx
Pol ynucl eotl e _sequences. capabl e n . .
condi t i on®'%H et'ﬂe[qnﬁ SHOTY RCT 86t P&e‘( uctP%P{eﬁg‘iuyécgsggﬁP glleﬁc\)/g%lgqlll%%&%n Phe,
for exanphgwheraftanadrl @%fimtldrcor dnsiolegrs eduqdmrghqu@breddqnde osnilaitces) be
| ncl udi “gde@e'rméd bglc%gaﬁ%h SR ﬁqmsg?ue% [@?mkge&caﬁgneh R buBREOsHomparison.

ort hol ogs or resent scl osed
When a posmon in the compared sequence is occupied by the same nucleotlde base or amino acid, then
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[ 0082] Single-channel thin filmdevices and net hods for using the
sane are provided. The subject devices conprise cis and trans
chanber s cwanewstiedoby an el ectrical communi cati on nmeanBCT/BE2008484-F S
end of the electrical comunication neans is a horizontal conical
aperture sealed with a thin filmthat includes a single nanopore or
channel . "The devices further include a neans for applying an electric
field bettwemoleduireareidentimaldt thatpnsitianh4 dtssesf siftiitseriifeatty betwednpekynicienigie
use in a%&deﬁc@ég%ﬁlmﬁaﬁ ol iltndkher ;aeqmaporwcmgLucietaﬁazyw}mﬁud:@aﬁe@wthQr
channel is nonit ere such plications includ

char act ernotyavqle@ndedﬁquﬁm Pelegrge @’c@mﬂv PHRELYPIHICAYSAESS &, ¥ fvfh‘eon of the number of

char act erisala ffin@icid el ﬁéﬁﬁéﬂs@ha@é&@%@@@ eP@dadec}ue&ed h@greegfmf)ﬁd%%y or
sequenci ng methods are linmted to read %‘P?fd’ﬁOf about one Kki] obase

(1000 bas¥MifFEE PRpepiide Fraueyes B ERB S "PF\/E* AR BT BLERPSHEPSMEPY s
pot ent i alid gypepsiabseh@nger read-| engt hs when conpare with traditional

bul k sequepgi t hqds zke 200 none. r 776
Phee and. SO OBGER et BhE Bl SRR TR BRmelie PRSIl
used to cadlecylepurtpottibie tmetohedsot gfterachwith ons brptiter, Phxsisally, chemanlly, detwdr Fbed
6 746, 5o TR P A g er er RS oo rcohible i booraUSPT
her eby | robymptRomPEdneycleasies aah arothierchermisd! moigkn suck esfor exprapl¢. -Ahperide Bisleics
best undefat LG -R¥ihil RRus%3BlQ8nt A0 oIRY, hedisadt SakR&RE, AHRERIHRE isomer, or

[0084] It is now understood that a neans to control the tinme at which
enzymat i dhAdei Pizpghes s¥Fmmie: 3 ertionof p PRYYMST eRpRRnisipe AR o] FsidpeRsap Py o

woul d be @d@madm&mlmg@ommaﬁa po@mea&m@ﬁdingsﬂum adid Gatit¢s@hd anommtdhammmomfy,
ggﬁ{g?n?ﬁglh\é%tfgr E:((;n’? ::l]fagxq 2 g\r,\%la,l a cP%%Sth[e ngrcé %1 na('%%;%%ao&%{a%ﬁn% group a pip%r%ilbe
enzyme- pcﬁert@@tmd@rwgmiaéxmdmuidmmwsmplot thefke- at nany points
al ong t he [Rigotai B&&?q§feﬁ@c§§nu§ﬁ)@;c§m meinbgc@@a&qeers%h%% By tbrefRuise.

seri es. I ve net S can e used overcone eseujgot enti al
mul tiple qowpfémcsmﬂwh@mponeaas inogy TSR (Ughchs usleoliderbages B antivsyacid fepistupsh gay be

enzyne aCJ-léuMlytaMd Ry R n@tid ethe @ak1)on o JeREnt8 0%1‘;55%9@ hIVdEbHﬁ{oﬁ Q{[rélﬁt&i to the

conplex is captured by the pore. After that

pr ocessed©mPReY %é‘{eﬁ‘“?féﬁwffé‘ |SEARRES: AHEPMENH %eﬁ’ ‘{%B‘HJY 8‘?“5‘“""‘3‘ domains
pol ynucl eqnt ted:&:dﬁeasl’ wietisthesd dﬁdalﬁbaﬂiltgnﬁlhﬁ mhf\dxumimga deetioed by hitensof adngputes
then repeate rot &l ntI ld.nkin
ensyme t o s e S SABIATIRR B MaRB ALERA e Sl Y
system and[OOSO]V\TheItertue ‘HighiestringeraT o aldﬁllasﬁevaemtcmdtltm & o C@bems thetphodis
to achie I i i al
No. 107 7951 Bifor B dopfeld Wb o e e e R 1
an agent oeediteasediuénhridizatienpfisigrdicastly misearipidNAsn P PIN@'CI‘FQ BERYICESTh| S
is ill UStc'é bRdf Mn&%ﬁ%rmd@ﬁstr!n@elﬁ %ditlbﬁ%flﬁ%e(pgly%ieaﬁdeloﬁﬂéjprgs}ntmnuon may
descri bed ereln

me rimer-tenplate alr6
about 1 pyfoqsramp'y df“t?f‘iSBﬁ ?ﬁéﬁ“’s%??iy&l‘%%"“ FIFEREGUL ing RHeS O BEce MBI
200 gM eag Iﬁb);uenbﬁfha(a]tocabahmog!s ofidfalogatithraeriy d3EsR y@yﬂablmepeblymrem
(at about n noy e
(or oxarpiislonmie? € R ST RRR AR LRl Bl F p0eRs
negat i veIFyxmbrhalrtgeld(IMthcdamlmmﬂdabduaorpMaeual Eadthd. pedideaming Eapbrat e
pair is aLaﬁ&at ase ﬁm% 9[&1%1) %?@%ﬁbr?ﬁt)cﬁrrdlbgmggwle P@fcleg%md(:l ose

to) theflrst rinmer Strand (position
n = 0). Thibgdipapedufrectingyhppraach”. aiRfy Profs, ‘Heah@g'em@ G(E et whisl refzencegiare)

i keI y bem(P[}yAraga hg,emgy Fekdyd. substituted DNA in the earl y trials.
Thi s bl ocki ngldm) ecule either inhibits binding of the pol]ynerase at

t he ol ti af00BM lajepneral mirigeangy i letgpined byhe ’('}We"?atlﬂ“ﬁﬂ?ﬂ?@""ﬁ%t"“ﬁﬁ%‘?ﬂéﬁt"é‘he

strand sypluh@Sina chfcbtiiéh ozhenaﬂihsg kR clorRganph, Retidnddd) N6 Ukels bAdikaaePand

that is sufficientl | ar t cannqt nanopor.e. Thus,
washing procedur (fora ore c}etaal escnpt?‘ono esta%[]sthmg an(;1 getenmrrlun stringency, see
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d) Deliver a cofactor through the pore fromthe trans-side to the

ci s-side (containing enzyne). This can effectively restrict the

requi red f&ORYNs/1280T he vol une i mredi atel y adj acent to PEBURIPHG04HEA
exanple is Me'. This is illustrated by exanples in the figure (Figure
3) and described herein. [0086] An exanple of this approach is
illustrated in Figure 3. My2.is a co-factor essential for catalytic
act i vity HslpwirdhydeDigtcartiihawo RMEiqrods hypridig: uader yarioys foaditiosiof gringency is

p0| ynucl & %Frélﬂced \991' ofd B feA? Sheir si%:ltah['y Sr h"ﬁ? Sk pgl’ymM%oﬁ}e sgfuglﬁzts@ﬁ‘orﬁ g'aa'?lety of
m |l linolar concentrations are addéed to the trans conpartnment. The cis
conpar t mesaercas Giras srithin an pragieen’ pEenepe ﬁa@a&@ﬁfss of RFYaERIES from gaptls) Bfgwsm @s

necessar i, {@ Eas@@ﬁc@théﬂ%ﬁs?thatm? palf&m@mamﬁmtcmadeswa@e@rmmemﬁs cIer%ﬁbelhty
concentrati ons of

at._about 0. m\Q(to ensur e that freI\ 5;{’ on
the cis dpBdrifize gilkogwp B@PS‘F “z“é?dé“gi SRAUBRFER NPRYRE. varggtigpsarqpessilein
di val ent @aditicafland Adeds bp wﬁ:h le@zgﬂcléﬁtlde ﬁﬁtmdizitioﬁ)a@ be pérfaapg tb edlarvotdiage
O fve M TGRS e P e FRGe s bl AR dGeka Bt ©
in the vdutinm a@maeamei bermset] mn@alatemmc&bmeycqad]casdemg tamousw@grp@mésmﬂamy
aperture, . h
fromthe »¥ %h éﬂﬁsglogegg gLJ[\{g%]';nLlﬂsafo Hrﬂ%él'e %El}uglfcesstl{[aﬁgé/ ﬁjg%] glgxglrt)g b #ﬁg ;Snfe#e%ly
fracti on sarphaxadout 39% dlentitptipsamafaabin 42 Hpraipstet H@mfmw'éw dfclopad seupFeEsi on
away from évﬂhél'@&am(e%ﬁ%ilﬂfdeﬂ&ghd&rﬂeth'égld BRI tHe Qarkd Ve FBNQROTIR subject
aperture. vol une remains effectively zero and is

doni nat ediewges E@M%@hﬁp axat shRbegycopfieqiad i elgetticyf gagymunication msaps; Hitpe cis
SSDNA t ergali atike diddtriodl @hmitecaRO @eahs B Ahbrienil Al sediae tealed Wih €iht findat
cont ai ni n nzyme, This can V. Lestrict enz roces of
Che. el T ERTA Rl hame L At e R B R AR PR SR
strands aftel ble&@érahc&ds dndd mmhmymemubjbuedavand‘mmh ep;ille@,nens 1(1 azhigh thayer
for ex arrpl 0 l. ract
with pol '(r’l"dc ug?) |H1d£ éh grgaélBEno%lﬁ{hgatl%%%nggrgé)%’%km F{lﬂéﬁ%%hgﬁctlﬁdg% can

i ncl ude, cibmctw@mmefnnaturaﬂvp@drrtne ionphgmnglo Fhy asragisEzasoneef Pakymariqgmpounds, and

pol ymer asg, j5&! @Heﬁ@enﬁu’é%g&neﬂﬁﬁg hre %aﬁ@ley&lﬁﬁ %f Jlbout'-:ene ﬁﬂﬂbhsemo base pairs
pol ymerase | _Large Fragment (Kl enow

pol ynmer aséentifsdy. b?‘ghwmﬁtﬂldjfﬁ@?eg%‘&m“?ﬁé%o%{‘f?] ?ﬁ’ﬁiﬁ&“t}‘ “&’lﬁ%’ rfaﬁdﬁ‘)gtwe“ compare
(pg | % ;rerDa[\tlzam ullhlﬁctdaﬂmucsse&uiﬁd ing rﬁlmﬁmp(Mex;;lfla_e;r(a(me)I Q&bl?gr lnspl)ssg\vlzv u'm:apmeb (|

t 0 r The coccus litoralis i pol yner ase,
Pyr ococc@%ﬂﬁ?@s@?%ﬁ%‘s%ﬁ pol ymer ase, VENT DNA pol ymer ase,
Baci | | us stoesa} obdviesmbglead heisddBs tarryOAhgrodtyodeofaisd nstohMyivangerears described in for
transctiptas ‘?e U%Y?Bf?’a‘%rﬁ%ﬁ £ B4 HRPRSSe7 @’{}yU’s_iLﬁ/B 4d USR5, 428959,

transcri pet nerase 'such ‘as nmerase selected fromT7
RNA pol yreg §§%N61F87 IRNRa@cﬁfy\m@h &é@rebmrﬂqxd@mrﬂiqwa@éhe"&nmﬁ col i

RNA pol y%%&uo@ﬂ@es@&d%ew@xﬁaagmﬁlymd aéms'asqwsde@aéan Larrbda 17
Exonucl ease Exo onucl ease

, Exo |, and
Nanopor e- CHBA] is sew yessesions thala resant 1&gl the ‘[WB’P'C'TH}%‘"?‘? ‘agfivity begins ffe
for sequepGidgiu@fposnBGh € midye Rle 6¢lhreRvantafe. TRITR 4besit fueld Ln@Sl, iftiation of

anal yai s GAROHE BGTRY BEURLE AT <BF BEP PO ERH e BARCHH DAY

f eedback wantbegh at ohie dh&ihh&fﬂzymlyaucléoéddnomalbm wb@d heveds@iy be at many points

SPeo ooy ant gk s o bR e AP A sorich IR Ll GeMBRIcH be

| abor at ora;semasved:emeti@p@dtem@mpbzplegyemomperfor m t hi s anal ysis on a
chip wth %E}Bﬂf}&wg RO B G PSR Ry hAPEL £RLd Ay Sk HUGHR- Chi p

are discl osed
polynucleotide complex is captured by the pore. After that polynucleotide is processed, the bath can be

flushed and a new population of polynucleotide targets added absent the inducing factor. The cycle is
then repeated.
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[0090] As illustrated in Figure 4, A DNA nolecule with both

doubl ed- stranded and si ngl e-stranded segnents is captured in a
nanoscal e worensander an applied voltage (trans side poBCT/Us2)s/0Bw2p
a: Figure 4). DNA of this nature can be generated by tinmed

exonucl ease digestion of restriction fragnents from genonm ¢ DNA or
from BAC cl ones etc. The nanopore is |arge enough to permt

transl ocat bofroel etdieessDRiAcaydegntiiinkingantentyme telopdn. 8 cant teaneddt te byerrery
cannot trgap §r|z9nﬁé‘ﬂ1 %eQ?&&Pﬁuﬁ idvi® bé’:‘nﬁ:{Eﬁ*a@fy ahﬁceBtQchle 85 GohP mEhEdst[Mcgi\:'mhls
t he narrowest por €. sin pore Is ideal for
this and drsaridy ﬁéf@l"é‘%%‘é‘ﬁs %RP“F%UP'E@%"FHF‘E 19’ B&hni que. Strand

capt ure ang Bak btivef of'@mm&urpmmphs@gsmy bn kgohiOelbt 3R PBILY coRSE batbaplean

be confirnmed base a t ude e this e
o Lot e et i e By SRl it ey Gt v g B b e 1
poi nt, the[dssy! assuhes DINAPEmeaemiiae @atra(naheml1am;|mademnonfthadorimynsah;equed

24 sever tec np ear,lier

abor at o e AoMEY AT Y R RS s B T » oo PRA po PR O ooy
on DC curmnTheistipiahdsio @orgdconigh asﬁtgldrfampsambr txlanmlr; dllIBGIOB’SlHBMld'I afappiiad
SsDNA on t e f 3 r
exanpl e, es"cﬁnm neﬁﬂl%elg l]aggegﬁﬁlc ‘i’%l‘é‘ or éa%? ,%,93 pq%ﬁ%ir 1%358
t he st ranadnﬂahd tohFeseqence Sneﬁﬂefﬂphﬂtlfedtfm 610f60®9|16]fr®h@:89 tftﬂh‘él”IDNﬁdds@ &oa*rfdmrr@r

captured 5?}?% Lcﬂﬁo& 1?“@] @H§mblg&m: r'ni)) }ﬁga anS' bﬁnuﬁe%u%@r&tmahl I!k\s.ly@@pitl.k'%led
with a burfer containin ynmerase (for exanple, the

Kl enow f riadhmeiby! pukstitutest glﬁaf\w tb%?angraéfsﬁys blagkins g*a@wlwth%fh@!ttﬂéawdlaww

pr ot ect ecboWHeﬂseaat i ﬁﬁtlaﬂ&isuﬁ @(@EGSI)IB} Rallo®k Binﬂ‘iﬁé But pl@ﬁenmétrﬂlﬂ shﬁiﬁﬁﬁ (Rﬁ@l‘e 2).
reversi bl e term nator

e T v e BRI S UGSt ST G e CP R b et b

into the esthe @mnarstpnmﬂﬁm@ e pae mndagapb!ﬁas vplolgy, mhey laspeis bung-up alabd poat @ifice.
Step ¢ u 4 i carrect

br ot ot ed ittt Shaph s B g R gl Bern il ot BBl oo

t hat ti nmePohvasraed tapkngdnd pdtnegast- t:@ajxece@ grambsyethgﬁwmbﬁ@&fév %gapmm@f thigmethsd e

positive; thaﬁnﬁpthf: stral galﬂfu?ed%} the-ﬁﬁ&ﬁ)pgggluﬁ%cl&:g FrGh W%lds@ngﬁﬁlrﬁe@ﬂtﬁ@?@tan; #is to
the pore's Iimting-aperture where the identi

nucl eot i o exagninedt Whnjoptiyaiged. 3 0046 velpmg @e&a@wng AN AerimpertempliceRIererY

the si gnadne WinbpordR1il AR n&AddBle 86 3 10 "PhdRulbs ol this is the Case St eps
dtof are repeated untjl the correc‘% nucleotl’gee IS

i dent i fi ed? PP GRPRGOCHRIE I8 EERTI 115 RS I C}’J‘r’(‘ffe 'Eﬁ”fé’(f 'ﬁ’lffﬁyg’&’t Ty,
the cis Cdaﬁrﬁ&bﬂimnéstrlcsthpeqlhmsmdtoamdhaomepﬁMeMalmjmfoehe poge. @ckcteginple
(Step g u nat | v where a
depr ot ectfhg a@é‘*ﬁ%‘“l‘%’é‘ﬁ & xam?lgs xﬁgg‘f@%ﬁg’ %1 eag ltl)cfradéa&ﬁg&g%{eﬁlvat ed or
deact i vat efP08aidan exomple obthis ramroaphaulluamddn EIEWP@ Mg eis & hefapteraseninl for
perfusio I gl e,

al kal i nencsﬁggcgﬁgﬁg bgtnﬁﬁ# ﬂaﬁtggﬁNaA@}c‘) g%&fy glrg %g(f(]gd“(g]ﬂa,ryngeﬁl adiumto
cat al yze mobaictages, ak“ﬁ'@mcenaAP g™ mlfeﬁtarsthwmlhawtar %Pr‘i%e"gi“tﬂ’és Hetded 1 ghe trans
pot ent i al coarfseh@fhi §h@khparttidnV Ednthritdd 811 (bl P& fedb@itdbraibes] Al QuilsiiesCi S

conpartment where the reversible terminator can be reno
Fi gure 4)necqs3m faigrilysis- nih of SHBRarBIRNt 250 f“f“é"r‘féeséff“&é‘”ﬁ&"éia{‘?'\? Qgﬁéls‘éﬁf?bﬁl“

i S re-est@bhMs edsurdhawedgyigdMen del p.1s gide ik effdmlnty&ebammlk phateh @inkcé Mgt iisng

t i t
boen succhuEntetsr R pBG ARl sHRhsh af TG e ARG S bk P i, e
base (St erpnopbreEnr@mnda 44)woulkirdr1tzeng2émehﬁt0pp¢$a¢ dtctequ:mmvemﬂt@rm cgmpagment. Thus,
successf ul the %éllﬁlgé g/ﬂfa %ﬂgediun@rrﬁméa%ga o?a(éent H lBéj[ﬁer %Erﬁg’é }hg @rcgmg *]is a function

successfuln eis eat 0092] The scenar 1o
i |1 ust r at @eheivpltagt- drivee fl6¢ frgn @p friafs gide to(shqmdmatrpaasftemartoeere mipusthy dfed” 4

except t hﬂctn%&ﬂﬁﬂg@%l 81 fiveesStA O hiakase Bl 3EMP Bt 6 Ma?ﬂ%mﬂe%lu%

t he channel and I's captured in reverse orientation conpared
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[ 0094] Nanopor e-coupl ed sequenci ng by synthesis has several

advant ages over conventional SUS, but the main advantages are these:
1) Nucl eotw@eo@dadile? on and reversi bl e term nator renovBCT/U82903584467
directly measured on the individual target strand. 2) The systemis
controlled both electronically and biochemcally so that nucl eotide
addi tion and deprotection steps can be repeated rapidly until they

ar e succesef aflmediumB)djaseny ertiye HapepgrePhiaturen (Mg Ul inghectatk totnmegppaisgticctively zero
mani pul at %&hsdam Jg&wﬁngp@%o&n\emmﬁ smafaﬁdnetﬂ(s} he pore for an

i ndefinite peri volume of reagents that are used can be
very snal | eXQsfiver BONdrierenlatefiroveftylia yore Ao e frapssidg gl G SAe RHpinias g1n
vol une capen drrReely iRy RdSocedsing bfBStemphe b thdinblbRrle cdlﬁmed mmefe All

it may be possible to control activation and deaﬁ\jﬁ’ﬁ gtlg 9 |
depr ot ectqSHeEPH SEnIS Fe!SHAHI G S2GP5£Y L6 MPPATE s isiedine] %(te@"‘\"i? ®)
el i m nat gupddrinp@echabasl. perfusi on. [0095] As is true with
conventi ong| this a sa an formed i

envi si on a@of‘ﬁB@zé@ew@ﬁm ym& S m'C ‘%els gre A etgghg%log lJf)lgfrnemse\égtr?m[ ™ em
x 1 cm chihqudt, h:atarecmnhdueedftamﬂﬁcmmraassunlgascﬁd)%mlymt sefteicteth frofn &pteyf DNA
(see sepaf angragyls cgﬁﬂf\lﬁ pQ@lngr\é@e 1 LargL P.Qaﬁém !ﬁéﬂ@\:«\fﬁgr{?é‘ngpﬂﬁﬁ T7DNA

pol ynucl dori'des tRat can bé used to pl ace and attach macronol ecul es
and ot herpopmewnﬂoﬁgpy& Bpbanelagm Sheamustaeting B3O PR ADRRMeRice Thegps Wavus

macr onol QQ‘H 59A E&Qn&%lamﬁnﬁs ¢@ant}ﬁalusf(ﬁfl) @Nﬂwyrﬁeras@ Thermococcus litoralis (TIi)
pol ynucl eot1 de- bi ndi n rotein, such not limt

|
pol ynucl &4 H‘é}”ﬁf’dﬂsﬁr’f?éfoé%‘é”dct‘r iqokpdP Wéﬁﬁﬁc?P'émBrr’?ef YRRET DX g(B‘B@?e Beclus ¢ he
usef ul  prapeteydphind (Bsng)mpmmetrasamwv Ryt setagicripiake MEBILYTOleBE thradriptase,

st r ucture éﬁ] 11 reﬁ%éeﬂ%aﬁﬁl tase Iil\rﬂg Polymerase sucﬁg%i Pg}/m?rysetse{?ecteg?r%{n W%{)I\teAer

bei ng pl &€ ecr ool ecu ons ca

nmoni t or ecpolyynetakee TUBKA ppimmaawaﬁ‘ﬂéé?tl\y% pdflymweags andThicgi RisA poldmerass. dpéan

appl i ed 19, MRELOMRY GG ?s g&ﬁélea%gﬁﬂnlﬂ% T794bmfRLse, lE!xH‘Iﬁ et Exonﬁ’@@almﬁ?ol and Exo
receptor protelns, ozynes osones. The nethod can

applied €el'ther to blologlcal pores, or to solid state pores produced
in thin inorganic nenbranes. [ 0097] The basis of this invention is
that a sufficiently long strand of an ionized polyner can be attached
to the de¥anpere-faepieshipaBegingby gythssls by coval ent or non-coval ent
bonds. Theqoed]ymy is h&cﬁrhﬁaa fl E@Mcﬂhﬁlbi(wgh DiNYemblacues At @mbinesfiRatures of

el ectrical volt e a ied acr. rane, S,
it may be OH‘gﬁté"g%g?Ve'{)R'grb %@G’ﬁ’ e é? R ot}oéerelba"OP(fr%anaﬁﬁ§§fr()Een§%ec u'd} %QI%‘!U%Q
varying tingereiéttoaigendigodhergica redimsk ¢oneolgbrelics up@ 3 trpisebrtechndiesy. SPeC!ﬁca“y
macr onol eg%rs?oietgrn'EAaa)?%ghn%FOg)t he site of the pore with sub- 26

[0089] The basic strategy is outlined in Figure 4 for a single nanopore. Our laboratory has

developed a sirategy to perform this analysis on a chip with up to 400,000 pores. Design and fabrication
of such a chip are disclosed below.

[0090] As illustrated in Figure 4, A DNA molecule with both doubled-stranded and single-stranded
segments is captured in a nanoscale pore under an applied voltage (trans side positive) (Step a: Figure
4). DNA of this nature can be generated by timed exonuclease digestion of restriction fragments from
genomic DNA or from BAC clones etc. The nanopore is large enough to permit translocation of the
ssDNA segment, but the double-stranded segment cannot translocate because its diameter is too large to
fit through the narrowest part of the pore. The a-hemolysin pore is ideal for this and is therefore used to
illustrate the technique. Strand capture and entry of the duplex segment into the pore vestibule can be
confirmed based on current amplitude. Once this is achieved, the voltage is reduced under feedback
control (Step b: Figure 4). At this point, the duplex terminus can be examined and identified by any of
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nanomet er precision. The macronol ecule is then maintained at the pore
site either by the electrical force produced by the transnmenbrane

vol t age, owopgisazooeval ent bond that is engi neered bet Wwe€TUSH88/00-4467
macr onol ecul e and the pore, or the surface adjacent to the pore. Mre
t han one macronol ecul e can be attached in series if desired. [ 0098]
Functions of the single nmacronol ecul e can then be nonitored by

el ect ri cadeveed feclmiqmespFaydkrmmit. art catlisepapor feom thig labprmttyakmenstratprethit dpjilex termin

current tah BuahakORaRACR DEARBRinTEAIY Sfle A I DEGHL, e T LRGE HORDNA

detected as at | rent. Al'ternatively, an el ectrode
such as ath@racmbélflﬁ of shesharnd i3 @ﬂﬁpleééfém agant ey gxample, ﬁ)Wl%&anl%‘m'%'dﬁ or

funct | ons. gt &idlgLaeies RRINIbho NSl he el ectronic current
t hr ough tshe nanot ube. Exenpl ary es of the I nvention [0099 (1) A

nanopor e d&%PHdeOreahelBNARBH i 6P apdibe teFRImMsIeRRRAE o Fs WP uch
as EexXOoNUClaRseHitRishiROdoWERNg 2GS, a DNAGBIymane (fonpamblatbe Kipjiw mtnm ASE)ioh

DNA sequenci n

b1 0senaorDih PRIt TEREEH R e RuLd D Aot Cafiif B PRiRR: S eyan
as enzy rredaummeasjtﬂsteomnmrgmﬁ ¢: Fgurrd). dbeingshrarEpatrplabis themeivarstd tyb drodng
conponent,g, ag,p e #@n& N0 H{]ﬁocmt%(fﬂe(%:s%&q?aﬁn@ﬂ’cmnﬁﬁ Egeﬂsﬁo@u&&e

steroi ds an arnaceutica at exert their
functi on Sluystrbtﬁsrfaieng Fnayfer"écselﬂ'tctwl tinsl ieben adlgwed fo‘[t@f()ﬁPUE‘]t plogyedhdiBhie pepdded
devi ce cag tm%t @lep 'efr.g@a&) Whémhatt fe ﬁé&@ﬁbée@ MheQbitdgFREVRRY onbd R QYir&

structures such as ri bosones, and per ormthis op eration with a
si ngl e f USHEPPHIYA SteRrfi Fieure HoLisZpples mins '%’“F?ﬁ’r"&’f}g%‘h%!"?f? F lisitipgrpRgriure where
exenpl ar yih&iahadi o hdde® hucleb@delinvsRBRsh@NIf nbprgtdcal tﬁjcleond[e 002108 adfddgrtiE SgnalA

illustrate nanopors e, devj.ce .c ri sing,a.pore
substrat e ﬁrb © g F“ﬁﬁ’?t"‘ﬁ‘l"?te(pg‘) ffﬁﬁw ﬁgg e‘§5’ %lﬂrﬁg' ° e do”t‘}nf(]”"e ‘ﬁ’grea%guc?eoflde 'S
the pore dpanhdikentifitdEoldubgtcoalirmedaddsid ofchepraecttd hiakoride, mecussompadmeland

B oirans Skfif HaaubSaLAn HD ol AU LeBl SEU) Sy Rl RELATBLECHLE( 1)

bound to Create a ecule ymer con(g
pol ymer f\ufreteheilcpreleqmg pgshtrigrated ot aenihE BINEPoJe IS GaHivH fﬁ%“‘ﬁ‘@ﬁt‘lp hoyr 69"tr01
[00104] Atﬁat'wjolllﬁ‘ §l¥rﬁ|ﬁatt@1qe Meq Fdr gé’rfu‘é”lo@ B @epydﬂzlcﬂrégiﬁeng hﬁ}dbeeaﬂteniyﬁle@f@péxhﬁﬁlc to

t he device to draw t he nmacronol ecul e/ p he cis side
of the suthtiteqhespiniase) ight ia wiuterfps e’fﬁ’ﬂ?&?rﬁi‘f'@d‘@?S?Cé‘ﬁlﬁﬁ‘f'éﬂy?éﬂ‘)pﬁf‘“‘fl on
_(|6|) has djie g@mﬂ OG5 Sidé ﬁdg@tl\?r[\bterttﬁl 1P astablidhid, gm\gkg thd’kﬁlp}&@feﬁnlaﬁhﬂﬁtﬁu'feew Al so
illustrated are nopnoners esent nt e change in

| ocati on GPPE e RERgRIPec PSR er Y amedSEa i i AISUSRERS | e
change i rnreguet; emins{sale pasivive 8ontialcs Gstatlivied piyavengthedupier @rmifihgeback to the
macr onol el?rrlili i atg%}' Fe \Lhrégeq{(%glég éx%%m%«?ﬁ% d%ﬂﬁ%gg gﬂo{%EtﬁJnt]'npsq)eg'PJux%Fuﬂg Qchieved,

Create a CO esl ze
and to confirm the ldenuty of the last base (Step i: Figure 4). In the event that deprotection is not

successful, steps h and i are repeated. If deprotection was successful, the cycle is repeated at step b.

[0092] The scenario illustrated in Figure 5 is similar to that illustrated in Figure 4 except that
exonuclease digestion takes place on the frans side of the channel and the DNA is captured in reverse
orientation compared to Figure 4. In this strategy, the template strand is held in place on the cis side by
the primer from which strand synthesis originates. The advantage of this scenario is that ssDNA fed
into to the nanopore can be generated in blocks by a series of timed exonuclease digestions in the trans
compartment. Thus, most of the template would be as dsDNA. For example, if the exonuclease cut at
10 ms per base (on average), a 1000 base overhang could be generated at the end of a 20 kb dsDNA
target. When about 1000 bases were successfully filled in by nanopore-coupled SBS, the exonuclease
(or a required cofactor) could be re-added to the trans compartment and allowed to react for an
additional 10 seconds. The newly generated ssDNA would be filled in base-by-base in the cis
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in Figure 6C [ 00105] The voltage gradient is then reversed, and
as illustrated in Figure 6C, the conpletely synthesized polyner is
rel eased fwomashesnomcr onol ecul e, thereby further creatPagusoctamge in
current (51). This may be exenplified by using a DNA pol ynerase as

t he macronol ecul e. [00106] In the alternative, as illustrated in
Figure 6D, the macronol ecul e excises the inconpletely synthesized
portion fdbm[iartnhﬁt ap b fyrrelthjs wonldrbe lbspeated]imapronignatelyewp rovodsl €308 [bgses to complete

synt hesi trgpt(G) fromthe nacronolecule/polyner conpl ex. The
vol t age é I'S"then reversed and the pol yner is rel eased

fromthe nﬁmbnﬂre@gmlaeermfﬁrr@s@nemdmegsr@farfowg@lmc a‘SPL?rd@d‘eEWOfd’%‘ﬁﬁhge
in the cupreph nhdhd A¥im ﬁﬂs)ze ﬂd%,@mrfsﬁymé)&mﬁer&mue w&%%wmg BRm, 1.5

endonucl ease enzyne as the macronol ecul e. ure 00107% Fi gure
7A i || usthmat d8nmg, ﬂmaﬁér"@ %Wc?é’sd'{i‘rrbr“f’sﬁf@“ nﬁb?énap%rlr $ran {4y § g
subst r at e,g 105k, WEdny EBnehsdon thastet@ed cormpound (3) bound adj acent to

the pore aperture; the substrate or ructure I ni acis sid nd
e s s BEOH N pes PRGSOt T VRIS RSB B BPeEe PDE Sny
bound to|ﬁtm@hmﬁahmm5¢sh®uﬁ@eate a nacronnlecule/polyner conpl ex, the
macr onol ec [ risi hi affinity r
a ligand (140)“¢ e?‘fdt@ﬂﬁ%m?g@reveﬁlggﬁwmﬂsg B C?nrtéetdggmﬁ%e reﬁ Eﬁ"?&%)‘”dtg
vol t age gm@dsmmﬂ is applied to the devrce to dram/the

macr onol ecﬂllﬁ/ %le?ﬁ@éon&&ﬁ?l}&l}f eIE&roErb:ﬂly%hcﬁbr&:'h%cé?i@ s& ﬁ'@t nﬁ&mﬁrhé HdRioPkind

structure hen coval ent | Yy bound he COWpOUI’ld
(3) therergpfotmtiongmgarahﬂra@@rﬁrarlélyrlrré ey prs sucpFiilur e (1) The change in

| ocation of) 4 ey RREHAARRGHE B/ne kapiRdd, ARTTINEY, HafuddtraiiRBSeiEiRd iDihe bdie
change in current (arrow;, SI) across the pore aperture. [ 00109] The

li gand ( Yoyanineitiggerisfi owed to bind to the high affinity binding site
(9), and as)Thkhbishé atragenmr]d%a@msaa cdTe vefyamelbpn fha bitdaesf 100 ©akadigis ossible

change in current (a b usi.n

cter o d HBFRBHE PUTBSTOF S RHe G Db e fuf B R e e Bor sl et

as the poloymenctivatiof G@Lie@}ivdtian dithe deptoertivatsiey & theagndpbie tgsﬁqeafleﬂwwwfﬂ

Fi gure 7chm@egpgﬁ%&gggJ§&ﬁm§ QQO|IZ€S the ligand into two products
e t

(11), there asi ng ducts from the macr onol ecul e/ pol yne
conpl ex. Tm@m of\t iagee ‘g!ﬂmw‘@mmnlﬂbsﬂsh@ﬁ apsy @p Seppriameed ihearaielo s é'ﬂ"és‘%raé

rel eased f,0m Joh@om%mt@%ur@ssabm%&@o@wm % 1 6ARhip kAl 8 ARASIE RGhghy
a change in"the current (5I). may be exenplified by using a

gl ucose d%WGH§@“@HE?W@W6$eé*ﬁFEFEWWUEHB@Hhatase enzyne as the
macr onol ec EUO%] Hére ve. @ropose polynucleotides that can be used to place and attach macromolecules and

other polyanions/polycations at the nanopore aperture. Such macromolecules and polymers can be, for
example, a polynucleotide-binding protein, such as, but not limited to a polynucleotide polymerase at
the nanopore orifice. A nanopore has the useful property of bringing virtually any desired
macromolecular structure to a defined site that can be specified by the user. After being placed at the
nanopore site, macromolecular functions can be monitored by the user in a variety of ways. This
method can be applied to macromoelecules such as, but not limited to, enzymes, receptor proteins,
ribozymes, and ribosomes. The method can be applied either to biological pores, or to solid state pores
produced in thin inorganic membranes.

[0097] The basis of this invention is that a sufficiently long strand of an ionized polymer can be
attached to the desired macromolecule, either by covalent or non-covalent bonds. The polymer is then
drawn through the nanopore by an electrical voltage applied across the membrane. In some
applications, it may be necessary to regulate the force on the macromolecule by varying the voltage
acting across the pore. As a resuit, the macromolecule is placed at the site of the pore with sub-
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[00111] Figure 8A illustrates a nanopore device conprising a pore
aperture (1) in a substrate or structure (2) having a conpound (3)
bound adj a¥entistiadithe pore aperture; the substrate or BETUBI @67
defining a cis side and a trans side. Figure 8A further shows a

nol ecul e or macronol ecule (4) bound to a first polynmer (5) to create
a macr onol ecul e/ pol ymer conpl ex. [00112] As illustrated by Figure
8B, a volmagetegpradiientThe siaappdléceld i thentnimintdied hiake poge sile aivhiet thyahe electrical
macr onol ecul e/ ”
Struct ur ggrc%rr J?xgédﬁnﬁiett%g %%aglr)ée \QOAtE{ééor%kg c&’a?ﬁ bgrtd tP?%eﬁ%R Fed %Et%eé?l th

ci s si de remedmaisedmand the (pFie. qmﬂ@%fﬂce @hﬁcmwlbwmrﬁ N@uf@éan ang ntaﬂem@@ule can be
al ternatlay[ hedt he.a0ReaRLs (7) may be on the cis side (not shown). The
pol ymer ( g t hen coval ently bound to the conpoun ) thereby
bringing a P%e‘f\'ﬁ‘at‘)ﬁs ¢ftles spleanagismplegpieccap thyn bm@xt@rﬁﬁwﬁecyﬁmeﬁwm@ﬁqce&f
the macr ot psal @ RObWERRe lslqmzﬂn@e& {Graugh R paieawe%aéaxedtamﬁm&&aﬁgﬁnwans
current (arrow, 51) across the pore aperture, [ 00

13]

illust rataé“djeieﬁeqiﬁsd‘l?ﬂ'éla@@s °ft‘??é“§%oﬁiﬁmb‘bﬂeﬂyn3€rele€‘1°2‘? SLEF ﬁ’t?scabe“ papgtube is
Macr onD| §fluddd@clods)ihedet dns mdleaMd filyridnk Ere pOERA b Bbdulitiohest @ReRckdARIGRent h
aperture togé e trans side. As the second polyner is drawn through

t he macr SHB1RRET"a %5 or di nat el y synt hesizes a third pol ymer (13)

usi ng the nmononers (7), thereby further creating a change in current
across t Figure 8D). In the alternative, the
third polr];“?““gfEﬁ %@"?&@t&ﬁg@‘é&zgﬁt hesi zed on the cis side (not shown).
These evenli0899% am) A hanopdsedayisacanrbe dseld yo mondthrthitermpyer ofrtazyengs pushes e@MuciFdsess

my be exg Wﬁt@m@g \chm'\/@ﬁlp@m{nl mﬁ&ms%ﬁnﬁ%qm&agml ecule and a
messenger first -polyme In an alternative, a ribosonme nay

be used aslOPWElEut ﬁwr%@u fcecand| 61‘350’13%5 W%&’éﬁﬂ&%’ {0 rponies; the ‘a‘§’aftﬁ’é betyypgngoluble
pol yner. sh&ﬂhtfeaﬁlt:ws%n@fme&mgh@ &Hgmeé mJ E'Huf&s Ebci:ﬁﬂl@@r\ﬂltﬁl@ﬁlood &oQ@anLéds such
Si ngI e-channel thin é Ew ces an Hﬁ g &rj usin %@t e S%EYE ei]
provi ded aﬁ'ﬂé“"é"ub""e“l?’td AL AEmEBHSET §z‘es‘%{°‘ PGSR AP PBHEHN G AEBY that
waf er, atexdraas:tfum:ﬁaaIQAiﬁeﬁﬁrrgQ@heaptcmaiolebta@ser t he eI ect rochem cal | ayer
F?Egt’l \?\/Ihg? lr%ﬁf( eiggfﬂl uog%&n)e mgaz;[nemronﬂ?reu} zl'e'.fljlciln]fezhﬁatftfl_lnc ton (s} npgortal%ilblo%g%zalr ]E gge
modi fi er stmmds sach agribppeing ccad boform viemwerktiont Wi aeinelefungfmglmmrnal | ayer
defines a igf: I a chanber
and a neckﬂab}é?lﬁvﬁ]té%gﬁﬁot he fllﬁﬁﬁ%w&mg?g e6agl§?] sﬁgggmggﬂt{agcal ize with a
first netBguedonposition of t he m xed-signal sem conductor wafer,

wherein a pefob] @frOfA 108raRE & hdnbford Evicd é&ﬂﬁ)ﬁ@iné’! [Ioha ;@erw&@m WBs@dte orf O
exanple, silver, wherein the second netal is in (Eltronl C

comuni c ATHHEe @ haping A omRopRd (3hhopng adJa&‘f?H‘Wé’P@laﬁe"PF?e B PO PTHC R e r
CONpr i Seslefnirghi ok sfde b a /Bda€ HdAFi g’ilremmmih@ ktioprs Elmbledudey@ imacroheleduln (n b‘o'micm
formngasolven{5 erneabl e s t thenﬁeecg of| thg Bl‘lflce

thin fil i 1RAXEP) & P.ag?aﬁfgmaeb@%/@ YR PR Y 8T 7P LITE B ?TFP‘B%“E’HST oses
an aqueousopplesig sptdsizedgasiopéase. In a preferred embodi ment the '

metal lizat| A I . , but
ot 11+ elfo Rl Al PRI AGE o TBEB erafilee Hibyiba B W gedtiEindte) U1 g
illustr atmsroaols¢ll¢b@0bmt8am3plepecrtbpecmlwé thefsubstpde dristpushirg. ope incoqlgaly 6]
Figure 1Q dtﬂek.k@tp%%ﬁ?@ AR dﬁ%{eﬁgl&m&r%ﬁ:wﬁ&tthrx@gh% pbn%par&V@ rmgoqrhsuated are

show ng pOI’tI ons of our ad | acent el erren s of he i nventio
monomers (7) present on the cis snde The change in location of the macromolecule/polymer complex

(0]

can be measured by the change in current (arrow; 81) across the pore aperture. The macromolecule then
incorporates the monomers into the polymer to create a completely synthesized polymer (8) as shown

in Figure 6C.
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[00117] Figure 11 illustrates a flow chart disclosing the nethod of
using the invention as manufactured. [ 00118] Bi ol ogi cal nanopores
have uti | iwg2pas/1880uenci ng of pol ynucl eoti des but, dueP€BUsIes/ 1047
current used (approxinmately in the tens of picoanps), detection using
hi gh-t hroughput of a sngl e nanopore sequencing device may be [imted
to approximately 1000 base pairs per second. Manufacturing arrays of
bi ol ogi cal [aHBpBreshdghghdicn isaparatsed, ndepdnseted InFigie @adis conpleirly such
as used r .
oot t s, Ynd28 AR BRIER oy SR BB Rl ol g s,
of bi oche®).cHiis meeré;emmﬁm uauf\a:l PYégolymergsedt thg macreraeentts: [00119]

The array g € ROUELARE G ALk 4 1R nbSRoMuREx AR Bleliftbmpletely
manner, simlar tO e manuf acture o tranS| stors on int egrat ed

circuits. smhqsxzedmortmérpm thefpolyper. BrTebY 1gleasingyherincoppletgly sypthesized pogio (i fom

are creatgbnichndlesQEbENIES cOhiplsl MEE GoliRFcQeRRS iSheDNSverd@indIhd polynRNEPIsS| y
take place on all, O nost, %hthe arra There

appears t&eae g &s Barenglegyiet %@W&W?ﬁﬁ%’f‘é&t'ﬂe@“ﬁe&bﬁ ¥ %1“%%‘“646 Ue&Fhr at e
mol ecul eS(arai‘w bi).oTteginnede eka@agjaet 19, usimg aeadtnuebanenymd 4 tehacarmoryuls houl d
be abl e ﬁ ac i ndependently of the other elenents. This nmay be
acconpl i y including a digital logic circuit with each single

bi ol ogi cal (ETDfHgre7A Hattratesp hawpnt devige fanprisies spoet apemraeH) inar stlpserate or
control s t 0 e
Cor mul ¢ 1 Gray S DR Rgp amth REQPHMEAL S e ip oo TR o T P
finite stdfisngreastrideandd rowside. diguraitigher shomes p srlegle erimaciopRisFuls(4plound
nol ecul esg Q-ﬁo?lﬂ'ﬁ\ér ])%jcré’&etahnéc%ot%btgélﬁghﬁ@-korﬁlﬁdﬁ%@h&r&ﬁ@ecﬁk firiher cdmPising a

time can store information gathered for retrieval at another tine.
[00121] I‘P\ghdffﬂ'é}‘b‘P'ﬁ%ﬁSl?ﬁ%f‘géé‘ﬁarﬂﬁlq)ﬁég%#dr eds of thousands of

bi ol ogi cal [poE3PROINEstBkEHEFiE e THR Y vORagk @rammmmnemtonmwmdadmeheanot her
using a mn con S seri al rfa and
addr essaHPaérWBE]f%eL}gogweﬁ‘éonﬂPiAédo Saﬁﬁ{}? t}le sz eeorls%lnﬁcmre an}%tﬁ’n mer(i%daihe"
ent er i ng candkngxbdundig ticlremasundi() (reeby lﬁrin@mg hfamntmhﬂogqﬂpertl&qpl) The change

[ 00122] i, Qi S thed bt Pdel e 35708yl BRAM &F nd BN AChMIEETh BRERYarofi
exenpl ary et hod of manufacture 1's erevmt P'scl sed. A commerci al ly
avai | abl edlyrceesdbegiosgraatrtusemi conduct or waf er (15) conprising the anal og

and di gi ta[ooi-‘d9{ Bildinkind (Idji”stthénsdll$\%db@sz§6%e%€grh\éﬁﬁltﬁ§n&1Fgesltb@@eanh aYiBdstrated
El ectrochem cal layer(s) (16) nmay then be overlain. A netal (19), for

exanpl e S Figwe JCitherey frsdpr e "Eﬁna‘é‘%‘ﬁﬁé‘b‘ﬂ”ﬁ’éﬁa&ﬂ‘ﬁaihtThtﬁr'i“ae’i?Sj’“et“B"ﬁed by

si mul t anQQH§li Merﬁxﬁ%@&rﬁm@le&epﬂf asrfﬁ&ﬁ]acﬂfmdlelaﬂe gldagbk agasc {arastikeonavopor e
system

of skill in the ar X
growth to QO{W?W}?@&@“%? faf E’F%ﬁtﬁgf'b‘:‘@ﬁ%%éﬁ‘fl“&f@male $ 'ﬁﬁé’ lé’c‘fﬁﬁ'%?%"&d nto
that of awyelturs (Di), thdrwmdeats;h@mewohdctso'muwmichmo&mapcajaweomwia The

el ectrode. , The urfa ( t

21 T ow v ie1Eg EaPet RGPt et S BERRS fonh o BRF apRbhid ihethueht)
20) seal aedicdtarasredBy spmhge iathe gurteno®l)gilss qidvibe, exmlﬁgkla/mpine a glucose

ni t rogen the electrodes that
are not c?%gdgngega EO&D%&% nggosbﬁ}%sggngﬁﬁ agq{e;%%g%%d]&%ecause oxide that is
not cheniaid 8 rmdlfl ed repels water (or an aqueous solution). The

trapped gag)o(ﬁilﬁ.glﬁéléh h%st%&%@g n&rﬁp&@@é\%e @&1%1'519@3 be SBXurONG inQf subdi@re or
bi | ayers via renoval cont rol heating fromthe underl

ng

el ect roni %rméwr? Qubaving a Ctm@um' @hbqura%ii%?nt EIhrRPER 4RSSy thg Fulisiye or stru ure
met al || zad:knr ARtid¥BL@4 irbdsaiasf Rk SAlﬁmﬁQ@lid’v.@|ahr®[imh€ﬁmafcfoﬁﬁﬂehhe(4) bound
el ectronic mrcwtre/tothetraﬁ1 ? [11}98:123] The lipid
| ayer (s),°ACE RAYMEHOHBFAERE S BIIE%%?O YEOBFEY the chemically
nodi fi ed opiode] anidudiiaed by FigyesB.aobas gialient rapplied e theldtyice losirarppé | ed by
pressing the ¢ fer TEE I een
coated on™ %romog ?J%fﬁl mJC?r?Pqﬁx ¢ %gc AT e ttéeé’ﬁl%gg%ﬁlr%%v\én{ hl B h?&ggﬁ%egr

second polymer (12} present on the cis side and monomers (7) present on the trans side. In the
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(23) present in the chanber or well (24). Renoval of the overlaying
TEFLON film |l eaves the lipid layer(s) (20, 22) overlying a first

sol ution (MGpowgzgbown in Figures 9A, 9B, and 9C. [ OBARYF20087004657 Of
note that, follow ng the above recited nethod and procedure, not all
of the array elenments may have a thin filmor bilayer across their
respective orifice. The capacitance of lipid present in the orifice
as neasuraemiyettirondnomers &) stapbeonrtbecdid sile (masholye). Tiwad!ymer (ks thet cavhlently
presence q

Netor ne@%ﬂg%‘&&ﬁ%ﬁ%&%@&&&% @Lfﬁ%@&?m thel o}eta e;récd%%g) tlﬁé‘éﬁag{gem location
bi | ayer i @t@ﬁ@aftoeplewmlymhmwbd ca) be pegsufsd éwp £liapgF ip pratent (rrqy 8P é‘if?Séd
then the § %fmlgé/erl aying the TEFLON filmand |ipid coat can be

r epeat ed. (ji 125] As shown in Figure 9A, a_second solution (2

3)
that may c&pH éélllb%ﬂaqe%wsﬁ&urfe&c die s35P19 P?b@’ebfllﬁ)fba\ds il mrctrEIRleRIT &P and is
reagent s usathyanthokhtRP@iritrentd tRL@Ghd QhylrCo@RMkd Sden@s bletsmemogh@uk drawn

0. 1M and about 5M KC| th t abl | ut
cover o ¢ HESSh U T THIE et B AEPOIERS AFORBre T A hogemomtrs U

el ectr Odetherét@rfur&ma:ﬁ’qah@ axchgyige inndecht nmess 08 pap kerivig Gee Biee §D)0 dethe algmative,
pl aced in con i

Posi 11 onalit T Bimetiafd BE TR 8 81 bEk b ot AL Tl B2 be
current vmdaburédlbawchanmgecmmdt@m Iihis oAy $2Bymplified lp)rtgmgsobcupm@ﬁ t'Qe23) A
pr edet er LS Ry n ISR Sobl Al nalEh
as for e%{%&%gﬁ@ﬁé’ﬂﬁaﬂe sfﬁRﬁgx?n lgtﬁggﬁ %ﬂmo t‘?second SO|0UtI oyn (25 ;
The concetht nardmsiecde arﬁ@mlywwﬁﬁr@sﬁﬁlﬁﬁﬁh%' mol ecul e (14) is
sufficient to forma single channel in any of the thin filns or bi

| ayers in approxi for £xa I fifteen mnutes. The tinme to
form suchMﬁﬂﬁ?FﬂﬁFg?é'ﬁﬁ'e @a'f“&l' gﬁ‘ﬂeﬁ%"‘“ﬁet ween one-hal f minute and
one hour, t(m[14¢Xiagﬁ3}:lﬁnnea&hmunm(meeeha{dfmemon:ufoe;sm@me sarhad @rovidedOThe subject
m nut es, (}e m,nut e even, nnutes,

ten mnut esuces]g q{ll%l'lé amHgléd 51% semﬂcom} {;tof \Fr:ixfenruszleasto ce ec{r())/c ffriu{:/% lal)ﬁ:rhu es.
thirty makstresemitdhlay¢rgomhprismg mswuccmsuctdrameyal,rwmﬁs eficonfdpridy of tha/lgke, wherein

m nut es, %Jemeomuaw ﬁaf&ﬁﬁ@yc&ﬁ }zlgesmsm%@rﬁmar Xhoh aF"a A0S m&ma&x the
time ther et ween ormati on can tere
oper at or w"@éw%!awéeﬁr@? %P‘lﬂflﬂi'[paf%ﬂf’é%se‘#’%mffcé‘-‘rco@RWI%haq’%b?"ééﬁcr}fg‘“‘br

decr easi NghelelAnAHIMRALS (B orifRGEBAChIR Witk TRAE AbthlcBmpdsiie 6rad iigedOdignal
decreasing the concentratjon of salt |n second solutio dt’PFé-a f% or f| rst
f

sol ut i on ¥PsynduderaafengvhgresPaRieD af thegrificeis alvaged BUP desA" reggmple,
sol uti on sand, wHaRinsmCedeld sekLit inQ&cﬁdhaicoﬁfnhﬁlmbﬁwhH’llﬁe fher ieetand whdeie Lhe
nmol ecul e t t he thi FaRb hern hod

ol 2Cul ¢ QU LR ad K o SR RS PRI
sense f orimptrineablectal at g mgh & telvancrethe thin ﬁln@urd@rqowmm roce, wid|véoprein they
reacting &‘ﬁcééﬁ@[o;eg V%?Qécouscﬁh'ﬁ{e%% éds(ﬁ Q Ihggﬁﬂg'gd%] dlﬂeﬁtqwrﬁetallﬁzgﬁon layer
circuit conprising thHe nacroscopic e ec r e second sol ution,
the si ngl®mptsvpBE: Smehallenanchms| beenst bmitedity, gickedgpidt Gonper. aphaurpinem.

nmetal (19) o@h@?ﬁ.g@@lﬁnmfam@mmd@u‘eﬁa@y aérgpa&.v@bﬁﬁm%nnon [00126] Fornation
of bi ol ogi cal channels is a stochastic process. Once a &&gﬂsflﬁgannel

has for med[qohl%F'é‘f’?/é%"%‘?‘éifa“é’l“‘éfh?é’ﬂﬁ’e’&eﬂ gf the inyenfion 3ppEP " the
chance t hafacedt 886&AR A5 GORANMEbN. so form ng there| nis reduced or

preferably e The abiJity of second ch nneI insertion
o be- moatioBrbEed | e e SR e Rerdion 8 ysip B gpon

di f f er encegmufaauress t he bilayer. Upon sen5| ng a single channel, the
finite sta i t to
P L e S e
bi | ayer. currfrm@smmpprmes'gplwtbh@namfe@ampﬁ)@#@ecvmwg highthraughuedfiagogle
step(s) a,.556RR0uGRAR A& RY bé %@d't@aﬂroghﬂéﬁzﬂ/ 19bd @a\g@lsa,rs HGechidni te

state machine can de?ect the formati on of the second channel. A pul se
Manufacturing arrays of biological nnopores that cn operate independently of each other, such as used
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[ 00130] The finite state machine can be created using
state-of-the-art commercially avail abl e 65nm process technol ogy, for
exanpl e f rnemteingsd? Sem conduct or Manuf act uri ng ConpanyCT/UsA00EI¥467 A
600 x 600 array of nanopores can perform 360,000 bi ochem cal reaction
and detection/sensing steps at a rate of 1000 Hz. This may enabl e
sequenci ng of pol ynucl eotides, for exanple, to proceed at a rate of
360 mi | | iiorebasdciypest very dagechrprof thtegrates citcugym eére laggatscaferagmy ¢ftpanopores may
sem condu f ppl yi ng an
electric 'ﬁfée)'f"dx@%%v\(ggﬁct &.%fé.?:%yﬁé%@&%@l&%gﬂ%%@ eé%énﬁre for exanpl e,
el ect r odes [09bIFBTFhegimanelemenis mey bowenuiasued inariepariseipaiete swenes siriiaide thet hat

are Connelﬁatnﬁgctﬁr@ oﬂra\ﬁgél&@&ﬂn@%&@@rcu@m &8kt HOReSmiTA R Q?oﬂéﬁéﬂl@mﬁf om
for exanple silver chloride, or any ot her corrpound haV| ng]ammha(.grmost

physi cal TEr'éFe Cé%§ﬂi”c“aﬂeq'*ﬁP“6ﬁé?“E%‘f‘e1§°°ei§éieB%Pﬂ‘B'H‘“'ta“f%'Iﬁf ceona

Ti me- depaﬂdelairaytdleaiamport properties of the nanopore apert ur e may be
nmeasured b sui tabl e techni

functi on ool hikse Saleror it dveparerie TR ar B s B dos
(for examulegical reags)ts, steatingerhdngiitic, an’ah@o@@bwabuctda @@tnndnendehtbfrof éxanpl e,
chem cal gtruct fod : 89k 6e.
el ar y o gF r oo AE PRIG S JARRLS. L.k W B MR A0S
resi st anc@nomla;d‘at:lmmn@ets a firigsigte, maglgprcthat Eondrpls efﬁi sespt theipchpipisd) slete ofie

(for exargaln& x bk Y !%Pﬂﬂﬁﬁe)@ﬂ@e RehBicacabieiht Big])ogw:ﬁ'ﬂﬁjnoﬁtk}g NTHe Fhite state
structure sirab t etranSﬁért property Is current

el ar sasBaRUowB oW RETEE TG oF 6 IR (o Sath S e bifipE b

%r 2-25 532%6& 2B Ghe bﬁﬂi]"_t;n%gﬁftbrb &iﬂormﬁho\i\@é‘:gﬁédg&%ﬁeva&t&otl@aﬁﬁﬂt Nos.

0 507 a5, WP ia dutris e puce o 58 Fusmi s o oo S fiplomical g ggments may be
2004/ 012 LB%m@&&Bfn@ﬁlﬁM&z&pthnQ@%ﬁlﬂlﬂr@ﬂlﬁﬂﬁg of awirdd cmnections] aseeg! inruttace
are not a&d?egsaslg lolglh cgncl;e uQé%% mgfugl%)? &1!3 % g@%l?lglﬁﬁ @ft(ﬁg e}Malri at‘nb%ﬁt&g%{é%g‘lly

or pore aat'n ert [%Sctr odes pl ace
cis and t(ﬁeﬂpwﬁm%ﬁamék)s ad i nsul at ed gl ass mi cro el ectrodes. The

el ectr OdeSPﬁP‘M] ﬁEur@@-ﬁlﬂmaﬁ:s inlagrQ:HBf tﬂ@ﬁaﬂul’a@?u?e@@rrﬁyo An@edridr} m&hécﬂﬁl c
current differences across the two chapbers electron. tu
SRy K s

current s BREpELweisHierelih @S%@r t D FEMBFCIBly g aple 5’&6? Figpad sen

enbodi mendomphishg tﬁeraaﬂsmﬂhlgnilawttmhat& :ebeaﬁécrseﬂes‘dsuwbasen@s:s Fldagochemical
di aneter of t Wi eqLr odes

il Sposed BRAER AT B St PrgeB Prie RAPRRETE: € et o SR8 suc
el ect r odesetabratidie 1 R td sreklackohdy aemeﬂatloqnabalof 2B tradys [far iie@rnopore system. Asis

arrpl i fyi ‘gedh sc\frglnﬁ]aseh(}f S}Lﬁ’ n]lé (Pe| (@3?&&%1@% ;?‘ﬂg‘u%gs Sluﬁ'%éntcfé er{c%ﬁ%lﬁ%a

i nvention ose
f ol | owi ngrolure equakts shpt affa vpletnapi wldcslrat abkasupy the grem abops e dletodm Thegusface of

as indi Caﬂ,@&i &Y m&lly TiMed a8 d3) 3IN6w w-gk'ih,?of‘ IMYM%CI r@lwfoaé "letf@éred

and pat hogeni ¢ nuclei ¢ acids and pol ynucl eoti des
(thin film, 20) seal resistance. A small amount of gas (21), for example, nitrogen gas, is trapped in the

areas adjacent to the electrodes that are not chemically modified. The gas is trapped because oxide that
is not chemically modified repels water (or an aqueous solution). The trapped gas (21) can be used to
apply suction to any one of the bilayers (20) via removal of controlled heating from the underlying
electronic circuitry. The high thermal conductivity of the metallization and metal transfers the
controlled heat from the electronic circuitry to the trapped gas.

[00123] The lipid layer(s), including both the monolayer (22) over the chemically modified oxide and
the bilayer across the orifice (17), is applied by pressing the chemically modified wafer to a TEFLON

film that has been coated on one surface with lipid. This can occur within a liquid or agueous solution

30



2. Assay of allelic expressions. 3. Hapl otype assays and phasi ng of
mul tiple SNPs within chronosones. 4. Assay of DNA net hyl ation state.
5. Assay obonRgAzabt ernate splicing and | evel of spli cBCUEHBI0B8M034676.
Assay of RNA transport. 7. Assay of protein-nucleic acid conplexes in
MRNA, rRNA, and DNA. 8. Assay of the presence of microbe or viral
content in food and environnental sanples via DNA, rRNA, or nRNA. 9.
| dent i f i c@Bipesenoin tir chartsecrorel\(24) aRemyritob it overlayieeSEEFARN fdmldarasnivdinidal

sanpl es VIE%KIQ% 25)'3%’%: 1n§ uon a‘zﬁ) as smtlﬂ llehlﬁ-@sonaB Oafnd pat hol ogi es

Vi a DNA, uman, m crobes, and animals. 11.
Assay of n ﬂ@p:{gﬁ] k 155:5 p@gthptnfoﬁ@ﬂpg;ta@ at@yeargwgg mgthod and procedure not all of the array

elements may have a thin film or bilayer across their respective orifice. The capacitance of lipid
present in the orifice as measured by the finite state machine can be used to detect the presence of non-
functional array elements. If it subsequently determined that a proportion of array elements lack a thin
film or bilayer is greater when compared with a proportion that is preferred, then the step of overlaying
the TEFLON film and lipid coat can be repeated.

[00125] As shown in Figure 9A, a second solution (25) that may comprise buffers that stabilizes pH
for any biochemical reagents used and supporting electrolyte comprising between about 0.1M and
about 5M KClI or other suitable salt. Second solution (25) covers the array elements as an unbroken
drop of liquid. An electrode, for example a grounded macroscopic AgCl electrode, is placed in contact
with second solution (25). When bilayers are positioned in place across all the functionable orifices, no
ion current will flow from second solution (23) to first solution (23). A predetermined amount of pore
molecule or channel molecule (14), such as for example, a-hemolysin toxin, is added to second
solution (25). The concentration of pore molecule or channel molecule (14) is sufficient to form a
single channel in any of the thin films or bilayers in approximately, for example, fifteen minutes. The
time to form such channels can be for éxample, between one-half minute and one hour, for example,
about one-half minute, one minute, two minutes, three minutes, four minutes, five minutes, seven
minutes, ten minutes, fifteen minutes, twenty minutes, twenly five minutes, thirty minutes, thirty five
minutes, forty minutes, forty five minutes, fifty minutes, fifty five minutes, sixty minutes, or any time
therebetween. The time for formation can be altered by an operator by several factors or parameters,
for example, increasing or decreasing the ambient or incubation temperature, increasing or decreasing
the concentration of salt in second solution (25) or first solution {23), placing a potential difference
between the first solution and the second solution that attracts the pore or channel molecule towards the
thin film or bilayer, or other methods know to those of skill in the art. The finite state machine can
detect and/or sense formation of a single channel in its corresponding bilayer by reacting to the flow of
current {ions) through the circuit, the circuit comprising the macroscopic electrode, the second solution,
the single nanopore or channel molecule, first solution, and the metal (19} electrode for any given array
element.

[00126] Formation of biological channels is a stochastic process. Once a single channel has formed
in a given array element bilayer, it is preferred that the chance that a second channel so forming therein
is reduced or preferably, eliminated. The probability of second channel insertion can be modulated

with applied potential, that is potential difference, across the bilayer. Upon sensing a single channel,
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12. Quantitative nuclear run off assays. 13. Assay of gene
rearrangenents at DNA and RNA | evels, including, but not limted to

t hose fouridoizpsiipdthe responses. 14. Assay of gene tr BAELEI00§/¢94467

m crobes, viruses and mitochondria. 15. Assay of genetic evol ution.
16. Forensic assays. Filtered Derivative for Adaptive Term nal Step
Detection using a Finite-State Mchine [ 00135] Constant vol tage
exper i menthsfinie ste DRphingladings o poteotialion BRAetaklesirond 19 festsAttite ROKIjlit6f sEAd

pol ymer asgnnaiglemoimlenEnhatitaydNTP, may be used to determne the
t hreshol ds used for detecting the term nal step, that is,

di ssoci at i §191%1 DepitedheTaoecrytipns 1akgA in the P‘FY'E’%rS'éHS)GéFQO%‘E‘W"‘WEI BPY fopiniagiver

current  agRyer.tTHd Ginitd streAdathink @4}\ de@ct kR Gorfnafidn@r el scasalchindéele A piRY oflaectivs ed
to detect the term nal steg}g ﬁpragtlce theflltgred amhudels
ér © Ve

t hr eshol P HSNitiPesR PS8R ce Ay dOTFH e Y PR rREPel et (TR Y- A
nmoni t or echelth cld@édt emitbe R datypoema gt gats haesined ©.hedPmel thertyarpandihaassi s

using the xponen t.ial nea
filtered 'ﬂg FUAPIS COMI%“T [ e@n%“ PRE*PIT ueotr”g&(’jlo‘pﬁ%fs'%{l%gmefowg% éup tW%y
an order omﬂnncmgtmwmgd@mgln chaneel prrema@merabeddedinibe bilayeri g findte stpre machme can

Experi ne %lﬁO‘)S Shd W RGBS frfnln Life@515Md: Wch\;aupgeth@ﬁgmf ele%ﬁt%gd AefrkwRdih ve

are conduct tuning the derivative | ter and defl ection threshold
to ensur eCOPltﬂb'EP:@tOf@éﬁ@@t'(i wlig pugdm @I”Ses%léﬁe&tl on. [ 00136] Defl ections

of the der jggads) M%e%ﬁ’rs&ﬁ &TEET“[ ¢ ebpgcdi ﬂinoécﬁéﬁ@ﬁi@dhetﬁ'tzﬂﬁcthﬁ‘dﬁﬁnd detection, the
deflections, in princip or any aplled volta nre time using

a comon ROFﬁWﬁYﬁEﬁ??‘eB%PF@B‘t‘X ‘H’ﬁthFFFeE esrﬁﬂﬁmeqlnng Eeae Senieé??n nal

step det egphiuond sigt a1g cmlemotehme B‘lcbckémadeldm thietti fa el by @A vitidg the heating
t hreshol di.n tude .is t d. Robust detection

i t
usi ng. onl§f "([%Htéhcfe‘tbiyfmé’ry'" ‘é"rofl & Ce SRRy %]rtgezbélgyef he range of voltages
t hat can b@owdtd ab @ttepraotae:ntbhcémE)NAcaﬂmrraKMelmnnmnmmpmetamgldtelemeqqla1216) ng

identifi Cs%mqu\aghe Bx’if‘cE e’hﬁ&' %Jéiéc%ée rﬁaﬁnémg[uq§w5t@a%§caa‘@Jgeﬁémg%qmongr

vol tage. Tn addition toring tered derivative for
def | ect i ovislatidnergriéons ﬁ’ét‘hahﬁﬁﬂlaftéla@lﬁcﬁbf at th logatigrofasprcificpabics SiguredOefer ve

anplitud eexgrﬂﬁ@ 9ﬁ§trate‘é\‘a Lé}ﬁdﬂ vith? bﬂﬂ)rt%?&%ur Eﬂy%&h:@ﬁtﬁ&oiwﬁig @%\éﬁﬁr&ﬂﬂﬂe sphé1fz
goal is a nore a aPtlve ionic current filtering | ogi

robust | y W&platmeel WmeSbes cAmRSHEMSGPd demmb RGP 5}H?j]8°‘bf‘" %fﬁlt}g 447 Pyional gold
varyi ng) dicedde (0%), ¢ @B@eemuﬁlbtﬂg (hhe filtered anplitude and/ or

I Ihlr teErhgfl dgﬁmh%ﬂ'l{e\ﬁ%ite Svt\?ﬁlté[ mz(i) "f!}ne gaenpn%r(]:lgegtgg l%in%rs}tat% o?ﬁ%—rz]ntt cg' nl-RtlerlanllllJ available 65nm

process technology, for example from Taiwan Semiconductor Manufacturing Company, Taiwan). A
600 x 600 array of nanopores can perform 360,000 biochemical reaction and detection/sensing steps at
a rate of 1000 Hz. This may enable sequencing of polynucleotides, for example, to proceed at a rate of
360 million baser per second per 1 ¢m x 1 c¢m die cut from the semiconductor wafer.

{00131] Exemplary means for applying an electric field between the cis- and trans-chambers are, for
example, electrodes comprising an immersed anode and an immersed cathode, that are connected to a
voltage source. Such electrodes can be made from, for example silver chloride, or any other compound

having similar physical and/or chemical properties.

Detection

[00132] Time-dependent transport properties of the nanopore aperture may be measured by any
suitable technique. The transport properties may be a function of the medium used to transport the
polynucleotide, solutes (for example, ions) in the liquid, the polynucleotide (for example, chemical

structure of the monomers), or labels on the polynucleotide. Exemplary transport properties include
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[ 00137] Pol ynucl eoti des honol ogous to ot her pol ynucl eoti des nay be
identified by hybridization to each other under stringent or under

hi ghl y st rwagemstizgendi ti ons. Singl e-stranded pol ynucl eBCT/H808/004467
hybri di ze when they associ ate based on a variety of well
characterized physical -chem cal forces, such as hydrogen bondi ng,

sol vent excl usion, base stacking and the |like. The stringency of a
hybri di zaturrem, cosfuttact.gestshecedegrogenca fchaggusroeatiodentidat grogsfties Her earretiei ¢
acids inv ' ; r Em|ar
are the e k8l MG AL DARAR e B TRART Y
vari ety ofurfmct ors, including tenperature, salt concentration and

conposi ti 0r[bOl%ﬁﬁmp&nﬂﬂgpmmeﬁﬁﬁ%ﬂﬂ&uﬁgﬁlb&@ééﬁﬁve ¢S Qhd/®8VrSns cRindbers have been
present in both the hybridization an ncubat i ons

d wash sol utions and_i
(and nunbseripeidp &6 §0/792Y . Hds Baghles- f-A0-midr @67 &1047-P1% HO7/IHE7-PPEfemces
ci ted aboa®2,002, 6260H38,01SFahhd 3,395082 LMY 3] eiliexies Nos 2edsfcezises] by such

factors o] [ob | engt h,, and degree .of bas ai,r .
m st oh 2RgBRr e Pt oA B eFi M Bu R ar G B BT RS ot
di f f er entwisatumamel or pbratted neste bae kpphwre,dieziendesTiigedreititin thgycit sriperzaur e
(TO i s defi \ 9 h C

have di scOBnEf §irh B bRIRSEGLHERA N, AXRE: rhi e CRRITH SR ET

t enper at wletectol icpicperdnediffergnogpacediedie t@rhamberswhaecron Wenchydquirdityzsrdsothe

buf fer coptaltfd PR §8nas. 1R atRRALiobiREnABERnspoEYopbte) i€ Sibd R NEW aldss
the foll owm ng equations: I DNA: T"

C) =81. 5+1th: By PiNbg IPerre “’K}’ @RCHe BoBREIPY drairar deposssidipgent (o oy gbutting on
DNA- RNA:  ifle nano;(ore@)r&?t&@r&rbl88t56 kiegfobathn beQuiB{d i a3l obatth 2088 UnElifs) Bor -

f or mam d%{ié&éL .%I III ) RNA-RNA: T", ( C©)=79.8+18.5(log [Nal)-1-0.58(%
G+C) +0. 1AM &1 €y 3'21%0. 35( % f or nani de) - 820/ L where L is the length of
t he dupl ex [0DoF4iBphiicqtibed ani/sr tsksenf the lirventioo dis@esbd teediromayahclidacbus om beilmikegd o
in the hylpgljoﬁuv%@i on or Washing solution, and % G+tC i s the percentage
of (‘guani ne+cytoSine) bases in the hybrid. For inperfectly matched
hybri ds, approxi hatssab 9f rglafyejos ahselyigisens gxaressiproldvpdses tridisatpby YA, rRNA. and
tenperature for QRANTHYEL&TBAEH, mutak®Q ho%*&ﬁrnhgéie??&dsgﬁh FoNResEdTRAL S
are generally conducted in a buffer of pH befween pH 6.8 to 7.4,

al t hough t he rat® ARy RIAYFIH*p585198h i s nearly independent of pH at

i oni c strengt hs 1 Hsgbtypd Rsabeantd RGink; Bf dllepldSNPsivaihizahiombsoas. f er
(Anderson and Yo 1 " ntitative Filter Hybridisation." In:
Hames and Hi ggi n'&sj?‘gsé’gf’&gﬁépeﬁéﬁf'oéﬁsﬁm%ci d Hybridisation. A Practical
Appr oach. Oxf or dj. Akdal oRnRN S altefBuelspliding andl eve difipti¢eomrianene or nore of
the foll ow ng reduce non-specific hybridization:

soni cat ed sal nonﬁé{ét\g%?ﬁf%hg“ﬁpﬁphot her non-conpl enmentary DNA, bovi ne
serum al bum n, sbdisanrireciphodgharidcomgloris immdaaBYrsadiite (SDS)

pol yvi nyl - pyrrol § done of hi £lehoe oPRErPEBNARonEnt FObSH dn@BnvirbBXdntaAhmples via
sul fate and pol yet hyl ene gl ycol 6000 act to exclude DNA from

sol ution, thus r2N4i'RY4: pfefdf4-ective probe DNA concentration and the
hybri di zati on si @mn&htifithddiiod mrdbe Y ralddhient@f fobd 4118 envildnBanae sanipfek 1A CPS,
conditions of even grﬁﬁélgr stringency may be desirable or required to
reduce non-specifi & g - background hYbridi zati on. These conditions
may be created w Hedtifieatiss of @thotopighas DNANBREAQbUNRINA iropdeirs, hupran cmicrobes,
strength and hi gh?l’ .cglncentrati on of a denaturing agent such as

f orrnam de. [0?5' 3‘5]" Stri ngency conditions can be adjusted to screen
for noderately slinfsaroffnndgamaidsdn wedzdal éisgobdol ogous sequences from
distantly relateg oQ93RliaTRelef unld® Hagh!y simlar fragments such as
genes that duplicate functional enzynmes fromclosely related
organi sns. The sbr Affaeefegnecearapgemarts 4N dand RNddeveluipelpding bud not limited to

hybri di zati on st@&ge®und R ihREndt@pbasybri di zati on washes. Salt (for
f

exanpl e, NaCl) concentration, formam de concentration, hybridization

14. Assay of gene transfer in microbes, viruses and mitochondria.
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stringency is typically performed at T. -5 Cto T. -20 C, noderate
stringency at T. -20 Cto Tr, -35 C and low stringency at T. -35 Cto
Trn -50 Cwonowapliex >150 base pairs. Hybridi zati on mayChEsisesfoetored
at low to noderate stringency (25-50 C below T.), followed by

post - hybri di zati on washes at increasing stringencies. Maxinmmrates
of hybridization in solution are determ ned enpirically to occur at
Tif, -25 C for DNAAmy\oﬁgqpﬁnexvoaxﬁdnT -15 C for RNA-DNA dupl ex.

Optl onal ly, the degree. o aﬂ' ssoci ation may be assessed after each
wash step to determ ne the heed far subsequent, higher stringency
wash steps. [00141] Hi gh stringency conditions nmay be used to sel ect

for pol ynuglePbbilativE@HRIGRS e Yernlin 5@ D@\%&foﬁ%&n%g FinfteRidtd Madtpnet he
di scl osed sequences. An exanpl e of stringent hybridizatio con?]jﬂg ?
obt ai ned i FORS Fensapt. vs%&wvﬁ%fv%d“@wa ea"dsxsm%f\n‘“&ww GerRE DS
for hybripiz a&ly;si)aasefan@amqﬂeamartyawpmlbemd acie@anihdwas thiesholls med dort han
,3' ggr ﬁg{m FC?IF'% e%e&rnﬁ'l?ll s{ ueﬁat:;ss?lgs?ﬂ log Bf I&/%IQTIZP omCDLIRV\% ﬁl&ereggtwv]auve of the

eci' Tl c sequent
i oni ¢ st riengtdre@ndplititie, Cadiiidnitome ﬁl!lgethnfpbwdd’lyb}' bqﬁszdamdcm:t rhaysnnlmdlsunle

about O. 9 5%
casei n, O%Braf t'cg %%q}g %E)%“éﬁuagﬁs&ﬁ%&hg%%}} lﬁ?’ lgﬁgh gg%@%@?ﬂ%{%%m%s 001
M t o abounonoedBfomisfiodtionsabeyetarsaittereshald. Riplipingfy 2@!3156 Hsingthprxpencoatly weighted
bet ween a!hé&”?ltéqlasgh@ﬂglhﬁm%terz&)degvatw@ la@plfeli ef e faRted amblitm% &hédtﬂg%ﬂ GMer

conditions are about O. M sodi um chl gri de, about O. 5% casein, about
0. 02% SDf magiyde lotFB@rES?vF%?féied?ﬂ“&ﬂ‘t%‘eat Experipents ysipgBerp b fileredsmplizgeinds o
C. pol ynugleratériaiwalceertdueisd, g te)ibivaGheZReibnd edNealoh @A wenfel biens
wll typi aIIy h%]?rldl ze to a probe based on either the entire DNA
mol ecul e FC%"@IOE S§OF8YPi ons, for exanple, to a uni que subsequence,
of the DNA[00136] Déleditins Stthd degentive Sal He mnnm@eh’ortamiimmstw letel difidétions; inl y be

| ess t han ab Qut 75 i aal
str ngent R eanetke B 3 (e TN {oRh Ulhhutd Hecocdfhag, Ry
and 50 m\Apprmcgadmm mptdemt@n ugiog eethe @re@dtde?vagter jnd getrierpshalding of teitered
than ab O%paége lthuiiQObgs@gett%éod sl %/Uﬂg' bR Gieth bR A @By inbrOMe GiE FdnRISNCY

hybri di zat1 on can t ai ned he absence of organic¢c sol vent, for
exanpl e, YobiErafilgE! b%ﬁf@rl@argbqfh@HNéF?ruwgi)@Ww Hi{YiTeAUYRe fd5pHfiraHpn hfiltered
obt ai ned dyRed: &eplmd@fa@g&seor@ﬁchqiobh@arsﬁagamu&m&’ﬁ% 6B Behltciadet¥an & for
preferabl%‘ at. | east  a

out 50%
condi t i or&AGGIPYS 18516 hARGOIgrs iR & It'ﬂﬁ‘ga p@ﬁ@éfﬁ’é{e[?f"éegﬂ"}?;‘tug? q:‘? w'tr’ Fhti¥E30
C, nore pgrateradablys iobevalopdde a5t goabiow tnoid Addp)ivedordc crmsmtﬁpemfgecvgabhqx cof at
| east abou nt Varyi ng addi ti onal
par ameterstgwsy Ecwtﬁssgc'angn ?Sr ?gg&t‘%l 2 the concentration of
det er gent of (fossibleyeayipd) egobgamlumsct@medlylﬁltym drepliendg SEKY fiknedl dedypiiye, without

strength, 4858 Wel] prkReWR lgtgdetﬂt}gsmdsskl Iled in the art. Various |evels
of stringehcy are acconp I shed by conbi ni ng these various conditions

as needed. [001379Bolvrapleotides hnensiepeyg tsathepeolyheleotidesimake KHifed by Mbridrripntp

al S0 var YeskH o lildBG&HaYnt of Lhﬁerm%ty st ainala&dscmng\;mﬂanc&a BRAFnuPbURY | | Y
determ ne hybridi zati on s ecificit

he critical
bei ng t enfybidite e @ﬁ’dasﬁcﬁ@ ig¥f en %t’%@ﬁé’f Helbcfharf‘ﬁ%’ ZF H’dfmz\t}\é ?Lf[?ﬁ’ gish
Wash strifgedieyn badinksolvat eedsien] bby sdedigaas ihagkes ahd stogace ot lybiidntiar

Che vash CPEROIFHTS Srararanry b Freastti Rk hpBBl e SRCARLERH 8T o Ty
t ri sodi umuirigéncg ttie, mansimitoste tpﬁtwbemlarbtb}yotldest@ndil&nnﬂbwm inflgenpdd| bia Carictred
1.5 MMt rt‘aﬁ? E #md%gﬁebrrgg l'élreealaﬂgaréﬂtraa_&"ﬁgdc {1916# @r?atn %dqrgﬁﬁﬁddltwﬁs

condi ti ons ve poly nuc eotli des wit
| ess t hansotvhms, diesirgsend irthoftohoiyridizatiohand prashysaluns a1d iprbafiop evtaberr

their Conyérsd?mtd%mm@tm RO G DERRENLiIL kRRscri ption factors
i nclude, ftor exanple: 6X SSC at 65C, 50% formam de, 4X SSC at 42 C,
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with, for exanmple, two wash steps of 10-30 m nutes each. Useful
variations on these conditions will be readily apparent to those
skill ed i rwohensae4107 [ 00145] A person of skill in the BET/USROM/ 446Dt
expect substantial variation anong pol ynucl eoti de speci es enconpassed
within the scope of the present invention because the highly
stringent conditions set forth in the above fornul ae yield

struct ural [oplrﬁ]mmlay ofJoN & dupddxeoit kitkesd by §ubiDfhad 6} ay Hasechompesan, length, sndy
enpl oy i

s % lﬁgﬁg&%gsé gg mih, mggﬁcfl%&mf%ﬁdég&m ea'dﬂgt!ecptgtaggv 9@{&%@&%{
30 nin, oequatrorAlat@nesXiodREidizg. nr%nsmsg@mpastw@(&ﬁeﬁ drBrsH iphige EmpE@uEgheo

mn. The %@ma{ea&mﬁmﬁ&me; RiSe WesShlarSihid e 3snsididnk m@éléjdtrﬁ&fsl’fh)é naﬁmgt
| east about 25 C,_and for greater string enc‘t\{ﬁat | east about 42

Hybr i di zaeMesFrtss of RErasy matpd eplghn whese ey by “L"ﬂ'é'?“f%y°°ﬂ‘§’i“ﬁ&”{‘ﬂ’€d"s*’éﬁe
condi t i ongnafing Bechf)Maybeldkt fltetidly it@olbhvigequanbish t he wash tenperature
rai sed about 3 Cto about 5 C, and stringency may be increased even
further by using the sanme conditions except the wash tenperature is
rai sed about @I)ONAGDEBOLL(® )-8l .5Fm6(log{HATH0.# EBtGEN-06R(% besandlladsel/ly
rel ated honol 3 ture,
for exanpl e, gg)s%\] WOTﬂ?%A&F%xgﬁlO@ﬁfa] o%ﬁogvl%)t@rrq lggg%gsﬁvnvgg%ﬁstep
enpl oys a sol dermemidedrfd0&ondi ti ons of at least 25 Cin 30 nMNadl, 3
MM tri sodi um Gipf kﬁhﬂmﬁﬁd (QC)]—% §D§ s@b&e{m@p{) B3 GLE)P@L R CHIOH-RASE Y
may be obtai ned at 1.5 rnMtrisodi um
citrate, and G'OFT%“S%ZB%r 30 m n Even hi gher stringency wash

condi tions are obtained at 65 Cto 68C in a solution of 15 nmM NaCl,

15rr1\/|tr|so a d S, rocedur e

general | y {F %‘f‘gl g4 étd“tp&b “fri"ﬁdzﬁé\%a@ﬁqe 'gb&)mceﬂ\aa et |f§fr'leaﬁ°dl\l}r§r‘c|’"a{ hens
on these tqerrtdzatlmms/awdglsolb@onraﬂm GyC appaeeatagt of (E&mm&cshslhd)e@es imthehe

art (for a QN

Coosae] SO TR e Rah Rt ALe b ARG Rb A T AR B metin

ol i gonucltetomeradeefph@?h 1% misarafcct | y conpl enentary to the coding

ol i gonucl egfohﬁgﬂ;%tafsz&h e rifnbned 1A QGG REEDRR UGS OF ms‘etweeh BH%ts 074,

| east abou her signal to noise ratio than the ratio
hybri di zaaltheygh te rafars hﬁé‘r“ﬂé‘t"f’l‘%ﬁ’e&fbﬁfb‘fc@%ﬂ’é g it B fanigsiseneing Bala be 65‘3%1“ the
pol ynucl egbiidaienaeel (Agdemoh Arintduhg QD850 Qdamiive Fiﬁ@ﬂ\l%n&i@auﬁﬁ InhHaré and

cond 11 ortien By “UoB A ERE A BEtay s RS A APRoRP el JREREF [ e
ratio, t hatitiérs pneanbmutc oifﬁxfcmlbwmgmway be igedob tealiazascin- sp&oﬁoh)dbndngdtrpn Samcated
DL PRl Sk B g e B né erd BR, b4 GUSE AR i

ol i gonucl€ot reater si to noise ratio
as conparwdvphq;pih;cbsodldmzda@qcﬂwlﬁate $h®. MIHM@YUP'FC@% fieqlletydiRgahapdy’s gplution.
pol ynucl %&L&%uﬁaﬁ&zﬁq'p&?ﬁ#ﬁ?&\%’?ly@&%&db%&ttb Q&}udéﬁbﬁA@.%ﬁmtsbﬁbﬂna{husﬁlaigm@lheWI 'l

depend on t use he rel evant asslﬁ% for exanple
f 1 uor escetifectivaprabe DMA sgtcetmiigatapd the hypgipation signgiship ¢ BY&D ‘1“585‘]"“‘3 Bysoffie

li ke. Labglifeeshoskditiddk afastvérpg}ea@err s:ﬁ@%m@hﬂi@% désﬁfbldiﬁtr@a‘frddn@reﬂﬁ:leabreq;emﬁc
pol ynucl eot i de sequence

duce elin
transl at i B t@ﬂiﬁ”ﬂ“&‘b@"f‘ﬂ@“‘% %ﬁ”’g}‘r‘ﬁﬁ '?ﬁy%f'eﬁ?ﬁqﬁ‘gi R “Sa"’lq*é%‘éi fgperature,
nucl eot i dlewer1on[&9&é&]an£lggmmmgudmofn Mamningag&nt owh @srfemppiidpnucl eoti de
sequences re ca in :
Fraomont s (HElLRaRpRSorf G diiofs ket B E@ﬁ%ﬁﬁ% *’?ﬁ?‘iﬁ“ s
exanpl e, hamoldaduks segnaicdBdrogstist{nld BTaed e digoks orfim gty bimulardRe QUL (FF genghd
el (1980 V) et FORV Lo 50 o i L RS < ISR
are provi 3 é pbly ei ?ﬁg? %ﬁxﬂ%\% E)Kli e %}% Eﬁzgﬁﬁon%n ber&5 e
condi t i onduriog thehybiidigpsine senas in e mst mybuﬁ@ép@wﬁé@ Ak (ohersmpisidiadled i n
the art Qdﬁééﬁ:&ué\ﬂ%r!ﬁ’hr&ﬁ& Ebﬁcenﬁgi&]q{yﬁn&ﬂagﬁﬁlmwdr@hﬁ fpﬁ%b &n ths arc variables that

Hybri di sation: A Pract.i cal (Proac | RL Press,
can be used to alter stringency (as described by the formula above). As a general gundelmes high
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Characterization and Uses of the Invention Sequencing [00150] In
one enbodi nent, the invention may be used to perform sequence

anal ysi s ovopeisymiel eoti des. The anal yses have an advaPEBEYg0eN@46T he
prior art and the current art in that a single analysis my be
performed at a single site, thereby resulting in considerabl e cost
savings for reagents, substrates, reporter nolecules, and the |ike.
O addi t i syingéncy maeicelly priedred ptali -8 € ¥ Taf200 Remedsgptratioeengy atdac?d® oo &nd3°
the signgl arg@fl@mﬁg ‘TLy &ﬂeéﬁ%ﬁe%& ; §%uibk A80 AP AN, HYB Az R o e

prior art. h6ds for sequencing nucleic acids are
vel | knovisrfprined prdovaiormoderate piegeeney @S GhsloprTab fellowedhyypogithypriization washes

enmbodi men fcedsine Q@ingeﬂéi@sthﬂﬂumTﬂ@soeh}mﬁBIE@dﬁ m%ﬂlﬂi:é?a}ﬁre&ﬁéﬁﬁiﬁéﬂ eSriplE#alBSo
nerase

t he Kl enow fragnent o

bl yiTer ASEH i FRIGHOLR AR A PITRR Toot 5 aPERUA DR R PRl e
Bi ot ech, dPuseaihwsnayay b Yssessd afta@inih Rath sep so 2ferrpiod yerssed & subaggdent, higher
proofreadl ng exon %tleeases such as those found in the ELONGASE

anmpl i ficat"8H$yET&R(Li fe Technol ogi es, Gaithersburg MD).

Pr ef er abl y [008HHigh etengerayparditidnomay te usadtt@seiectdar palynirlavhdasemences vidhhighs

t he HYDR%%E@? 9@&&%@%%5&5@9Euqnélcé%ﬁa;mmstrﬁémyah@at%zondm.@m%

2200 syste Reno hermal cycler

( PTC200; dpingivaditerbasopanediof §irh 2aSoutharm eriorban blgidar drdizgeninci ng

i ncl ude thg BBk dARhueM 38O tha BAE e @Jﬁo@%ﬁﬁﬁﬂﬁﬂ%sﬂﬂeﬁyﬁo&rﬁﬁ c(&fo° ¢
Bi osystems), the GABACE 1000 DNA sequencin S Amer sha
Phar maci 2T g1 i herma preliipgposns (Top fog e SFeriac gﬂ&%ﬂ&%& Wé‘y“’wés‘%fﬁg{]‘ poeh

usi Ng a Vednii@bng vl f@lhgiadizhkuwenaytiteate o R IM tolebh@nn. 15 K sbiliem aklbridaiout
descri bed, j ~eNqrt Pr hs.In I

Bi ol ogy, dDJg a@@"ll{l?& cﬁe'goa%cs’l’t()lh%\% 8r°f<gﬁ‘." Wé)ﬁﬁ\)zﬁl?y t%fc‘?s‘)meg/%aﬁ;@é%gﬁdsw about
(1995; I\/bO(chkscmrurermwoWymammtmmwgyeen\mmwwd abgai\ 70V 6r Mong, Y. |
pp. 856- 8$§2ramy,h QQ@E&L&B% E‘ar@%‘d%‘hﬂ%d‘hﬁ‘n mﬁa@le LobuIE BB LALS, B8 €

sequence from ¢l i nSerts erlved frommul tiple sources. Shotgun

sequenci nyP2feivoehoutQO1 Wesodivgtisiee: 3t termperarerof ahoyt WS 6 HW@I‘ME‘%‘B‘I"@“BNA

pol yner asgs hydheat aldeirdn ? n%dﬂ@ﬁsmfﬁﬁﬁg hyBH¥ke Y 4 S0 Dadeh @ﬁﬁfﬂeﬁc tlid)alﬂllre
repr esentative regl ons |

anki ng the p énucl eqti de m)h% @}ﬂ%
i nt er est . PVhEGkpleY seleped aptPd 0589&{9@15&% unigug sy %"ﬂ%f U 8H % dentity
usi ng vari g]OS42§i$[gﬁ)g’ehttsb]ﬂ&nﬁﬂ’ntrﬂfoﬁgﬂacﬁfﬁlnz&ﬂlﬁlfb 1&s tlmuBEDSQGMNm afdlBGBY
Genome Res é‘rag l%cregstngl{;' stnngen COV\§111011$ mqogmobkamea Uzﬁh %g tran ﬂ!tt %6' th'aeg

sequences' foﬁ VEC orechimeri ¢ sequences or Sequences
can be r mv@dmnsqdesltomaedto ere@gpREt $tingkney wmh dpasrhan ahept ?—Mﬁ‘@@h@ﬂ @t M

assenbl ed"@QggMngg}gng“p;l,@ngL g}ig}ﬁ%aﬁﬁqm%&%mccﬁ%tﬂﬁgﬁée% o@Iwrgﬁnc solvent, for

Pol ynucl eot i equence The sequences of the invention may
be ext endsamgis ifcnga-vldv mhersashiER-skiasey hatdisden Rudifebiaiied i dhepresenceey at least

exanpl e, b8 33% rRERaile, ind Rbee B’eﬁ%@ta?l@ﬁ) aboﬂ%ﬁ%@&nﬁﬁﬂd@ﬂ'ftr&gerﬂ&%perature

comercially avail able cDNA or genomic DNA |ibrarjies ma

ot ol t R LU B S RRIREEYe: PG o POl By MBS Jpied
may be desrgned rﬂd&lpi‘h@rmﬁﬂ’lé}dsedbbly 4%Mtlﬁhfrﬁmﬁdbfﬁrme/ar)8mgﬁddla®1aﬂ_l co)
4.06 priner apa

0 tional .Biog ence, 0
be about @‘?“F&stg%sfhaﬁ g?bé-lgizataaggml(sh conce ratl fs %{e \;gent t%l& %l”%yél wazcﬁ
about 50%utste ($DSEand &t strengdnire avkll tr@wa tt tmsg eltlllqdfm de gl & aggus teapipefshinganes

from about 5 Om,pg&?d ﬁ?&%m@% s ‘)e/é?alg Cgﬁtgggdsqgcdgd sequence to recover

regul atory IS pre to use genom c, rather than
cDNA |ibr ai(}()é@] The washmg steps that follow hybndlzatlon may also vary in stnngency the post-

hybridization wash steps primarily determine hybridization specificity, with the most critical factors
being temperature and the ionic strength of the final wash solution. Wash stringency can be increased

by decreasing salt concentration or by increasing the wash temperature. Stringent salt concentration for
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Use of Pol ynucl eotides with the Invention Hybridization [ 00154]

Pol ynucl eoti des and fragnents thereof can be used in hybridization

t echnol ogi & 208124487 | ous purposes. A probe may be desi §ABUSHS/ 7 ved
from uni que regions such as the 5 regulatory region or froma
conserved notif such as a receptor signature and used in protocols to
identify naturally occurring nol ecul es encodi ng the pol ynucl eoti de
protein, tbﬂ wagh $teps will prefiatally bolesstinabaud30mMaNad! and 3 miMh gispdivh eitratgandmosDNA
or RNA, ééf-a%lr&?lle ¥1{a§gawls@wlﬁ&%q 130 SR Alchaye at |east 50%
sequence Hdent t e polynucl eoti de sequences.

Hybri di zat [0©H4bT}tybéism9ﬂ®@mﬁ)WéﬁdG@@dloass‘hﬁ Fapbd ugerd tabisd phyemayec k

transl ati Qo &0l 3Rkt twdeB@E%h@ﬁmAglyftd tﬁéiﬁdly(?lﬂcléd}dé hgueptesange of
| abel ed nucl eotide. A vector containi n%ﬂaﬁ E nucI eotl de or a
|®

fragment eREFRGS hgrepls rRIereR FaRsFERIQR BEBRE n vitro by
addi tion of an RNA pol ynerase and | abel ed nucl eoti des. These
procedures may be iﬁggg (ﬁ]g using comercially avail able kits such as
t hose provi ded by Bhar maci a Bi ot ech. 39 [ 00155] The
stringency of hybr b@h famhamide, 4¥ S§€tae421iCned by G + C content of the
probe, salt concenbggtsgerbwggg L&aperature. In particul ar, stringency
can be increased by reducing t]sﬂe concentration of salt or raising the
hybridi zation tenperature. In solutions used for some nenbrane based
hybr i di 2a8;i, 0 SexadBllivh AibnQlepest 1050 AHuEs SOk YSHI vEMEBnsH (e FDRETISHE will be
allows the reaction to occtir at a |ower tenperature. Hybridization
can be pepady sy o heshsidiedimferty with buffers, such as 5 x SSC with
1% sodi um godgey berﬁd lof ﬁ(ﬁlﬁln(tlﬁﬁﬁ)woﬁfd n6anﬁE,ct skt tat pﬁ'faﬂi)ri Sndnp eolfela@ide on

of a hybridization c et we nucl eot i de seguences

contain SHFES ?ﬁcgﬂ@fsc‘?ﬁg’g!’ éﬁlﬁ%"@ tH’TIPr 'ﬁl’\%’%"“ﬁr *PEr 1o 'ﬁeé 5 geﬂpcoﬂdmons
stringency ﬂsml{lh]thbutﬁd‘vefcsm@lw:helasnﬁtu@llxSIﬁEBﬁipvwlttheblldié’/o SDS at eit her 45C
(medi um st

e i ot [BRER g o boe Gy bl Yerlehd HIRAGher inalicd i Rlchdg 10806

pol ynucl 5€ @k sas et G3dFphdveships bderptachnsrsh atﬁg/bemgmb%h%mm?ﬂﬁb% g1¥4a8ed

hybri di ZQH@P aLBEﬁf ﬁ{d%wng?’t@éé @130 %ﬁ&h&éﬁﬁe@a"t@@kﬁh@@%h sbrismmide can
be added to the di zation solution to reduce t E%”H&bé ture at

whi ch hy mrtiwwaw FH?PSE o T OB T ETEHE SHALREBITAY a%q'lb"f?a 12gjpon
reduced hyingdaey M@ﬂoe@rﬁcr&ﬁeﬁ@ﬁnh@ﬁiﬁfs@@&& Sanf®eW6RlitRdEs dval ih@B}}bh'Idﬂliuoi'Etb[isO\ﬂ]th the

X-100 and a bl ocking.a h as at.ur ed sal
ARPOTRl R M e R e G er R ek e s MU R R
known to dshg)&esa{eicbddad)ns ﬂcéﬂnmearath taﬂmtraanels rmdﬂmds mo sl F'(rsupr a)

and Sanbr ok_.et al | ar

Col d Spri i FAPES! rcﬁaossgl [%%nvgféwmﬁg rFag(?iA%Faﬁﬁ% a?%)g’&%ra%@& pn%lf be
prepar ed farrrdaimmm"zféd usi ng nmet hods known in the art.

Qi gonucl e%ltﬁ?&nm R8r yl%@@trﬁgen@}" ‘;vﬂﬁgte;péma QMiutdoRt bHRbRdilidhs BF at least 25°

m croarray e mcr arra can be used to nonitor the expression

| evel of ¢argeMbisbet @Mdﬂsodé'ﬁ%faéfi #1910t LB URPRAO4Rier GrertsT aEipgeneyymay be

%enﬁt I Cf Vdlalndddt 32° @Htlgtrrll\@ Nﬁ%l amdé § MgHrigodiiiCdi R, ?:dleo RS ySOveph) MifBEven
uch information may be used to determnmn uncgtj on;

under st aHEE"Ffrfé““é‘é’ﬁét"?SB cygitioas 25¢ °'ﬁa"&ﬁ8ﬁir:g5 EoRee" e A sRbiston gf lgd“qéé"raﬁle} 2
di agnose asodimdittaieOdnd od %s&mss Blasiopro@di B ge,neranbdermmnydaemmt o fanaldvash steps.
noni t or th ivities t her apeu agent s e

Brennan €t 5‘10“‘5 VLGeEYy ot f §e CE”éjE“ N bgreﬁgl g (g%hgen%(ﬂfé? lngﬁq”((ﬁdé%)
Proc. Natdxamphs &dJS Seent Aﬁﬁmmam 200081®13)Bal deschwei | er et al. (1995)
PCT applic c on
o5 o Sﬂ)tO'_ﬁﬁt}e{\gg%g ly%aﬂuléo?i%a t;@kegéragggucﬂlhm a_(qﬂoﬁgog)é @% @Rpl ﬂegf?-ctél D 155
and Hel | exomglemegitary (01193%91n&ﬁ'EBOHlP&P“deNMbUdBEHGQW6@2"3)0“80'[“919%5‘?}”"“ at least
Hybri di za},L,@9 sRHL G Rer Hghal & rﬁﬁ%e %@iﬂdh thk thH?d@HyH?:Q:zﬁtfbﬁ of@t perRkdyy

occurring genom c sequéence. pr obes may hybridi zed to: (a)_ a
complementary oligonucleotide to a polynucleoude encodmg a transcription factor known as of the
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Label ing of Ml ecul es for Assay [00158] A wide variety of |abels
and conjugation techni ques are known by those skilled in the art and
may be usedoieisiiadipPous nucl eic acid, am no acid, and abP€T/Bgdys/wsways.
Synt hesi s of |abeled nolecules 40 may be achi eved using Pronega
(Madi son W) or Anmersham Pharnmacia Biotech kits for incorporation of
a | abel ed nucl eotide such as 32P-dCTP, Cy3-dCTP or Cy5-dCTP or am no
acid suc h’nlmg d@3Enretabplomiond: miyue!dedtble osselam donditfprsdoraiadisulprepgsa euch that a
directly | %Qresléﬁ%l téMIOHSQ r%o tﬁ:ft 'iseértb%utqu%pmﬁliequbga?q[ehggc{y}ghgg fSLHQﬁ escent,

chem | um eni c agents )e; chem cal
conj ugat |mhn@®0mmkébyb"ﬂlh¢ @Iaslmamiﬁo B\@'Fgot}ﬂc@afw Wptf‘é%'éﬁﬁ‘ta% origfater signal to

nol ecul e otgﬂanaasrceﬁ é@itt§h3%HQ|Qatfé§ oﬁhaahP oml%te-g@e(t&/&)b&ﬁw:lamd?éxﬁ&ﬁﬁg,
Eugene OR). Feedback Control of Sin ere

e
Repeat ed| Gt GHETAr TR He 15| NHHSHOMHE B P Tagyn e o
section exphdd, BSudieenbRBdL,G cBRENAAE BB, aoidldﬁttenamlﬁragnmmabgdle@ﬁybnduzauon

I d at
ot bt ed BYCRBHPE A HEL R E 156 B BiTIP e aHISH Tride PSH by o Biaar ik
tinmes. FufahMbﬁmncm,abemhg ot BlEmémilificayion tdires alexled msc!s%etlcteo be added by KB

can be fo i

For oxanpl Dol R0 5y L EPAREEy Bhor R iflontsc BB £GP ceANELLAR,
can then tbeoldetleccrﬁ@dn@mtmefad@@df wwéerusriqqgcoa%wf:ﬂwmca@fér SARPlF.AY Wah]
using a fdnﬁ‘Bérger%ig@’ﬁ)%éﬁ%ﬁbhﬁ?m&':ﬁ&@ 399-40F, QR Hmel (ilgat’vameblemns,h@cmnsn 501

KF bound t hai r pi n caturedlnanano ore g?&a d
di ffer entfilé)t @‘(?"’Ia‘teb‘?ﬁhMOWﬁ"rR{Pﬂdeﬁlbéﬁ‘éhebggé@ O’HN/? NE Wy Rristizationgimder
Al 'so, theohdi@it bitsiinkdaey RexwelRABEstbdd bly ehoseckilidlel in e atr@HamONAI Higging Editocan

be identifj based. ent

react to (d%’f‘s?’é‘fcgﬂﬁﬁ‘“%mé}bé‘ﬁ'ﬁ‘i}% ’%\%ﬁ‘f‘ica pgiofgcl);@gﬂpeds Ogyor({ Ig?%ﬁ%%ase
bei ng catahdiiasicanye hdiifstell & sareat ﬂoomgdermaiyi siraifap fragnntstsheh E@d)mlfrlfaﬁous)ﬁfeqﬂe"ces
enzynme f

mot hod,  tRGLGAY Gk DA RRER Mo el BARAL S Bl SRANENE L Rncions

[ 0016 1] Tdmwnms,l fromalossty refeteergqngms diot-hybridizagen Wheé ﬂﬁweme&ﬁ%}l Gopifons.
nol ecul es using the nanopore systemis now described. Precise control
of single DNA m)l ecul es is necessary to nake nultiple sequential base
i denti fi clei2f2eiad Poutdres i ed i n nanopor e- based sequenci ng.

DNA hali rmequ@va@ts are detected and it is shown that their dwell tinme

can be egkﬂgi@g&’f”? m%o?%%ﬂ[r trh nenno errrllay I3 uset%r;mper o!mageeue%pe ag!llﬁ\{seclf of

control t1"6H r‘epeat’e g events
with a si pmghe;lqon@&eﬂ(afanil}dés ltaaeparwdmﬂtagﬂmar thaprop ot @d the cQM &I that 2 feale
been ShOV"” ha A Fﬂ}%‘?& | L) SesrRRk i CordRE 5L &Rk BNHks t
control | €d By é'zH ﬁér g1 ?%b? he nghn]po? e crur r entt sﬁ%’ OrImag\glnhse

DNA hai r paubstrstedwewer mpln@lleeatnd e hé@(tfé‘rea%pndymla%aﬁlp FAgidith af thgysayeadne

vol tage uppR.Oh %E.ﬁ;pﬁg&fm@a h@lrerbpkéaumﬁg ik mﬂn@%anenmag@é prébagdy | tl nes
provi de nore si at can be used to identj t he term nal

pair of th&0hHi gwrrnnmorih@r TRAtERT R UC i AR wﬂmg‘a%m(‘@eaétaﬁ P*%%ﬁiﬁ‘%
Ver cout er&acna;an bf. thed e2QdimeNabf. theBh @hemhmieke melibiSympl B4Bzy@®R siich antte Klenow

o (e WA By BEAST SRR 1Dt P A i ©

hai r pi n t @le@ptdAaeershdnt PhatreaciaBigenb sBiscagwydiver ¢ombinaeons eﬁ@olymhamsend
proofreading exonucleases such as those found in the ELONGASE amplification system (Life
Technologies, Gaithersburg MD). Preferably, sequence preparation is automated with machines such as
the HYDRA microdispenser (Robbins Scientific, Sunnyvale CA), MICROLAB 2200 system
(Hamilton, Reno NV), and the DNA ENGINE thermal cycler (PTC200; MJ Research, Watertown MA).
Machines used for sequencing include the ABI PRISM 3700, 377 or 373 DNA sequencing systems (PE
Riosystems), the MEGABACE 1000 DNA sequencing system (Amersham Pharmacia Biotech), and the
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[00163] I n Exanples XX through XXX, the repeated capture of enzynes
with a single DNA hairpin 41 is denonstrated. Miltiple enzynme

experi nentwocats/1paoperfornmed rapidly, offering higher POFOSR§IHAGEIST
conpared to atom c force spectroscopy (AFM and optical tweezer

met hods, which require manual attachment to the nol ecul es to be
rreasured (See Elio et al. (2005) Nature, 438(7067): 460-465, and

G eenl eaflikarithe Bigueankes (120 86jnalSesdaipiees vagiug @Bﬂm)hmswgafe walhknowhin th aft ang
rapi dly pcg,%s [NAL G0 YR (199%; %{ha@f’ﬂogaﬁmnm\@cg%:& fmﬁ“@;&\seag fgw f or

nanopor e- ase sequenci r,}\]/? s{ Basi ¢ detection and control of
a single W(B\Nﬁaluﬂﬁ? P8 MeyEpd g 5e51058ﬁ¥@r‘%°géﬁanq Ripteghelogye diley VCH, New York

dem)nstra;tyqdpp IBs@bs3i.i me det ectl on of enzyme di ssoci ation can be made

by recogni zi the termnal. resent in the_nanopgre curre

o gnal of DOV SOEEERTIAR § el MR PARSFETH MOnC SUAHreT PRl y
pr obi ng arnule,ﬂigomeesusnorggn seqancigd wethpeds are well kildWA b areand Siset theempseabled VA al
?l‘g}]i)ggr gec S %ﬂ{%rlabqugﬁﬁtpogﬁgra% cg r!n?erlls-q:h%%gt}gﬂ?%?ese]% ati e 1&ﬁlﬂgrgur%
addi ti onsthéagpl)I{Fcleomﬁ mdleculss a]us@reanén,ceslsbueyssemle@emmmemglsmstpmfgr igentity
nanopor e. usﬂigearfoﬁsr o%'ms%} ﬁpgrﬂﬁés@ause@mbfe@@l@mq&@%ﬁ@én%ﬂe ﬁesre @g H6% that
satisfactory resu fewer false detects are necessary f

sequenci rrge vl lqngwrelnz'wé ¢qnsam"ﬁgna Bausecepingludingygrtor or C'plweffesaumes Or deleted

| mpr Overms@‘{pﬁncteﬁ)caﬁ BEreRDvd FBrebtbred) kRGN arBAnTAMIRVifcoB BRI 2RE APIBERGuencER e
exponentiall y wei ghted noving average filter replace the noving

aver age f‘P‘Ptré‘Fheﬂé"élHe“ﬁ‘?seV| ously to reduce conputational conplexity and
i nprove signal snoothing. An enzyne dissociation check that can
confirmfishi.n t'SPo?enru‘::IO tggge V“ext;cQ a bare DNA hairpin to ensure each
det ect ed ENZYREEVent™'I'S’a new enzyne binding event. This is

i nport ant tO@lS3iL|'§fe sefuerstedfitstinvertion mapl 4 sichdad ugegiurcinei HiG -hedaediednivder s

assume n ' € i (PEH i D& EmsS IRl prifnBra rh%éﬁmﬁ@é? Qvailabl
achi evedthrggﬁwﬁcglg&g KT g%ggftpgm&gﬁln;%lnns tpﬁatrswou | d al %{/9\/ aﬁa °

use of hi %oreewwcd?lw bbrﬁrafg &8y buspq 1gsrienddbs E@&PP%@&“%&W@&&W %JhP‘E%
DNAY enzy ngased ihB&ki fOne¥d thdy b@h&sogwed Ring 3GRHEANIE NABBE bslevt] fubicatoresoknem

repeated enzyne event dat a. osti

pol ynucl eRStmetraalysis oiype H?%IOH%PP Pﬁm‘?‘lﬁeﬁg‘%‘&g%ﬁ%&%m RPeleRgAeHA

DNA nol ecieg@sio haved cRMmema)yamt ams'oed nfofe, h@tt@iheahod b Ricletyle altemmnires
gene expressi.on ce/ SfAce Versus excess i Q TRNAs
or nonf?%?b ?fﬁRIA eve 6§£“ S A HEPE TR PR C(evre\r/eﬁ%qiorﬁ Rl 1T
Condl t i ongeferabls®e asesnaic, datlmmd:eafm\bahlsmat ed with altered expression

i ncl ude idiopathic pulnonary arterial hypertension, secondary

pul monary hypertenS| on, a ceI | proliferative disorder, particularly
anapl ast ilesco B 2 pltor ocyt oma, ol i goast rocyt ong,

gl i obl astgm,dmgg(m ngl oma gangl i oneuroma, neuronal neoplasm nultiple
sclerosis,” Huntington's di sease, breast adengcar.cinoma, E)ﬂpg’ é}
adenocar ci H9kd]P %x%ﬁ%ﬁ%&a@ﬁmre g iean brotserip Bridizpton frstRo8isa e raries
car ci NONBpy PR QB&efrﬁny:E basenéd B @BNStbis vane r@ncmls bucR sathd N&gﬁlhtbﬂ’y@ég‘y’c&tok c
br east dlsease allbwa er cholec st|t| ré] chtoet et icall

ost eoar't hr“i"l‘?%"”se gmpiey 6reaepéﬁ’f Paty & “5 JUITPEE™S At ’Ge I'tPency
syndrone dcAlridig)molsdalield ehomfing gt peeamz;oud;:dmdtem rbdipivaraporoy redht@trmce@sles The
syndrone, aller i ] :
aathre, et Bl RV GRS TR ] bR ERA S AQRARdcnity
t hyr oi di ttosyy dﬁehn|pglmnucpptuistsm¢neeshlgiqd7e1ﬂpﬁtmm@besmadheWOﬂticsd using oligolabeling,
Chedi ak- Fhaag.ng]anﬁé/ e igeL %Pﬂf&?ﬁ%}ﬁ#ﬂti’or? in 3 41058 o lRRARRoIcoRIOR! Eetor
dermatitis er mat onyosi t f's tes nellitus, enphysens,

er yt hr obl @seinisg the pelymicieatide oy 3 fragaget ﬂm%@wﬁe usAdHQ PrRCE gERINA proge in vitro by

gl omer ul opgpby drtah ﬁNA%@@QQ@§taHJ ﬁb&edﬁMagfu@éﬁ he%ced&é}rnﬁgl 'b@conducted using

gr anul omat ous di seases, . Graves' disease, Hashinpto's thgrm itis,
commercially available kits such as those provided by Amersham Pharmacia Bidtech
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[ 00167] The pol ynucl eoti des, fragnents, oligonucleoti des,

conpl ementary RNA and DNA nol ecul es, and PNAs, or fragnents thereof,
may be usedonrensdetiectt and quantify al tered gene expr esBCHHS2008%0¢HC e,
presence, or excess expression of rnliNAs; or to nonitor nmRNA | evel s
during therapeutic intervention. Disorders associated with altered
expression include akathesia, Al zheiner's disease, ammesi a,

amyot r ophi (00l #{ Elreatringarkpofdwbidizangraxdegesmintyd hydl a€ caitent pittbe proksatalit oni a,
cer ebral

ot o 8 g§t¥a’t:g§§£dqpl{:l%\éa%ﬁg%gﬂh glaﬁﬁﬁﬁg%mg %Pﬁ%ﬁ%%géﬁlb%gég?gn&gigoﬁ%ﬁgrggn
epi | epsy, OfHﬁtrth FaisiE e @brenlzg@qstempwﬁmr@ i Ip elutiops uspdfef some megbTnapased

dystrophy; bmzér.ais GiddGon JTGH bREHiPIRRERS aStornbRtid-QRA I thERactiBRloletdis 1| wer
di sease, Ig di sease, retinitis pignmentosa, schizophrenja

Coacongl Y Pebrifiizatitrar be Regammed aieyaiRRgeacy W PIELS SEB gt 2F PIE with 1%

syndr one @figm eada@egﬁfatemmbsgdt 69 cadmﬂqs‘eaﬁmmmuomhamm&suonaadplex
t er at ocar ci nonmas, %I cul ar lﬁé‘ﬁOf t.he brain.

LT poq tuvepapdStte iRt Baeomtin T SEOY T T e STy
above anchigeh@ingbicaivih bliffearsteiras p. 2@656 iwlith 0%, SDérdeithes®a S dmedinngstriggency)

d f Th
35;' ﬁybll: ?03 éﬂtgqh ?t%nngeg?é *hl%a%(n enct' gglﬂ z?uon cmﬁ%lg)!egglqprglrﬁl staﬁé &Xy \Ume
expressi ahe oﬂyn@cl&m:@ds axgmmabletelsammlendntao'rﬁnaorptameremnetb@seg hﬂ:rmdaatdms anpl es
in or _der ;;[re erd ?‘% 816‘ m s? r§€ hagg%ﬁ%,e%mmd%lc%loe a%lealtt} &EE)}bYl‘d:le{on schutlon to

quantltatlve arison are wel
[00168] Thdcelihagmpsatire aas@WthzaU@es peyforniedi and bickgrownd signgls ¢ap i)w@tiCBChby

t echnol ogy, JSQO%@%E&EQ@ e&h%@arrfo%ﬁlopﬁmbmx%@an@ L @REER a cf%lﬁmh%s R
patient to standard sanples in order to detect altere ene

expr essi cAmopsRErT PN velegien girameeneats infsonditonbigshybedizatinp %re CEHP &hose
are wel |l JinedvA ertbhittar@feliewed th QU068 supr@y ard saiitbek et LiNG1939) Moletla€Olohidg

or probe may be | beI e hods d added to a bi ol ogi cal
sanpl e frd éi"ab’&t gﬂ%é?”'@gﬁ%of il ?"b"r’ewﬁg) f ormati on of
hybri di zat [mrﬁ()q‘,mmia&x)esqaybépremarealmnd amglyrd nsigm@ads bichwntidee granpl e 1 s

sashe S, e AR Pl oD SR Wi e
val ue. | fmanfter tbﬁrmummooﬂevtla;b@rgeunnmbweofpam semmltawnw endj t@!ds'ittjmem%a:mqnsf
al tered iDLRNPMsHRMR nhQediREponRHam SYléH H@rmdiBEMay R 6 380 EMe @net he

associ ated conditi on, di sease ‘or disorder is indjcated. £0017 £ I n

order to THIHYN Hendersanditie gepgtic basis ofi e disgfe. o LOrET 19 G g E¥LLETor
di sorder A&seC ¥ka6krVind f cﬁ@eﬂ'@ B PoRES1he Rotivilles W EHdRbeudE agh@ (8! fdr example,

expressio rofile is _estab]i Thi

conbi ni ngBrérﬁ’B’?ﬁlabb‘ig%SélU'ss%ﬁ‘pN‘é 5t4§g%%' ?ﬁhfﬂ?leh%'r(ﬁ@ﬁﬁg’ %ﬂt’sscaggflt %3e1r0514-
ani nal OI‘lObLﬂTBﬂdeszteheratz@r(M%) RODplicatendlv 0930253 1 FsoShatpler a1dil998) PG or
arrpllflcatl r|d a G ing
the val ue®® Ibcﬁ?ogl @ggum h]géiﬁﬁertﬁaﬁ%—}d%foécﬁa“ ‘Qcafl ?\b%v% %f:aslg ? ?%%dgﬁﬁpra& o
exper i mentl997nUsMhRac INoas, 603688 ) anount of a substantially purified target
sequence i ﬁ)OEﬁ?ﬁfhrﬁfzﬁ%ﬁ?Hﬂes\/ﬂ% H&%lsé?lhtnalln%glg bHa nEtbllaﬁy SRIMRE ge‘ﬂ?ﬁflc I?i’&luence
conpared wth va ai ned fromsa

ues O ['fés " from patlents who are
synpt onat The Pfobgs maey e hxbridigectp: @rratticsanshroppmssl) 2 prcifif regpre chromosome,

Devi at i Onorf((.r)Qﬁﬁ@ﬁl%ﬂr@ﬂif)ﬁm\é%bﬂé%tkﬁwﬁhtlmﬁ}ﬁz@nf&%élﬁbrﬂéseﬂe WA, y’%ast artificial
particular condition is used. to diagnose_that congl tion. [00171

Such assaSemMeeRmedY 46 harterelagtificil M%%%(Bﬁﬁé DA %lc%?"%fflcté’“p%rs‘f‘$'&u| ar
t her apeut dnfonfck@atc-Bmntibkeigs. men in animal studies and in clinical trial
or to nonitor the treatnent of an individual patient. Once the
presence of a condition is established and a treatnent protocol is
initiat edLabdii@ngmleicmeﬂhsa;say may be repeated on a regular basis to

determ ne LJO { #@ﬁ WI& ?nci[ f 1SR % cﬁgoeﬁgatlaptesﬂﬁ]u&%‘é l&P&rré E)Eﬁg!ésg?mh%ﬁré the art and

appr oxi mat 1S O N a nornm
may be used in vanous nuclelc acid, amino acid, and antibody assays. Synthesis of labeled molecules
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[00173] In additional enbodi ments, the polynucl eotides nay be used in
any nol ecul ar biology 44 techniques that have yet to be devel oped,
provi ded twie 2om8mez4iechni ques rely on properties of pol yRaEUESd/ HesT
that are currently known, including, but not limted to, such
properties as the triplet genetic code and specific base pair
interactions. Reference [00174)1. Fore or pore aperture [00175]2.
Subst r at emarbe gthievert using Piod@4aB]adBon WhwpuershanBariAyid Biokhle kibrivliesewbmtion
[O0L78] S o Tholied DRAMETIcn LOBLICHp, By3- dOBURY LhCHYOraHHoNBE bR BT 1 On
of pol ymer f 180 . noner

methionine. Nucleotides and amino acids may be directly labeled with a variety of substances including

fluorescent, chemifuminescent, or chromogenic agents, and the like, by chemical conjugation to

amines, thiols and other groups present in the molecules using reagents such as BIODIPY or FITC

(Molecular Probes, Eugene OR).

Feedback Control of Single Tethered Polymers to Repeatedly Probe Polymer-binding
Macromolecules

[00159] This section explains the basic mechanisms of Klenow Fragment (KF) polymerase and how
dissociatilon of KF from its DNA template can be detected by monitoring the pore current amplitude
and event dwell times. Furthermore, the identity of the next base to be added by KF can be found
through the presence of long dwell time events (such as, for example, but not limited to >20 msec). The
long dwell time events can then be detected and reacted to using dynamic voltage control using a finite
state machine {FSM).

[00160] It has been shown that KF bound to a DNA hairpin captured in a nanopore can be
differentiated from DNA hairpin alone based on current amplitude. Also, the identity the next base to
be added the to a DNA hairpin can be identified based on event dwell time. The ability to detect and
react to different DNA/enzyme configurations and identify the base being catalyzed by KF is a strong
motivator for the control of enzyme function and development of a nanopore-based sequencing method,
though further detection and centrol precision is necessary.

{00161) The automated detection and control of single DNA hairpin molecules using the nanopore
system is now described. Precise control of single DNA molecules is necessary to make multiple
sequeniial base identifications as would be employed in nanopore-based sequencing. DNA hairpin
events are detected and it is shown that their dwell time can be regulated. The results presented
demonstrate the level of control necessary for regulation of repeated enzyme binding events with a
single piece of DNA captured in a nanopore.

[00162] It has been shown that individual DNA hairpins can be detected and controlled based on the
amplitude of the nanpore current signal. The DNA hairpin’s dwell time can be extended by reducing
the applied voltage upon detection of a hairpin in the pore. Longer dwell times provide more signal that
can be used to identify the terminal base pair of the hairpin using machine learning methods (See for
example, Vercoutere, et al. (2001) Nat. Biotechnol, 19(3): 248-252 ; and Akeson (2003) Nucleic acids
research, 31: 1311-1318). An extension of the control demonstrated here allows for the use of a single
DNA hairpin to capture multiple enzymes, as shown in the next chapter.

[00163}In Examples XX through XXX, the repeated capture of enzymes with a single DNA hairpin
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[00181] 8. Substantially conpletely synthesized polynmer [00182] 9.

H gh affinity binding site [00183] 10. Ligand [00184] 11. Product

[ 00185) 12. wEeasnaipol ynmer [ 00186] 13. Third nononer [ 0BCBYH20081004H0r
nol ecul e or channel nol ecul e [00188] 15. M xed-signal wafer [00189]
16. El ectrochem cal |ayer [00190] 17. Orifice [00191] 18.

Metal i zati on conposition [00192] 19. Metal [00193] 20. Thin filmor
| i pi d bi |iageronft@ed.MyltiRdenzimegxpathega san(te perfoonaimpiidy. offetingdygher) throughput

compared to atomic force spectroscopy {AFM) and optical tweezer methods, which require manual
attachment to the molecules to be measured (See Elio et al. (2005) Nature, 438(7067): 460-465; and
Greenleaf and Block (2006) Science, 313(5788): 801). The ability to rapidly probe DNA/enzyme
interactions provides further motivation for nanopore-based sequencing.

{00164] Basic detection and control of a single DNA bairpin for repeated capture of KF has been
demonstrated. Real time detection of enzyme dissociation can be made by recognizing the terminal step
present in the nanopore current signal of binary and ternary complex translocation events. Repeatedly
probing an enzyme using a single piece of DNA achieves the mechanical action necessary for quick
reading of long sequences of DNA using a nanopore. More work needs to be done to regulate single
base addilionslby KF, which is also necessary for sequencing using a nanopore. The terminal step
detection methods presented here offer satisfactory results, but fewer false detects are necessary for
sequencing using enzyme fishing to be practical.

[00165] Improvements to the enzyme fishing mechanism have been proposed. The exponentialty
weighted moving average filter replace the moving average filter used previously to reduce
computational complexity and improve signal smoothing. An enzyme dissociation check that can
confirm fishing is performed with a bare DNA hairpin to ensure each detected enzyme event is a new
enzyme binding event. This is important for use of statistical models for sequencing because models
assume new enzyme binding events. Higher signal-to-noise can be achieved through use of a longer
DNA hairpins that would allow the use of higher control voltages. Reliable detection and reaction to

DNA/enzyme unbinding will allow for accurate base identification from repeated enzyme event data.

Diagnostics

[00166] The polynucleotides, fragments, oligonucleotides, complementary RNA and DNA
molecules, and PNAs may be used to detect and quantify altered gene expression, absence/presence
versus excess, expression of mRNAS or to monitor mRNA levels during therapeutic intervention.
Conditions, diseases or disorders associated with altered expression include idiopathic pulmonary
arterial hypertension, secondary pulmonary hypertension, a cell proliferative disorder, particularly
anaplastic oligodendroglioma, astrocytoma, oligcastrocyloma, glioblastoma, meningioma,
ganglioneuroma, neuronal neoplasm, multiple sclerosis, Huntington's disease, breast adenocarcinoma,
prostate adenocarcinoma, stomach adenocarcinoma, metastasizing neuroendocrine carcinoma,
nonproliferative fibrocystic and proliferative fibrocystic breast disease, gallbladder cholecystitis and
cholelithiasis, osteoarthritis, and rheumatoid arthritis; acquired immunodeficiency syndrome (AIDS),
Addison's disease, adult respiratory distress syndrome, allergies, ankylosing spondylitis, amyloidosis,
anemia, asthma, atherosclerosis, autoimmune hemolytic anemia, autoimmune thyroiditis, benign

42



[00195] 22. Lipid nonolayer WD 2008/124107PCT/ US2008/ 004467 [ 00196]
23. Liquid or aqueous solution (first) [00197] 24. Chanber or well

[ 00198] 25wWOoLRDGURHODr aqueous sol ution (second) [00199PCPRES20@N0d467
el ectrode (optional) [ 00200] To our know edge, we are the first
researchers to use an FPGA to control and neasure conplexes in a
nanopore. (See Hornbl ower et al. (2007) Nature Meth. 4:315-317.) W
bel i eve t prestatis hypedphasia,formmctiiisofbddiakyHigaehi bydiome.abdleaystitig, Qaplnts daease, atopic

appr opr i a&eﬁn:ﬂ;}l? E{%Qt%?&ﬁ?rdmbgg\{'nélf&gé Qmﬂtil@?eniaE‘eﬁﬁhrutﬁ%%si@?eta‘?@re?yt&fma%dosl*m

machi ne | earni ng approac used I den term nal base pair
t he bl untatephic gapiritalomemiopgphELis( §@fé‘9%ifeéémdw gagt, chgpnic &rmmatqwlseases

Bi ot echnogravel Ushke, H%é]ﬁmﬁg’gtyherdnﬁQ{y éﬂ's:ln@aphﬂfh lﬁitable(bagg:%}ndﬁin%pmﬁﬁi ed.
84(2): 967-976). This is a nuch ferent. application of an FSR/I

whi ch i tsscﬁﬁff’ﬁ‘?r&“ryﬁsf*fea'laéra\ﬂag‘“fc’ﬁ?’d‘f"r"éP‘iﬂc?f&a‘t P\@“\‘?ﬁ&‘?ﬁ HséeoPrél}S't“FrPFf@OPH’i?&él S
of | i ne; Opahcréatiild, fndlit@itic(bﬁﬁj/ bylnyiron8, pdyaglositid) psariakik, IRRitar® byind@ehe Crhdlimaid

00201) Di t b
eronst r LA R = re E3005) i SpRRErRa s Al S sRRmss 7o)
i N whi ch stetnsc triaplylagis, spitnic ipasgibramsyypasitrar sategosishbrombveyappdic punmber,

| ati 8S :51;3 I .
relative I%{/ag detc}af:t ’ug \*/8}{5“ Ynd}émeﬁgglg &1?%@%@&%%%:&9&’98a\fn%l?%)%teh&

those enp I'son et wer e conmand 0
expl or e tfhesak pardsitigriiotpaon. Wlhﬁla@;@hl@m&etwg oisosds DPIRIGiRS i DrofcEora BEriing .

I'n contr gadiuding withr @s’%k&@' SRB@ryldBRcts, AW dnBFthridsid| & dRmipi St B thel ddilis cRU 2
approach filters the current in real tine (details given in the

Exanpl es)diSruptipRs s Spensifupleey fie P ey sHER VR QK Te. SYpRARIURerRSImBaEiPTesYRdPmmT. ARy

and mani Fﬁdh@ﬁwﬁnorloﬂﬁiahldﬁuoﬂﬁhteﬁﬁé fisrie, Qdwinsnuad dlsadetyYheciopic @R ghinEy, @RICOPY
(see Bustamant e. et

003 1 421: 423-427) .. For.. | e,
R e I P e e e e LA
pr ocessi weereamgenesist abnarmplepyrst phy selegybiaign progsic Apirandanz peatitis, Peyrarie’s

(2005) Na%%@ ém@&@g}neé‘o@.%sz%?cm@fﬂgdc%se%&'nsm P@.Q%ﬁl@%&h@%?%@;}aum mixed

Sci ence resent, greater spatla
r esol ut i cnisetive fisss dsepAMEB Do enyelefipyadisy pasexy e nwwmh@eﬂwa@hlﬂ%p%@emm

than w t hepaneRey t%mb&@m@rﬁﬁroam&)hﬁﬁ&s BB QA SanBQ OREIRi heYadk RRAHR SdTRURmia,

preparative steps, and far fewer nolecules can be anal yzed over a
common ti wgph,g@ﬁ |n5:am0ma mye]oma sarcoma, teratocarcinoma, and, in particular, cancers of the adrenal

gland, bladder, bone, bone marrow, brain, breast, cervix, gall bladder, ganglia, gastrointestinal tract,
heart, kidney, liver, lung, muscle, ovary, pancreas, parathyroid, penis, prostate, salivary glands, skin,
spleen, testis, thymus, thyroid, and uterus. In another aspect, the polynucleotide of the invention.

[00167] The polynucleotides, fragments, oligonucleotides, conip]ementary RNA and DNA
molecules, and PNAs, or fragments thereof, may be used to detect and quantify altered gene
expression; absence, presence, or excess expression of mRNAs; or to monitor mRNA levels during
therapeutic intervention. Disorders associated with altered expression include akathesia, Alzheimer's
disease, amnesia, amyotrophic lateral sclerosis, ataxias, bipolar disorder, catatonia, cerebral palsy,
cerebrovascular disease Creutzfeldt-Jakob disease, dementia, depression, Down's syndrome, tardive
dyskinesia, dystonias, epilepsy, Huntington's disease, multiple sclerosis, muscular dystrophy,
neuralgias, neurofibromatosis, neuropathies, Parkinson's disease, Pick's disease, retinitis pigmentosa,
schizophrenia, seasonal affective disorder, senile dementia, stroke, Tourette's syndrome and cancers
including adenocarcinomas, melanomas, and teratocarcinomas, particularly of the brain. These cDNAs
can also be utilized as markers of treatment efficacy against the diseases noted above and other brain
disorders, conditions, and diseases over a period ranging from several days to months. The diagnostic
assay may use hybridization or amplification technology to compare gene expression in a biological
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[ 00203] Qur invention uses feedback control of a single tethered DNA
nol ecul e suspended in a nanopore for repeated capture and subsequent

di ssoci at i 8 28M/12H87 vi dual DNA- bi ndi ng enzynes. Ther e BEEUSRS/(HieEes

to our inplenentation. [00204] First, a single DNA nolecule with

si ngl e and doubl e stranded segnents is captured, by the

si ngl e-stranded end, and then tethered, by nmaking the single-stranded
segment duubk&onnpaltded seadisempl@ in erdertedetrciptiered gene pprsEenRiigitatizg dron,

Wi th doub%u@nlﬁﬁt&@ﬂ&ﬁéﬁs%ﬁmﬁﬁarg& hothy ﬁ.lo&nﬁmey ans sides of the
channel Il remain in the channel until|l a sufficient

DNA
vol tage f ofQe68)Mbs diagnestisassry sy dsedvpridiabien & agRiEiseUon fockiplogn e cemearppene

trans si d&preaéhﬁ i :ﬂﬂ@bgicaoa‘ambiaemﬁﬂ a@licdt @kfa@dﬂﬂﬂdmﬁl@egﬁ'f&ﬂ&r th &t&hﬂe&mweel
i's chosen such (51%1[» under gatl\ée vol t.ages, osu e of .t

si ngl e- t oXGHHT ‘F‘é"r‘?&é%l“‘?‘&%‘ agptPdideihiy ”lpﬁ"sf’h ¢ JEL KON ! ?‘“f s
suf fi ci ent [0p1&Y Birlesdndpte, fho polydncibétidel bingobe may GOREBRH by matdae nsaﬂmdmhd phiad @,

the tet hertgq%%amplelflr%ren%éjatlen[run?ﬁ’ecg‘lgdet%n @Pﬁ]y}:ogmﬂlggoﬂig 1 za ?l]nCOO le%fs KF

enzynes
t he DNA i &fter breingubateon gerepdizhd Stam@wqwslndden@se dsoupmﬁ bﬂbﬂ((m smsal)c#q@!mm@kéth

and the Q@%B{Jiﬁﬁorﬁcroﬁnpfekh“s‘ if QR RmpAL g LAMGM va@ual 1Y He Qﬁoxﬁﬁ ofdabel in

ti I'TE) Det'ail s are now gl ven on our set up, contr ol Ogl C, rel at ed
appr oachette paent Fgple it gnificantly alteprin sRipparisfine e Swrdare Nalke: Hes B pistence of the

repeat ed el endbod, Bisdsd RURGHAGs iRINAAD! ecul e in a nanopore | mpact
and Refinenent of Tethered DNA C3§H£I|Ity L00206] For the 0se of

expl oring t9&7% Ir‘?toéqﬂfi@tpfoﬁﬂe B Pasisonyrelacposisof praneitio diges Irgis
(exonucl ewitaBne dﬁprﬂﬁ&ﬁ&,noﬂﬂiﬂdo@tahﬁ’rd @@*e}(ﬂiﬂﬁl’p&ﬁ'ﬂf&) gstablihbd. DNAmay bﬂ%mplished
captured ,in _a_.nano vent|

nerei n i PoRubE RGP aeh B8k b Rtobatis LR AR U E AR Siore

i ncr ease underdertdaiopsfochyltdization drramphfe:atum $tended hEwafzafgmrﬂaw beauantgfied by

negative c%glbgrﬂg the values obtained using normal subjects with values from an experiment in which a known
amount of a substantially purified target sequence is used. Standard values obtained in this manner may
be compared with values obtained from samples from patients who are symptomatic for a particular
condition, disease, or disorder. Deviation from standard values toward those associated with a
particular condition is used to diagnose that condition.

f00171] Such assays may also be used to evaluate the efficacy of a particular therapeutic treatment

regimén in animal studies and in clinical trial or to monitor the treatment of an individual patient. Once
the presence of a condition is established and a treatment protocol is initiated, diagnostic assays may be
repeated on a regular basis to determine if the level of expression in the patient begins to approximate
the level that is observed in a normal subject. The results obtained from successive assays may be used

to show the efficacy of treatment over a period ranging from several days to months.

Purification of Ligand

[00172] The polynucleotide or a fragment thereof may be used to purify a ligand from a sample. A
method for using a polynucleotide or a fragment thereof to purify a ligand would. involve combining the
polynucleotide or a fragment thereof with a sample under conditions to ailow specific binding,
detecting specific binding, recovering the bound protein, and using an appropriate agent to separate the

polynucleotide from the purified ligand.

[00173] In additional embediments, the polynucleotides may be used in any molecular biology
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is used in fishing node, and a positive voltage is used for probing
node. In probing node, all information contained in the ionic current
can be useyoOfR2008/12418% act eri zati on of the pol yner al one BET/US2008/004467
pol ymer-enzynme interactions, at any desired probing voltage. In
non-t et hered configuration, independent events (including capture,

bl ockage of nanopore, and eventual translocation of polyner) contain
t he i nf orweriaeas takhaas yas fo be develpnsth Brayideddie new keghriquegielyrpa pgpperties of

pol ymer - e iBeokikds @lap gt LRy koWt freiuging Bht néOlhiad &, bigh pRHids 8thé @iplet
capture of ‘each nolecule, the tine between events is not

cont r ol | a#P@ic coflsdnd BeETC RasFRAG MU YPTages i ncrease the tine between
events. Thus, the tethered configuration increases the throughput of

anal yzabl fga%a b alincreasing t he nunber of anal yzabl e events over a
common pe&?ﬁﬂL%ﬁﬁﬂ%y§increasing the range of probing voltages.
Reduction i n-anal Q%Jﬁ Eata. I n probing node, the ionic current
cont ai ns iﬁﬁgg 'E?B%réﬁo t The tethered pol ynmer al one or the

i nteracti ofypfs; ARuERZY BBRQRd to the tethered polymer. In
non-tethereg configuration, up to 50% of events recorded within an
experi nent (e beoHphsbiated to the kinetics of interest. For exanple,
brief bl ockades caused by the dsend of a DNA hairpin contacting the
ci s-si de ofool1ves. picmoRulgl be included in data in the non-tethered
configuration, but not in the tethered configuration. C Substanti al

i ncrease i MOSEBNSiFEN\blymerof nanopore sensor for real-tinme detection of
the addition of biological conponents in cis chanber. Post-experinent
anal ysi s dégbivse.labesglecR} syrthveizglangiot pigotyyneof nanopore sensors for
detection of the presence of My cofactor and conpl enentary dNTP of
KF. 1n bot P0t¥$eHMondmerecti on i s based on the increase in dwell tine
for the I CF-bound portion of binary/temary events. By nonitoring the
dwel | ti mel981kESebrmatipdycomppiely omthsyEAPdy e real tine, the tethered
configuration offers a new capability for 2+ online detection of

addi tion ofORtH AsLHAPPERINESHS dNTP conponents to the cis-chanber.
The sane Cﬁﬁggibjh&a%an be utilized with other enzynmes and their
correspond entt?¥ensi tive conponents. In our future tethered DNA
experi nment ' real -time detection capabilities will be

expl ored aﬁ)oﬁ%ﬁ Elh%{g?%ﬁ of fishing tinme, dNTP concentration, 2+ M

concent r at kfaiks; #8eBEARNAR, VOl tage.
[00186) 413. Third monomer
[00187] 14. Pore molecule or channel molecule
[00188] 15. Mixed-signal wafer
{00189] 16. Electrochemical layer
[00190] 17. Orifice
[00191] 18. Metallization composition
[00192] 19. Metal
[00193] 20. Thin film or lipid bilayer
[00194] 21. Trapped gas (for example, nitrogen)

[00195] 22. Lipid monolayer
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[ 00207] The invention will be nore readily understood by reference to
the foll ow ng exanples, which are included nerely for purposes of
i1l ustrativuf2eR/1266t ai n aspects and enbodi nents of t hePEFESEIR004467

invention and not as limtations. Exanples [ 00208] Herein are
descri bed several exanples to denonstrate the capability of neasuring
macr onol ecul es and pol ani ons or polycations. Exanple |: Enzyne

bi ndi ng i Jome@RMtiedd bryeqeeotd somkom(Grspr i mer . [ 00209] For an
illustration of this nmethod, see Figures 1(a) through 1(g). (a) In

t hi s scengpdle7] 24.hehabbookively prinmer is bound to the priner/tenplate in
bul k phase. Structure of the ternary conplex prevents binding of the
enzyne t o [od1eslpaindquidom apecwsselntianiisscaddDNA and ssDNA segnents of the
target DNA where the first nucl eotide would be incorporated. (b)
Capt ur e ofl0Q9HR6ElkdFlqskodedontiorstipl at e under an applied vol tage (trans
side positive) threads the ssDNA into the pore and perches the dsDNA
above the vestibule. This occurs because the |o at the!e d of the
bl ocki ng pPG2RRIToou knesledes, wicars e Bireseareigis 198 A (T SRt W eate
reports E&H-Hléalésqn @hanbjife. CROMIIowklt 41, moe‘i)szhta:*e Melh(4c31SUmﬁ)eWeﬁablevaqbplmneldr

vol tage, the ss nment, advances .in th

and pr océ@%‘l"f)@“ﬁf‘l'ﬂlﬂ% 8‘%“%%{’3‘%* aP"é"“B@‘P\R}écéorFr ssorbﬁg%)(‘:\% 0] hg&%?"}n'%?m%ﬁ%&ge
t he t enphahine ThAMIRREHGHH a8 to iddntifyeheaasimtpagaeh ot‘)faselupanctofDNA hairpins

i ndependent e BRpLyE! Y
under fo se%bélrahlteren%t al L%Oéﬁ&%lg blogecf?nokqe(g{:gzs%lsiﬂ%g%ééd% Ir-Ig{] e?gll (29@?16 gllna)ﬁe as
in (b) beqaus@—mmu@mmgwﬁfenm amanmu obantFSM ip jdich Espripany wle wag for

Rel ease ! AiRd: b@Vs Oru AR ZlaBR i NEed MD&HRE vdith® controt.

bl ocki ng%?'?’?r@??’la%lﬁgﬂ%&h@é%nt of thg taraggt] DeNA can e\ﬁt% t he
pore vestibule. This results in a neasurable reduction in current

: hat tS ig na{b&'ﬁzo[ giRAENR orfskisNA hﬁhq}ﬁhdﬂ,ere I@rrd eﬂ@rme@mds wRed ae«:a:hstﬁmd (ﬁatet; e
ar ge

age reversal _ex at.ed
junction (308?)(%99?%%' IgvrAd %49236éy?3?7é\}£ te?}ﬁ’f' f’@é‘gx 's[tﬁ‘%edﬁ’ eds ‘.‘%78 e raw
charged Wua@ rélitivy @ tragmkidilgveiovbitage tevesCmﬁgxpaommbte to (hbse embbqutln W}rig)n

bIocking nes can hind to the bR

posi tion at' ﬁ@ @% ﬂ\i&/‘gée[i%n]a e 219 BRI e rlog'll\égggtmfa%lg %tg rg% %l FAg fo
bound enz:ye’m;tlas IR traw ¢t rhnedatdmgmhe rﬁ)iOhlomrngt appefle, n'erdlp@rmu fitterpthe f‘i”ﬁ%‘
(typicall. r to seconds), the voltage can be
rever sed %nzgg' éageglr%s %“(’)ewi ‘flrshggf%ll ?Eg);l polarity, thus pulling the DNA
back into the nanopore. Current readout can be used to determne if

an enzyme @@%zfgﬂﬁ&am%@m(l% Mk%] -Bbledufe s&nlgﬁg %dﬂl}bﬂiaﬁ@ﬁ ikl Topital théSers

been nodi f not shown e result i s nega (9)
can be r@p}bf&@f@@lf‘)l’%ﬁﬁic@yl(?“ Brp{grpans epal (107 5Naturg, 42br4§%/'é§ )eigo B’ﬁ%‘"’é‘e
bl ocki ng JBidaiTBbping haE QR LQH i REueadi DNA Wtﬁ@tdg@mrcﬁéssxbmrﬂynmbIa(pclysqa'ee

Fi t

ERTGRIA G G NN e U T e i
ternary o388 Milpesdat, gethngspafal il empnzlmwiuion ofs@edNfemolBE but
catal ysis and Eﬁp ﬁ'ne%bsel it &hleve%r?lgan it &n%Eg%aﬁ&Ne%Er thpﬁg%\éﬁﬂa ner%(lg)re%lre

Capture dPYEe timer/tenpl at e er an appl i t agé

(trans- sintee pemiativase)s, hint fecfdaermiviccalesOniibe analpzed Reer Bé?@ngﬁunepé?%es t he
dsDNA above the vestibule. This occurs because the | oop at the end of
the blocking primer is too large to enter the vestibule. The current
reports cafSbXBEOwfnvekion sesafsedack qenidhpia selprehergd ONAFgisrulg Sr‘féf’eadﬁﬁr“i %d
vol t age, rﬁ%oé$@%s§%ﬁﬂ% ARVBRGR disBoctaiéh FITdBriduaMBY Albinbiag trzena: Hiette
and processively unzi ps base-pairs between the bl ocking priner and

t he tenpl%@t‘émphalﬁ@“é%ﬂwe%?fm‘bf rel easi ng each base pair

i ndependently is snmall (about 2.5 kca)/nol), so it proceeds rapidly

under force. During this unzi n cess the cu rent |s t S
"nCh) | bec i Fithd debRRNATEHEHE 2 NAE TRRowS y el S8t bR G B8
single-stranded end, and then tethered, by making the single- stranded segiment double stranded on the
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[00211] For an illustration of this nmethod, see Figures 3(a) through
3(c). (a) In this exanple scenario, the cis conpartnment contains all
conponent swoewsssaely for DNA pol ynerase activity excepeC¥/os2008004-Fhus,
no catal ysis can take place. (b) Wen voltage is applied (trans-side
+), My2* is driven across the pore into the cis conpartnment. (c) Wen
a DNA- pol ynerase conplex is captured by the pore, the M2+

concent r atahgdidei In tidy@nfgprating vitndedicastraldyd sgihacantboth ois i rqrg sidesjofthe
suffici en%l%e!h&gﬂN%%lﬁ’f&%m {}(ggha &f&HP%'rf%anon& @or@e\’mzﬁg t!h& buBle- slr&ﬁéd
in the enzyne's ca Pol ymer i zat1on o he copi ed strand
can then semnms fromélrmsroytrmwp e lengt OftthFé'TEl&tSRafﬁPFh?ém%Wﬁ Ché‘H'F'df §roeen

DNA synt hes) fat, Qﬁ&ah@%m@l:we@s@m Bt King1e-R0dodbis Srahdeh Qs R ROk eeics
essentially zero. This scenario could be applied to other substances

that are ohaeher i 8dfiiestly pyqianls fof KBBindn&ing t hat are smal|l enough to
perneate the nanopore under controlled conditions. Exanple IV:

Measuri ng pal rase activi bi o i ca nano

a- henol ysi E’ng%(ﬁtﬁfi"?]'g Lb’%fe;j‘ﬁfg?gyg '%%Sfc} "teflea efj gaﬁ(‘)j%{;soc'atéos"ed i s
| ar gel y oanings nele cisrchanmrrwtllaermn@breuw anplegycwith fsling, the DN en dw lihe angrveint .
In this RS chioelebble dnfy
strand ofa(&ﬁ)“&g%t gﬂf“&qgg{éﬁ&?ﬁ%{& as und %r%hegilrﬁlﬁa corrs er?en'{égtr B agae[a
pai ring winteh Datajydreveaw gifenge perrep: sensiel 13%1@%@@@%&%&* @?éiewwir% aRgroHTvn
to the pqnlﬁm@é}ﬁon&moa S atEHRE BiRling 5 QR4 NG, RAERICiSa hBFRDY
reduced. Two different enzymatic functions can be nonitored. 1) Wen
the protein |s rel eased fromits binding site on the priner-tenplate
comd)l exEJI Iagghaﬂmﬁ@ﬂkghkme:ﬁerrs'ﬂrmfempallsiﬁggcti onhof ionic current iPs

pr oduced. n the enzyne is i e the a riate

D Lbst rat e, A tepupree! Solcang b B rrEenel veras BEPALR s PR v
enzyne | r[e)tohﬁlepﬁﬁ ®inh s pﬂ@@ihﬁr@dymérﬁwﬂrWIMNMWScdpsltadalt e&and[@rmm:
alter the resi Nllapg to a
recept or Cﬁ?s(l) erm e mv%’%)%%f??%ﬁgérgm yb" stﬁ%p‘tgh%g? Je%&"&;llﬁglr ece at or is
covalently | i kEbstantial inrODsen dat tkf@tlglwsbﬁﬂbq tethered epniigpration. #ﬂFEaBYF voftagain

appropriate cova|,ghin RRRFmeRUSRA a s:ﬁJ&%ita@é QQ.#&Q%Q pRY¥in@ ol $Sprbtlifthdde, all
agent. The receptor is positione di aneter sjlicon nitride

pore by the el egformasioy F‘@Fawe%&tllﬁh‘@“'6?P”Fﬁéa‘b‘%ﬁl“§ﬂ$§?fél“if?°éer'é@|°a of the pqlymer

anionic form Tﬂ&e@@ﬁcﬂ&nﬁb@-@nz@mm&mrat &y dasided promifg Wcﬂlﬁlg’ll Inalbi'ﬂ-)éihered
sul fide attached fter d[}oa tioni
0

a t he
receptor is cov%?f’éﬁ‘l‘falt‘ rgl%’ﬁ‘%i’@gyf %’el{tﬁ%"cg’gwgc@wef PrRaES CRZGPOr L %F PRl
bonds bet ween tthasladakgﬂ ofgbl@mmcqmuttlmnfaonaaonamt&vmybt gialyes gf wlypsr denetohe

W £1ini
;?fgpggr t he sgclgo? tnl;e?‘ nzHlae IHFC{ER[IC?H% A Eu’fﬁcnetnt \l%llt%(%% rgtﬂnn%]ﬁ) Ehlg&he & e;clh Mote¥ute,

t her eby provi di hhgtuae brteaes eWtSdietOE@mrq’ﬂgblc hnf’sloé'@féﬁm'ilfel vqai@gwweeaw therfime

si ngl e- ol ecul e, ' HEX A onfibnrathdn iR Felade D Ghe € €ofRhIJASIE d
activity. [00 14 mliz%ln}[c}\t/h\nxsr\é t he pr%lt:etélratre out | e| ngd r“lel%f;l)ﬁElxorrp Sjﬁz 2
gl ucose” oxi dasebiniressing e pember plyaHEELlE Beals §YEF f ERFHNGH PEFidpad BbW@eas\ﬂﬁgﬁ
gl ucose is presgmeof hloBinSANgBL i C action produces det ect abl e

transi ent changes in the ionic current througcg re as t he. y
gl ucose bi nds* tBe"t“ﬁ'é""a’Ef‘P‘"\'/%“@izf"éle 92 B P' BN PB’ §‘é{§°§ BPaigy BlRgten
Exanpl e VI|: MNofbolit@e ttferéd gabs@ndodewntit intfaction df @0&iihe bhund dooigoeriered
preparation is e dto echfi the . .
conmonl y used t?c’i‘ﬁ% oﬁm@% Dﬁb uﬁagﬂn 5%Nﬁ(:5b?b S ?n(% r%)%fdrggg{tﬁg?pﬁ? eriment
coli. The syst eafmibsumaateﬁtaltmecdxem@af in@reg. Fan emerbrt%blbfrkh@dai:ius&rdibbdwd&e
function. Alterpgt i Ludi

requi red cofact or% E%@ Xelfélr@ﬁ&g]ﬁgtﬁ]& m ﬁjfeaogfﬁgédr%‘?zjﬁaj?\lA}s{d% y an[g[hél
single ri bosonencattttee@mnfiaurauhebmmn thletetf@aﬁcfb@glp@}w_tl oned at the
pore by draw Qogifi@ntiiRie {88 BUERIHVIEoRIRh G RYsehBE R ¢Ldl-BMe @btedtion of the

transnmenbr ane _ )
addition of biological components in cis chamber. Post-experiment analysis demonstrates
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vol tage of 100 nV or nore. The mxture is then rapidly warned to 25C
toinitiate protein synthesis or addition of a required cofactor. The
i ndi vi dualwereNgd2497 protei n synthesi s are then nonit or BI/B§2003/84467
conbi ned effects on ionic current that are produced by nmRNA bei ng
drawn through the pore by the ribosone action, and cyclic

conformati onal changes of the ribosone as it proceeds through t he

steps of transl @t iaduvity BXaaBloR SVHErsPQSEtEdn@er@Kb padaeraehfe@ ysmor@htannel
in a solid state pore. %%IQPIFJI{SIJ At? ha henol S|ncantn ({\L“

of heptaners ar@"RELEHHY d a1 Seﬁ'é'Fff)"r‘ ?\E?asei\f’? 8?‘"55%58% V i“g’e
conpl ete, DNA 1QOHWEKE- bhta]mpagoraofsirra@péraary €lietns. rnylmmdragate denlktimad K4: e

added and a t ralg)%h %'[rtloge JFL NS, R t:en%tdlhg‘ !elhered rzﬁ%ﬁof?e% Divey ctalthg'éity for
| i posonme nenbr ane, p03| Pve sl g Isto

salt having a C@ﬁlh@d}tet:tlflﬁtofﬁcﬁﬂloﬁgfﬁgzéﬁlﬁl cbhsnehaﬁaa} afmmoahaﬁneko tﬁd'lﬁs an
ani on that |S|rrperrrea e due to its si nbr ane f?Oten

draws the free DAHPGTINE pATeisaRapiliyfap 'i‘ﬁ%’]'feﬂé"“BBE‘ér CRETES e ebrfco’f"‘?‘?go"d‘"g
streptavidin Std’vldl&-tstlfsﬂye ctoh@oﬂBNA Iﬁamrfmhrem&&dmrmgéhntehe with K&, reuiiine

instead forns a ies w1ltl Eﬁi ch? Syasgun 1 n&%sh n%r OCeISTy\é:onpenlr%]t%

attached DNA st? eﬁn ncspaP en 1s Pt She ur és

added to the C|ﬁg’§bg@enq§t,0§ a%ﬁbioﬁﬁ@v&liagél de menbrane with a 5 nm pore.
A voltage of 100 nV or nore is applied, and electrophoresis draws the
DNA strand protruding fromthe stem of the henol ysin heptaner into

t he pore. T)bﬁ)?hmm\mioa whewmefead.@ uhde@sfood wafematd ty tlﬂiﬁilﬁ@vh@dx:ﬁ-@leﬁ he
pore as des

Feroved By alrar iR mEs SETERES o T RE ST e Bar e AR e
henol ysi mpreén ingowmomartimptche limigatonane can then be used as a hi gh

resol uti on nanopore for biosensor applications. Exanple I X Feedback
Control of a Single Tethered DNA Mol ecul e Suspended in a Nanopore to
Repeat ed|Bxa@plehe DNA- bi ndi ng Enzynes | n the biol ogi cal nanopore

setup, a P{BRRIHrkiRhd dRbhiRY SdvelaBex b @S ErRE AR ShettaPBiRQR miufigf | on
apeture in a KCl solution, and a single ct-henolysin protein channel

sel f-i nsé?‘lC@“Pﬁf%estaPFep"ﬂﬂ"é’ﬁ%ﬁrPPWEﬂ“&“S The channel (pore) is 15 nmin
I engt h armkamareuesnaymedinamgisqfrevemeb@hsmammgerof t he pore |s 2 6 nm

i de.
18 ot g i b S Bt RS B (50 R ot O
up to thebldckiagisrinesp &rviomg to Ehe Brimerftennpdats in Bhik plwesﬁtnmureeof thge ttram‘geor@*ﬂaugh
for doubl ev§r¥t{ lﬁ'ﬂﬂ%q)f %zgﬁé M _]UIﬂ 01? Elatt\%en QﬁgDﬁK'%dlsklﬁ]iA 'se@gaeﬁg &"Ee' t§rget
j ust wi dé enou or single-stranded th DNA) t

pass t hrough
AgCl el edwwéese e Brsymyelgotide wawg bgﬂnepwteht(b)élaptar@ PB%@OQR%PWW’W@P‘%UH%E
produces aﬂ'al[)dh%w&ta%q{r&rﬁ@ide fx&ftﬂbﬁgﬁ}eﬁdg fhe 95@1\@& iofol g oR a;d?ﬂerchIMe dspRiachbove

creat ed his vol tage s t enefci;atlve y charged Eate
backbone t Ve’ét'r‘i’é]esjéwcw GRAYAE thR P9R &t f—’t%oﬁc}mfémkﬁaggeﬁgs ‘P? FRedhites the
si de to tdgibhik.ang chiréhCrepdrtsitfurPorie dbtmblax inhils §titar(8)-l$ﬂdéﬁhelﬂbliéﬂgeltage the
positive. nol ecul es transl ocate, the ecomes

D ockod B SRR I iporp e 6 oD End A Bl BRAP b betveen
These t r ansil@tiag pomeravetht smplawn. ke abrgy act o rdleagog dayh basepairiplepandmidy of

the att enua ?agouq gg?galflﬁﬂg)sav\é cgerag rﬁ@@@ /&B E‘Jenﬁﬂlt"@%? Q.Q.L gﬁ,}ﬁgﬁmﬁé}ﬂﬁgs in

t he pore, I ne Fesatrees ore
system arcdrram:sebcawm © nm»ber-mmp é‘tﬂi‘{ﬁ @@ﬂm@ﬂﬂotﬁﬁﬂféhﬂ)‘m'bph fh Gelpase afghe

The DNA Sdﬁ&m brnnﬂcgluaﬁéa& Jm %mé e tﬁ&(ﬂlnggﬂr‘@érQh§&smds@9n§@mﬁrEm

w th the doubf e-strande base pair hair Inh'ag
The DNA i RN4 gagepieibe isye Yepiibu n’ﬁtyﬁ eslétswame&"@lfde#uﬁ‘m i} FHsrepfARaS panals, 'el%i‘FFd
transl ocajrgg bRAGE:; drikkr Mﬁla&@geonfdfe.le@hrgeebm GIVERSe kb@sahéﬂpbs@b fhe bAAVMAZ T P
within the vestibule. This conflguratlon has 1Ut|||"[é_>/ r.ds g %é
of the i rfSPRASSINAMRAttcB T evpme Hinfing-( By igreringyolipgentiedeativeln ghagee B§ hit
i s that idrivextaenids tHeRe cBmBirdmentd R ADdRyt t5d HdgaRin £ prirher A Sin@es adni bid)o B DNAet
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transl ocation rates reach up to 2 nucl eoti des/psec with no pauses in
transl ocati on under capture-|evel voltages. [00217] W note that

t he doubl ewetpignasd?’ segnent may alternatively be for meHCHYSHNGIWAIGTNg
a prinmer DNA segnent, with the conplenentary bases, to the end of

si ngl e-stranded DNA. The key is that, in our configuration, the
captured DNA nol ecul e must have single and doubl e-stranded segnents.
Thi s st r utt arzeted pasition (tket BSBNA&HN ametiod i this entmploh: (X Hrebing fagfiopndsnpyarece d
end is Caﬂﬁgr&qmcﬁﬁaﬁ £ AU Bl R AR Gl aanfﬁ@a% d%ubl%segm%]lo
time, provi tine to defect capture and ac cin

vol t age t W@dﬁdwoﬁweﬁn Feaxijsrsed aretigpin ihigrogigidd palptity b@swl}mg mﬁBNﬁé’ﬁcklwy

reason f Ofe kfbgog. tddkent EMbublah BE L @ de@rntiftal anteh%n%méélﬁ@n BosRd @hdvdlor ifthe
our proposed approach binds to the DNA precisel

oi ngl et oDNBUBIG 'y BES desnRetieD MOpPoY T thiggsy éi&%fa‘r"éesiéps e

and Enzynegeaed.[ 00218] Recently, we have used bi ol ogi cal nanopores to

probe the_.int ion o red DNA nol ecul e. Under
an appl i ed (?Fet C"Ié“zy'f'?lcam réﬁe&teggyé’r!i’goﬁﬁ%g BBURa DNA is captured in
t he nanopOI[@lel\Ethn tlharaenzgfnﬁas meaRkaiddsen Gigamas Aaphrofzh2izd @ameposcenabeitheg

too | arge l I I
exonucl galu'}s{)a(ﬂ%nE P@é ?&E}ﬁ #%hgﬂsl%%hggph%gnsqéﬁlgﬁﬁ ?@E %eﬁﬂhﬂ:oﬁlgkk
vol t age reenpts binding néth@)g@rre& tbd@éaigeﬁ BRObuspEbris yuiaoyssingplend the ieaplaty are
upon det egleftk. Ofv) @ﬁﬂﬁ‘é’&‘% bqicke'a%%zemll%& REEr dn%p[ﬁl'e'@ WL ahsQidp bﬁtg

hol d t he ssDNA- Exol hen i enent a voltage ranp until
di ssoci at ‘@%adgHg St ¢ §' of§-a3f §‘F"€ﬁ?éihé 4Oy Bayrihe veeribslsy &F his g qgars because ‘he

ti me-t o- dio§s®thk 8itd oF the BIVEKEHg friner BRGY 1hrgcho ¢RbitRgRstbABP TheScuiréht kbt chifigtel of

to estimate binding rate n nt s 00219 evi ousl see, Benner,
et o+ ( ooAToRAIIe <REnisT LR aycd vohoed 1 S STt UTRE e
i nt er act i owardfhe DAA-sik kil frévessiikie noaipsibh@gaesttetwebCR) blodkingpeer and b &rphalkel

ans! ot no e e s pfeleredRA 3RS halSlngohBRL HER AR o SRR R progsecs o
mean anpl iRpidlgendanigres. Iﬁw@ thediziapinglpietess the ewert i thseme 414nfb) bexd@pthedwiﬁ

2 p.MI CFse%’ el éiﬁx%té%té}% vQé?iBHE ) RAled of@ﬁé%ﬂkﬁng'iﬁrin{e'r Fb‘HB@JHLr ﬁnzﬁﬁﬂm@'ré@é’ifsB{n
conpl exes er nean anpli (23 pA), resul

in an eve"ﬁt“’abP‘b‘tf tf{ﬂrﬂPl@E}% ‘T%b gL SCﬁﬁaled'éclv%%tjéfgum&e}hF d%ﬂ%ﬁﬂé@em%lee lafgel
?S(Cj;'l' gn of DRA kanft@ftbSthe pofhdtiblu Avhex the BBckAIMschae H@bﬁ@%b&ﬁld%ﬁdyﬁnb Qsahage
einth

t | enent ar o the
LAl )1 i O Enio s TG CUHa: ST e (R ABE s PR ED (A RS e o1 33
ne ecI nedi eaBymead prbtebmt%bieeemamsaufgmgrhefnnc&nﬁémlrt] for ﬁ%lygs\)& (43) T\nettkm;naté Silafibis Y -
conpl exes ere conf.iqu
et | bocr PR S e o mPREBleothlls T WL SRl 4y HfBld B0
feature e@ch‘ramatl@hhrWMFrghdmndem events (with or without the
Goaor baabampledtilEny b Bhtal e 1< VI bpini{ LRGN CAFR EXERpore 0
bl ockades f@%@éfé‘oﬁnéﬂ’%mﬂgﬁfébs prathede pes FrgﬁfegF@éﬁ@?gf‘t%@n(ﬂ@b@@’aﬁﬂm@?% of

the bl oc k@dﬁﬁo tHe @S @@ﬁﬁahmerhxemﬂmlufcbrhﬁi]enﬁst &&sa@sroaoﬁﬁ paﬁnémsa @ctmty except
nmedi an

anplitude, fallowed b%/ “rP((iﬂ l)
ctop, 1 erfariEd T8 EHEIEEl Al Hec SPL ItV OL AP BT Fabe. eEven
was dem)rh%toﬁsaheqﬂ:retahlathetcheoﬁlpaaﬂﬁmt (O WhE® omﬁaaolyskﬁsh oﬁﬁlﬁleiﬁcsﬁnﬁﬂi tty\m

resulted in Qci ation rnar

from Dua, MRt BRe e ARThIK b bE g RRheg Rt B bR e
transl oc a;terrmngft cagnprageh of THeuso crithhd Idceimnbereatynstsepaliviiwitt. Belyrearieation of the
precisely, a u 1
consi st entoIm:ce}ir3 set%g&r?cgkhg# 9‘2‘('}%' %%Bﬁl ﬁgqi&e{]mﬂe%ﬁ]kﬁpaﬁe éaﬁgér%r%d] %Eﬁqdq Wes *
events i sberruestibaiYls’t $apednirgtiop Hisiahfoum than@'elstesﬁermakly jerpy ety soenari¢ gpuld be applied
particul a mhérqz;bsanceemg%% ﬂymr BINA sGRRek Gt AR WhAknbiknid rRARARPT e

under a constant volta he term nal step nmakes 1t PoOsSsSI le to
nanopore under control cd conditions.
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Exanple XI: Detection and Control of DNA and | CF-Bound DNA in a
Nanopor e [00222] In this approach, the voltage control logic is
progr ammedwQgiesg2aoTinite state machine (FSM w t hin tReT/LSAE/EW6E
software, and the FSMlogic is inplenented on a field-progranmabl e
gate array (FPGA) hardware system OQur first inplenentation of
FSM FPGA vol t age control denonstrated e_cient autonmated detection of
i ndi vi duaExamalefdr Meewnink edpweraipastytyoming h biokigigelaanenore pihemplysin A
anpl i tude

W?Jbﬁ;i} %k)}mehﬁ%tt\qg o@bNA@:@%&e%& Ig?lgrgel%ul‘.:&[am@& ln a%mnitr §tchrL'x?ct

remai ned In the thre ran

vol t age wepdedtbs/leroaifragpent,dp diis atpalecawmbf &anya@%niewtl%aﬂpw@l teib@d éq?aﬁ%‘@r

rat her thﬁﬂAgﬁé feinpake) that hAAnIG Qe ERHIcRRnENBhk phifi uhfacyrmmmrieaus@n
of enzyme and DNA translocation to the . trans side. The Cor{}tegguelg&g%

had the eseaepeegFhe PEYRILIS f12YP f418e RoFAng s iqriccpiyeat Bough e prst is
conpl ex evesdiSererh E2pmaticRGii@ cavie nonitdréte 1 Y0¥ hed 23 pfﬁsﬁms (23dm@edts bmdmg

|nterquart|Ie ran i thout ESWFPGA. con
e of o5 REUE AT 4ie omfles Aot metP i it B
2% of DNAWamhdaanzbmreys eyt by e npprdpoatg eNTR substra@(: avereasristidilengii@ning nighe

period of #ﬁlp
ternary cgﬁi’g exes O?ag%ggig’]hﬁﬁtpﬁggg és/ué:gdor{‘ Sﬁétégﬁégg%gtfa“ﬁ!é%PGA
vol t age cisdenesitimene dermonstrated ef ficient autorrat ed detection of

i ndi vi duagxabiif v OrR8xARa ﬁmgnjﬁa%m%mp gs8At 1 n cis-chanber), based
on the charact eristic 2 i tude | son et al. (2008) Rapi

finite stal@2haEHiOPRENE v $H Pd‘ﬂFCCFH’i?ﬂ‘%ﬁOHﬂ%{‘I”Y PREES 1964 IQQ’E‘F@équWSPE“E acid by
nanopor e. fo}nﬁhubrrttfaﬁ matdpanatovilemberdefickeasaint RbmerhymakosEllmtgragm.a&e &Bdptor
Devi ces (B del r )... al |, events.
Chat 1 ol | - REERI 5 1 B RAPRTR Ry RRER B o et Heihon g ¢ gu T i
pronptly in@santed form. Ehet @rechat hmodolferchfie bifunttions alkysuliids gedind to a gold layer on
experi nme

the 20 n&l? pecfré) rf&fté)r![ plﬁsel% %@%Ee&g‘ E%Bva eﬁ l)’ bom?egsdel?% ttﬁ{)f‘é.z&)}ﬁlé of & SQM%{IA
back int obqlwetcwe@ tbmaékrtbérpumron the ppr@ andrcaﬁsmwmpis ernthe BeRPEPT- When estradlol is

i mpl ement @ik rlﬁbu(dé'?& ®Ehibngnandid &asd r'e&9to¥ é?nd eRZYiRe BRMRAnIDNAREYER iR reby
and detectin reacting to enz g free DNA events) were

f oundat i o?ﬁ%ﬂ‘g%ﬁcarﬂ‘%{}se‘%ﬁﬁ%‘“g Wi e T S‘P%C'S.’P'F@%iﬁ“sﬂ‘&“&et ect and
di scern bE;I:M@QWIbD&ththg@ﬁ%s@ﬁxtﬁéeﬂ&lﬁlty nd| vi dual | y, and in real tine.

Exanple Xl | i pment i f
bovi bes. AxiBATEHIBEER eras kel R B LR GaR: e met R Tttt e
i oni ¢ curgilent nitride parg WHeh eluchaizpeskent, ﬁaenzjamm agiia prcalu@s decttabiitiagsienhe

Mol ecul ar :
ow pase. TS 28 ionfd BT ool HE ot bl BERM R B Bl IR
our st at i rekase afspé@uels different patch clanp, the A-M Systens Mdel

2400. Exagph@iothl:Mordi#BRhg AbosbAShcadidr dwar e and Sof tware [ 00225]
The voltage control |ogicC is programed usi nﬁ a finite state machi ne

(FSM wi t hi%92t5ha ribesspr Eppagrtiep fsieirose to afpsci N Be presengsof & FRIHPRY W53
a fiel d- prRgLRIBRRMSuGAL Bytébhi sk rid REAL ol IR is SHaFAiR ndiRb? ©Rddrder 1o
I nstrument s, PCl-7831R. An FPGA js._a reconfi gﬁ@?{sﬁb har dwar e gl atform

that per &t hosqme funciion. dHiEmAtEHATOBMESTY e ¥ §xglading 4 reguieed gofactor
out put s adH 8 ai ¢leRtionAdttdr SNRIN® s awheagi sﬁngmmﬁiohﬂ afiache’ tonhé RRNAC mgarnaam
execution |

ndi v state
s a cormtehe Bty Peine Rt S Ryl LA B0 boE St HlsdneofRblie® L1
a functi owlizggke oEl0§tmdhwrmess mheermamm thvempidly eaerd so 23C tmeltlpgpl@temwwtlmts or
are pr OCe%ﬁlﬁgn & qqeq%?%ggctgro T%Q%dl&%Ml?é S oﬁ@%{eﬁls n%?l@glg%}eh %ohitbgedﬁb‘g!}qe
control |0gic are nade as necessary Ut the need Lo re-conpile
and re-r oqspmémcdméfede@] igmic euorentulrat am pmﬁ@ediWRNﬁrhﬁ% @eri thiagh the prad rthe
bet ween Srﬂn%ﬁa%e%& n ra'n@é}cpé éo'nFoYmatQ){al %ﬂgs loﬂ ltl Fon?&yg Et%l‘ﬁﬂcéeﬁs {hﬁoﬂgﬂ lh%geps of

events on the orde m cr osecond, I'owm ng for
translation.
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Exanple XIV: Filtering and Threshol ding lonic Current [ 00226] OQur
control logic requires efficient detection of ionic current bl ockades
(events) tweatzowsagubt from DNA al one or KF-bound DNA. FBET/HE008/q0MS7

| ogi c nust be able to efficiently distinguish between these two event
types. At 180 nV, nean anplitudes for DNA al one and KF-bound DNA are
20 pA and 23 pA, respectively; a difference of 3 pA. To distinguish
DNA al oneEfamnig KHL Fositiehimnan cehestplysin chammekip asélidestate prze.i nconi ng curr ent
signal on t[%lﬁlﬁa%a he?naci}sln cﬁz{nﬁgs ﬁ’lrl‘ﬂ: f&ﬂ%‘?ﬁgb ITQ:% easseLngggngmSTBn]@%mg g:h
| evel s are detéermned & priori, by constant voltage experinments wt
the bi ol offiearerbinisspreriels RN HOge huineadienavidiemelpayleehenriged are 3ddedgnd 2

exper i Mmenfrmsivh tldmbda idl'istiﬂﬁiuéehﬁ@%%@ EROSERESIRL podhitdy J&Fom»mo
or KF-free gvent maanﬁ[%ﬁ]es @FI denti f?oesd at 18r0 / e{ndn150

180 nv, f %lh]éféé?‘r?ﬁdé‘ salf haxing FIF%@?’I (a7 EmeRierthedymabidin chapng! ng ag é‘t“@'c‘f’a‘ ENA
al one ev em‘tpSrmAﬁﬂe RO 2o i6 spé;The hﬁmbrﬁfe@ﬁhﬂiaﬂdrh\ﬁk&ﬂ& frdeicfdlofamchalagi @ thid tBe pore.

detect KF:zb Xperi nts to
Gt & o BRROE R e Erlie FERRA crrfarbafipush e ipors R REETR I 1 o o
wor k, norentplawith e herhelggh Ghedeptamsr Wid itsigtiaklied @NAastrartdhethsamtetd byepblisiged

S B TS FAOUPLEH) et EEL OB 005 K09 L0l o
mtigat e fYioswore Gjappled tanéelr%fﬁp*@reela fiawpthe pRAlstrang pgéraﬂmm@fprs the plomtof el y
exceeds 3pRfiyh hép&qlemo t%r@#mmanpan i@ﬁrat%euaﬁ.e%;%@ @&a%heen&!hg F&QLS

be reliably glstln ui shab by nonitoring the raw current anp

By fil ter(i'%lb"f%“ﬁ FEEs- %PPP&R&TA sifandisthen remese BY fexardes ‘Hféﬁoéf’é‘fﬂ BHeof
DNA al oneapgweﬁrpbfaman bnd ki hebRLyEie-sTNA nN @ theénbrdie EAdhenbl GRd ash HghTELIEEh
mean filter r‘?'Blﬂ in our experinments so far, including in our
i nvent i on"aEOPOPFl Se“&%’ S8Y°8% i on shown in Section 2.3. Recently, a
superi or E»apxpleelm FealdbackWentyhkof d Sivigla Tefhieteti BN As]etudehispdndedinarNhnopdré to

ot o 5 HERATPRSE DR Bk B0 LB it P Y Byer

usec, t hecrdaRGAcrsaaPd-¢80 grh efloroapeteredus K@lr:bluamdarrdmm’mgte esheaolysim powincthadeln

arrplltude usi ng a w ndow .gi.ze of |f the nean enters )
chbsen.« FEEdRTRan Wi BB P geoud nddh §TSi i) itz ST ingidare, T s
noni t or tdpeningeithe pore-iChEnk iwidg, dplvéngtbin e.slnmlvdsueulebgfor@ n&roWigdo a lihitihf1B5 nm
nean rensj, ! b [.a r .consecut.i ve,chec
the ESM I OlgE%CVYhI %5ﬁglgggf IH:J{ t}ﬁe %im e(ﬂ:gsf tgensteénvlg)l'l tl%e?rans-%em%lsg am wu;(e
consi st enfhewistibule is éargelvoaah for h¢®bl‘$ﬁhrded DNAQOBPRY@] tol entet het t@b@ﬂMGtemfls st

change i n,MolbaBor shbR-sEXRECHRA (JsbRE) B%Lsémré%@ﬂ ‘&(%%Peléé}gdémﬁéed% apPy a
event and di a9n05| s of an event

wi ndowed ReEANRT goss the Q'tlaYérﬁtwéProﬁlﬁés ﬂtnh?n@stwamthr%vﬁmthe p@e ﬁﬁ;%e lf%rTh% ﬁf'r'fée

mor S g onfdrdat¥@ By thRSbBage bills Pledeiati Gy charl@ai ﬂb@ﬁ:ﬂ@ﬁdcﬁbo’hé SFEhd SAMYL Sr ﬁmm Mrcugd
to ns

The nfllter ed in r i nvention'
o e o e PSS U P 1 B A O Bt P g ransiaide volagl boScve. As
Exponent i nﬁdlécyleé/ﬁngma\edth&me bt@on%sepmﬂg@ bﬂi}ck&dexy the u[aﬁlﬂ)ﬁaihh mbleele] gimsmg a drop

post - exper | urltr.%gtt Th raxéi)c%tlon Mntd GE fichara%enze :1nrp\fvnld? %f tlf1 3 Sel det ect
t erm nal eps WI ernary even ca was

progr arme(dlmel@dqjleltreeltantl étﬁmam welrr@lﬁethle spampls jirt thelpss, d@ﬁaﬁct asm}mdﬁell tltne A schematic
termnal ghe manoﬁé}g Jg@% neg%[ﬁ\lABNR ualishﬁamkﬁ %\FE'nﬂﬁ bnofh %PF@@Y&%&%MG

vol tage to expe un ou e ci s chanbe am nati on of
t he data SQWE‘EV@IW’ byjeingleed doyble-pimndaduppmeaty.ayithdhg deullprpieanded seameptss 30

step was yaleqax héirpl?]r(@@ﬁm%) TR Eﬁ&ﬁg%tﬁrg@byﬂﬁees?@&cs@raﬂfed LRI DR hardp&RSnd N
ternary events is high no voltage reversal .
translocates once the voltage ﬁ d force causes the hairpin to unzip within the vestibule. This

configuration has utility towards a part of the instant invention. The utility of the double-stranded
segment is that it extends the dwell time (by stopping translocation) of the DNA, briefly, until the

voltage shears the segment into single stranded DNA and the DNA translocates. Additionally, longer
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[00232] To inprove the FSM s robustness to fal se detections of

term nal steps, an exponentially-weighted noving average (EWHR)
filter i s WOWRBERHA? expl ored to replace the nean filtePCT/TRSOFNRART
filter represents a digital inplenmentation of an analog RC filter
commonly used for signal snoothing in electrical engineering
applications. The filter calcul ates a noving average that places
exponent i @uwy-stmst@ ssgngnisﬁfiebialmer dyell st at g sirml volagarld c‘alltrlmvﬂgr ssIPléA or RNA,

filtered t%a{n Qcaa 1on rates Ler totin%gliéot*d?s?usgce\gih Ho p; seslm trans!ocanfm under ca%gre{i1 vel
perforns signal shoo nore etrfricren
aver age dwbage® its recur sive inplenentati on (I ) V\/nere and are

unfiltered I ed curren i v t.he
sanpl e nur’rtgdwg’ l{yleln%’tg Ehlaﬂ[ae ?%é%ag%@&%r@@nﬁ% gev at%)r rﬁvﬁlﬁﬁé }'o{ m%d &t n"::alfsnlgon
exper i mengraneoPNAisegmentvitinthe cempen@ntanytbasee db e endlod tivat- $trahded Yo Vemenis
in robustpesg oﬁrQoxfﬁ%Lér‘%‘onPt‘RéképluYe%%M f%EleéuQﬂndl‘ﬁéCE Jldglletaﬁ& douﬁ{%-s\%ﬁdth &eBfents.

nmean filter, four consecutive threshold tests be used for event
di agnosi sThiSPEITR Feiftaes eApbe Wa retion: i P'é%‘?réﬁadd‘idé%‘i i§ capturqdggngl g doplfe-t he

absence oOfirafie® fan@eeaied thd Qltiagies, p;ohiamgmefbtde@qtcmme SRl rét fyetdoaegiht he
start of an evenlioldgnd d| %nosm of

an event is 0.7 nsec; 0.1 c for
the EWA Y§2Eit} RicbE R HPEE e g‘?e?“éi’ﬁ'd“‘@héf ‘?‘?%éeés"f‘g‘?’ Ut'Ry é@% e
confi r necsvu@at &.thaMhe enzyingepivited i@vad fidpbied nppodactEBNAQudmé DU podtistly BRke

W ll be part WO anple XVI1: Time Scales for
Changi ng st"]%e [Q/O?L?’ Stm"lrégaglludg or{:t}éeDNEXOOZM] When the magni tude of the

vol tage dEvopk X: mbnmntt;raatwnulmges a capacitive transient is
superinpos %Récbﬁly”@@&gé @Qd b:gfahgal E]leof)cﬁ&tto EII&Qhé fnt@ﬂaﬁoﬁ %F" edz}s‘mé) i%?aent

in all al pha-héenolysSin nanopore Studies I nvol ve vol tage change
(see, forcappEdBNg, mmweslh@t:faalappheczwage be PN, end pleraarecyrd PNA ispapyeed

sone i nf qp frﬁmxfapore th}fe n@%u&mgwwp%memf)poae &ﬂigltm&g@@dram&emg@
segnent Of eac eveﬁi our inventjon ansi ent

when t he E&EFSIPTES rléh’? §°l'rﬁx8'§j'f:'§?§ﬁé@xf’%bla‘f] %Lﬁa?é‘lf’a'i‘?s &8 H{‘Tl)“f Wé’5‘13$ t er
a vol t agevoniparges fdr Afopdirt-bBEETrce bifeti83topa BpicificiBeupsh dttedtion of&ﬂﬂitﬁﬁ: oL

chosen thr ol for i,a the ranS|ent a

SUTTT o P RRftep ks sl £ E0sefl) BAIRSLONR G colr i MR TTMERs L% pag rpmp
i s proporuntidixal digsocidtdse@ndiibe ssOetges!baatey btaegigthe para Thdgnasoldisagrénticounterahe
experi menf, 1.&*3%8&‘.%9%% luth L%Q@Jo'eﬁ a}é%mtdﬁ]g?aéeacroﬁstinisom 180 mV to -50 nv,

and -50 For a net nv (absol ute value), we

observe t hE0298Bpieusly(n Spangs stalhé%@”f g Mavpleshnellagya yeld 8178H veechavf xplered

t hreshol othagtea&roﬁ bf BNR Witk @fe- Kléﬂaw%gmém (i) o EsEl?eBElﬁJ &l EQNPp Aok RS,
vol tages changes were 200 nV ga sol ute val ue ransi ents

resul ting biepesrif E54 PRiyE a'?:"rﬂhﬁ%‘ée“'d’r“é‘l’ﬂbgs‘gr Lphp @t qopstast &ﬁ?r’% ’319“‘51%"‘:}‘3‘135

500236] I \ﬂth?lb%Aﬁﬁﬁﬂﬁ&ﬁ:d@ﬁndal BRaR@@ar dweVl Gink @9Qwe 1438 AbillifEh dfeqw megl.erhaf
| agn03| S O an eve ent or an

b el PR et e Ay B S b Ptk e BB 20 hder Py £ el

because t{RepA) adsisdrt irsatevdnt plgt (Figme 1#19I) with h bagdr dwelbtiirge(3 miskanedidnef 41l ne

required f t

oL ool Al b8 1 AORLIAMIR o600V 698 BILATE D AR e

2.5 nsec Pk tevmlateézgce ircthalkj e@a!ﬂfc i@ @xtended thbdwrliimes of tk neyy popalation te $%3 msec

tDRlin C(Z) . f5| xﬂégfr%g tafngl_fﬁuta%ﬁ% ) BibheY QLAY BorkNARB S nariXAPRKE WMhlkEadeh her ed
g [00220] Our tethered DNA configuration described in the next section leverages a signifycant

structural feature exhibited by KF-bound DNA events (with or without the complementary dNTP, that
is, binary or ternary complexes), now described. Closer investigation of the binary and termary complex .
blockades revealed a two-step pattern in greater than 90% and 97% of the blockades, respectively. The
first step has a 23 pA mean amplitude, followed by a brief (1 msec median dwell time) second step,

referred to as the terminal step at 20 pA mean amplitude. It was demonstrated that the transition from
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[00237) In our initial tethered DNA experinents, a single DNA 20 bphp
was captured in the pore, tethered, and threaded back and forth

t hr ough t heopasazueder voltage control for repeated KFeGI/HSAMRH0RT
unbinding to the ss-ds junction in the cis chanmber. In the
experinment, 1 AM 100ner DNA, 5 mM MgCl2,2 AM KF, and 200 AM of dGTP
were present in the cis well of the pore. Thus, each event results
from DNA sipenetogiep bvoresuiicdry disonptiomol KB ffoukinaey dnd termaey aeaploss) feom DNA,

[ 00238] Tﬁﬁo% 9:111’p9| 1nh &t&ﬁé% Q%@nﬂcu% nﬁlhﬁﬁsmgdoﬂ gccur?‘&ﬁff’ﬁljs tﬁ?tlelln}fnal
the 3 end i1 s forned ase palr hairpin, and M of 20ner
primer coﬁﬁﬁéﬁ@ﬁﬁﬁﬁvmﬁﬂyWHPN§*MEHHWF§PBEé§§H§ in the trans chanber .

Upon capt ur[@mf] Thd18nshtenCibhencd OF th@@finihad steSeifchziie-RAhdDNAGVdNA | N the
3'-end hairpin in the vestibule (if_ an

pore, but no %ailgthe 8

unbound DRE& VP mRAEaneeAp PRI tioBy I ARrEE fY R SR EreaBd PNGomRls
ss-ds | unebtv@din(thef nasopbrrundes ycmafplvemgmm mﬂmh!urepd)akesﬂfpberbleao 8dtecCin@dat-
EjlugFe)F()e{)In“Teth}[ Fnezg%g M a&cnag&; fr i e obeﬂkel-g‘?srs o?thf: $e in am@nur?&?from %OpA
exper i menib20 phk &t lﬁ@wVpn owirggend work »[1100@9] In the experiment, 180 nV
appl i ed vﬂamﬂ@nmaeai%ﬁqn& EoftAR btH%a SRERF! %m&swé Ralgodene pore

with the 5 end trans ocatlngilntothetrans chanb en a
event (thr é‘@?ﬂ? tlgj$ aP{P'_PSCWE‘Je voltage cpgyrol E})&)C 1Hyr Oﬁﬂwf@%&ﬁﬁmwfeéﬂﬂé‘me (FSM)

(t hr eshol guf ind 2ebvBHw 8 26itwa] afdie m n%b esgmg@fﬁauea%h QGelE?%gHﬁyﬁﬁblE gdté Shay
t he FSM reduced t he %Ote”t' al to hol d ecule in the

pore but GBPAURFHEeCHE hErPT 'Hftr‘lm@f'mﬁﬁ‘aé’%%flFQWPF@FVOH@FI@WPH@WS’OS”W hol d
vol t age V\ﬁserampdarhm demttion Of lﬁﬁelduaateﬁﬁfyl cofitpiset, fohsed emndhe étﬁfacttermﬁc 20per

primer t O % nd%gﬁélnlme east fbfmstec %‘ %ﬁgveng t}Eat ree tame w1t t‘%mreﬁholl._d rarllﬁ,e

initial te ase acat nol ecu
15. [ 00:240?—2Aﬁwerf0r220 s ethe vctlthrg \ﬁSMvcrsadew sgc tltehempl@l ltaagetottlm c+s2dbam&¢r,
forci ng tl@tﬁ&r?‘é‘ﬁ‘wgﬂ}{ﬂ>q05 R@ec(ﬁh‘ﬁléh\gﬁl t%ﬂ) Efbglssggﬁtﬁ?\%%] yrﬁnﬂﬁu A Mn&g arlc%

abut the 5' ai nst trans-si anne
dangl e t Hethg gangsidg. Jh@fqn&ml legfic ag ghe3: ecof@onsantiatigrihy dited timp ef ¢ f;l,et@ﬁémry
The -20 re¥myiel évage feem rfﬁe@mndwémlrmofsm&ecmsmg& lﬁts}gmhe Hﬁ‘%‘(ﬂ)ﬁ)ﬂ%thow

5'-end prl;g[r%sr;113 ‘f% he anmpunt of tine
r ef erred TOVEGA 1p819) ‘gﬁl"’ﬁﬂa‘l Ty timejof i m??éé%"lﬂ'i?ﬂlqlﬂ %@@3%@"3*’* control. Since
Appl i cat it thaf 292 0f ImWAﬁmfbmafy @bmseeremdgeruﬁn pEheE rt&dﬁai:mg@&.ddh)ezd m&hi ng

node of the %%n neaﬂ lﬁc%mro“ @Lms ere After thsh 5 seconds at -20
nmv, the I'—nglrchan et The Vol RO rﬁ? lfz’hen noni t or ed
(threshol d@@9231meumd mnlmntemonauﬁﬁsmﬁe \fbl@ngdc@gnloseddnlrmmadé pfificienyt  Of

t he nol e
unbound Cam ﬁatled‘]deztfletgonﬁ)ggnga/ﬂ[?zil%l\?m?mpg%éa IQIE'%Z {'}h OI d 1P8Hl?,ﬁ'%rg'|§k§ed An
revered ttbechpariemgtia ) pAcgpliuge (ilsof ¢t§h(2ﬁ@8>rﬁlﬁmﬁm@sm@m@@ coptd Of:@M”dual

cont i nuedbNOmpides & a Jah@oiel Inti@EBeioRdTRLAEUEE on Wotn@al&u éleétmcsisﬁliﬁbeb@e&nd

event, upon di agnosis of the term nal_step ([ F
t hr eshol dFIORFItE o drpgary ‘&e‘@%é’af“tga” F20a'+ﬁy°ft %‘h%té%lt‘awn at‘h’éShP dgtispgf 20 =
node. [200524 vm@el W&k dngily eiluck8 e eménwme DNAWRBD tRE ITINACco edicaginnsed

(by DNAa e ter enzyne- bound
Svont) | SRR RE N TSy Baco g Flandhe:BleeE 36 TEgRY. e
first ni needpelste- E!N]fevacprmhbe dcthambs pbibrttdmr:mslacatlﬁt Beﬁae{dplﬁh&%taﬁmedleiteﬂmtand
?:); gl Egg?a\étmgl le egl%)uﬁ]%lﬁ}_\ even sané de? cPrla\éAfind e.’eu:tmﬁrI een%e.?rgﬂe- rea Bh&:vents were

t hr eshol dounéallamé@bhkmedlsa@gda Dwmsted 9# to amcmwdletmﬁnmmgﬁ betweaarbaihngles ot ep
W t hin ar&qengn,zcw@,amomn% fwvent. The FSMlogic repeats the fishing
node then prob |n]g mode cycle until the tethered DNA nol ecul e

t r ans| oc dt*a@ple X1 fgHPMEY pore, and the open channel current is
detected. [@A4fA pikhlReita@plifid, MolEuRr D&VAEs ARdPhih ﬁbdssregm;t&sn&%p]% vbifage

the 5 -end duplex is unzipped. W expect that DNA translocation is
and measures the ionic current through the channel. The data are recorded ustag the Molecular Devices

53



57 Figure 17, where probing reveals a DNA al one event. Fishing and
probi ng nodes are shown again in Figure 18, where probing reveals an
enzyne- bouwa 2BMA2E809ENt . The FSM captured and tethered BCThHS2008/004467

i ndependent DNA nol ecules. In total, 337 enzynme-bound DNA events
occurred in probing node over a tine period of 380 seconds. Analysis
of the data shows the FSM FPGA correctly diagnosed the term nal step
in these Biggand44padigifzen spaple AeS0 kHp andiew pessrfillanddrags RIdomitt 4 fopr-nolp Resss!

restart edmta%% & Ar SR0M R&a &ﬁe@aat uahb,ym@& SHSsRMhs Mbad1Rgoo,
enzynme- bound DNA event ge erred to as false positive). Ofline

anal ysi s ErawedIikentrold-ogigilardareapd F%fg'ti’lrf ed in zero fal se positives
in this daygzzsPnkd ua&agbm::emeglt &tpl'dgﬁm@fed 4y aFRARPstird Jnhdhl’nel(EFSM)UJhlhfn&he

t et hered eri men ed t a and i nprove t
Fobust nesERRSTE RebriTe Lk HEM by Bamptied g8 oa e nidHh g TS
mechani snhagarel3gsteex Plairmeldntomens BCISES VRTANFRG A 6 o redosfigupbkihtidwas plaffidre
mechani s r k 0 or
a perio dntlpg%%ermﬁso A ng léf:@é@tsag@% té&grga%p n tl es @%Qc cRJp%Pé[ ﬂgle%g)eiﬁﬁgﬁlgqsg
then re- plpmbemstmcrenswbnbprpkremwutlos Im@@mmdmmlafsembﬁ)umddﬂabémﬁgﬁ'ﬁh sihit ng
for peri ogs, Edniithnd hsfsocmamqm it\EHa lratbftohd bet»@emtmlmsatmu&%f%&ﬂ
Identlflcatlon of the brief fishing period used to confirmthat the
DNA i s unBessriemanis) Yieastrempgntstof e pey FUTtspicps Reressest a0d pEssediiping FSYRE inpitpi o
mt ect : oncrangs QQNghtﬁs@i cdn@olREgafe hitfdiay heddsatry, RRbuaihe nded Wraeo.aauraﬂd fehhte
ecules in a Nano

I n bi ol ogi, c opore set
a pl anar 1§ ¢Fign By é ew?%?é‘é?é&"%ié‘r"&'@%“ Ao SP"%? %nggﬁe?%ﬁﬂ?@'"g ﬁ'ga
KCl sol utsdyaem toheasi tagiweetsmtrhemd quInﬁlcrcp]sE@helwm!ehﬁamﬂ&Mng for thaseftibEldgic wtbe
t he pl anar I;éél)"eg asnecessar nnel {Pgor en}S is 15 nmin length and varies in
di aneter. Cl' s- opéni epore|526an|de opening to a
3.6 nm ve@tamplfl)HVbEﬂItemgmdr’lﬂmwholgmgb)m(liurmw| ng 1.5 nmwidth at the
begi nni ng ﬂfozisﬁ‘éur%.‘?:m[ loEﬂ?quﬁ&%l”fﬂQﬁtrdegztioB Iaﬁm%% ElfehtidcRaak vents) that result

trans- openin IS vest | e 1S arge enoug
doubl e- st FenBidy abmr(qsmw@ Rurthesrthe lpgje mpgh ke 4bilerfPf’fﬁﬁ'§“‘ istipguish pepyeen

wi de enoughe “%reve%sg?ba Am@a&s mtema%gmdesmrm&sau&iaanm BHAE DNAgaGélzo pA and

el ectrodes are use 0 ent i al an |

current tHPOulRPoEEY rfoq’%é) %)'\ﬁ%/ﬁ‘ﬁ"r %?‘S““?H'é" ]gﬁ‘ér"@““c %ﬁé&" D?R"r%"ﬁms 0
vol t age predlkime tx}kbendaeg@tcurv@t Mg hargEeRPGRhie sphaltaed baskdnza.e of t he ssDNA
8; ﬁ:ﬁ\ :)2; gd'd%gt rgsﬁ@g ervéé! §'e gelﬁ %191\9% { Orr;gr;[ f) ooéft nltyloeltage'&épen't bﬁgt(s: Wit EEH’IB blo‘oglcal
t r ans| oc ado@porkitetope decdrdGomesis pjambcralh onr ebbmoku;delyKFMptmuatmsiedwm i ng
mol ecul e, . causi e, B JRABE ﬁeeder ﬁ'ﬁ)alln lﬁ W QFdex}tJ‘chﬁa??%cf hP0Rd BOAN. %‘180

event s can e characteri ze ockade current
and t he tihYonepannigp the diugseold p’emtf@d fnd usdqdo drgredN Y elopgreentngast2le 2R ad; the

time. The [MAHSRAifD atd\BeS REE: REBLSHIADNESERIEH WASH L QB qewexﬁe%%m
ssDNA and dsDNA segnents. Specifically, for_ the non-F %SI’I ment s

di scl osed® A& arefr ‘“éP thrgshglds havg Been "H%{FYP‘EJ"? akaltﬁnf’ob'rfbt)"%"f’ﬂhﬁ'(ﬂeé i"Hes in
total | ertg&&homaﬁameldhze%rthé faRe @8 o Aftinklle RNMAY iRt Seculdr IINA that are
ol i gomer t hat eot i des inlength, with a 20 bphp was

79 nucl tota
used. Thek"ﬂ‘é’\'?'loﬁi W’B@é&d?dﬁ‘eﬁgﬁn“ﬁﬁ‘?d TTIéﬂdﬁg the 3' end over itself,
creating 1{02a8) Alering $saisqiad mlga@hasehSxmcephenoniuscttrﬂams)ealdqe-petrkmbisemsmneanded

segnent, with .t nde i n
both t he Biiﬁfeds 3 %66?%&%{’%%@ unrbeaainr ed lg?giN?%e Eg%ﬁ%fﬁg?g%h&b?y cgstla%udshable
| oop) . Upommooiging the rof cures amplihge. B filleringie praientpinplieds we bave Hemqpotrated58
vesti bul &Qithn bASRABRNANER arkiK- AR olchis HRABRE wihaSWdAGHERR fifr Rls

t he nanopore ;ysten1an an exanpl e p 9] transl ocation event Is
i |1 ust r atheen ysefl iFpyygreerimgnts so fppoluding l@@vrrl@weaﬁeqnén@t'%é@m@@rﬁnpm@owmm%cnon

current aypRidehtfes aila@hofr @%wnegly%ghae lm\earpm@} wiNRn Ofcd BN WITRE GeUlERw
transl ocati ng throuq pore been shown through vari ous assays
experiments. Details on the two filters are gwen below.
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[ 00246] The nanopore systemis setup in a 0.3 nMKCl solution. A
patch-clanp anmplifier, Ml ecular Devices AxoPatch 200B, regul ates the
appl i ed vowpags/12167 neasures the ionic current throughPCHES2HPRAMAESY .
The data are recorded using the Ml ecul ar Devices Digi data 1440A
digitizer, sanpled at 50 kHz and | owpass filtered at 5 kHz with a
four-pole Bessel filter. [ 00247] The voltage control logic is

pr ogr ammeBxampletgV:aMeSig Average Kiltehe LabVI EW 8 software. The FSM | ogic
i's i nmpl emepdossh) BRkPs 5 L&L, Qheﬁ#@ﬂ;rﬁﬂgg&kﬁoﬂé‘%uﬁreﬁ%@%n(pﬁt@@@mﬁ@k@%ﬁrﬁ

system Nati onal I'nstrument s 1S a reconfigurabl e
har dwar e PRt HHPg HPdpesiasiof 73 B IHBaBEANSHEHE chnier Wistheldgrnes.diedFCén
times (1 aeiealeent@uhcpé&mr&amIn@nhdrrme)meanAﬁ’e &&%dgsheahrhm@uev&mshwmtHAAﬂesre

program executi. s bro en up into a series o vi dua

Do ot B b A < el o APt e FEecksoiie Y o dogonnes B fchuess
states ars aae»fenmyqielkmcrwmﬁ bsyeatigent wzlmgie cles@nlirssholVeasur enent s of t he
pore curre cess n d I .

o e Fomieaih fuf¥ BEERATY AN RIGBEL kDbl (AT phOR vl sl ARG SN
re-conpi | ad an@osleofraomeet i IhéS thesti @15 msge fogthe e'mde\m@l nRPOA irsT ity tdhriesholds
a bal ance ntr@ta%&%ﬁp.%@plo@%ﬁ%&&&s@ Inipta¥tice t¥e &m@élg ik rsrtges 1$aﬁ$§ emiP

react to events on the order of a m crosecond e al'so al |l ow ng
for the cB#Eros mFEtﬂgﬁ“éf Vfaé"Héerﬁ'%émqugwt‘ea%%mﬁe@éegraw%éle%éewelow)
exper i rrentﬁmpl%mnptﬁm}{eﬂtmufwg}mlmaﬁd NGefige Mg Filtered Current for
DNA and Enz ne- hound DNA Eyent n05|%W%00248 BI ocﬁﬁgg event s
quantified! 9“*3?]'250‘5 8&%&5’6’8‘“8?]? PRl fegr AR e&é‘t‘&’@‘c"éhswl’s
and 59  nwiid omad events.rSpadifidallyehe IFS MYFPGAhweas EﬁMaEFPEd\[o détedreautnry lievell @fplitudes,
ggflt : gg J([)\Foal{ rljstel lﬂerlerwlr{apsgeﬁggn%ﬁlegé deﬁact%g%lé Ig? E P%A‘e eetgogo?tggeab exc?eIQF%e
FPGA s arrpune@nti RYlAiiwnthe cis ahambert Emdnaommmeeista ahwﬁd@memakfor many events
anpl i t udey, i nd &l ﬁépt \§as e eaﬁmes@;ﬁaaﬁ}hdugh e LJagence%f RiRinaRESH if teﬁgryreame
and then continues to test the nean every nsec after 1nitial

det ecti on's h‘E'f(9f’{f’?eW'HHH’r'i’°B%$Fé"i”§fs"énd remai ns W|th| n this range for four

consecut i vVeyob®$tSimptdd€ e BbhtsaetGinehs @}qmmecttoheofbérmmegs asexporehtially-

hai r pi n event The tine tion eve

di agnosi s™®§"ed MSiGRE f?&ﬁ%&g’{é@%? @H’f E\PgﬁPe‘?gEel}‘lﬁ’BﬁF F?e{Fl?' 6}1‘33‘%&%@&&%?)3{;'3’“
nsec for ﬁlhﬁemﬁﬂomgtmrﬁeﬁmhmﬁhn z&nl]bQRCIﬁhﬁ cfﬂméznly Bed r BgiRPsricdMNGR in
and 0.6 miectr al 1 meermg [gp();auons {i‘[ercaﬁi gitll%b\'l gavera e I?actlrrgcese entla]] less
conput at i onal aeq 'f'ﬁ nmean ered curren]t1 s BRI eV &nt
di agnosi ssigarfdance wggmsennldrsenc! arlb)ws ihe ifited SEwal\Aeeqtte@taalt s reralmgtn#ieE‘Fw
control lfﬁ@hl‘r‘g also érﬁ)@rglls?énaﬂgﬁ{%om%ﬁfé@fﬂc@ml)l tﬂﬂ]‘ a%n#ﬂémgﬁ%]av!ﬁ% %L%ns

di scern between ohe or enzyne conpl ex ‘usi ng the nanopore
system AG@FS!VPW‘WGWa“@hzyne di ssociation from DNA can be detected
and reacted to rn real tine using the FSMto detect the term nal
steps present in the current signal. The ability to det ect’ both DNA
and DNA/ enzyne Gl g4 2R dnBRerROME f%Rdd RS fnalshespt &Rbiy lah@Bis the sample
identification of the base at the junction between single-stranded
and doubl eaumben FdierimNg daladrem (BReimgnah senrigteption gxmENmeisdtiline.nvidng @ hehowed
correct nu ' det dickad, i 04 hi S,
report. 5@%%@% gﬁig%bugt&ﬁgtg? é%sn[ﬁggno an con ﬁlPol é l[s[:'ﬂngfm
DNA hai r pi ﬁllthpteemsesneawe%ed&emaledlseddmi et diggnosis paing 6 Zé’émtlﬁ?‘@%f

| CF using @},re'gp,dml“es copy of DNA. One base can be identified when KB is
pul l ed off a DNA hairpin using a nanopore. Repeated capture and

di ssoci at i 19251 [nidi 2psegyn of pehaagera vRIGE e £xPeppd tWugfleRy PEWFRaifFaH 26 e e

be sequengediaghoay s evear iTBY HREL; 0.0 mséifRGhEWRB 0 hirl aReiht MigksRuM, YIS aHe:c
reaction js found. Hl[(l'?.Jrrent se uenci n nmet ho% e limted tﬁbread

| engt hs off" BEDTFAC qs‘.tﬁssbb&g NEYBHG ﬂ%g&“ i9GETTOD Fngdy’)! bppart of our

nanopor e- asedvagequenci ng net hod has potenti al for much | onger read
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[ 00251] The bulk of the future work is dedicated to inproving the
detection robustness by increasing the signal-to-noise of the current
si gnal threoghosiipppoved filtering and use of | onger DNRCHEBI0pS/098467

Al so, a doubl e-checking schene to ensure the enzynme has di ssoci at ed
will be inplenented. Experinents that vary the concentration of KF
and dNTP will also be perfornmed to find the detection |imt of

di f f er ent Exzombd ¥¥RsTimERegalgyifer Ghdnging e VoltadedieldForkb| ecul ar Conpl exes
[00252] Th‘?oo‘zﬁl{] %@m AR nqnde%ewagedé o@mmrmﬁ%%ngn ! acaacm‘ve transient is
Escherichi a coli % ner ase can probed wt ﬁ nanopor e
system |WWW%@%W&é‘eﬁﬁmkﬂmcéﬁﬁﬂhff@ ‘Eﬁﬁﬂe“émﬁ’seé@&@ﬁil a'tHPPz'Femﬁ‘iYﬁ‘g nHrPIY

bphp at coufd At indoB@ vBI ééﬂéﬁg’%'(&e%kre&ﬁﬁﬁle Bhecdt aides0sipha) 2d RRe IR A masks
anplitude and 4 nsec megl an time, Addition of KB and the dNTP

conpl ementPgF {Pigr@atgrd ‘B?\ﬂeﬁslé‘ﬁ?)?%'é f‘Pfé%ﬁ“ie‘i’\a’th’é"“?@a%“aﬁe%!P%}‘f pleeacdjeyent. In our
yi el ded aingditist ﬂhéltrarﬁilentluﬂﬁlfeeﬂﬁlewhd’r\ t}blceml@ad;glc@kwecbglrantmmmégb&@ alVBRfit type
median lifeti aftri

Comt exest et Blae hares eyt Shen B i at EhfcHobt Regpiatfe] o Llch

t wo- st ep Panbseruntilitie igmeeat ks stfhiaent9FMedf t he bl ockades, the first step
at 24 pA f v n
anpl i tuderT‘Fq’ibngs‘]q:"[r'?]IEI SE[%ngEmgﬁg}etsl{a%ﬁe? £E‘]\/\Prg ﬁm({{?% tﬁg]lg ?étl)zlr]]a% ‘?ﬁe?il é%%atnﬁ(g&&
It was deWquFéFJFPat"éﬁlt tthgechangppen @npa%\ioltageﬁreffmmﬁ%ﬂéfg%ﬁ@@l‘{ @nd e mVete 184 ed

i n di ssochataPRnd?Ehahfefer bRV %IJ&‘: vvaﬁef wk @bdeRWRMEL J3Y: dr lﬂ'@nsﬂﬁt‘s H% @u _ciently

dropping into the pore vestibule until unzipping occurred
initial eferypd foé‘tcc‘%i't‘iF thﬁg@]%’éﬂﬂﬂ%q -3 Bfec-dp 4 it Siheed BNA exée”&eé‘ﬁt‘m"ages

aut omat edchekibE6dré T00 n{and 1MB AE)(atB6lute Melieyi Tdahsiknts REUNEE Yo ORIz RSscaas
denonstrated, b{)aslgd OEht ge characteristic 24 pA anplitude and
truncati o OFPEALBISHA8e time by vol tage reversal after 20 msec.
The 20 nse 0023} hifthe prsnce sfcchivee aLekagb 086 tofe requged Hr dingaotivefge evehdiarm I20A
nsec int t 0 LVE are
onger "t Hac 3o eERaE pelna ity R KElpe G it SRRt orSfh Qi Y BRL S
dNTP, showraugs therzansieny entiting tirnmg ermcalhéwgmhm@msmlr%fovm frlseed emplitpdg to

ternary Cc%ml'g%)émgvlﬁ%e%u(eﬁllcglﬁ“yc%rrM)lgnap?Blﬁcélé BsidVehe 1p§<§€&’edQ@betehﬁmst25
mechani sm described in Section 1.2.2 for cal culating the w ndowed

mean usi ngset o6 veliagahanges of 280 my dabselyte wlugh gpd '5%%(9‘“526@15%%@{ willeraAizee of
17.2 to 2RalepA. The ba5|s for choosing this range is that -20 pAis
t he nedi d d 20 hp events at 180 nV as well as
the ter al?‘]féf“n@t%‘}p& &Ft Tﬁ‘) onfigaUMT The ability to di agnose

i ndi vi dual (B3N hSut mmaleaherﬁdlm s:tpawsenpoﬁ cpld DIHAﬂ@bplEmtaemdlurag it the pore,
rS"y;LeLnr E)ba qlu ra(%tllr?a%ed @CE&U@QOI‘% tl'lr% theW%re um?erqa nttrol(ﬂ%r reé;ezgsﬁég bugl'lmg
present iamd tulrbendwsq herys-ds hectloajetnm clych@mbetrﬁe thqexstenmexsel N\ [HmepBéd> ©iin
be 'dent'r&g@dz R, 5M '26@uﬁ'o??&@?@9§ﬁreé§thlﬂfﬁ@&'sQrgll of iR pofrhulslags éeaﬁeesuns
reads, regl tf on o base polynerization Is necessary to step al ong
the addi tframDNA akocdrectrapeemples capsveiy thbagepadded, enzyme- bound DNA
present in r

conpl ex, g)to?'% ?ln%rllng ;tg Oglgrrlrpﬁeeg{éﬁ%hﬁrgﬂm&m g egﬁ? ﬂl?ethé)g [’@%re%?d? t|0(§1r2;0
In the exmeemawéfnw pri@gdhefedmpienrigner QOIWIGGWPE tegtheS’¢hd @@@ﬁﬁytmérerﬁﬁavﬁat ed

so poly m?crh!uK&T— 'tBBn éaﬁm&to@lhle @dendWoﬁé/g‘% 'i!;trkdﬁged@ﬁcﬁd Fh@ PRGN e ‘Bgﬂe %upxﬂﬁﬁhzzp the
addition to t hai rpin, This use di -deoxy term nators is

f oundat i of e@ﬁ haifB‘§t“ téf'etfatéwlﬁ(ﬁ g H‘f’éf’%@é\”bfﬁ?}f’%‘i?é’tfs £t OW%W%K%@TH
Cont ; ol Offt')od lﬂﬂis\@s fiaalon MeMa}yQ?M%)l@ﬁwasg:m%]Aiﬁal@hd cndﬂtuﬁ\@tp'brﬂﬂ tﬁc‘ﬁ)mer
msec) is based on c ting a filtered nea it 0

ast. 0. 7SPPRSEEmEHS 1 e ) ok gea@a;rar?@ﬁ?f Aiple orEiif P47 i %%f Pﬁﬁaﬁ%h E‘@j"ﬂ‘f&‘
mean r el adxparinetit©araRovapiplitddude range COI’ISI stent with DNA hair p| n

bl ockades fo%%(%l%[]% ?e)nfn ';]gp%[nbo gﬁtd gf’ﬁ"és l%sggato c:apqS thﬁﬁ'&b\g cuIFm the

control wefe nons Irst I'TE
pore with the 5° end translocating into the trans chamber. When a DNA event (threshold of [15.75,
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confirmng the ability to detect both DNA-enzyne bl ockades and DNA
hai r pi n bl ockades. Confirmation of the ability to discern between
each bl ockeidaousypatin real tine is crucial to future WAERUS2008/004467
U timately, nanopore-based characterization of enzyne dynam cs w ||
require direct detection and control of nultiple DNA confornmations
relative to the enzyne, and direct control of enzyne-free DNAis a
prer equi s31t28) pAovear KF-ewnd Ddygi gvgntithiesholtlap B4i25,i26y 3] pA) aOdigERpseisingdhe mean
control of) ?ﬁ%’lr&{u A {e%a%%wmmctﬁem&we%fﬁ@'pore s'mvmluﬁﬂ the

detectlono on nonitoring t he raw anmplitude relative to

a t hr eshohaitpip endigsociale K F/gEEP- The/ 2] m¥ held yewse was apphiehisy &0 seo 2ipprépgsufficient for

enpl oyed Qes Bmﬁﬂeemcagﬁema%(% £ o8P DRAAN thb Bang @FambaN hd iBiat@keliagghase of
effects on ss ore interactiagns. In contrast to threshol ding the

raw i oni c Q?EPFFF%P{"A:;{?P&CFLF iFdBovRiREisfiedtowed anpl i t ude mean cal cul ation
used here fdok40pARerbeecribié FSM tevereddsie. voMel tot-2@msl] foicing detDeca to@arddepersds
ggl’ tera]_g) f%me%rg%!:tgfno EIWH cgt aiba\}ﬁ)erﬁeg exa Sr(l)s'httl'nugz'l_nésa ?necl o@ﬁw hagnel and dangle
f al se detieessidojusctiohafitha3’ sndiglirgintitie the h@tldmb@rﬁharzosm‘ﬁ volEgaqulf@mm by small
Experi nmen f

et o R ol RS2 AETARSL b A0l TS F%
first expettefems imetg. @bﬁjsefe‘i insecongssArphcageT ¢fc20anY Foy /fish sesends BI‘(F(e’FFélf? ifl n

events, OREqNRL R64 £ uRlofrof o8 and increase the bI ockade dwel | tine
by | owering the applied voltage from 180 nV to nV_upon detection.

This is re ?ﬁléﬁf“ir&shass seER A -0 imhe e Fe M TEang ‘E%‘f?ﬂt?ﬁﬁlt“" L80AF Y dpen monitored
conpl et i Nghrdshylded by Rehifleed dnitinde Grdagadst haidediitt dTencandiend adthdpopcisatier

dwel | ti was sou b DNA . usi n ., of
T80y ar2s S5 o gzt poupa BNACH i fiid ia FRRUIBRRT (10 1 B0 R LAY
aggr egat i @hage mai ewdréd. to 'mm\fmtmswatthecﬁshmgarsocted)thmwwe alsté?Sanmnd teaonitor
hai rpin . L

a1 pi 1. WEperh BB S AR R/ ol o, LG AL BN LIGLo 75,
in contr a?slt25IR§\ thiggholdl). yoltagh ey roYersed tot- ?fém%farewu@bp fiphisk modd. ne event s,

wi LT i ndi cafo®sat RaicdibR oORb GRL dnvifurBaiid PRANs H‘Eénosed (l{ng%%])ne'%rt)yﬁhc@lﬁlk 120 .

bphp event at constant 180 nV voltage is shown in Fig Otilres
21al . TheeBBhmiof ftsp2ymestoytt AR ref97ed 1948 e FEbiPeFars H}‘?FB‘T‘WHI\REF | The
time (Fl gui'tﬂmaﬁs’hlthdnrprc&)@hcttﬂnsb&lﬁﬁl)aﬂeﬁer%[)mdﬂjerlmw:hﬂa divplayed i Elywed 16. Ohdre

of 2. The tud vent t in gur e al |
’s 500 pR N R sl el M e el g Ao B o 96 o b R
events artereshnldtMsedsfurst@hosnsaofgmb@rhd mBAtmotherpmua(slﬁpgutrhm aﬁ&amme;—bqup@aNA
bars). For I not
shown) . tHe et AEd Tuft BRkt B it UEh b e Bl JOLEFPRATT
87% of 15@01¢Fmeevre}¢‘pfsesahreuglhmetm@ g tfte@Pellgh@Aellc@zﬁgélS defenips; DHMF&'FS'OCMCS lf

ext ensi Onth@’ﬁ@n Q-Plﬁ%E:B{S}d%fgﬂh{e%l—elfd%ﬁplm% Grﬂ;p&)&ﬁ\?%@kﬁe@lgﬁat DA RHH68Ebnt
150 nV for all ected events, a |arger percentage of bl ockades

shoul d habet '&ewécawc%pi MPERAERS e T KPhhaTie singe yrgipRige #AB) MY san happe fasies than
XXV Dvel bNA bk dash@RSTHRM20GAN bvbieke, Ofrthg Yiher hadd)ls less (13626 0dzip 4RO -end duplex,
di agnosis of _a DNA hairpin event. u filte ed ur.rent,

t he
comand VOt fabféh'f‘%“'?‘%*dﬂé@c?’%" 1@6“‘?1\}9‘1%%1?‘%“”‘[‘3?{@“?1%{1‘5 BT RE YRLP gLCT T e
DNA t r anstreq@antyes DN i gJbcatidrein p@bﬁg mbl$ vagus fkB0g mbtef WiherCIa@telllEIed DHaul ts
IO][] {T’ﬁ reehgv egtc%tes:[ z}g\g 3, rf:!]énp ratgm%\/r% foVYFt% QpEn cha néaﬁvsaﬂlg,ntflelolgs:lvlls resets qngxfntoﬁpoqg lhé ng‘eutlf%re
by machi rneothaavent tngethred maBNATrlwéc@xt ended tine can al so be used to
i ncrease t I 50 PDNAY
confi gurat P‘gzb gtsgclag&s) %@egfilégggg%ﬁg%ﬁp&‘ngﬁg rflqr?%] whi %Qzeid}r}@d ?rean
must r esi fdeerfuhintgitimetofia, A Liseaonds vwan Hisd tased o BYPERRENSTIIMINA doregamh DNA
state. Aflgrxieaghcts avslsasalsh mv e DR oM@ A B3&HN § A8 MOt RUES]HA ASMe

nV. A representative event is shown in Figure 21bl. The event pl ot
KF/dGTP-bound DNA threshold was set to [19, 27] pA. Fishing and probing modes are shown in
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1.4 nmsec and at 15 pA for nsec, an approxi nate event nean anplitude
s 15 Whend nsec, as in Figure 21bl, = 15 pA. The fraction of events
w t hi n t hevgugssaediplange 13 to 18 pA increased to 41% ahdI/U8208340We7 i n
t he open bar histogramoverlaid on the probability (filled bars)
hi stogram (Fi gure 21blll). Exanple XXVI: Dwell Tine Aggregation
Control (Figure 2k) [ 00261] The objective was to aggregate the
dwel | ti nEgurei7, whese prahiegydecd!s @ PN dorgpveap Bishingryd p6bingvofes rre Siowmsean in

upon di agAgsi &, Qﬁer@prb@hgrgwa]sqmmme B&Lé ﬁmqyéﬂv T}{é)i:st@ @A ﬁéﬁllsreé) 5o
Eige Sl

nv for 5 nsec. The reversal tine I's kn

clear t helmbmdw BhY\Prleckkn fhietal, 3%7re@amerbgurtdlw9pwets Pwrretdheprn@xg medft@mr.

The aggr egaiid ffiods? nscrse&onumhdysﬁsrmthy da SBASHE ESMIFPCRNRbALRIlY HYEbseh e
di stribution ﬁf t.he event ition to control of the indjvidual

T Ul ar e GV ™ e SR 2L 8 4 B rig A TSR M e RETre & as
bef ore, tiheirevsaptactpdilytocquedintie ezﬂ;miblb)aurﬂampeévantm&wm tolagd faBy padltise).

f ast t ffected b
aqar gat | e SPRE oV B e RN BATG SRl FRBSF R SR Tt 21
pA for 1.impkwetatigmel the EWBIAAeS ip futd® tefieed PNt kepezippnto wiltetugdey ginge angan
arrpl it UdeE]%\'e_the’Ll%blRéBSSW ﬁl@hﬁhrﬁ&glséébp ﬁ@ets {4@% ou%l Dk% &Qck1%EM|s$ lga% be

medi an is gﬁ . QR, precise pr oxi mat e
cal cul at issplorediqgule Pﬁ’@t‘ﬁ‘@ﬁeéﬁise@%tnfp‘s T m%hwlsﬁh@f@}bﬁ%‘tﬁw aﬁgfeenﬂ@ffea@ 18

PA incr ee}ﬁ&bﬂ]gﬁ&d55% foSEBd {0B sHoAGo PER tRAY. dJ]hn%E&ﬁﬁ HNRNRIhRY, @hepr& ptntb@
filled bar g‘ﬁ%é”{ﬁe' I stogram (Figure 21cll| For the subset of
event s, i'/“bﬂ"}?e'f ?b"ﬂd beintgeishing for regiAthisn dftAowde wolf YH! riRg of

del ay, r aq:p uaeﬂzdt Medlﬁa;gm SEthfBricf Pshihg pbrak @sed B doSfirdQhdleR DN @RDLIRAINViIl! be
time. An lﬁﬂouron 1 t he open bar subset histogrami ndicates that
t he aggrepga 10 58 % ?l ve has been achieved. Regarding the inpact of
cont rol d¥xainple XdXSRﬂfglthetan ohd €yt &, Prd@ndividasl DN/ @nt lonzyme-Bogpndr BNA

21cl | f alpjjovibfebin 06 ggvell ti rre range of 12-13 nsec and the
anpl i tude ?ang "of 19518 pA anple XXVII: Tethered DNA [00262]

Prel i ni nar @U@féb@rthmﬁwca\b@m@%ﬁqmﬂw atpipnar@ipidiydanatis preated @Ot ERLONDNA
hai rpi n (QRRNP) KcAoﬁmag lh&ingR optﬂalﬂﬁlyblﬁ Bﬁ%rmﬂﬁ@l iDakkeANE tﬁeqﬁatnm ;iplar iigh

the pore such that KF binds with nul tiple tinmes.
exper i nerfbanne (Rofp fdé RErn kagihpod "B“fiﬁ\?l %@162 The ﬂwwe@ms 05%%9@ mwrde

dGTP wer &pening to a 3.6 nm vestibule before narrowing to a limiting 1.5 nm width at the beginning of the stem.
The remainder of the stem up to the trans-opening is 2 nm wide. The vestibule is large enough for
double-stranded DNA (dsDNA) to enter, but the limiting stem is just wide endugh for ssSDNA to pass
through. Across the bilayer, AgCl electrodes are used to apply a potential that produces an ionic current
through the pore (Figure 12). The field created by this voltage pulls the negatively charged phosphate
backbone of the ssDNA or RNA through the pore, passing from the cis side to the trans side of the pore
with the trans-side voltage positive. As molecules translocate, the pore becomes partially blocked by
the translocating molecule, causing a momentary drop in current. These translocation events can be
characterized by the amplitude of the blockade current and the time the molecule spends in the pore,
defined as the dwell time.The DNA used in the experiments presented here are comprised of ssSDNA
and dsDNA segments. Specifically, for the non-FPGA experiments disclosed herein, a 14 base pair
hairpin (14 bphp) 67 nucleotides in total length was used. For the rest of the experiments, a DNA
oligomer that is 79 nucleotides total in length, with a 20 bphp was used. The hairpin was formed by
folding the 3’ end over itself, creating 14 or 20 base pairs. The hairpin is thus the double-stranded
segment, with the single-stranded segment 35 nucleotides long for both the 14 and 20 bphp (4 unpaired
bases in the doubled-stranded end loop). Upon capture of the ssSDNA end, the hairpin enters the pore

58



present in the cis well of the pore. The ssDNA ol i gomer was desi gned

such that a 20nmer hairpin fornms on the 3" end. On the trans side,

t here was woAaMsag+1a? 20 base pair (20nmer) priner conpl eRERHUANNYS/A0SHGT he
sequence at the 5 end of the DNA hairpin in the cis side. [ 00263]

Wth voltage applied, DNA was drawn through the pore with the 5 end

transl ocating first. Wien a 20 pA event characteristic of a SsSDNA

t r ans| oc atebtipnle@npdeminaingustitibe baipnds ungipped FSkahereatig oBte pasepqrotyeiem igsdant o 50

mw, a leV&LmﬁUﬁdBpﬁ%ﬁ%lo%gﬁ'%mtlglfbﬁ]a@d m?gfumbecul e in the pore but
not strong enoug‘P o shear the hairpin a 24 pAe

char act er i §3074! ﬁe&wewwﬁauthawmurwa@nwwwé&awaﬁﬁaﬁ ’P‘Bé‘f’?"bPNéﬂ” RNA

vol t age WaglectROrinBlu@engdthiouth thlgorERiE YaER sibivg BRGIRYLRus dsQaYisg _tHRRokas e
DNA in the pore, at which point the voltage sreducedto 50 nv t
ol € e TIPS A e Goan befiehn PG & TS R RA T I EYEL g pfhe

20 sec, anmbéref tetmdrdpd hzhe:eenﬂeﬁlblﬁslrﬁéﬂ; HbmﬁpotthrsB@ﬁBNAFth heck dopol el

he 5
of the DAATRSR T Re uPoBhesEs ORIy AREEREN: Blerad! il BEDERE2

was rest riiefiedHéwayen iravslecition @tey are roarﬂfgi op@t?i mgeonﬁdsueqcc) fdn eeqpenicme individual

anneal i ngnu%sqg h&ér@neeﬁ?ﬁnéf@MaﬁrﬁH B(;l?rﬁ ] &snﬁ CMQJHE @gnﬁ)g]:cgl nam?c%or@l‘/ Here and in

pullln toward the cis sid ore wth enoug force to
dangl e i tothepstudigs JPINH ivith sipsip and dopblefiraaded feﬁ@e'tt%lah%d & ipraeasy hegyell tmsef
vol t age stay8idesah the g8te (05 Osed dépRiing@h bfflieddbiedt ahd&DINAMe @hﬂgegh)tm

voltage to 180 nV to di agnose the identity of the nolecule in the
pore; ei tel’ié‘FP'?DRi&“‘aﬁ“Beﬁ'é'a"WhR’ig "Bihr’i‘aﬁ‘ﬁ}g‘% E}F?B‘i“‘é)?"e”&i‘r“g HREBIREPHETR? P@Fﬂa‘igy
conpl ex. drd usedia WerRolar ard) (2881; DIElleBldeEldlol i9(3)248-p$9 ik Ubﬁﬁftﬁted,al t4e3)FSM

nmoni t ored  t ecrrent Aterm e .poi nt
nen KF rebhioBdt e aeng BT e oo pauf et i B PR 1 R e
t he vol t alyell bae kvehty tmﬁ@luwsdqoenact)ttfanytmnald)a@@m wade mrmﬁthhé’ranKIS’ enll{ oftitiee
FSM f ai | esgm{,g detect the DNA nol ecul e before it transl ocated, the
current returned to the open channel current of --60 pA and the FSM
woul d norfixamplete Yaltagehentro Usiag BBMEPGANA t r ansl ocati on event and

repeat thehis nag. e egten{ Eb@iyifa 82 M k€1 BRtGNAARK-LEmE ARbISEL Stolecul
m a.p;?; ﬁ ishlp ? t he FSSMtlrle?%lsrlnﬁ ; alnOecuar

durlnga rticul ar ishin atte
unti| enz@ﬁ@emmw 0gB ge the aFEJ’Fd Yqiserat Feaspras W%@H‘CFW{% '{‘WP@‘ the
experi rrermmnnéu e dam&ee&pﬂdasusw@m& Mg r mlcamligmaemma digisar, Eoiplelr 50

Long dwel | eve vent s nsec) were recorded for
95. 1% of kﬁzé? Pg%%%{fg@?ﬁa JgR2 r?] v Bﬁ{%? e?glteﬁas been done to

determ ne tmy‘m'mewbkmge odntri{Hogle s$mgrammedmsug\neﬁslvlswrtfhlam1e DENVBE W @rspipedrd. The
reacted t f ! I ni

pr oof - of I%NP%%IE F?mg (;SMnted 0[\ ggglgél'ogémgngg e Eﬁ{] :Irgi;' E%fff(‘%l 7 %Ith%gw!érg!s e#e?:ﬁl‘élat;{onal
were run Itlfhralﬂelya léqld’é@jlR@éﬂﬂ’@_ﬁ%%@l@‘;@ﬁ&ﬂfﬂb@lhﬁgwe{e Pl ibat permits (3§t nGasgement
seconds, M%@%&a&we@@l Ifs'eemcpu@ ORIpRinf. Al REMINR g DM stk HRl: ragmn

reacted to 337 potenti al di ssoci ation” events over a tinme period. of
380 secorfaecutigdsirokeR 4p (g ssedes of Hidividy! sash G skidememmaps fserctafeg with it,

det ect ed ANHanki@aRbEednadR aﬁraawéﬁouchfmwrﬁetasuaameﬁmnéas.fraﬁen?sbf&%mef KF

captures, for exanpl 74 of the 337 .pote al . di ci ation even
were fal scénii’b%’FPm%?ga%ﬁW@‘W 1 oS @‘a’tﬁﬁeﬁ@ a"lSS CQEHINIgic are ma s
Di ssoci atdeaasa@ehﬂmhi tBeineed to[ré)&ﬁﬁﬁl}a atdretdie tﬁkaieagrpbesmttmvms adhlaees a
dISSOCIatI erin he na opor e
urrent - espeuakl SRRl ad Tytlis’ SRRt LR b Seb RSP P e
range. Thhisrosgedndoxhile hiss aitwotrtyiforghsoetra &gicao beaeqyefigniedenccobary bdteeen
detect|o§ &N inprovenent to this filtering scheme, an

exponenti a?ﬁ y Wei ghted novi ng average (EWMA) filter can replace the
mean fi | tExampledXIt FeM Muitoringef MeamdilpygCuridnt for DN anddingymerpound DNA

i mpl ement@Lh Giladdbsi@n analog RC filter, commonly used for signal

snmoothing in electrical engineering appl ications., The filter
[00248] Blockade events, quantified by the blockage current and dwell time, can be detected and
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witing. [ 00268] Anot her nethod to inprove the detectability of the
current step at the end of enzyne events is to use a |onger hairpin
and run th&ogigsdedivents at a hi gher vol tage. The si gnaPCT/oBs)swisf

t he channel current will inprove due to higher ion flow through the
channel, making the term nal steps nore prom nent. Exanple XX X

Vol tage Titration Experinents [00269] A nore quantitative connection
bet ween t meniarepin reak e by ok FBH/FOPA.of medndilierapplics 9l thespeomingredrrent fignal on

appl i ed Vfﬂja Fﬁ(ﬂ@rﬁ%yesg ?a:é&qﬁkmn Ihﬁe &%laﬁ:emﬁfbﬁe %ﬁ:lﬁcglyr @\)é@aé 3 ﬁs@@ the FPGA

r epeat abi |mﬁ}/ of the term nal step and show how its structure is
consi st entampjes e IONACHTREd SQmRYteS f éfrnéﬁ\tfed\fm arppbisnde. Ahe FRCAy g H the mean is

‘char act er yzah 4 gB-sgtirédenge eﬁmaadomsﬁl@aqo abtliRWseal Oryes het afted nﬁtraoae[ees‘on If

the termnal ste Const.ant, vo erinent,s are.r
G 11 e ent G BFEGES 20 ERH EXA 08 g DU e AP et R fifapgs e
conpl ex, bi&dkadg aSaDNAalhlrp’mgev’eﬁVHicSlrr@fdel@)aﬁﬂwesmbENP&aﬁaﬁSlc(cﬂnoﬁM/enQanAMagmld of

200 AM res \Vol.t a es 131§ 220, i 4
ophp 115 aCB Rt it RESBYTASS RRch 0 e fplte B Siell ecferc e
exper i ment’s? t@2.8 ph emge, tridd). ek forthrwemm Cohﬁrg\h@iesmxethdt(b@ggs of roghueational

vol tages Ef’e'ia Trid ‘Hneﬁd HléFed ElﬂreQ{%E LT ﬁNﬁ &ér@&%én%ﬁ& ar H¥BErs e Whdsitof befRen

appl I ed vol Tage yi el ds detectable termnal step event durations
( nsec)StaIEX'a%FWW‘)”%‘Fm nal Step Control Experinents [00270]

As descri beghradONERSM donirdl 1pRARS 5&%ﬁ Vsell @ dRR@MbAREY DNA%]&@EEDNA@H‘Z)@BC’
reaction to the.termnal Ste{g@ stated earlier, 3?{%@ ge
events sh@REX 118 PPRTPA%)SY LI A Adiipaf L ey Re disggpiatiqndro ?F/ ?Céeﬁla”
maxi mum deicedtd io feal taheusinPeH=ES M tOﬁetﬁ:ﬂﬂle re@aiadl s pkederit ahd aarrent sighal. Thep

will be s I r n nag the
term nal EE’q‘e’bm &F’C\a{t ?tﬁnggg nﬁﬁﬁﬁ‘? DrODI C?\raplgo?'% b cansp%%[ ﬁg%govﬂ% gi ves
nore res oﬂdmnﬁcynortréttl\mgaq at the.lutmuqm betmeed smgib@ttmdhd@n# doable-sframpdPY A when KF is

Exper I manlgo%m?t{)g DNAW I‘l Qnd%o@rla& Rfc)dtde ﬂ)rlssef’iﬁn MSJQ!QF qulm Eedrnﬁtﬁaﬂ @Jpﬁrt

COITp| ex, usl nggsat ur a evel s O eac substrate. bust ness

fal se pOSi 190% F‘Ffﬁ‘?m'l?@ %‘ﬁ eeigrtipryand sprtelof sigsla iy haingn G‘@F@ﬁqs ,cmf:e@mapqquéo
Exanpl e X¥flde rep@4iéd dla:ﬂhre of BPu U siri2le B2 DNABOhShascl@h Beii@tiidadNdhen KF is
|

Configuration with shing Tine Tltrat|8
pulled off a DNA hairpin usmg a nanopore. Repeated capture and dissociation of KF from the same

copy of DNA can allow many bases to be sequenced provided a method for single-base ratcheting
polymerase reaction is found. Current sequencing methods are limited to read lengths of around one
kilobase (1000 base pairs identified), but a nanopore-based sequencing method has potential for much
longer read lengths when compared to traditional bulk sequencing methods.

[00251] The bulk of the future work is dedicated to improving the detection robustness by increasing
the stgnal-to-noise of the current signal through improved filtering and use of longer DNA hairpins.
Also, a double-checking scheme to ensure the enzyme has dissociated will be implemented.
Experiments that vary the concentration of KF and dNTP will also be performed to find the detection
limit of different complexes.

Example XXII: Detection of Molecular Complexes

[00252] The interaction of DNA with Klenow fragment (KF) of Escherichia coli DNA polymerase [
can be probed with the nanopore system. In the absence of KF, capture and subsequent unzipping of 20
bphp at constant 180 mV reveals current blockades with 20 pA mean amplitude and 4 msec median
dwell time. Addition of KF and the dNTP complementary to the DNA template base in the KF catalytic
site yielded a substantial increase in blockade dwell times (110 msec median lifetime for dGTP),

attributable to ternary (DNA/KF/dGTP) complexes. Closer investigation of such blockades revealed a
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[00271] A repeat of what was achi eved above is perforned but with
tethered DNA. Titration of the fishing tine is perfornmed to reproduce
the rati o WP 2MA2HPONe events to ternary conpl ex event BECHURIBKWIBIOR t O
those in the non-tethered DNA experinments. This information hel ps set
limts on the fishing tine to maintain representative sanpling of the
contents of the cis well. Experinents are run with DNA al one as wel |
as DNA/ | O®ocNIF Patteayin arre*}ierdlmﬁv%pf the,blpgkades, ahe firsi stemg 21 o4 @lean anfiplinige land the

subst r at ege.drf ?Q@Jaﬁl)@éﬁ( d20 pKinsi Bﬂnhﬂd& ﬁﬁ&ﬂg‘%ﬂn@&?ﬁsﬁén%ﬂ{ e harr[pﬂ%zgc]s alone.

Titration of dGTP are perfornmed per cent age  of ng
event s ar BVActBPEEHehdathergAd o Sismstep prcpo mewmpn elé%*feétrﬂnroéiif §fm DNA

Experi mengs, fan@weﬂ B ;r@malfﬁ}mlr@fp;@ it ggp&@%%&%gﬁﬂ'&ﬁﬂﬁngﬁ&c@ﬁ@%& a e
sane conceptr on I nterval s or a Int SuU

ooy ot et ot ey ire pRingTINA, S in e e R Ty Bawdud
bi ndi ng usinay cmmnomrdemdnasadi Bsatod tepbdraongisticQd lpri atripBul dd and Martcbrion of the
Met hods) ; = i . i .0 .0,
>0 5. b, Bt iy (ol S ferahmetl. Ty 2hyhee Auglndsyia i fin Yy o
200] AM) . argoegepihen 300t in:the@rdsence Bfibe qomecSUNER, evdile onhyOIR 73 venTree IFRENDFSM
nanopor e fyskeifdGfie @éte%ﬁ‘o.h@ng'é $6:6n( u@rcmPJchﬁJTPe%mE thal é’&gﬁt?l%ngefaﬁm 20' e

vol tage ranps upon capture of DNA/enzynme conpl exes can produce data
to cal cul vy 5FRPoat Y gy W&&@@ (g1 i VIICEY e Srssdonhemedhaivhpy .

Al so, DNAfegeribéHif b@6bi pm r Edlculldige ﬂawad&@a nfén &h@ﬁlﬁ%@foﬁ@ gsl mbb%'olﬂggnal and
f eedback control of th Md vol tage. Regu] ati on of enzy

cat al ysi s* €&FP&mgsof lé{(?ﬁ‘? gﬁ?)'l’%?’islffﬁdf"éﬂ‘éﬁ tB‘ﬁ range iHRiat c?@@(}ﬂi/‘?“’n'@edc'zﬁe
por e, coudtpiifuaciol Mant D@ b zwﬁem mncmessueuas thoketenal kxppue 1BOKKLV:

I'sol ation I_O%ﬁ’?he%%ﬁ(t S %no ﬁc? él]af everﬂ?m rea?[r;ﬁ%glswg potendsz%r e)?le Cilmg this

col | ected patite nonar er an ore
EDTA- cont stitemh legequenzas. Asinglg a2 dnmlh timeggean! (>@ms¢r:n givésNiighipsobebility atd tedary

from the Rl gpdeSAMBlESonRd cﬁ@r ré?&‘t?‘m t ﬁéﬂu Qi 1!&';111?(%?@19 hékk RiGe bBe Fchl@d can

manuf acturer’'s instruction (PUREGENE, ntra M nneapol |
MN) . DNA Rﬁ#ﬂ*ﬂ%ﬁdqﬂéh'ﬁ%mg@&a%ewmmsaﬁor Bulgple Pﬁ%%‘&s@%ﬁ'ﬁ&éf base 260 and

280 nm ( %o@meiliagm 19@&9&5&1’?@:@%%&@&1& PRADY bl cWbiabs. BorBRGKBRadded, enz me-
spect rophot o g}) dent bfl cati on of SNPs %0275
7 Ggi on_ O IEYSPEIEah BB FE e S BRAPR BN SF SR PP BPPRRE B51 ng
the pri mejosecs (ETH i pl@.&hi f;or ﬂ;@&negmdn f0the éﬁp&ameaglp&aemeﬁmere,l?mMP@dHai L&oxy
are Sequetgr(r:n?nq SI I\ merlzatlon is saﬁeddlrgv%ntgjs%}gﬁeatpanljasméls /b 2 adad terrllttck Ea: mnTh
t he sequence rac are veri u5|n5 rec nse Mﬁ e a
conpar ed wat ofldi-RavgyuernBNRs's d@pdeintaidn pimdshequsi@Big @\Iﬁddamamm to.day

Example XXIII: Control of Individual DNA Molecules

[00254] Rapid detection (< 2 msec) is based on computing a filtered mean amplitude, based on the
last 0.75 msec of the ionic current, in real time and monitoring the mean relative to an amplitude range
consistent with DNA hairpin blockades (20 + 2.8 pA). Upon detection, two methods of voltage control
were demonstrated.

[06255] In the first method, dwell time extension is achieved by prompt voltage reduction, with the
reduced voltage applied until the hairpin unzips. A higher voltage for capture increases the number of
molecules examined, and the reduced voltage post-capture increases the dwell time to, in principle,
facilitate sequencing. In particular, extending the life of DNA hairpins in the pore increases the time
within which a terminal base identification could be achieved using machine learning methods.

[00256] The second method reduces the voltage for a preset time (10 msec) and then reverses the
voltage to expel the molecule prior to hairpin unzipping. This demonstrates control authority to
aggregate the dwell times of hundreds of blockade events. Additionally, it complements previous work,
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Exanpl e XXXVI: cDNA Li brary Construction [00276] A cDNA library is
constructed using RNA isolated frommanmal i an tissue. The frozen
tissue i s WORHYEAR19Ed and | ysed using a POLYTRON honogBaT/E82008/004467
(Brinlunann Instrunents, Westbury N.J.) in guanidiniumisothiocyanate
solution. The |ysates are centrifuged over a 5.7 M CsCl cushi on using
a SW8 rotor in an L8-70M U tracentrifuge (Beckman Coul ter, Fullerton
Calif.) fenfirmdngitppabiityap dast mmDNprwatmeéz%skaéman@ Bwﬁéwamwléckaqehe RNA is

extract edcwﬁtnlrhuapmhe@bmmb dlchH Yhewken &Embdﬂb&a?p@% AL Inrhg lsQn?elaMomm Y.
acetate and 2.5 vol unes of ethanol, resuspen e-free water,

and tr oat BT HITIAE DA CPTaceneEs o EE AYBRICANH! ’6‘%‘%‘6 befo deterting and e

repeat ed asudlof Quieple DRA cbti'fEiNAndnﬁ rdl£i0¢ B@GAniYnie unll BieecCloh XDbERzchd free DNA
(Q agen, Chatsworth 4% l%: and us%q to construct the cDNA |ibrary.
[ 00277] THA PERENEAC (B e A BPHIY to the recommended protocol s

i n the SUPERSORDREE: p:lnae;lmf sJI;DiNyﬂstl e mnopane/has beeg éenpanstiaed, io BINAB deigcgon of DNA is

fracti Onalgageg Ggﬁm%to§ﬁf e[Brcfz\if?\lre"fmth o @Ieveﬁ%lt ng?ega fﬁ;h)ga‘s(iomgaralﬁe

exceedi ng ar e gat e 0O an expressi on
i s subsequéietd eyrptowmrfeowm dommﬂnéedmm@r@MBtaeﬁtowoemgs e{f¢ctpon tss’l’-li‘@enc)re

Exanpl e X¥xXMldons. Pnr LRAEab 'Lh‘?&h C%dﬁéﬂw%w éﬂgeﬁgmﬁwsme wih @24 %plTJﬁﬁ mean

cDNAs are prepared using ton, Reno

conbi nat i BiFulfan fseolere ENG‘ NEC‘tr‘f‘fé‘r“t?ﬁf FE'?’EP‘@&% detgggionrgepends emthe alﬁ‘a‘ femam'"g

sequencedwiin 4 feermiphod: l@lfge&ﬁlgﬂin PR GaWuspR 061359(215\}8 cbmpdAzbns, Biultlng in
94: 441- 448%{49& n PRlﬁq g @ DNA.sequenci ng systens (ABI).
Readi ng fFYFELeFRPRY "rﬁ"éﬂlgﬁé'?r?f Ol fOBAAAPR t echni ques.  [00279] The

nucl eot i dExaspRNXIYEEx@nitdieots aadrResnltaci d sequences of the Sequence

Li sting ar I :

BLOCKS, angoog’s%ira d%rﬁongy%a %@“E‘Ea%@ﬁ@?ﬁ‘ Co{m gaI I gnrneaé\%u:ﬁ%i arﬁn?pﬁre is
nucl eot i dewakgribedi Ine ﬁ&ctmemu@neé}scttvewweo efﬁmarn!e' dsteq) BRVctmirgin Rydhardnt y .

Because of, L} of AGR anf ke b1 EiRe @\Léllgmmo%aenmphéi i frbm 180 v
det erm ni ngsexact matches or in i1dentifying honol ogs that ray be of.

pr okar yot'® O(IB‘éEMrdFta‘ft?“ dhisdurigFree pe dpahiiRREenfohgaIrol dif teiﬂ"ﬁ‘ﬂ'tey“g this
origin. Quiekve, (B 4kkAibiSr (B kxn@3 blobIRaEd i1 tidiad b4k sBight by &ﬂ@l% thefSNY €1 n

Engi neerin 35-5 C ve been u deal i.n mary

sequence ‘Bgﬁt"éﬁa%‘“"ﬁ)ﬁa‘ Seomuas (€FrGet o @At pertars s Molelghie

sequencesagghegatibroseblt. Thd iﬂbLB/aﬁﬁhpA(als aeihdrense theﬂl\tﬁmiaelmj)bhsiwelﬂ tidé, blneagd thd 9
|l eotid % b

ngoreseld e cap(ge ?rﬁ unzq?&mg@J l'&:l‘pl %Lﬁ%g ?:h"{ F.% g;bjhcaS?%g%%@Aefeﬁﬁlmere(\S%n in

sear ched cfomtrasmme Hielsibibioh wetbnextendedaivg!| Smeerents ovikiimdicate thattbddbeetive has been
sequence. ragaLAST eval uated the statistical significance of any matches

found, re&orted only those matches that satisfy the user-sel ected
thres hoI d §0239] mirfcpl e, eve agapstani AN e vpltpas s shevit Bdtayred |3 and2éal He

10" 25 fOﬁrob@blﬁlkﬁﬁkggﬁ%f@a@gasé%di}m{m SRk Gas i gne RIS s o) lid unimodal,

Ext ensi on of
with median dwell time of 2.8 msec. The median amplitude of the event plot in Figure 21 all is 20.9 pA

with an interquartile range (IQR) of 1.7 pA. Only 6% of events are in the subset range of 13 to 18 pA
(Figure 21alll, open bars). For the same experiment at constant 150 mV voltage (data not shown), the
events cluster around a median amplitude of 14.7 pA and 87% of 150 mV events are in the 13 to 18 pA
range. Thus, under extension and aggregation control for which the voltage is reduced to 150 mV for all
detected events, a Jarger percentage of blockades should have a mean amplitude within the 13 to 18 pA
range.
Example XXV: Dwell Time Extension Control (Figure 21b)

[00260] Upon diagnosis of a DNA hairpin event using the mean filtered current, the command

voltage is reduced to 150 mV until the hairpin unzips and the DNA translocates through the pore. Using
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[ 00281] The cDNAs are extended using the cDNA clone and

ol i gonucl eotide prinmers. One prinmer is synthesized to initiate 5
ext ensi on ¥P 204§d24kbwn fragnent, and the other, to ini PEHUE08/004467
extension of the known fragnent. The initial prinmers are designed
using prinmer analysis software to be about 22 to 30 nucleotides in
| ength, to have a GC content of about 50% or nore, and to anneal to

the t ar get80gitfaesterreatsuappirarenaindfo mY othile saueng 9 1Bl extmls the ko

stretch ofe RitginSQalnd@SelitiihalexiRktnds Js@fﬁltrbltsequen |b5rFﬂiaEhu$atl£Mﬁ KFod@Mee
priner-primer dineriza |on$ i.,S avo Sele

CDNA
| i brari es™4P&d 885 REOPE TS é‘t‘&%"“ﬁ‘-‘o““‘e’ﬁ‘?@?&d fﬁ@”%“&%ﬁ*‘é?‘f&%g BRI B1TEIYBR
i s perf ordedhutaian (@na), by hﬁreaﬁh@dhddn&rﬁaﬂmgovhldhel&trﬁﬁn st ses@b wpmh mara&plaﬁce
Fg?bg?egﬁmprher erarrt.'ees;gonaj ?noaér.:irlzhe&aéz ?Yter eac%?rans?ocgl%n gﬁeslg;(\_'tAerﬁsCe s(%he \cr(])ﬁ galsg I;n\/.
upst r eam A ggicengtigfevege rsebowr@e Fignre & 1HL |1Hm= a\reme@ot é}ézurtbélbUSMem chwlstiai gvents
r egul ator r rsgie
(00253] R B REp o AAERMB A B 3,45 By vl ATOT b Al ol AP v
such as tlhwer Preell gives qopvargedo gl PﬁN@eansmels@easqxpeqn@RTwoveveft@ﬁ%alw n
96-wel | plofdigsmt Wit (RmEA AmbIMAdEEb W oh R EAXR Lvefty il lafick M foRGS®a 61 paTHE
reaction m x contained tenpl ate, 200 nnol of each priner,
reaction b"umeeﬁnd@oiﬁmanﬂmzﬁapptqwlﬂm)@mme@mpbwﬁ@rt§apt oet hanol :
Tag DNA pol ynerase (APB), ELONGASE enzyme (Invitrogen), and Pfu DNA
pol ymerase (Stratagene), with the foll ow ng paraneters. The
parameters for the cycles are 1: 94C, thlteedninutes; 2: 94C, 15
seconds; 3: 60C, one mnute; 4:68 C, two mnutes; 5 2, 3, and 4
repeated 20 tinmes; 6: 68C, five mnutes; and 7: storage at 4C In the
alternative, the paraneters for prinmer pair T7 and SK+ (Stratagene)

are as fOszlué?lWS ; m?e% agm IEIQJrgé’lb'f“ n-ufﬁ:!?\ TI?e' fra%télongf ev’]eﬁts%ﬁlﬂgg%ubsé rzhgg gto
one mnute; 4: two ninutes; 5: 3, and repeat e

6: 68 C, ﬁlMenqmaMttce@% A ds S?'OWismdiiean@ bax hisgoggam ove[lgd o8} probability (filled bars)
concent r i QN AkNA1dify.each wel | is determ ned by di spensing 100 m
Pl COGREEN quant | tatl on reagent (0.25%reagent_in I X TE, v/v;

Mol ecul arEepglsdsVigRuelbTimepzzpratimdiontedBigreRlor oduct i nto each wel |
of an opaq 2dlimfobﬁatv@haﬂbagfeg(qu%I Jnhés%f §Gbﬁaﬁ&§eveﬁ§$ﬁﬁplm 15'mﬂ|v

al | owi ng e DNA to bind to the reagent (ﬁatelsscannedl

Fl uor os kafﬂr 'was&9@&"8%01”@}'3‘%?‘@?tnfpzibwe&i%r'%{ ekl 200p e for ﬁ@‘sec The
fl uoresc em&alafmetohsznmmhewa nﬂsutﬁmeﬁuyarthn the/ DX R Eroti@iechiintlapregping offe pofddor
A5 m tﬁe next, event &}Jhe gt atl%n control wo ? 1m gmrgasxlteuol%gon!tr%l OaVQafLé/ cﬁs r%upx of the
el ect r ophoresi's on 2 7oga arose mnig Btermne Wwhich redctl ons
ar e succesgiuin ajditiaaxe ecmldﬂlnv@ the hmhvshlefumlméar eventy, BOABSEntaTiveeveRttieshdwerlin

cl ones ar | r I

G goat od TFRAR MGk ASEH: OF @ure b AT BIERT el P Mt il i eina
Resear ch dlwa‘?}lsélﬁﬁ °W134 ‘)18ec aqqdn@‘fsﬁpftlmaearemorsq@ewléaslwhwews ?‘E’qugeft”i ¥Hn
into pUC18 Q B b sgayence

nucl eot i de. Zi‘%ﬁj %‘écgers ar%sgc gg Sardt %}J %vld\} EBF n%xe]nﬁ§t$§‘feﬁto'ge%§%)rs%’tlfd8'SO. ?3%
agar ose g& Wlth!rn rtlugnlsmr@gapbweﬂ ¢8 pedhe nadxdn ishé pagath 0i7pAdRB epytasdlywiet h
AGARACE %E@X{I}ﬁaté ReANERAion BMeRMR oﬁévgﬂ&%mﬁﬁ e EuBlet BALEE (4 F ;Dsgmér éras&]'\'@

| i gase ( | and Bi ol abs) into Ip vector (APB), treated
Pfu DNA ;ﬁé%y?hewwéhqos@rrlm biglegram oy ‘Id|°P icﬁHedr*@'smrP‘?aétHWdﬁst%ratne(Flgure210111)

over hangssor AR chblet sMSénRCh AcdiddivR 1 Bme 601214 M@@&&ﬂéns&ﬂl& b/%th a Eﬁe’iﬂ&iﬁfeﬂiﬁ%d
cells are sel ected on antibiotic- containin and i ndi vi dua

col oni es 'afiasngiedRiERin e PRSP BFsEX BRFioR HMgHYD ngg °§9é:f9rhhe§8w %%UPseb}r Hpgsun
[ ndL[B){\liX |ﬁ‘cﬁd’aké€fhht(the| alggfegahlb.qwjanmds Becn achic A28 hrdihp aqeembdcsoAfg%r@ol th&d

an Il rrer e

PR po 1t e s P el e Bl R D fit Gneqor 1643 et

t hree m nd es am@Ritud® Angs of 13-18esonds; 3: 60C, one mnute; 4: 72C, two
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[00288] High fidelity anplification is obtained by performng PCR in
96-wel | plates using the DNA ENG NE thermal cycler (M Research). The
reacti on R 28W%iEHPhs DNA tenpl ate, 200 nnol of each pPCHERNF@AHTI on
buffer containing Me, (Na,), SO4, and b-nercapt oet hanol, Tag DNA

pol ynmer ase (Amer sham Pharmaci a Bi ot ech), ELONGASE enzyne (Life
Technol ogi es), and Pfu DNA pol ymerase (Stratagene), with the

fol | owi ngEWPéﬁﬂWSTGFWEdp?ﬁher pair selected fromthe plasmd: Step

1: 94 C 3 [M@Pﬁﬁmlnﬁgﬂ)eame&ﬁ\@re AR WhE REBESA todf ﬁﬂ)aé paP BNG ha}%mﬁbﬁhﬁ) A
Step 4. 68 C times

. Steps 2, e eat ed
Step 6 G#HE 208D n el bR B Db geart i Bl KR & A eGP HeT RS
when  usi iirgesaln secpipatiaent] NsMriDederissDNA, & nM BR01 d p¥EKF,and zqnamvamCHPsVeifeor
the prinmer pair, T7 and SK+ (Stratagene), aré as fol |l ows: Step 1:
94C, 3 m?fEFF'éé" thesgigyjelbof th pere. K %ﬁltsgmer&aéﬂeseﬂedw@ that a gPmeraiEpin fomsp

4: 68C, ZonfthdWILRSOn &e@'@ns@lde heRPHas?, ul\Bof a0 Basé phiCROAErEFHED cdrhgBEenaSi®Be

6: 68C, 5 m nut es e C. [ 00289] The

concent r at A4t W“‘f% "éea@ﬁfg\gk@ﬁ’fn ' E‘ea@f 8% i ned by di spensing 100
Pl COGREEN @oaéi) Mitatvolape &‘peWeDNA(\ﬁs @590 (hwough the pMid eduhas’ eRd mhﬁlsaaung first.
di isisolj;legvnvlh%m ai?O)éé-E%n@&Qragte\%suc ofal ssl't)HH ?reg%gzﬁlgn t\%r,s Qge&cetd lhe ]k%{ %)lced tha
al | owi ng moraeuabmow bilavel Slﬂf(ﬁcrtalh'ienquem@émld theFimdecplk mtthe pose !srctm slewg erpugh to
Fl uor os kaéﬂealr lhe %Fbﬁﬁﬁ%tﬁﬁk e\gﬁt 'ﬂ%t&sﬂgbf’en&m@ lbﬁﬁ}lq)l)l\iAowmaéue nﬁph?ati

fl uorescence of the sanp uant i concentrati o

AS nm to maaﬁwawomefwed mts'f tht: hréymeézeaorlw Fﬁama}hebar@l%m tyer e, Bywhich point

el ectrophg¢ @ﬁthg‘i “aareaucw/eo@gmeeommlmo@e&ue thheqﬁxeeT}mrmecwe wadhel B e pQe'S
are successful Fro uci nﬁxgl onger sequence. The extended

sequences °'a*r°ée°d%§'a ey o gy 9t By 20mer &'H%?&’rat”éed' 8“3?82“"\)9@ e DAt &s,
di gest ed pmit bhmﬁ%bmermhmdnewah mnh eisis endonua Iceas&g(Mrm dbuble- sBmmle@ggmems

ResearCh rior t rel.i.gation
i o poc tErosaRap e R AR P B Ay Sl Cinateog Pl i

sequenci ntge F3Mhevalied detvelthgé oadfhmw Nt milae ehe@p\apaarédle on s@bofuhe ®revith. c86igh
agar ose ggl.sy 3%1{;;%9{‘?\? '951&10%& ot 'st%glq?éat?anykﬁ n{e?- qqe bﬁ(}g%r 5 yéé & LBy rope1d

agar renoved/ ested w rone agnents are
rel i gat ecdetsgftangyhi mthDWICh@a%déhf'( Y@weEﬁgﬁOah\ngiaem%@y idepiityofptganoi@ule in the
vector (AR ShaDNDALNBONAKS K8 dbnplek [ DNAKIMATY Ehity %I&Oﬂf}éﬁ?ﬁ]é’-s e

(Stratagene@ntoflll-lnrestrlctlon site oqverhangs, and transfornmed

into co 5 PSR ~24 @RCbsepYedBF BT clFeae SEbICE W 2 ermina
anti bi ot s&pQﬁHﬁo&ﬁ WhdaGK AR didsociaBdibuit Befory thd DNA ©nblehics o BUdPseMieClREe 84d to

i qui o medl 8¢ Aopdeep oot Maesral S sl bR Fiven "

usi ng TagrabV&atpd thy vereasenintdrertihapan fdhadiehmoemofBic0 pacty taRSMALanldDhhitor

B nut ot it ARG PANN ke ! il RERBTR' e (LA P
72C, 2 mqnmsscagtlre@dtsmg s pupalap fishing aaWIAhﬁrFéb@&be@ishmsammyiﬁn&@p 6:

72C, 5 Myt o&ﬁ?oxythe cﬁta‘%ﬁ%@d Abm thi scexp%ﬂ ﬁewedpfek @Elre@{:tured and used
Pl COGREEN r eagent (Mol ecul ar Probes) as descri bed above. les wth

| ow DNA refBerkFekongduell dmesept (t@amue'rﬂﬁﬁ EiBsecotedn £r5Hed ferSd Bioguine

above. S&&ah[ﬁﬁh@@enazmhybeﬁbsmeh Ror:Q8 el riBE Y Skt PR Il ssodiadn evohi hat wid
sequenced usin DYEV\%ANL@IF_@Hergy transfer sequencing priners and the

DYENAM C BirfRECP24§ am Phar maci a Bi otech) or the ABI PRI SM
Bl GDYE t er @oXea; ofer egtmkmngmquambrng df-eadypt épepanﬁ:ﬁéncsna iéi:dnd(nEEf fishing

Bi t th | f D
Noo: 1 1aPEPE SR T Sebhe S s e 038 e B Y
pr ocedur eagiyedsght gipiegofitbrcdame DiNddwirpie sndgeredd fod3 7 puennalr KF dissba@nisn events aved

a genonmi Ca Addla ?é‘o)éeco%aﬂgg?alﬁ“s ?flrl%l?ﬁ(]als 91f FEéRl%gr? ?}P%te,rnted and reacted

Hybri di zat Anal yses el c acl are 1so
to an enzyme dissociation event for 71.86% of KF captures, for example, 74 of the 337 potenual
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hybri di zati on protocols by one of the follow ng nethods. A m xture of
target nucleic acids, a restriction digest of genornic DNA is

fracti onat\¥@ 204#/18418Tt r ophoresi s t hrough an 0. 7% agar os BCHEF20p§{00346%
TAE [ Tri s-acet at e- et hyl enedi am ne tetraacetic acid (EDTA)] running
buffer and transferred to a nylon nenbrane by capillary transfer
using 20 x saline sodiumcitrate (SSC). Alternatively, the target
nucl ei ¢ aBiFsaEatigp 8venis et fEPNCH Vi gated to a vector and inserted into

bact eri al ghgile milsmﬁgah@gml@ elnk}bﬁeailbﬁomﬂiﬁh@ﬁ{ectﬁﬂilc' eic acids are

arranged on by one of ol lowing methods. In the first
et s badirdl R e seseiss oy e ARG BT PEDbGeeied b By
pi cked anﬁhnaforea:ngeﬂs,lml andRrydcling rmm:ir anemthfﬁhehdmfmﬁpanﬁe raSgep’naﬁﬁdhémrbf
bacteri al o e EE atf unl%xglg Eualnnl ng car beni JH ﬁl

i ncubat ed”"at ??éﬁ’ o1 = 18 hour's. eer 1A 'T‘B’rﬁ’lmé’%m‘:'"rl fo & }ff“ﬁ% %’Beme an
neut r al i zedoneatindy eeigst moling awtragyr(EWé/lﬁd@S@ cid repliycke e meemiblrea thesheaf RGA used.
exposed t r=adi: r

(57 at ageny PR EAE Ll R it e e i R N BRBEAD S o iepa
second neY198Hins inflegEicalisnginesring apelicguonarlse Blippfalouatesa mewng dygeeethit places

vectors béﬁa&n@htfatl;)’ le§s)é€glnﬁ58an@é ol s%l&%%%%g%%%&@d?ﬁ%QxfaVsrﬁoch}ﬁE%F&r
sequences [l ankin i nsert. lified target nucleic acids are

purified GEIHYY @m&ﬂwom@a‘ﬁ@aﬁ ec%ﬁ*é?cgﬁamwwmﬂa Bl O epprimental
Purifi ed ttaingeil nadds tosbe@omb cise te @ltar 6dd @iiiopaad J:uYrer&l‘si‘gﬁzy@ﬁhl)Qﬁl o a gl ass

m cr oscope i Sci.ence Product s is
previ ousl y [Oc?:)(%éaﬁj z%'qj\c/’\ﬁet“% gg(%'&:tg‘ﬁ%y% Blrssé)f)’ﬁlfmse FSnt eﬂf g?sa %QONC%CFEﬁdS ?
Loui s M. inpmehtasive efura tisline0cheinpionavitteipedNyl. &880 the FHEA [dakay KAdissagijtions
exposed tllel]MSH fof Q'gén%& bﬂﬂne’ sﬂfféle§%]-mlﬁ§ot%y ndeh® %?Jheﬁk the DN A for
(Stratagene) probes are ma nﬂg}\d&

Five nicribgiresaise Gf e"ﬁﬂ‘%“loﬁly ik SO Avis dlingnpsegriruprens d‘oﬁﬁ) phl. ther th(: Enzfme hﬂs

Technol 0giig§latediafE PR caf artbRft th e.erpm;l@anafhaleﬁz?&e ﬁﬁQhé&@Qﬂ?J)rlaﬁﬁgr The
| yophilized sanple is resuspended in first strand buffer.

(CDNA SyrRPHYEYE cXRrEmERty to PHerinPERARBPLGRoESY ot dieti g e vakermd ﬁ?sksuca"y
[ a- 32 P] décdibhte, elich Bét@tddreednt Mhst banskwMikMeh@MRE $&ni. r anscri pt ase
(Stratagen in ed at 42 C for 1-2 hours. Aft i ncubati on
the. or obe 26T A i 4% B oshFookipa D g xEepgo iRt o
and cool etk roxt dNGE to reRieditmtht Renpatechandiispresembndnabypoed sy aignn, menen saturating
degr adat i r ; o

uni ncor pol%!tsggﬁﬁﬁ@l tgt%t?%# egﬂgltlserg é"%%ﬁge ltgﬁ% gg% at%ﬁ%é@[\ﬁf q@iwro"e

M cr oCol yRpfidgnsaivbaseapanpcationdier aisBersaed seueniyl shpdwaklimayeertsdsedr eebndst h
fl uor eSCe&fhtn R R cBrreMPTIOG bR b d {4Re A P whATRE &Qﬁm H&@Es%ﬁhﬁ(}F fishing

Bi otech), .in place of the radionucleoti

Hybr i di zatl! émw it utility Sepapioperk ixbemg dene t%m%f‘e%?\f%%temﬁ 3p g Peigspn process
cont ai ni nga®hrbd Maﬁt@d&dﬁﬂa@h@ﬁﬁh&'ﬂt@a Ga’BHdZntl@dlagz%s%d o kg ndmiE: Mrﬁ@l &
After the su t ‘fh, i n af q, %brldlzatlon buff r at ? gfor
at | east “FURBEMEE 4% “BﬁF‘F“’éF he P%“BFY& B WPEH2TO™RC ﬁ*’ FPREGT Yga PR

cont ai ni negubteing oo besple/f Qoe’dracbmmubaaltwanm ba'aQ SonGhe Rited kBaldwmd b 99% hitverate
hybrldlzatlowfﬁuffer i.s renoved strate i s washed

sequent i &'f you! v Cadt IEIFH ‘95 %"t"F‘?f‘i‘u Béerﬂf’f q”@&hh’l‘l N FFél“e"ﬁ‘ﬁg figheAtre i
sodi um phogphate, 1% SDS, 1 nmM EDTA at 65 C. To detect signal

pr oduced b{ a radi ol abel ed probe hybridi zed on a menbrane, the
substrat e [8208)nodepmethrdgo FWBPM@N RREGHRY efdkecarené stepgritehbohemyae feaisa

Bi ot ech) ,isang atl@@erMIrplmdMé 4 RohRGT 4 MiS#PRAQOMEG L nkIB@Re biSthe channel

anal yzed usin nal ysis. s Amer sham Phar maci a
B ot boh) S HULBRE G A ePb AL LBy S PESRETE pmBh R mor
hybri di zegbnokna m croar ray, the substrate i s exam ned by confocal
| aser m 0s o% c]m| l_a Expcol | ected and anal yzed usi ng gene
expr essi Vs s jon EXRERBIERSXLI - Conpl enent ary

[00269 A more quantltatlve connectlon between the amplitude and duration of the terminal step and
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[ 00297] Mol ecul es conpl enentary to the pol ynucl eotide, or a fragnent
thereof, are used to detect, decrease, or inhibit gene exBressi on.

Al t hough u¥ e 28187181 1PHonucl eot i des conpri sing from about PeEUBHUEHBT 30
base pairs is described, the sane procedure is used with | arger or
smal | er fragrrents or thei r derivatives (for exanple, peptide nucleic
aci ds, PNAs) gonucl eotides are designed using O] GO 4.06 priner
anal ysi s %FRNA%#"@ ERERy Bhardepihs gpaleliieass o syer! SEesprabiiesof the. ‘Tﬁ’g‘a”ﬁ?“d
i nhibit tgaRsew npmuaarehbyco@sﬁs@éﬁe\n’&n DEAaloﬁd’zﬁBﬁfélﬁhtpblka@& Aaﬁzt@bmbhdmteﬂgaubm
a pronoter a_comp cleotide is i

n
The oat  UPE R R Ao dR A BR8P R 5
nucl eot i dasoubdiffere volmges withtDNA alone as edidms [BfA/KHENTP emaryeaapleg ufingseratiip
hibit t t
orovent  r T Bkh S G NP3 AR Ay ek BTHE) S fef e 2o 560, M B
Exanpl e XIEVI A 24%pbo uclﬁqdaﬂhfmhasﬁeéﬂ biphe upadtin theethas ¢ethered @ﬂ@é@}ntﬂoéﬁmduk}ﬁat e
conpri si NG i Hﬂl@%r \beltagQQ lI-HQHPJoﬁQéeE gdernant® d&hr‘ﬂﬁﬁe@%m‘eﬁ&i @dpQr linh%%f

is purified using polyacrylam de gel electrophoresis and used t
i muni ze #PE veitaes Wpialds detpgitblogeraninasstepreenb fHigREd 1WsFHg the pr ot ocol s

bel ow. Raphinipte 3aXe: Tebwiial SteFCcitid Ekeintaipl ex in conplete Freund's

adj uvant.. | ni zati gns are.repeated intervals thereafter in
ncompl et o (PLRAGISCRE HoUni < TRELEP & AT B o0 DB RIS Hedminal
nouse or dupehyeaaieadisr, $15% ofreai}metb,omairetrermhaveame tetmivalstep theréforst teid isfuoer
ant i pept| i i t

plastic, oreetl'E lm\éerrMFﬁlI% %ge ir?gt\écgrg%fgn% rpalcgcgl ttpge ﬁg@?t?é}%vﬁ%ets Ou;’nabgbi ¢
anti sera, vmmvnlgal umdieweaomggrgga&wg the wadnabstpmdilrauam dchigiaaebingioltage s biet
1 gG  Met hﬁg‘?e Ws mol‘ef}QéM?mberehbb%n e bodl gmﬂﬁn@(dm& &ngﬁtl&%lglﬂ}?erﬁl%!ngqyn with

titer and theé anount of conplex formation. Screenin
Mol ecul esPRH R0 @l F%DW(% P\igrpany %Wiepdqsrpw&r%s fetieds ereathsbhsé?tﬁ
Conj ugat eRobus{tlQQsztgﬂa)se &eweﬂh GhRalttyderifyiag adlirdg aR&ttien dthmeeof , are .

e LT G IS B3 o

respecti v'ﬁlmp’rn&tiﬁnl arly, the conjugate conprising a conplex of

pol ynucl eo i ndi n rote n th

Podt onuc ot R Khef oP LB WAtk BB BbNe [ShEE R LR TR E b BPENRE T ol of e
or co rrpoufiﬁdmg e polsihgd tarapa)dge dleomoaof Difbstanatventa fodernany chvepieadvénes t he
presence Qf, J,rm@e%ﬂﬁseqf? %QUrﬂefﬁQnIe{i %gpe%gl;t?hﬂm irffr G nh@@yea{"h%n%der
conditions Tor either a nucl eot | & or am no acrd. ecu

subst r at eﬁsi“ﬁg mesqqewmaah@pra&wa%§mnlea olghe qonentsefisstcisared- E’@F@FWW run

| abel , whighpiAebseat %ll WA/&(FQN*TP r@l\aﬂgco%leﬁcﬁﬂﬁé ¥urding Bodid FachisSostrate.
assayed and the lig is. id %Ifled Dat a obt ai ned using different
concent r P8R X1 hE‘S'ﬁBﬂ %lii‘&?‘é RegEegt protein are used to cal cul ate

affinity betowegnintihea ornba{dem}wca}eypatfmhemtmdﬁemma@rwtoag Eveawd dret i rda0 tgnd

Var  ous. AP A SRE Rl TP aHinF s g § (e pers g ke
enbodi nmendbsvecEr siee @orhiragion ackrwalstfbrd{R and dEER ¢si lm@e supplemety ef Bamopet A (RG07)

spirit Of%e&;lreﬁceis ﬁi@tdlat? on SETIEA Bﬁgﬂpé@@ﬁd&%&%}@ a%’rﬁa ’Bgseérﬁétg%g irfgNOWN

in the art ‘can led inn ous |t|es one
skil | ed i¥rbmied @rl‘{aluapri‘dethwfvl aregised: gEF £IReD. Zﬁe@é rli0p2. D (?rp oP. 2he. 0p¥ @38n3.0] uM;

i nvent i onycfiesed bhee deseidis, 'gbl%belfzgrjg@] Jnp.is to be understood that
the invention can be practiced other than as specifically described
her ei n. %WBM‘%QWF&P?Y&FSI‘@'?SMended to be illustrative, and not

restrictiveorNpmes thﬁ’swﬁﬁ’ﬂﬂ&ﬁ*d@ﬂérﬁ caMalsh bd@eARPEAR BAzy IO stmh&sepmmg
skill in the art upon review ng the above descri ption. Tesgg

t he i nvento" AR BIY CaR‘%‘éPfé?IB?’g“ZYB%CQi'é’E%FWﬁ@B fate tp it on ‘B’&Yhe
appended 16ldsdapes usid vanghe\brtdspedn@schpyl. A1s6,TMNE's Ditera2dh Wiehl e tose da®berhi ch
such cl al crﬁgrac?'é’ri%ede urglln!g rfele(%)giék control of the applied voltage. Regulation of enzyme catalysis can be by
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W claim 1. A nmethod for controlling binding of an enzyne to a
partially doubl e-stranded pol ynucl eoti de conpl ex, the nethod
conpri si ngWOopP2HOhg two separate, adjacent pools of BCHESI0#MH#I an
interface between the two pools, the interface having a channel so

di mensi oned as to all ow sequential nononer-by-nononer passage from
one pool to the other pool of only one polynucleotide at a tinme;

provi di ng®aiFveEreRYES FRNAP PHA H‘Eﬁ“ﬁ’(j“gdﬂi li’"&ﬁ fvnie@ﬂévgﬂwm% processive force.

doubl e- stquﬁkmiwmmlt;embn@@oﬁanN£x provi di ng a pol ynucl eoti de

conpl ex co I Si t eoti de and .a_second .
ol el cotiaL BliRs Paple: B, B0 pk SHR B bR RS v P B PPe e g spgd i
doubl e- st ERTvlechtairdnpdubeh er-80°0 ubtdi@sd. idesdmip DNruedtrendd feben thelslodiesmples using a

conpri sespg, @laﬁénm aO%td.ag%o th@ﬁ]empdrg g,lstwlc{& E’BﬁEéﬁfﬂgr&mr Systems,

pol ynucl eot | I ntroducing t pol ynu e co
the two pwum@pollsml\’)oém{ﬁ g iyt ihmeasyred ashe) rafiof @lnebsewartchel 260 a1dI80 aip Bl 9ni ng
a potenti ﬁéhtpgﬂmf/fq%fﬁ@{')crﬁeagﬁédv\ﬁﬁﬂ ﬁe&@naﬁﬂé\&cd@%ﬂ&mtérher eby creating a

first polarit reversing gotentla fference a first tine,
t her eby cPEmP eﬁ&“&‘”é@%ﬁaﬂtmwé Nisy: reversing the potential

differ Ieln_ce (@Tﬁ@ﬁ%’gﬁb&ﬂo&' ﬁr@en]g, ﬂoxﬁﬁa@@deﬁt stoda §airﬂbﬁtis Apliféd Hy)PCthﬂﬁé 80 Yrimers
contro 1 Ng. 1.Nndal 0] t he 0 the art

Coubl o St Plifsal BuRH 2 e s e ThOPT Bt o Sedhiotd Rinateippdsos dilosge
further caopr SEPnidertified is thepguarce n@asaie verifed hing (Phréd)’?h‘rhpl@dnsdﬂubﬁmé and

bet ween t‘g P%g:@“ﬁ‘ﬁ‘gé‘?"’ %lﬁl”"s’g@%fre’&% &Qﬁcg ?ﬁéatt%al current val ue

obt ai ned y was induced with the
el ectri caExaemherlvaWéIdmvaeelrmm he tinme the second tinme the

first pol afjohi) M@§Nk@gﬂﬁﬁgcmst§mte3— b&gwmam&f fr&ﬁ b Mndiiah H.EsLb%e he froen

corrprl Si ng t he st eps of ‘nmeasuri ng he el ectrical current bet
two pool siSHEdTsBPEAGed 19d hetdatsing  EQLYERPN berposriran Srivbmarndesuments, Rigstbury

first timessihgudidichim Rethidsyakiaye s6RGor, mﬁhugﬁ:és Wk bdhtrdriRd 6 £ 5.1 M@l 6uhibeNt

I bt aj | at th inth
ol oty T <081 UL e BVt DRSS ITHG Cafien FHGEon Buta e bl o
acid, a 225000 rpetanyrhbignt &mp¢ratarefTPHdiﬂ\981€enﬁactaﬂnip{miﬂtherﬂl ﬁﬂﬂny;&ém;metdd using
nucl e.Ot I C!:ﬁ] M%chun"f‘acetlél% cp% 5 (ﬁur}clfsslgp“?ﬁan?lhresug?enged i ﬁ]@gse Foce waéer ]ar%ﬁg\ted with

wherein yme 1s rom const's o]
pol yner a%VARM%@ IRNFeexaaation gdgenptitonse repem&draslbdf@aér@e mIBNA ib isgfatgdyith

DNase, Urtﬁ&(b]il(}@'i"ﬁ‘x@ld@gg%hd@ﬁéwor'ﬁ{ M%ndm@%ma%ecw Lﬂfe

acetyl ase, bosores. he method of claim1

conpri si ng[OPWéH Bvérﬁ?é‘“’oﬁ hmd&fé P@P‘iﬁ‘g‘géﬂ the eggmeg e praieegls i the ﬁéEERSﬁR!HTat es

enzynme aghidsiidlsysten (MvitRgeryi The cHNRs 48 BEEBateki On h EPIRORDSECOMY dofiil A b)e
pol ynucl eoél de conpl ex;.. and i ncubati ng) the pool at a _suitable

t enper at Uf'e" OSE?DN'?‘F]‘E"CFFE{“%BO bprarchegief{ng angiRsyssiph Plasid. g plasdtid §s gubsequently
sel ected tfahmtdhetog)}mupcmasms&usrolgwesgea) deoxyri bonucl eoti de and a

cof actor. xamalem‘qfwepmﬁ‘ona?(?% qu%cmlgﬁ? £ t he deoxyri bonucl eoti de

i's introduce he“poo C|ng the cofactor.
[00278] The cDNAs are prepared using a MICROLAB 2200 (Hamilton, Reno NV) in combination

with DNA ENGINE thermal cyclers (MJ Research) and sequenced by the method of Sanger and
Coulson (1975; J. Mol. Biol. 94: 441-448) using PRISM 377 or 373 DNA sequencing systems (ABI).
Reading frame is determined using standard techniques.

[00279] The nucleotide sequences and/or amino acid sequences of the Sequence Listing are used to
query sequences in the GenBank, SwissProt, BLOCKS, and Pima II databases. BLAST produced
alignments of both nucleotide and amino acid sequences to determine sequence similarity. Because of
the local nature of the alignments, BLAST is used in determining exact matches or in identifying
homologs that may be of prokaryotic (bacterial) or eukaryotic (animal, fungal, or plant} origin. Other
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9. The nmethod of claim7, wherein the cofactor is selected fromthe

group consisting of Mg", MI', Ca', ATP, NAD+, NADP+, and

S- adenosyl| WEt2B98031182. 10. The nethod of claim 1, wher elPRTAUR0SR¥AIM
is electrically conductive. 11. The nethod of claim 10, wherein the

medi umis an aqueous solution. 12. A device for detecting binding of
at | east two conpounds, the device conprising a m xed-signal

sen condudgasithmpsych gs thege of Emisl et i@ 9% BioteinFiopiarerions 35 -al)epuld pgyebeen used

el ect r ochgig, @ahing @M%nm@ﬁdeﬁée%t@ns%me%m%%re% Senhiads, THME@{U@ACQS
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t he Ol’lfltﬁﬁﬁie@mr(wﬁdrﬂgls&edbmmﬁm&: oestkn.and wherein the chanber

of the orif -laocalize wt Illzatlon co 05|t| n.of the
o ot st on Ao DT Bptrp e ol TE e Pl e e b o
pl ugged wdequiena. BIRAS] evalwhielrtid smtistvel srmiﬁaince o ahymatlee found) b reported only those

conmmuni Caﬁ%ét s thTsJ?x n%}?h% urs'éertsgL %}dztf?%hglﬁ oPs?%Eﬁ%?n{ % iY ﬁ!] ﬁ]q?tvmetﬁr%gh%ld D&t 10

orifice fur I'ses a
sol vent - i n@en%alﬂeeandéafc' fegtpentides- neck of the orifi | ce t he th| nfilm

further cmg{plegﬁmm @We&,ogg}gpﬂgge further conprising a pore
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[00282] Selected cDNA libraries are used as lemplales to extend the sequence. If extension is
performed than one time, additional or nested sets of primers are designed. Preferred libraries have
been size-selected to include larger cDNAs and random primed to contain more sequences with 5' or
upstream regions of genes. Genomic libraries can be used to obtain regulatory elements extending into
the 5' promoter binding region.

{00283] High fidelity amplification is obtained by PCR using methods such as that taught in U.S. Pat.
No. 5,932,451. PCR is performed in 96-well plates using the DNA ENGINE thermal cycler (MJ
Research). The reaction mix contained DNA template, 200 nmol of each primer, reaction buffer
containing Mg, (NH,),SOQ,, and b-mercaptoethanol, Tag DNA polymerase (APB), ELONGASE
enzyme (Invitrogen), and Pfu DNA polymerase (Stratagene), with the following parameters. The
parameters for the cycles are 1: 94° C, three minutes; 2: 94° C, 15 seconds; 3: 60° C, one minute; 4: 68°
C, two minutes; 5: 2, 3, and 4 repeated 20 times; 6: 68° C, five minutes; and 7: storage at 4° C In the
alternative, the parameters for primer pair T7 and SK+ (Stratagene) are as follows: 1: 94° C, three
minutes; 2: 94° C, 15 seconds; 3: 57C, one minute; 4: 68° C, two minutes; 5: 2, 3, and 4 repeated 20
times; 6: 68° C, five minutes; and 7: storage at 4° C.

[00284] The concentration of DNA in each well is determined by dispensing 100 ml PICOGREEN
quantitation reagent (0.25% reagent in 1X TE, v/v;, Molecular Probes) and 0.5 m! of undiluted PCR
product into each well of an opaque fluorimeter plate (Coming Life Sciences, Acton MA} and allowing
the DNA to bind to the reagent. The plate is scanned in a Fluoroskan I (Labsystems Oy, Helsinki,

Finland) to measure the fluorescence of the sample and to quantify the concentration of DNA. A 5 ml
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17. The device of claim 12 wherein the netallization corrposi tion is

sel ected fromthe group consisting of nickel, gold, BE and
al uni num W82008ig41fkvi ce of claim 12 wherein the netal PEHUSI0PRQ0H67 19

The device of claim 12 wherein the thin filmis a phospholipid
bi |l ayer. 20. The device of claim 12 wherein the orifice is between

about 0.5 and 3 p.min size. 21. The device of claim20 wherein the
orifice i% !He ligess obheisection myrois pnahizedpysieseopharesis opad Apsgioednigieel @ ai m

21 Wherehﬁmhhﬁemeﬁk&ﬂmﬁ%mh@kﬂ@ﬁﬁn@h&ﬂhghw%&maﬁd 1.5 p.min size. 23.
The devi ce of
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claim 12 wher &lhdkeh B RBARARRGhA/HE BrrbiteREEMERR ARRVIre RiigaARGnSTHBNAN

si ze. ligase (New England Biolabs) into pUCL8 vector (APB), treated with Pfu DNA polymerase
(Stratagene) to fill-in restriction site overhangs, and transfected into E. coli competent cells.
Transformed cells are selected on antibiotic-containing media, and individual colonies are picked and
cultured overnight at 37° C in 384-well plates in LB/2X carbenicillin liquid media.

[00286] The cells are lysed, and DNA is amplified using primers, Taq DNA polymerase {(APB) and
Pfu DNA polymerase (Stratagene) with the following parameters: 1: 94° C, three minutes; 2: 94° C, 15
seconds; 3: 60° C, one minute; 4: 72° C, two minutes; 5: 2, 3, and 4 repeated 29 times; 6: 72° C, five
minutes; and 7: storage at 4° C DNA is quantified using PICOGREEN quantitation reagent (Molecular
Probes) as described above. Samples with low DNA recoveries are reamplified using the conditions
described above. Samples are diluted with 20% dimethylsulfoxide (DMSOQ; [:2, v/v), and sequenced
using DYENAMIC energy transfer sequencing primers and the DYENAMIC DIRECT cycle
sequencing kit (APB) or the PRISM BIGDYE terminator cycle sequencing kit (ABI).

Example XXXIX: Extension of Polynucleotides

[00287] At least one of the polynucleotides used to assemble a polynucleotide is produced by
extension of a cDNA clone using oligonucleotide primers. One primer is synthesized to initiate 5'
extension of the known fragment, and the other, to initiate 3' extension. The initial primers are designed
using OLIGO 4.06 primer analysis software (National Biosciences) to be about 22 to 30 nucleotides in

' length, to have a GC content of about 50%, and to anneal to the target sequence at temperatures of
about 55° C to about 68° C. Any fragment that would result in hairpin structures and primer-primer
dimerizations is avoided. Selected human ¢cDNA libraries are used to extend the molecule. If more
than one extension is needed, additional or nested sets of primers are designed.

{00288] High fidelity amplification is obtained by performing PCR in 96-well plates using the DNA
ENGINE thermal cycler (MT Research). The reaction mix contains DNA template, 200 nmol of each
primer, reaction buffer containing Mg®, (NH,), SO,, and b-mercaptoethanol, Taq DNA polymerase
(Amersham Pharmacia Biotech), ELONGASE enzyme (Life Technologies}, and Pfu DNA polymerase
(Stratagene), with the following parameters for primer pair selected from the plasmid: Step 1: 94° C, 3
minutes; Step 2: 94° C, 15 seconds; Step 3: 60° C, 1 minute; Step 4: 68° C, 2 minutes; Step 5: Steps 2,
3 and 4 repeated 20 times; Step 6: 68° C, 5 minutes; Step 7: storage at 4° C. In the alternative, when
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27. The device of claim 26 wherein the pore aperture is between about
0.5 and 4 nmin size. 28. The device of claim27 wherein the pore
aperture i ¥OR898Héd7 about 1 and 2 nmin size. 29. A mBCRAE2008p0467
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35. The nethod of claim 34, wherein the reagent is a cofactor. 36.
The nethod of claim 35, wherein the cofactor is selected fromthe
group consY&PWH2HP7 My2+, Ca2+, ATP, NAD*, NADI'', andPCT/US2008/004467
S- adenosyl et hi oni ne. 37. The nmethod of claim 29, wherein the nedium
is electrically conductive. 38. The nethod of claim 29, wherein the
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at 65° C for at least 2 hours, the buffer is replaced with 10 ml of fresh buffer containing the probes.

After incubation at 65° C for 18 hours, the hybridization buffer is removed, and the substrate is washed
sequentially under increasingly stringent conditions, up to 40 mM sodium phosphate, 1% SDS, 1 mM
EDTA at 65° C. To detect signal produced by a radiolabeled probe hybridized on a membrane, the

substrate is exposed to a PHOSPHORIMAGER cassette {Amersham Pharmacia Biotech), and the
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43. The nethod of claim4l further conprising the steps of neasuring

the electrical current between the two chanbers; conparing the
el ectri cal WOIPPEAI10Tal ue obtained at the first tine thBCFUPAPS/004467

polarity was induced with the electrical current value obtained at a
| ater time. 44. The nethod of claim4l wherein the
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dUTP. oligonucleotide is designed to prevent ribosomal binding to the mRNA encoding the mammalian

protein.
Example XLII: Production of Specific Antibodies

[00298] A conjugate comprising a complex of polynucleotide and a binding protein thereof is
purified using polyacrylamide gel electrophoresis and used to immunize mice or rabbits. Antibodies
are produced using the protocols below. Rabbits are immunized with the complex in complete Freund's
adjuvant. Immunizations are repeated at intervals thereafter in incomplete Freund's adjuvant. After a
minimum of seven weeks for mouse or twelve weeks for rabbit, antisera are drawn and tested for
antipeptide activity. Testing involves binding the peptide to plastic, blocking with 1% bovine serum
albumin, reacting with rabbit antisera, washing, and reacting with radio-iodinated goat anti-rabbit IgG.
Methods well known in the art are used to determine antibody titer and the amount of complex
formation.
Example XLIII: Screening Molecules for Specific Binding with the Polynucleotide or Protein
Conjugate

[00299] The polynucleotide, or fragments thereof, are labeled with *P-dCTP, Cy3-dCTP, or Cy5-
dCTP (Amersham Pharmacia Biotech), or with BIODIPY or FITC (Molecular Probes, Eugene OR),
respectively. Similarly, the conjugate comprising a complex of polynucleotide and a binding protein
thereof can be labeled with radionucleide or fluorescent probes. Libraries of candidate molecules or
compounds previously arranged on a substrate are incubated in the presence of labeled polynucleotide
or protein. After incubation under conditions for either a polynucleotide or amino acid molecule, the
substrate is washed, and any position on the substrate retaining label, which indicates specific binding
or complex formation, is assayed, and the ligand is identified. Data obtained using different
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52. The nethod of claim46 wherein the reagent is selected fromthe
group consi sting of ddATP, ddGIP, ddTTP, ddCTP. and ddUTP. 53. A
finite stdW82W§gﬁﬂﬂE, the finite state machi ne conpri sPREUSIES/WAtS7
trans chanbers connected by an el ectrical comruni cati on neans, the
cis and trans chanbers separated by a thin filmconprising at |east
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and neans for detecting the current between the cis and the trans
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a nmeasurenment system configured and arranged to neasure a transport
property of the nanopore, and a finite state machine configured to
control a property of the nanopore device. 59An apparatus accordi ng
to claim58 wherein the finite state machine controls the nanopore
devi ce by neans of voltage feedback. 60. An apparatus according to
claim58, wherein the finite state machine is configured to contro

t he nandﬂéﬂé”ﬁevice to performan anal ysis based on the neasured
transport property. 61. An apparatus according to claim58, wherein

the finite staE? nachkne_i% c%nfi%uredatoicoqﬁégkm%h dn@nb or e devi ce
by cont rori g {REEPLEE PiPEng ¢ ap HryBHIr SE i H MR AL BoBt condg Sompigy:
appar at use agindrcokhpriying Oprevidihgmwb Sepatataeadpatant $daR of 4 Medivm sidah éntdrAcdtetven Be
confi gurtgg pcgo?s, t%g |r|]1 er ac!e h?l\%%gs aa %nngsotdpmeenggnleg :riTS:(BtE aﬁor\]vrs%clj{gptiatl rr}:gnorllnaépgﬁrglgnedmer
passage from one pool to the other pool of only one polynuclectide at a time; providing an enzyme baving
binding activity to a partially double-stranded polynucleotide complex; providing a polynucleotide complex
comprising a first polynucleotide and a second polynucleotide, wherein a portion of the polynucleotide
complex is double-stranded, and wherein the first polynucleotide further comprises a moiety that is
incompatible with the second polynucleotide; introducing the polynﬁcleotide complex into one of the two
pools; introducing the enzyme into one of the poo];; applying a potential difference between the two pools,
thereby creating a first polarity; reversing the potential difference a first time, thereby creating a second
polarity; reversing the potential difference a second time to create the first polarity, thereby controlling the

binding of the enzyme to the partially double-stranded polynucleotide complex.

2. The method of claim 1 further comprising the steps of measuring the electrical current between the two
pools; comparing the electrical current value abtained at the first time the first polarity was induced with

the electrical current value obtained at the time the second time the first polarity was induced.

3. The method of claim I further comprising the steps of measuring the electrical current between the two
pools; comparing the electrical current value obtained at the first time the first polarity was induced with

the electrical current value obtained at a later time.

4. The method of claim 1 wherein the moiety is selected from the group consisting of a peptide nucleic

acid, a 2'-O-methyl group, a fluorescent compound, a derivatized nuclectide, and a nucleotide isomer.
5. The method of claim 1 wherein the enzyme is selected from the group consisting of DNA polymerase,

RNA polymerase, endonuciease, exonuclease, DNA ligase, DNase, uracil-DNA glycosidase, kinase,

phosphatase, methylase, acetylase, and ribosomes.
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63. An apparatus according to claim58, wherein the polyner is a
pol ynucl eoti de conprising a doubl e-stranded segnent and a

si ngl e-stranded segnent and the nanopore is dinensioned to permt
transl ocation of the single-stranded segnment of the pol ynucl eoti de,
but not of the double-stranded segnent of the pol ynucl eotide, and

the finite state machin S con ured tg control the nanopore device
to draw ‘% hebe sieigd o-kp éﬁtﬁ%‘a RBPHER ISP HErYEInY AURIEVE Faeent Hrt it he
Nanopor ecndyiie aktivid inehEibihxhsieignde the &Y tamMpisiod the Pyrpolkyide edngdxt £ha 1 S

det ect edmcubanng the pool at a suitable temperature.

7. The method of claim 6, wherein the reagent is selected from the group consisting of a

deoxyribonucleotide and a cofactor.

8. The method of claim 7, wherein the deoxyribonucleotide is introduced into the pool prior to introducing

the cofactor.

b
9. The method of claim 7, wherein the cofactor is selected from the group consisting of Mg?*, Mn*, Ca®,

ATP, NAD*, NADP*, and S-adenosylmethionine.
10. The method of claim 1, wherein the medium is electrically conductive.
['1. The method of claim 10, wherein the medium is an aqueous solution.

12. A device for detecting binding of at least two compounds, the device comprising a mixed-signal
semiconductor wafer, at least one electrochemical layer, the electrochemical layer comprising a
semiconductor material, wherein the semiconductor material further comprises a surface modifier, wherein
the electrochemical layer defines a plurality of orifices, the orifices comprising a chamber and a neck and
wherein the chamber of the orifices co-localize with a metaliization composition of the mixed-signal
semiconductor wafer, wherein a portion of the orifice is plugged with a metal, wherein the metal is in
electronic communication with the metallization composition, and wherein the orifice further comprises a
thin-ﬁlm, the thin film forming a solvent-impermeable seal at the neck of the orifice, the thin film further

comprising a pore, the pore further comprising a pore aperture.
13. The device of claim 12 wherein the compounds are biological compounds.

14. The device of claim 13 wherein the biological compounds are selected from the group consisting of

polynucleotides, polypeptides, phospholipids, polysaccharides, polyketides, proteases, kinases,
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phasphatases, hydrolases, oxidoreductases, isomerases, transferases, methylases, acetylases, ligases, and

lyases.
15. The device of claim 12 wherein the semiconductor material is silicon dioxide.
16. The device of claim 12 wherein the surface modifier is a hydrocarbon.

17. The device of claim 12 wherein the metallization composition is selected from the group consisting of

nickel, gold, copper, and aluminum.

18. The device of claim 12 wherein the metal is silver.

19. The device of claim 12 wherein the thin film is a phospholipid bilayer.

20. The device of claim 12 wherein the orifice is between about 0.5 and 3 um in size.

21. The device of claim 20 wherein the orifice is between about | and 2 pum in size.

22. The device of claim 2] wherein the orifice is between about 1.25 and 1.5 pm in size.

23. The device of claim 12 wherein the pore is a biological molecule.

24. The device of claim 23 wherein the biclogical molec-:ule is selected from the group consisting of an ion
channel, a nucleoside channel, a peptide channel, a sugar transporter, a synaptic channel, a transmembrane
receptor, and a nuclear pore.

25. The device of claim 23 wherein the biclogical molecule is &-hemolysin.

26. The device of claim 12 wherein the pore aperture is between about 0.5 and 8 nm in size.

27. The device of claim 26 wherein the pore aperture is between about 0.5 and 4 nm in size.
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28. The device of claim 27 wherein the pore aperture is between about 1 and 2 nm in size.

29. A method for controlling binding of an enzyme to a polynucleotide using voltage feedback control, the
methed resulting in repeated capture of and dissociation of the enzyme by the polynucleotide, the method
comprising the steps of: providing two separate adjacent chambers comprising a medium, an interface
between the two chambers, the interface having a channel so dimensioned as to allow sequential monomer-
by-monomer passage from the cis-side of the channel to the irans-side of the channel of only one
polynucleotide strand at a time; providing an enzyme having binding activity for a polynucleotide;
providing a protected deoxyribonucleotide; providing a polynucleotide-binding compound; providing a
polynucleotide complex, wherein a portion of the polynucleotide complex is double-stranded and a portion
is single-stranded; introducing the polynuclectide complex into onle of the two chambers; applying a
potential difference between the two chambers, thereby creating a first polarity, the first polarity causing
the single stranded portion of the polynucleotide to transpose through the channel to the trans-side;
introducing the protected deoxyribonucleotide into the same chamber; introducing the enzyme into the
same chamber; allowing the enzyme to bind to the polynucleotide; allowing the protected
deoxyribonucleotide to bind to the polynucleotide; measuring the electrical current through the channe!,
thereby detecting the binding of the enzyme and the protected deoxyribonucleotide to the polynucleotide;
introducing the polynucleotide-binding compound into the other of the two chambers; decreasing the
potential difference a first time, thereby creating a second polarity; allowing the polynucleotide-binding
compound to bind to the single-stranded polynucleotide; reversing the potential difference, thereby creating
a third polarity; reversing the potential difference a second time; measuring the electrical current through
the channel, thereby detecting a polynucleotide alone or a polynucleotide bound to the enzyme and the
protected deoxyribonucleatide; repeating any one of the steps, thereby controliling the binding of the

enzyme to the polynucleotide.

30. The method of claim 29 further comprising the steps of measuring the electrical current between the
two chambers; comparing the electrical current value obtained at the first time the first polarity was

induced with the electrical current value obtained at the time the second time the first polarity was induced.

31. The method of claim 29 further comprising the steps of measuring the electrical current between the
two chambers; comparing the electrical current value obtained at the first time the first polarity was

induced with the electrical current value obtained at a later time.
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32. The method of claim 29 wherein the polynucleotide-binding compound is selected from the group
consisting of an oligonucleotide complementary to the polynucleotide, a peptide nucleic acid, a tocked

nucleic acid, a derivatized nucleotide, and a nucleotide isomer.

33. The method of claim 29 wherein the enzyme is selected from the group consisting of DNA
polymerase, RNA polymerase, endonuclease, exonuclease, DNA ligase, DNase, uracil-DNA glycosidase,

kinase, phosphatase, methylase, acetylase, and ribosome.

34. The method of claim 29 further comprising the steps of providing at least one reagent that initiates
enzyme activity; introducing the reagent to the chamber comprising the'polynucleotide complex; and

incubating the chamber at a temperature sufficient to maintain enzyme activity.
35. The method of claim 34, wherein the reagent is a cofactor.

36. The method of claim 35, wherein the cofactor is selected from the group consisting of Mg®*, Mn?,

Ca™, ATP, NAD*, NADP", and S-adenosylmethionine.
37. The method of claim 29, wherein the medium is electrically conductive.
38. The method of claim 29, wherein the medium is an aqueous medium.

39. The method of claim 29 wherein the protected deoxyribonucleotide comprises a deoxyribonucleotide
selected from the group consisting of dATP, dGTP, TTP, dCTF, UTP, and dUTP.

40. The method of claim 34 wherein the reagent is selected from the group consisting of ddATP, ddGTP,
ddTTP, ddCTP, and ddUTP.

41. A method for controlling binding of an enzyme to a polynucleotide using voltage feedback control, the
method resulting in identifying the sequence of a polynucleotide, the method comprising the steps of:
providing two separate adjacent chambers comprising a medium, an interface between the two chambers,

the interface having a channel so dimensioned as to allow sequential monomer-by-monomer passage from

78



the ¢is-side of the channel to the trans-side of the channel of only one polynucleotide strand at a time;
providing an enzyme having binding activity for a polynucleotide; providing a protected
deoxyribonucleotide; providing a polynucleotide-binding compound; providing a polynucleotide complex,
wherein a portion of the polynucleotide complex is double-stranded and a portion is sing]e—sfranded;
introducing the polynucleotide complex into one of the two chambers; applying a potential difference
between the two chambers, thereby creating a first polarity, the first polarity causing the single stranded
portion of the polynucleotide to transpose through the channel to the frans-side; introducing the protected
deoxyribonucleotide into the same chamber; introducing the enzyme into the same chamber; allowing the
enzyme to bind to the polynucleotide; allowing the protected deoxyribonucleotide to bind to the
polynucleotide; measuring the electrical current through the channel therebyldetecting the binding of the
enzyme and the protected deoxyribonucleotide to the polynucieotide; introducing the polynucleotide-
binding compound into the other of the two chambers; decreasing the potential difference a first time,
thereby creating a second polarity; allowing the polynuclectide-binding compound te bind to the single-
stranded polynucleotide; reversing the potential difference, thereby creating a third polarity; reversing the
potential difference a second time; measuring the electrical current through the channel, thereby detecting a
poiynucleotide alone or a polynucleotide bound to the enzyme and the protected deoxyribonucleotide;

repeating any one of the steps, thereby controlling the binding of the enzyme to the polynucleotide,

42. The method of claim 41 further comprising the steps of measuring the electrical current between the
two chambers; comparing the electrical current value obtained at the first time the first polarity was

induced with the electrical current value obtained at the time the second time the first polarity was induced.

43, The method of claim 41 further comprising the steps of measuring the electrical current between the
two chambers; comparing the electrical current value obtained at the first time the first polarity was

induced with the electrical current value obtained at a later time.
44. The method of claim 41 wherein the polynucleotide-binding compound is selected from the group

consisting of an oligonucleotide complementary to the polynucleotide, a peptide nucleic acid, a locked

nucleic acid, a derivatized nucleotide, and a nucleotide isomer.
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45. The method of claim 41 wherein the enzyme is selected from the group consisting of DNA
polymerase, RNA polymerase, endonuclease, exonuclease, DNA ligase, DNase, uracil-DNA glycosidase,

kinase, phosphatase, methylase, acetylase, and ribosome.

46. The method of claim 41 further comprising the steps of providing at least one reagent that initiates
enzyme activity; introducing the reagent to the chamber comprising the polynucleotide complex; and
incubating the chamber at a temperature sufficient to maintain enzyme activity.

47. The method of claim 46, wherein the reagent is a cofactor.

48. The method of claim 47, wherein the cofactor is selected from the group consisting of Mg?, Mn®,

Ca®, ATP, NAD*, NADP", and S-adenosylmethionine.
49. The method of claim 41, wherein the medium is electrically conductive.
50. The method of claim 41, wherein the mediutn is an aqueous medium,.

51. The method of claim 41 wherein the protected deoxyribonuclectide comprises a deoxyribonucleotide
selecied from the group consisting of dATP, dGTP, TTP, dCTP, UTP, and dUTP.

52. The method of claim 46 wherein the reagent is selected from th.e group consisting of ddATP, ddGTP,
ddTTP, ddCTP, and ddUTP. '

53. A finite state machine, the finite state machine comprising cis and trans chambers connected by an
electrical communication means, the cis and trans chambers separated by a thin film comprising at least
one pore or channel, wherein the pore or channel is shaped and sized having dimensions suitable for
passaging a polymer, means for applying an electric field between the cis and the rrans chambers, and

means for detecting the current between the cis and the trans chambers.

54. The finite state machine of claim 53, wherein the thin film comprises a compound having a

hydrophobic domain and a hydrophilic domain.
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55. The finite state rachine of claim 53 wherein the thin film comprises a phospholipid.

56. The finite state machine of claim 53 wherein the pore or channel accommodates a substantial portion

of the polymer.

57. The ﬁqile state machine of claim 53 wherein the pore or channel has biological activity.

58.  An apparatus, comprising a nanopore device, the nanopore device comprising
a film separating two pools of a medium,
a nanopore provided in the film, wherein the nanopore is dimensioned for
passing a polymer therethrough,
electrodes arranged to apply an electric field between the pools,

a measurement system configured and arranged to measure a transpott

property of the nanopore, and |

a finite state machine configured to control a property of the nanopore device.

59 An apparatus according to claim 58 wherein the finite state machine controls the

nanopore device by means of voltage feedback.

60.  An apparatus according to claim 58, wherein the finite state machine 1s

configured to control the nanopore device to perform an analysis based on the measured

transport propeity.

61. An apparatus according to claim 58, wherein the finite state machine is
configured to control the nandpore device by controlling the electric field applied

between the pools.

62. An apparatus according to claim 58, wherein the finite state machine is

configured to control passage of the polymer through the nanopore.
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63.  An apparatus according to claim 58, wherein

the polymer is a polynucleotide comprising a double-stranded segment and a
single-stranded segment and the nanopore is dimensioned to permit translocation of the
single-stranded segment of the polynucleotide, but not of the double-stranded segment of
the polynucleotide, and

the finite state machine is configured to control the nanopore device to draw the
single-stranded segment of the polynucleotide through the nanopore until the double-

stranded segment of the polynucleotide is detected.
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