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The invention herein disclosed provides for devices

andMEYASEE WehBRdcoR e MEre e e abanad Hlutpan CRnogpe Research

Institu@ Qi Mersmm?a Olrhn@ H@OEJ'O%'SQ)U #nd 3GaRe NRMAald)stitute of General
anot her conp , for an enzyne. The

Medicﬂ@éﬁvqebwav@uwperﬁm%m 9}% Skt U Fererd Goapeganegiphas certain rights to

this ifRh@&U! ar bi ol ogy, structural biology, cell biology,
nol ecul ar switches, nolecular circuits, and nol ecul ar
conmput ati onal devices, and the manufacture thereof.

Field[étehd IAV&iiohON al so rel ates to net hods of using the
compositions to dlaggose whet her a subject i

IS
(001} ys chstipvsptionthsreinlisckgsed Péa‘t'%sﬁ?m’ﬁélceduag%%@%ds thatogn regritg the time at
whicH S REH RIS poRmePinEhix BkSiO hA&T pon Bﬁ%ﬂfepéﬁﬂﬂ)obﬁp Zr edd¥ple, an enzyme.

invention relates to the field of conpositio
The Wnﬁ%§ of Wué?ﬁ Bgrlgflﬁgiefdé pf mplgqular biojqey; sﬂ’gctural blology cell biology,

moleP@hrsiteles AhdidGfir &RHitQ bAEholLQl i BBhSutatloRfl AbvikR! Mt MethdAdfacture
the nucl eoti de sequence of DNA and RNA jn a r

thereqf g inveRtiog aH,aJTedqftesg(B Hiethggs of using the gerpRosjtiqns to dlagrl?osgj whether a subject
is sulkRIRGH BHQINutoiRSRAC Higdabe, JeNydM MERELS oBS@RIINGrdLR.

obtai n the sequence of entire genones of organisnms. In

addi tion, rapidly determning the sequence of a
Bad@g&ﬁmucleotlde IS |nportant for identifying genetic

mut at i ons and pol ynor sns in individuals and .
[OOZbOpUT'Et‘!“@h%O“dFIaECﬁ@I the fg“lﬁ‘besCO[“@%l}O“Né’?fé‘ﬁ’éf &nd eRpABHE o gharacterizing
pdyh§hgnﬁsmﬁpngg pQlymeapi dl 'y deternmining the sequence of

ynucl eotlde nol ecul es. hbn%ggre sequenci ng i s based

[003gn t Prierprimpsethe gucotighspaicaeg ofyPNb ard BRYA ihrapiddpappe] g 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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nucl eoti des (or physical changes in the environnent of
the nucleotides (that is, for exanple, an electric
woCkbs/BNtg;) W thin an individual polynucleoti dq’c(jf/@sl'zoos/004467
exanple, DNA and RNA) as it traverses through a
nanopore aperture. In principle, the sequence of a
polynucleotide can be detern1ned.fron1a single
[004]510)I s&rmgpr%e sielglb\,%\cllgé &L?g?\ Elgtrhgég oré’flglly :qftﬁréramg$ glm%égrueer%e toP pglyn%cleotide
mole&ilat Naop&rakeqast ingGebasdd cd;ahcaprelktmlongcysn‘cilmﬁbmﬂgtth@iheividual

assages of the sa nol ecul e or the S e of .
w5 P PR SR8 T inco s o i o apamee an i
curreSle)CMEﬁtCz&l indibigudl eelym:fcleaemmraeansdwm &dtKN/(I)fhaﬁtaﬁt/@Eds TRough a

nucl eoti.des as the nol ecu) es pa h .t
nanof AR i HEE 8 HAET TRl PRV BB R S iAGh o sngle
molealle I{OREQ@ in blﬁttﬁce,_ 196@5&6@6 ithat &5elynuBBotidd édfledcd bé deterhR,from a

pora rei reference) by usin an electric
S‘a“sf‘? de" atg‘é 0‘% ‘gl‘ac taé’?eﬂ é“’é‘ RIL R ER TV ‘ha"‘rfamb%ﬁl SRYF acHf Rassage of
multﬁ)i@rnﬁil@l'ﬂleﬁhalnr@ tReEAMBPOIHucofdeRE flendaTIRARE 6f Iﬂ&ﬂfrﬁdércﬂannels to
exa an ion channelélln a lipid bilaye

charaﬁtéﬁgrpg}y@gp qqﬁlgescﬁs dhedpolecules pasp r‘ﬂ’éhg’ﬁé?‘é“ QﬁéP%‘\HF‘é has been studied by

KasifdeWwi¥k bl a2 dPRal NatiaA&ddNgdi eUSA rand7 et 13870 @@%nhh@d)rﬁ&ﬁﬂe (ﬂ@ref-ncby
traverse the nanopor e apert ure at ang gl.ven tine.

refergnae) DY JFmEILTIeRyS iRl ‘orfarge Fiaglestianded b‘tﬁ’r%Néﬂ&quH‘F%‘hm“gh als

nanolnB€r Ith(eHhehdporel ag@rup(rdr eRhrhle,bh QalcREhnbIN & NIBIOBIRK & membrane. The
aperture, resulting in a transient decrease of ionic

diamgggof &&"anfgpwa@ﬂm@m@mf‘ Ry f Siple siepag bR BAYTUGlegtiferte fverse the

nanobcﬁre sheft@e tal dny %N@ﬁ’ Qmbl Nad pél?nut:ia&lde @ @Rd afe nhidore aperture, the
ynucl eot | Kasi anow cz et al. (1996) were able to

pOIy%k@mpﬂéal@k@%kaﬁ faapgre |a%°i’i@'feh ?S%anﬁﬁ P?ﬁmné%feﬁ@fﬂﬂmc
curreAE SRt th Bn@&h 3NEUE 8eckdasd iR @uﬂré?nﬂis(éhr@dﬂlz peIpbrtiohA) @dthe length of the
Bal darelli et al. 5,714) and urch
polynulegfjde, I‘({@laSOW'%ft al. h{)%}swefg gblg @ﬁteaé‘g%?’ipﬁ'ém?m@yd%t}ﬁpf
polyrﬂl@lé&ﬂﬁ§ Wm&&uﬂk@hﬁ(‘g‘é@ﬂtﬁ&oﬂ@ EM—F&H@' eOt tdes incl Ud' ng
nononer

DNA a
[005] &.ﬁ*@f%@é} ¢ éa‘i’*’d N P01t and Cf&‘ﬁcéreé&‘t &+ Zey Né?n%i795 782)

descrfﬂﬁqwg 6Chah SR rA® MAHEleARL JoR8CIBNidRARSGhdME BNA and RNA molecules on a
nucl eoti de t hrough the nanopore aperture.

The
mo"?ﬁ%?ﬁgb BYPROTASS Spsiyy FeparticulapiBaldgeeli gt Al ghagacierjead ang sqgpenged the
polyﬂu@fe&[&eﬁsﬁpas% &&I%%Btﬁfe%oﬁ%ﬁqhm%ﬁre aﬁ@rtﬁr@ € he nanopore aperture is
nucl eot i asses throu t he nanopore aperture,
'mbefi#é ihdIPAYE & 3n mﬂefaa? pdjch S%Iﬁfait"é Ry e mediz- rAénlee RSy ¢ leRtide fapses

throdgh e RARBHR aBerRS tHe Yo § nucfrilid ielsnd hdﬁ'iéildﬁrkmfl’oy 6loeRhi e Sanopore
pass through the nanopore aperture, each

apertiig <Ay the pivestuplqwcigetides Bass theoush Hie @a0RPTE @pRITUTen cash hssmupleotide alters

the idnfturrddt hPYSatdREthh BB fhi ¢RRHRALS of iRGuABG I @hhHBtly blocking the
transiently bl ocking the nanopore aperture, thereﬁ%
nanopqre ARRFIAG: tBFTEDY %‘%H‘&roﬁ% togahpragierizg gherfiyelptige cepaposition of the
poly&@ramﬁlaﬁa pe?hze@ dété}eumhymuebe&tsegen@wm@%iyameoude
determ ne the nucl eotide sequence of the
(006} m@p%\tap@ee of [ PIRYEUS CRIOPRIF é%?éb(i&rﬁ%cﬁg‘é“f‘éﬂs GonElfipg tge rate at which

the nfa?en eawueneamﬁhmaﬁyzéoege RELNES by KaGiH Wi étlan gldgb)enmb@re analysis is
whi ch the tar ynucl eoti de i s anal

ol
a usefjh gethpd &y pg?ormggqg}gMeéeimmé@ona pf poé):pggegudesn é‘?UﬁW ghe translocation

rate i@ BB dSconfpodtidhsbitlde MBhNOA rhE b&%Eé(nolr()"rloﬂm7 hRnatifes per second
det erm nations of pol ynucl eotides. However,

t he
unde the, gpsareAICPiANGiteNs Opding ik Kastanenscie th 6906 ) Jﬁefé@&‘e Hgepprelation
betw@éﬂ‘%?%oer{ ﬁH '}gﬁcl@(ﬁrd\@@ f‘e'ﬂgt%qu ﬁ@tralachaﬂHrﬂuﬁ@ts nG?s?tra%ﬁ{forward It is also
second under the neasurenent conditions outlined by
anticipated thalcaligher éftgf%I of resqlou@) withmiqgargfodoth the ¢panpes Hereangdtspasial
bet ween any gi ven polynucleotbde's length and its
translocation tinme is not straightforward. It is also



antici pated that a higher degree of resolution with
regard to both the conposition and spatialrelationship

W(%Bé’)ﬁﬁﬂ) snucl eotide units within a pol ynucl eotdqe;& 004467
be obtained if the translocation rate is substantla
reduced. [007] There is currently a need to provide
conp03|t|ons and nethods that can be used in

relar G ek FiklreBle s BEMY FasbmuiceriaciEn jR phines if s gapigeation rate i

subsiamidlipredgieasi s of di seases and dlsorders Bri ef
on o the, lnven nventi on
1007 o wafRa® SR T R ROt e IS Pl TR FRge e i
char&@FiBatiod bEpotyunitjre tricludiy ip61§ fucledtighds iabEpdlypeptadas] ak vallss diagnosis and
changgrs COQf ctﬁd by an el ectrical comunication
PrOgpRSs F5 ISP 287 €5AME> t r ans chanbers are separated by a

thin filmconprising at | east one pore or channel. In
referre odi nent, the thin filmconprises a
I””@ﬁﬁﬂ%ﬁﬁ@ gVﬂﬂﬁggoﬂydrophoblc domai n and a hydrophilic
[oogplomama inveRtion piavid2s hirefi1aT de@de LR GRHTBNor udidp@hd . Thé ﬂﬂb]ect
|d The devi ces further conprise

ri ses a phosphol
devicgs %zﬂi@e ?’6?“%{3'61‘ E}!aﬁt_ﬁre fonneced by a0 efctsicy] cpRMWRIGHIOP IRsaRs Jhe cis
and t@cﬂz@icﬁah@etts RSpaearsyel Bin filli@oRpHisthgQk ledd 3 1RIre breh&AaIP eﬁione
$ h%& Eg $|nenslons sui tapbl e for passagi ng
prefefg V%qﬁlmﬁ“h M SiaF st wsastRaE Y ing ALYBREbR domain and a
hydr@ﬂhﬂl&@@lnalac CONTBE pfcsired eRBEimBM] th&@in Al coﬁhf)n:ieb & phosphollpld The
ynmer. |In one other g%eferred enbodi nent ,

devuﬁafug;ﬂgrcoingrlg arjlbqagysnfﬂb?p@ DEFE eleﬂxilc élﬁldé’F'twéFrh%?F F‘t? énd the trans chambers.

The Pr&€br@himel iSsHaApEl N8 Biked HalRig ARheEBASs shifabi f@%a&!ﬁ?ﬂﬁ b g6lymer. In one
O her polyners provided by the invention inc

prefagf Vﬁ@m@é@e POYR G5 iBIS mca@moﬁ%‘f%& Eriaer Y, hegggymer. Tn one other

prefe@d ¥K&Jdirhkns the] fdBPer Isn paRAu@sHaRE i IMBA hiterddti®e pdfeRed EhBBdiment, the
further coqgrlses a compound having a binding affinity

polyficiis § PRLISBIGFmSRNer PElY B PIGH BFLPY U MUGHSORIT+HE DelHReptides

phospoNids) @odédctatiids, {ndPolyketaiks. | east 106 1/nmole. In a nore
[mpﬁreferred enbodi nent the Ka is at | east 108 1/ nole.

In
et AR FRIOCHESH Al MR HUETRORPTIEHa COBRAYEH R ITER: binding affinity for

the pBnBC R bnd Refdfred @RBHinRAGhOBh@ng Affinidy omleaméa@fwl/eldle In a more
enmbodi nent the conpound is a c%anne In a no

re
Prefeﬁfre%wé‘i’qdéaené%éd isrie Sttlﬁgé/%r{ﬁ &t aﬁ%féerwr%ffr@aue@apdlmem the compound

is adﬂ@dnt diat Kast bk FordBSd mBlre% Fepdrfe@@mBodREH: IRRbmpsNA i COHRAMIN N a yet
npri ses the pore. I n one enmbodi ment the

moredgqfﬁ&qﬁalbe@fpﬁytl tgee@argwk%@%fqamcpyty e mé)ﬁﬂ;qf@-red embodiment, the

comﬁlﬁﬁdéﬂn{p)ﬁséém&% for exanple, but not limted to,
ynme activity of proteases, kinases, phosphatases,

[OOIWydrIa P&%%%b()dw&“a‘&? eQIROUAd eNPTiseS SRBIMELEEYILY, THReTHmE agiyity can be,
for eRARtPTY b@SBElimiades )éh%%%sactl\hiygﬁﬁ%aselsmgé; phdSphatalds, HylitoBises,

In a nore preferre nbodi nent the enzyne activity can
oxideredugigses tgoniceasesy franplegmsespiathylateyrisstnlass, IIRNAS pErEsPnandaedike. Ina

moreéREANIGChBBS Men @NONUEhEASCity Llbe bAgRAS ﬁetxv@I@SﬁNA polymerase, RNA
uracil - DNA gl ycosi dase, ribosones, kin

polyera pirdenslsasersppyieasse DNAJigRss Rilase. 'HFC"HH@AI&1%65“12[56(5‘1’050%5

kma&]mkﬂmﬁﬁﬁtB&hw&ﬁ@&&&ﬁ&ﬂbr&Qﬁk@OYe is sized and shaped
to allow p assggﬁ of "an activator, wherein the

[001 5c ¢ 1 apasher pmbediment theporerip pizadriad gapgro abiavs paseaem gf agractivator, wherein
the a@ivaior NAERotedYAA the ¢fup eXlsBlLYLETOfP, NRDPSPABD 8 \3Q0deRE,

ei cosi noi ds, retinoic acid, calciferol, ascorbic acid,
Phosﬁl@flfixﬁf@ﬂ? p@@gnon@m@@mg@qmﬁ§alc1ferol ascorbic acid, neuropeptides, enkephalms

endorphins, 4-aminobutyrate (GABA), 5-hydroxytryptamine (5-HT), catecholamines, acetyl CoA, S-
adenosylmethionine, and any other biologic'al activator.
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endor phi ns, 4-am nobutyrate (GABA), 5-hydroxy

tryptam ne (5-HT), catechol am nes, acetyl CoA,
woReesyl met hi oni ne, and any ot her bi ol ogi calpcer/ys2008/004467

activator.[0012] In yet another enbodi nent the pore Is

si zed and shaped to al |l ow passage of a cofactor,

wherein the cofactor is selected fromthe group

onsi stin
10010 S SO St e Ve ox e p4d refeatd 1Ay ApeetEs of Lipfactor
wher€iffftedofient is séiectdddram be g@hpwmellstmg%fmg@omzmbze UPENAD* NADP",
channel %$ %Je and conprises a biol ogi cal nolecul e,
and agy otherRiolpHeA FUAYdi fi ed ol ecul e, or altered
[0018i Ol1agipffdrred®mBGdithent therpore of OREAh &L d gofe hble¢u@Odr.a CSMﬁaBl molecule and
coml e BRSO s LSRR o B L i, or
comiiabN Bkreofd Sattgiblogita MRt Sire, for exYMAPHutndt NAMNEEIo, andon channel, a
transmenbrane, receptor, such as GPCRs and the |ike, a

nuclgosi¢ %Pnebarpspﬂdgm“net% VBFATPSPRIY, 2 SYRRRYS ChAINGl o3 frapsmembrane

receffddr, dubtead GHCRs ahd theMiRe, Fﬂrnﬁcf:l@zfr p6ie, s@ﬁﬂﬂ&ﬂ:l vaBits, EReric variants, or the like.
bi ol ogi cal nolecule is a- henDIyS|n 0014] In an

In ong jprefirizd pmbrdiment e Otipsizhao kgl FEEONSR- enzyne

(0014 Ol 1REh GiRtkmatCd, kiéichb¥ipouhBRomANROMACEnARYH m&oggeﬁ a&m&y Mhe compound
bi ol ogi cal activity can be, for exanp ut not

havingnepeaeyme Hiolopiat atinidy cap é’ErtfPrcFéémplérh“F 'b%blmé%d togpipicterpgptides,

antibBAIEd, BiliigeRChRRicC a@eptﬂegcelemluaae hGdAPNAS), (oabl/asmclellc qehs@NAs>
nucl ei ¢ aci ds (LNAs), phol i nos, sugars,

morphpNROs IHEED HBIFh 5%@@9@04“95&6%@3@&9?@?“% 8r R‘S? erh elhe compound can

have aht}l%%mc 188G OTROYAPHoERARaNAME s@é&lbé}ﬁﬂdlﬁg Fobdridstvhereb he polymer
onmpound can have sel ective binding properties whereby

b'"d% RéesEMPPHBE upden @ gartieplqricanteallahenyHenOTER: Fondlitiparhut gqswhen the

enviloRALdtR bbRitlicRNME ERABRNISAth &RAMEbEs Abe, RiHexMPle, WHER: fifiRed to, change

envi ronmental condrtions are changed. Such conditions
in [Helpphapge in pRfiropmagie| tempeptire. ¢Bangp inringgncy ochaggedm Budrophobicity, change
,nmhkﬁkhmgh@ng@m&n environnental tenperature, change in
stringency, change in hydrophobicity, change in

[001 ﬂy drlg Bpﬁqxqr éqnp?)dlmeﬂ{ tt]ehl@anithlépI‘O[/lg@:PBZPmpﬁungnUh%@p the compound further

comﬁﬂ&o‘lqlmme&ﬂethb m{l@:?Hoi%@ulp Eepéled %nﬁh@W&bﬂgst1n‘é‘B@5 91'1(“ group, a
he conpound further conprises a |inker nolecule,

Sulﬁqlei SiRUEr 2 PROPRIBIGISE0Up el BiEfRle @roup GrAY RIES ¢iPot PiPeréstingi %?Hpng‘ Iaﬁoc group,

mdg@&J@@U group, a sulfide group, a phosphat e group, a
ul f ate group, a cyano group, E6¥er|d|ne roup,

[OOI@rm dn gronphoduiat te Bielilgy compriss a@beility of rore emhehmem the
devideRBmbiefa {)lh}amy%@gﬁ&}oﬁl&s a plurality of pores. In one
enbodi ment theé device conprises a plurality of
Polymetsct r odes. Pol ynmers [0017] In another enbodi ment, the
[0011NV e LR BhBYifER, tRe IWBEHROH ploCile CORERL thi Mtr&hﬁ@bnﬂ&n@éf an
an enzyme to a pol yner, the nethod conpri si ng:
enzypie §34 RAlYRET {thpme ?fb@atpesmadarcav&mﬁ twoGenagte pdjaceperols pf amgdium and
an m?epfa(':ergeﬁxreglaﬁﬁ t\p@%%'?seﬁ‘)e'irn&fa‘ey\ﬁ’avﬁ%%lcﬁannt:lrk% dﬁrﬁ'én@i%ﬁ&icag to allow
havi ng a channe di mensioned as to allow sequenti a
seqUeRHATRYCMBY DYTHARIRAT PRFARES AgEr dne PRel dhide ey Popbofionky ape pelymer ata
tlme;pd?ajldlﬁ)g an%k%n@lﬁ@mg%tnﬁmgractﬂﬁt %4 {)d’rﬁnerpi'h@fdugfng Qle%lymer into one of
enzynme having bin act|V|t Y
the tve,peadsy werpﬁg"eﬁ'@ q@éyrwero qnﬁpﬁthem@ R?Plst applying potsolia difference

W t 1 ir 1
bet gégl 65%3&)@9 612%?%%/??%%% ?'?‘é@éaﬁgg reQ/Ers tnE ﬁletp\ﬁ@ntﬁ)aq glf§rence 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 aqueous
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between the two pools, thereby creating a first
polarity; reversing the potential difference a first
Wd@qglzﬁ(ﬂer eby creating a second polarity; re\’[‘?ﬂ'ﬁﬂ]ﬁgosmoum
e potential difference a second tine to create
first polarity, thereby controlling the binding of the
enzyne to the polyner. In a preferred enbodi nent, the

o LT b B e DTS e AL
electﬁdhoidﬁleﬁt Hetveke the &lo @dﬂl@dd)ﬂmﬁhg tht Biecth®dll bggbni ‘thllltemi,‘)’ obtained at the first

time @ﬁrf? g%é{“{;}gg‘altl%%ﬁ i tgmngeg%sﬂlééllcﬂ : h;gl]lqe(:I'zg 8ltfta1@eda at the time the second

time €l €igst pd;l@xa& waslindedat; anakietem{nhné th@ bﬂftaien@cbeaﬁeeﬁ nana [,ltBdreby obtaining a
[ the first po

d'ffefglrﬁew a5 In apptheg ﬁfe?%f‘ a@&?dr (51“ B'Bf‘é?f*}‘?@ &lf@ﬁf %qwnﬁ%w sepe of

measSﬁx(‘gQﬁ&lelédtlﬁEﬁl ¢utRnifbetvieen MRINaG pdoys; mspahﬁgiﬂu@ edétriédd durrem value 1)
determi ning the difference between I and 12 the

obtaip5haL 1A i e e PR P gEceg vh e %BFh‘ér“"ﬁ‘Fé‘F‘é? figouined aa

later D @l d¥RRhining@hd BEfetete betve el afdaNBEreBesbtdiRNBe & HieREn&S value dI. Ina
neasurlg% the electrical cur{ent bet ween the two

more;pEGiFrEed cEBAYEFRINGE FIHEME FSEiErtPLiem th EFR FORFiSH B Of(protgases, kinases,

phosﬂﬁta@dsng»drcﬂ’dsest BAddrbdustasds] iEBnerd3es, friﬁsﬁ:Fasé%oﬁléthylﬁéés V@&tylases, ligases,
induced with the el ectrical current val ue

and lypsesa i hanpther alipmalyesmbopiment i merdtod fHhas ngpnﬁré s the seps o providing

reageRisftha@ RRELnREhRA Mty Int@BEtidgdhd REJBBYo BOHSYI @élﬁ‘ﬁhsﬁ)g the
ifference value dl.. In a nore preferred enbodi nent,

PO‘YQUﬁ@OI&%fyrﬁ%M <nd peuhaingithe peptak auitiplcdampeaasi &t 3 mgregreferred

embdW M ARGEage kil AR SOSctedTNRS MB 2LoAS Eshsisthedr 2h §’<§i3§tor and a cofactor. Ina yet
oxi dor educt ases i somer ases, transferases, X ases,
uc

moregeeé@rmdgg@gd:mpptg@g églvatghla 1qtr§agl§é§mtq the aq%plp@rto mtro ing the cofactor.

Ina )ﬂ:'t §tfﬂrfﬂlﬁe|r HRrePHIBRH d B bodineRe thaRehaer & Y8R dnPIRR ko8B Sonsisting of
StepS reagents that initiate enzyne

ATP{%’%‘PvW ?c{ﬁcg{ggf\é%rgiqglgqsalgn g%é(htegto%lla)l({Sh@tlb(B%FCId calciferol, ascorbic
acid, GOUFBSebded EnkdpRalie) &a&ghlﬁ@hlaqﬁ.ommeqi&mmﬁds -hyaesiRaY piitfine (5-HT),

't he pool at a suitable tenperature
Ca‘ecb?'é'f"éFSr &g B ditemdcnasKEeioaennsangther %'EI"&E% pigfefredhpmbodiment,

the cbB@ord§ QuHRted AR (AL %r@ﬁb &ins@ o€ Mgvamr+ @Pd AGPCRABE LR NADP*. In
In a yet nore preferred o iment, the activator is
a“OtWehWP@d’EFé%dleﬁ’led't“ﬁ@ e evlyrﬁ?fumel%d framthscRTeYRfgnEifws of
polyrﬁ)@fc@tﬁfe@ Ipolypéptidesy ﬁtos&tohtnhs le'yga@ﬁ{andi@ I'fad ?5]‘?1‘(&{&@ ¢h one embodiment the
iment, the activator is selected fromthe grou

enZY% rfgmsqdp??g iRyp thapone pgebas thopghymer. |y aa@}ﬁrrgﬁtyf@émpdlmem the enzyme is
mno@ng§gnﬁgéqM%§@&bae ei cosi noids, retinoic acid,

cal ciferol, ascorbic acid, neuropeptides, enkephalins,

ins, 4- anlnobutyrate ( GABA) ,
[OOI%Oh)’H%i BABEEr EMBE AR Qhe( mvedlidn pl%@h@s%hﬂétm f&e&ntr@ﬁﬁg lyll]dmg of an
and S—adenosylnethlon|ne In another still nore
enzyfie Eraartiad]y deddatiadnd pobyRecleobfasomplex| e igthad eapprisingparoviding two
separtatéea %X&H BoS1O&SI rﬁéd'ld?lgalg MardirtaclDdeen @20 pOJIE, thé%@i’face having a
. In another nore preferred enbodi ment,
Cha“?ﬁéFWﬁ"ﬁl@G%éﬁ ta @l scupeniink meRogEHRIMERSTRST BESSaEg oM one pool to the
otherﬁQl)lny' '6915' BRd f)cgﬁﬁlcle&m&ép?mh& qﬁﬁndl %95%6' Iﬁl/lq bmdmg act1v1ty toa
éysaccharl es, and polyketid I'n one e

parmt'b/ emwr?éd@d@qlwselem@e eempleN; erome‘gwﬁbmﬁfé@ﬂnd@somm@ comprising a
first Mlﬁﬁ@i@&rde Lfy 9&c@ldtp%rﬁ§$léo\ﬁ@e %’@1%91' arg?)mon of fife pgf)]lﬁlyg%tlhescomplex is

I ntroduced into opposi t'e pool . Polynucleotid
doubfeeryagied.|and afh@?ﬁéhe féﬁ'@@ npelertide futhericampiites @Jmomma‘ttd%@cwpauble
with m%ts&ggd %d?%u@l@@ﬁofe 1In rbd?lQmQ fd o[}guc‘?éotla@c %ﬁ)@ﬁqﬁtokge & the two pools;

partial Iy doubl e-strand ol'ynucl eot | conpl ex,
introgiysing e eaympsr intojong of the g mohgapprs@pamaatl élffempmeémen the two

pool s of a nmedi um and an |ntegface bet ween the two

pool s, the interface having a channel so di nensi oned

as to allow sequenti al nononer-by-nononmer passage from

one pool to the



ot her pool of only one pol ynucl eotide at a tine;
provi di ng an enzynme having binding activity to a
W(%B*/.izg!ldﬁ/ doubl e-stranded pol ynucl eoti de cony&¥is2008/004467
providing a pol ynucl eoti de conpl ex conprising a first
pol ynucl eoti de and a second pol ynucl eoti de, wherein a
portion of the polynucl eotide conplex is
d stran and wherein the first polynucl eotide .
pools (PERETEABRD O RUTHT NG Py G TaRE Al R TRE Ty creating o
secoﬂdh?laﬁ@@&ﬂ&s@@lhy Iﬁdt’éﬁt&@ﬁﬂﬁéﬁncel ak¢ond ume rgcrédiethe first polanty thereby
po ot i lex into f th
contrplfipg ey 5@5 of e S fsnt R B st E‘g‘iﬂ“ ¢ complex. Ina
prefeaapérwoa@neat p@tn@atuhalls exét&taenyemctbet BEEROk Ipeefetmwpmebamem the
thereby creating a first polarity; reversin tg?T
medipy i sfaufouLoptian- eW@é’r%fe’F?dregtbO?‘Wﬁé the FEICELS S el ORyfhggroup

consiStEg AN E pgBii@hicleyc acideY 2T G initehyl frou afastticadt coinpdiad anfeavaized

second tine to.create the first there
nuclgik 1614 TSGR OBl AR B Pt RBREm el B it pmorics
the stdWP hiRasutif el eidctagd Yirktsl ovded GheQ@H'pd)(ﬁsX corh;bhnag ﬂfe%feetlhbﬁ @urrent
enbodinent, the nediumis elecitlpé:qcfé é conducti ve.
value:pbiiied at e, sk Yras e FHisbeRIfEh s Ip p RG] b A obtaned

at thetfthethé QBondltinehdfi@f PldrRfwThadidraR bnothen pref&w&ryibddﬁnem the method
sel ect ed fron1the groﬁgpcon3|st|n of a

furthefisemaiises thg sigps of measugn ﬁﬂ?F‘“@ﬂJ SYpt Betygen &reége Qﬂ?‘s comparing the

electGQMARENDaluR 0Bk Y RAlheZ@St tIMGhERE gdRirityaRd iRiubdiclignthé Bl€ctrical current
i somer. I n another preferred enbodlnent t he net hod

valugqpfainge at LIBRpHINS &8 ause Bieteped GRbotest fesbods selccted from the group

consilif2 D'W;Lolﬁh’d’ris@ N AR gbMReRAsd, ARlohibRaRO&oBuclATPAA ifise, DNase,
the electrical current value obtained at the first

uracil-PN@ glysesigase. é(fnaﬁe@ pbéﬂsplfz\}asgﬁgethyll@a% apdycglylape- Ip another alternative

embdAirRt, rtHeQﬁflthdaLfﬁﬁ&F Eon¥pH seanO RioNgrdviaig hiNGast britRedob that initiates
second time the first Eglarlty was, i nduced. I n another

enzypp aqliity: abfrOdHEREIh R EABETE RdhgRAChRSRPriSipg e Polypielsofidecompley: and

incutlifPBe Pdol RBASIMUIWmbISuR! BGLHIrE Befefrbd EfBHdinReE, \WREB1gbMEs selected
two pools; conparing the electrical current val ue

fromgfigreapuReansisting #epwtbowcﬂﬁ@ﬂ?eﬁédfa|C?f§%t°rp6v 3 y§Lmprepyeferred

embddiHkAE 1t dabiyRibbiR1eBERGE ntre@ce o B PooV s & iARbRLME the@bfactor. In
a later time. In a nore preferred enbodi ment,

t he
anothep stiflfporp grefeged epeimend e (pECkF Biipledesiaqm the ﬁﬁ’“BFOTBNA“g of Mg™,
Mn*PE4% NEPARAD* RMNANADIPY NBY @8 emb&idai el is RXOAULE] RRIBs same pool
DNA '|i gase, DNase, uracil-DNA glycosi dase, ki nase,
as thb%wﬁlg?tggeln Mtﬁl}zpta@@mbaﬁa\ergc ¢ wzalgéls nptﬁ)daﬁegtnht@ Fhe opposite pool.
ggﬁnatlve enbodi nent, the nethod further conprises

steps of providing at |east one reagent that
[001?1m tlp auféher embydimenicthe ipyvenyion providescesthy ferronirellipgbindipgof an
enzyhB & Wpeﬁtgﬂ'ﬁtﬁé §1bt'ﬂgd LR rRALYIRGA SOt odBpacAdTRA RNt lﬁﬁﬁ of a medium
i ncubatin pool at a suitable tenperature.
and apgpterfage é?twfrnéae Weﬁs{féwterfﬁwéﬂawe&g elppng! g0 élae@%?r@é as to allow
sequém@m&riaﬁwgsmen&ﬁ? PhsdidetdnPne Podl e&esy Bﬂhg%Hpéf%Qty'oqg p@?ﬂzptlde ata
a cofactor.” In a yet nore preferred enbodi nent,
time REQ)4iPg MARENhAing indygiast ity deie BAIYRCRds; Prﬁédwaélpolplmpaﬂe
com;srgl ?rdtn{ogméﬁie Rfhifol €GOSR iRfroduli aegslbsgptléé inld onBF e two pools;
erred enbodi nent, the cofacfor i5 selected from
mtroﬂwggbecﬁgl'gyr@@ﬁg)l g pﬁ@e Hyo m§+appm4a poegpal diffgrgnce pgayyen the two
pool@'ﬂ'@rer’tmg alfirdl 'ﬁglaﬁlr}m@dérgﬁgihe b&@ntﬁﬂ@iﬁ&@nde% fir@lirRIUESSY creating a
into the same pool as the polynucleotide. In an
secopq] polarifys revoBing thscrateRval differenee issgnddimedo Frﬁ{ﬁP g@ e golanty othereby
contltohﬁg %Q)%irfg%f %thynfe’qg Mﬁ%@fyb&ﬁ& [IQQ%%}eAeB eﬁ\B&Hﬁ@r& the medium is
enbodi ment,” the invention provides a method
electgently P@ndlui:trvg bi NP grederred s mberdipern, th@medlwollw@pudosjesohttﬁe Ina
nmet hod conprising: providing fwo separate, adj acent
pool s of a nmedium and an interface between the two
pools, the interface having a channel so di nensi oned
as to all ow



sequenti al nononer-by-nononer passage from one pool to

the other pool of only one polypeptide at a tineg;
quoggﬂzth,g an enzynme having binding actiVvity tge13us2008/004467

pol ypepti de; providing a polypeptide conprising a

nodi fi abl e ami no acid residue; introducing the

pol ypeptide into one of the two pools; introducing the

e s e LB B0 e ERB BB 4.

0- mJtﬂyﬂ §1"ou1$2@|ﬂ@6ﬂe§c)ént cbﬁM@InﬂJ d‘@nb:hﬁe@ﬂic%ﬂﬁdeaﬁnddﬂ dutleseidG@mar. In another

st tIrTE erey Creati| con
pretere R SR Hi MURR TSl e g B TRG e dsticg) cumen
betw&eh @lt@o bbdds; tompdring @lelekiriyal chifiéi ediye dbeinied @l the At tiMethe first polarity

Jbindin f the enzyne to the polypeptide. In a .
was GG e eREBE D YA ebitRal S heeeeprdiy e frst polriy was
induce@ NG 4G ther Prefdritd dmBBi MeR RS RdtiRdutiEb eshpidtthe didpe omaehsumg the
IS an aqgeous solution. In apreferr

enbodi ment
electrigs] @lrr)qnt twegn) the f%pqo}somqmgn%ﬁhﬁgﬁctﬁﬁﬂgﬂr@m \ﬁ&eéxgtagneé at the first

time (€ Btk PRarty GhEinBucde weth 1R eRctricAPclidnbydlueib@itRd afa later tlme In a more
fl uorescent compound, a derivatized nuc| eotide, an

preferrebTRigEFal. (RS HATE 1 ¥le5196 {RBH IS RROPHHINg %BHﬁrP@Hfﬂerase RNA

polyrthd¥fse NBRlidHREedsbl ek BifticleERMINA IR Bse ! DRass L BRH- [ﬂfJA @S@@s\lﬂaheﬂ @inase,
the electrical current between the two

phosphgitera FEYlatenandarceiyiase; dmpnophgr fr‘l@manvaqﬂt})@dlaﬁt"a hﬁé‘lf“‘é’f‘ fyrther

comprisésShe didpBf prHAdihg ﬁtﬂ&asp&k ?Ja%én‘x’ thaBiitiaRletz fele Witdv Rty tlﬁlﬁ)ducmg the
el ectrical current value obtained at the tinme th

reagegble difcPopl REPHTRS e palynyslsptigeicopplzgand HquRagpg the HO%{ﬁb% Hgpble
tempBa@FeSIn Bfore plRedieABRbodi e, TR BQLnfiUEARRE HEATRE ir5@Scohlifing of an
steps of measuring the electrical current between the
activyiQiAng 8 6pfastore A MR REFeTFRd caPREmPRichF atilipPidhteisriaddiom the group
consigigdf RG®, RADE, READ T @hcyldly¥erof, BRoshhaiiay sdpik, Akdty YoM End S-
i nduced with the elecirical current val ue obtained at

adengsy|methipnine; hipa yqt inoge prgferedrmahogineat the AFHaionisrtrodpesd into the pool

prlore@%}f!ﬂ'ﬁcin@ th%%bﬁ@&)? Cin aﬁ&ﬁ@r%tﬁlﬁmg{egkﬂkrﬁé@ Rib&diBd, B cIMbr is selected
ymer ase, onucl ease exonuclease

RNA
from@mrwpga%tmmfd\slé“ Mv a&a NAR ¢ &5l NARR': Inqng g@hodiment the
enzyl‘ﬁg| QSRARALEE §nto RIS fofas tﬁ@ﬁi}lﬂﬁ?‘dél fofn altlaﬁatﬂ@@%@&ment the enzyme
al ternative enbodi nent, the hod further conprises
is intrqduced fripde GPPSHORACHI ng at | east one reagent t hat
[0020)N1 UHRERInRRIHTR cﬁ&tdsé’d ﬁrbfwdés rf‘&@@db&'aﬂcgmuﬂ@dsrtﬁ@gﬁ%glhﬁe the rate at
t'he pool conprising nuc eoti de conpl ex; and
Whlch Al B tdup gpotymesT 19 Gmnxﬁlfe laa% aﬂ)P)éa‘lO&\"‘rb‘éWH’PWFde for pgample, an enzyme.
The J@fe@s leEi aeBlohede ﬁ@&gﬁ BERterminb fhe nBAGRAL bdsS seﬁﬁén%@ beApolynucleotide
fromthe group consisting of an activator and
The igyfngen sof particular pisde thefislds pt mefeais B@i%mructtmqbblology cell biology,
mole@&‘\lﬁlJ SWEPQE molecafil BB ahd RORLNE cHhAKRIRARST &I I3 tRfmanufacture
D+, NADP+, diacyl glycerol, phosphatidylseri ne,
thereaf:etyl CoA, and Sadenosylnethlonlne In a yet nore
[002 pjr eflﬁ E@gteﬁﬂ@%dén%ﬁﬁnen{ hl% 1l%ﬁtio\ﬁ%¥&'§dek §m'e{lllt)<§ Rﬁ@&ﬁt‘%llingtbgdmg of an
he pool prior to Introducing the cofactor. In anot
enzy@p k] paﬁfwle deyble-grapdad pelypesdgotigheomplerang B arethed rgsylting in identifying
Riiof Y 2 two §Bardie adj
the séc@k&%ﬁ%g&mmgwh% ¢ Rifof QISR n% ggls%%gf ghvelwggzw%e 5 dre adjacent
poolg W@@ra&emeqhnmoamh@rf@arbetwmbme B noplks, thoinepast haéJ@g achannel so
dlmeﬁﬂorﬁh Bﬁ{or&ﬁ&b ¥é°qu€rm‘apﬁlbr{8‘?d&¥ b mﬁorﬁé?@(ﬂ?ge'f%rﬂ AL £ Qilde B6khe channel to
Into the opposite pool 06 The 1 nvention herein
the igngs sifleoefahl ghpung! of@alyfane p@lemctee@deasﬁehdmé@ Hodspretiding amgnzyme having
P A . ' Y/
bmd{rhg 9&{}/?% &)I Sﬂﬁgtgltﬁgg&ll?g%sﬁl\ﬁ@%{e‘ag lgﬂ%c'ée:&g%eodnp% d[BQ\flMME bt llez{gt he protected
deoxgntzompdlentida theemmotgation catheristhgwisiog 8 prtedtitgendieissprayiding hrsannealing
used to determ ne the nucleotbde base sequence of a
pol ynucl eoti de The invention is of particular use in
the fields of nolecul ar blology structural biol ogy,
cell biol ogy,



nol ecul ar switches, nolecular circuits, and nol ecul ar

conput ati onal devices, and the manufacture thereof.
Wdﬂ@@i‘%ldﬁ one alternative enbodi ment, the iny@RtiGhos/004467

provides a nethod for controlling b|nd|ng of an enzynmne

to a partially doubl e-stranded pol ynucl eoti de conpl ex

and the method resulting in identifying the sequence

of a onnucIeotlde t he net hod conpris 9y the ste
agemowov's%e PRIy RS Ol OBpler SeBPTRAEA B P ‘esw?‘eg & PiS%‘Pﬁ%
polyniBIEtIdE) wifkin Np&HidrostenedidyHBaELLHOEMPIR iP@SubE,strakid and a portion is

i nterface having a channel so dinensioned as to

singles SO 1 HPOUR B AP LBYIFROHDFAEPPIH RS AR OO PAYS 5 dolyRg'a pocetia

differeAc® beiwden @ tv‘id}ﬁ)oﬁsh@&@@] cr&a‘ﬂn% R Brst fokdity, HedBst@blatifyausing the single
channel of only one pol ynucl eotide strand at

a
stranggd Goitian Hb‘h%"‘é‘wﬂ‘?ﬁ@eﬁ%w‘ﬁ@“ﬁf‘ﬁ‘aﬁgh&’eél‘ft"i“?/H tp W%mﬁs'gg introducing

the ek | hr?d th prdRbRd 8ok v AQEbHROINWNHE SRR pbélEinGEdHRING Xie annealing agent
roviding at |east one protected deoxyri bonucl eoti de

imto the@hgspetl g oming (BomBRIISE AEFnLS oY (thp AT Wf@f'ﬁomde allowing

the eMQ\V bt (ROprRRcRA LAY fittaAdETke: olifdvb me @iyAucleotide; allowing the protected
ynucleotlde conpl ex conpri si ng i rst

deoxwoyw@p@fotp pelencerRerad due bR aolpswﬁm Eytrrigethe RAER fiffgrence a first

time %Jb? QRa ot B&nBBbMAY CAIRA AR HFRBRLE ok Fibonucleotide to release the
e-stranded and a portion is single-stranded;

proteF st MCPeETRe dspToysied] BEEITHE teshyIdanceiohths PESIBS mpisK:
l‘eveI‘ElYl\chQ 9&[&l§ral @Ff@[leyderégse&m@ ey ér@a'te é ﬁrfsﬁp;o@ﬂﬁ’)e raﬁﬁt\’}%e&ﬂy b4 the

pools, thereby creating a first polarit
stepSf tihwslty qontralling the biadiag atfhe snayise lghedoyblesiadad b%wtur:ksﬂﬂd@fcomplex and
deterﬁlhﬁngﬂﬁé %ﬂ%k@&{théj&l)tngclte&ﬁ@Sploa%ﬁefﬁrlf’é'd(é%adlhﬁﬁt hBaRARM it Bectrically
he trans-side; introducing the enzyne and the
condmtm dotarpreipiafered eabrdEmab thedeediwn 1 28 prieQusTRedpp| In one preferred
embddithdn® HeGhAIgy IsEleABNEEh kG %Gﬁsmhﬁg Sf atﬂaﬁudétnlﬂg&c QQ@' @ 2'-O-methyl
al | owi ng the anneal i ng agen
groug jafiyprescertcametdRetheAY eI ne g ded éluoraqcmﬁmqﬁrgn f@ﬁ%’)e@]&ly%omdase
mc,fagg'fé én)h . Qtdgﬁ\’aﬁgedqﬁgléé/tfd'e bag %L&&haéﬂ@mha B et Pprtfdfed

eot i l'owm ng the protect
embqﬂiermoy thesoryned ie erlécerd from tlbegrommnﬁwrnatoéHNMOAmqﬁ@e RNA polymerase.
u f =R
endoﬁ& AL g)!oﬁ&lléagfer e I;i;gea%e:‘ elljgtaf%‘] gﬁgpgggxggrl])acﬁglggg rl&ﬁl%;é/@ Bﬁ(%p tase,
methalaiseowdmgetylh@ i @te@d;t@r@@nvaemkwmmﬁhmm@b@d fyehergompiissgthe steps of
measﬁlnr? HL agc(?r%aL ofn ﬂ{éq 9 ? QJ,T?O %){h@glte@tqcal current value obtained
neé%urlng the a ance of e’ pr I ng nol et
at the @yigimss theyfits mpl@i@x wﬁt inddcedivitlf de eln@ecaécmbwdiletqued at the time the
secor?c{ tﬁﬁlet e fi E? f Iwasp 9!119: I}ﬂ an&tﬁeﬁ ggénhzgige é\ﬂ%a t,Qlte ﬁlaﬁod further
? contro ing t I ndi ng of e enzyne
commrcestth@§td:@ ebheasgtingtheleectial qumgnd betteeelde mmcmring the electrical
curreq?\tl e'E‘bﬁI e zﬁ%neeﬁéletg'}ileetﬂg [?Tez; WW&%A{EF&\L&P&]& g@cm&p c@rent value
pre erred diumis electrical Iy
obtaiperhad @ datdrvigne. [ma get fuyther @m@flmmdmm)ﬂlﬁ metitod furier ¢pmprignthe steps
IS i e Lum . r t
oo LU TR s RISPASLRE R BROAL lly J oo
com]prepignh:b@otymuﬂmnde egnplex; ancizihcl@mthwpoogat @lgﬁpnpeaiture sufficient to maintain
enzym'e%gnfv%gc SERBAY glggg{hﬁ]g%gmp ga%mn n@gsé&ﬁgé
emba:indem |tlwaa¢0|faz;e:d nsrsalsd:terbtrord he mmp cansrsu@ M8 M’ Giatir ATR,INAD",
NALB O ghaggnfogygglfe&g,gwgnp anoag e eem%%mraagg pRERA" o
deoxpolbqnnaecmsleporandcnmbaaﬁaenucmmteak@qm Degréupgassesting of dATP,

dGTE,L}ﬁﬁ%I %ésjlre P@gnd &H}g I? %{ glgez %?e np%%fﬁlﬁéd%ﬁfbgcrhﬁ!g OFP IPC%%&% fselected from

the gemtipcadmsrmmg of ddhﬁleﬂ‘iiPdddWPl; ta T TR anddpidiUg @s Int zhyr:t sthepseferfred
nmeasuring the electrical currgnt between the two
pool s; conparing the electrical current val ue obtai ned
at the first tinme the first polarity was induced with
the electrical current value obtained at the tinme the



second time the first polarity was induced. |In another
al ternative enbodi nent, the nethod further conprises
Wd%@,}/ﬁgﬁgs of neasuring the electrical currentpﬁ%gﬁﬁ(%rbwm
e two pools; conparing the electrical current value
obtained at the first tine the first polarity was
i nduced wth the electrical current val ue obtai ned at
| ater tinme. further alterative enbodi
emb@ﬁ'@"hﬂ?ﬁﬂ%"%‘iﬂ? ol °g‘8 F008 BOY! AAMRIFSESFL 2BtCaREAR i k igpre
prefeh€@P&hbo@i@nt, BRARKYaliddEntisBlkdtd B &S the By Feordistingvdftaomplementary

i ntroducing the reagent to the pool conprising the
oligopuyepHirAnd 8¥5PH 9 pl ex; and i ncubating the pool at a

[oozz]e NPRE aiveiitRn S14b biovidedd métBod @t Shahdthe PastivR oft& ket dly reunme toa
preferred enbodi nent, the reagent is a cofactor,

pore ahermqi@dﬁp@%wge BroX IS8 IV AragParatey gacens pools ofra medium pnda Séracture

betwée’h@mttvb BodJ, HeRrGANS hetihd G i6d-pdviidable poRe2 providangh, polyIda; providing a
NADP+, and S-adenosyl net hi onine. |n_another
moleﬁ.}l%lfaérnlg @axdglﬁﬁ&tan%%@]e p?lwé)n,dptquéefl%ﬁle polyion into one of the two pools;
intro@LR A Yiel A RiR0 tHeABmE PETPdppI9Hg @ peteiy diffredébe@REn M€ two pools,
sel ected fromthe group consisting of dATP, dGIP
therepyeppating st PRlfTHY: QUSHBITINE A Fa GleFiEFa! AT bsiveged fedyo pools, thereby
sensiBETRO PosiRRLof a IBRCUIE RURINE td the §?¢. BEA HrefefrELEMBIARNGE, Héfnolecule is a
conS|st|ng of ddATP, ddGIP, ddTTP, ddCTP, and ddUTP.
macrpolgculfe heseiR e pceTescRle SRERe FRIRthe BTOHR CongiNuRg RS PGS nkinases.
phosptatadds, HyRfstseOB8d PRIk ta§l TR eBRSs, AkhsRABAAMERNaREY AR tylade ligases,
a nore preferred embodi nent, the annealing agent
lyaseg @ tap§TEANDFANG ARCEMEY. & FESEROTCYALNEINAsY 2dFcel TeosPiRT andHGaegeptor, and a
nucl@} 18D CIneRbthsterdattdshibemirdi it MedidPR2RLtrifNE dohKkRHYd. AR a more
al so provides a nethod for sensing the position of a
prefeffd @pladingng thermaglim is ap agispes, soluhen- HeATRBEF REEfRT5?S gnbegiment, the
strucRiFON itk BEnprivs SQRPOIE whé&bih /e@BinpaRalisSse REted oM HeliddEnsisting of
a structure between the two pools, the structure
a thi) §up Sifide Eioup@PHRRR? e SToBR.@; SUITHORTPYR: AEY2RC BEMBiaciperidine group, an
Fmo@ér@yﬂ didoB& MRIpeGidaR ntaYd, Bgur*@ll&f%l A10y1 3@kl b dgdi® 1hAfother preferred
pol yion; intro u0|ng t he yion into one of the two
embmné the el it esstsd e %gr@wq@wtﬁ%@f 9%@%5&@%@8!ypepﬂdes
phos?ﬂﬂblﬁé RElycBRER! ind fpog/kétfd@{ R Qﬁerpﬁne\!\@rﬁﬁbdﬁh@lt VO RRR farther
her Creating a first polarity; measuring a first
comlgls%herﬁt%papf ElgpiBhthe B@?%@éﬁffm@ceta\%stﬁe@i therelpyapadipg a second polarity;
reversiaR e PBteht@ diPRRhdel AR tihe MPLELLNE ﬁfsgl)(ﬁ:lrlty GnefantnE @ second electrical
pore. In a preferred enbodi nent, the nolecule is a
curreiplet WaeD the ¢ We Boolsatheredy ﬁlrthhreseﬁsmsrtwwem plghg mplseulewlativgimthe pore.
In anbfREr ﬂt@ﬂ%e%%é&hﬁ%htnﬂe e thBA ﬂﬁﬁ@rsc%ﬁpniék (2 3¢€pPs of measuring the electrical
phosphat ases, hydrol ases, oxi doreductases, i somerases,
current befeden thedwe POk EQPasias dhe clsiair) curmes valyq C@a?sr@é at the fespgme the first
polar‘?’ty LLaRIRIRLADR cleBGRAI R rent FallESRRIA t 4 MlePEIDCInK B SGther
T-cell receptor, an MHC receptor, and a nucl ear
alterwéa@m@ﬁlmmh tf&rmﬁtﬂr@rfurﬁreeﬁ@vmw tanispe PR AYIding Eagaads thainitiate
enzyhé a&lvﬁ?tlﬁﬁ*&iﬁé Lé’ thE Qé’ﬁgémst thl% poblrboﬁapn@ﬁgeth@Fcﬁ%rﬁl(:fegtqjde complex; and
diumis an aqueous SO I on
mculaiﬁ@g the pocgi P @rtaté@te@we@rmém mOteweef@rtqd@mbml@evtuﬁhﬁ Fagents are
selec éafm)'id rﬁ@@m Q‘%nﬁl an X@ﬁ%@ﬂ Jﬁdtaiagfa&mﬁ)ytﬂ)%& %o%%r&%ﬁd
rom-t roup sisting group, a sul
emb@ﬂm@m theaacpmpwatredug?dolm@ theap@bwrfoafcenig?d@alpg thy Ce%mb In a still more
prefcglreg H;Hbodﬂné?x't R d Bl 48 i8R fidh tl'fe'E?&up%QérH@in @f‘ﬁhﬁ 1@% NADP*,
group, silicon nitride, bifunctional aIkyF de,
diacylgiticegrd) phhosphatidalserieeticqsinefderal yedsyé plivoptiatidn tmosrmfe gkymghpmhomosnols
e u t
llpoﬂogsactgl{ujagﬁéeso%n (g(g 5@1& Q?f/%[érglf i& &Bi@%&lﬁ Odggrg fﬁ{tlg?s enkephalms endorphins, 4-
amupb\htylam‘,@haﬁb ddsrdroamt@'gwhlW@tme@tecmarmhtseaqmﬂ Cuss, and S-
enbodi nent, the nethod furthe? conpri ses the steps of
reversing the potential difference a first tine,
thereby creating a second polarity;



reversing the potential difference a second tine to

create the first polarity, nmeasuring a second
\Vdioﬁﬁﬁhhﬁal current between the two pools, theighysr008/004467

further sensing the position of the nolecule relative

to the pore. In another alternative enbodi nent, the

nmet hod further conprises the steps of neasurlng t he

el ectrical current betweepn the t poal s; _conp
aden e et st FATOTEL Y GRS EPEA GRROATHEN (oG F SHEed from te
groug doBstinB@f MgF sMnPatAT, iAlTY, NED*, biiNaDE*. vvl th the

electrical current val ue obtained at Iaterﬁéi .In
10023 stlp p prefeipied Ff@'l’“éﬂ‘?"éf*ﬁ&?‘ie\?éd@ﬁ%ﬁ‘?%ﬁ?s a hipjgsi ﬂ?nge&“'e ora

synthE6t thifiedCR ARESRSI0£iBA niolee@s. SfchProMgicdi MPedubr’grRNios e)tali‘@le but not
initiate enzynme activity; introducing the rggignts
limitqdHge ap ¢Rs| chansirh Pk iphir eIy b P PRAURISEB £ Re ARTBY e TR 2 Sugar

transpdied! Q@}da?tﬂ: dhBheD @ @hnstemBrafiél et JRdr SsubICXIEIFGHsUA Rcepkdt tyosine kinase,
nor e rred enbodi ment, the reagents are sel ected

and ther I & Tréelbfleﬁﬁﬁ’ﬁ’r NS f‘?CF'Rjoro? nugleanieeaPiPhsYEh agdtespid hormone receptor,

anmﬁgi@gégrme like. anot her nore preferred enbodi nent, the
activator is introduced into the pool prior to

[0024)nt rip aidlieAgtvefantogimeat Bie.comprugd §?‘PFPflseSn"t9Pt?“Hr"€fbé‘P‘P%€F' activity. The

compBIROGVITE Rbn- eﬁzpl%e Bfétdﬁl}ﬁﬁlta‘%ﬁv yTa® 6, ?&te%ﬂnﬂ‘lé B ol BmBédab Proteins,
COﬂSlStlng of

DP+, diac Xcero
peptn%o@ah%mmlswl Tgleicapigh SeRiige agclelgﬁ%égly} S)pReke Rug!Figids
(LNAS) Qtrbihifos, G M@ q&bhﬁsgamg}n PRdspRkidy) ..l,dsﬁ&pghyxgl%gawnbﬂ@ﬁ;

retinoic aCI er ol ascor
hpopglggnc@pgéqs, Qjélge liken EB‘D‘FP&FHOH@ cap h@y@raptpﬁeﬁl§ actglylty The compound can have
nboz?mz Q&QH% YR BmbSHBAN have EB(&EQQ(MEJM ropEr 8 wherebl the polymer binds to
cat echol am nes, acetyl CoA, and Sadenosyl et hi oni ne.
the compaanduivist a Rarfiquiar fentiellpsh esv Eonmeatabpp @i PABAL N0t Phen the environmental

condﬁgflsazﬁé g{anéeﬁ §§éh%¥l{ﬁﬁlorfs c9rm}vet Ree %@%Fblﬁ(ﬂet]sﬁrﬁﬁéd@& cRXnMB #HH7), change

in enplr@n@mabtammfﬁe@. thapge ip ﬁéngfe%cl@pgeclna‘?mﬁephq?tsﬁwh%g ing
hydr@dhﬁicﬁﬁ'o?ﬂ;'e i@l ecul e, or a synthetic nodified or
tered biol ogical nolecule. Such biological nolecules
002%ulr e, Infopg erebedimsinethe paeromeleculs eampaseseazy Mgrcii il dRapfifeme activity can
be, f&‘é&‘i}mﬂ? b J&?mlté’cﬁtb rbnz)ﬁnéuéﬁlu%p(ﬁ' Qﬁea%%ﬁ‘a@és’ slp(ﬁ&tsésdl%/drolases
a sugar transporter, a synaptic channel
OXIerp@n@mmes sasfrases, meliplaseaCaERs, ligasch. dystst H)d the lke. In a
more édrkgnbl&h%ﬁqhe &Q?rmt, mvit)l é‘aﬁ be @nz-lj-mg %J:tlwtgf %Fﬁmf\(ﬁolyn@pase RNA
receptor, a nuclear receptor, such as a stero
polymwmmoml@@em eRonucieapgy @Mdrgaﬁﬁop@ asepyragi hBNA; &EOSIP@@Z@]N
phoshﬁhta@g n?elt s %ét))ﬁ?se eéi;]t%gge,' (ﬁﬁﬂge orttn@lll&oqlpgt”ﬂgrn‘ﬁmwrﬁb%gﬁent the
on- enzy |o ogi cal activity. The conpound havi ng
macyunleeriy samsompiide aepire hht qae enaying 9ctr,vam forecxample, té&w@actmty of a
cyto&%menlgltSO efxi'?nte fjn z}ngthelp%tg;ngﬁ%%mbgﬁméhtdﬁé ma@r@ﬁlbﬁgﬂé @a%’compnse more
ant 1 gens, l el c aci pepti1 de nuclelrc acids (PNAs),
than lowectypebof gpayimei activiyi s e(anmmmamm@hq@rf@fm a5y nthapgalnsanother embodiment
[ . inositols,
tm”&F%n%ﬁﬁggpﬁﬁﬁﬁggﬂggﬁﬁpﬂﬁnfopolysaccharldes or the
[002b] k eln aff lhkerpasivp onbradliraent thﬁamyrcamwcgbrv;pmpmﬁ pep-gngymerpjglogical activity.
0
The g{fg&gﬁe le ngﬂér? er%%@%%ﬂigmgﬁcl é c)é lér e@ e(x‘Qﬁmg) Ll‘)Ufjno? ﬁ?uted to,
protdiisnptptides, :tnhbodmn@@m nmnlderamas pentidg audleae a%NPNGF)L gked nucleic

ac1ds WAS g1ll|os S%H%L &)!hg golgﬂfsl cIs %@%@yléﬂ&ﬁhaud nosljtglrs],S

glycc;ams;jbemos’noks lepopotpdaeghatidets, andte like. nTlueedacmnolex:hawgrehavn polynucleotide-
. [ B+, .ch e |.n ¥y r.at e
bmd[snfg rallt}’]vglgt I%@cgc% pghg%pglgg Il)lﬁ?)ﬁl(%?%% WE)F qpc% ? bldL[gdr% hg{&é‘&‘% hl%some ora
nuclépgone pltielmaciamplecole carhigve arkigeni¢ ﬂiﬂl%}] Tha mmwn@ﬂtbuid carentve selective
t he macronol ecul e conpri ses ey e activity. The
enzyme activity can



be, for exanple, but not limted to, enzyne activity

of proteases, kinases, phosphatases, hydrol ases,
wPNbslPlgpuct ases, isonerases, transferases, MWl As&5004467

acetyl ases, l|ligases, |lyases, and the like. In a nore

preferred enbodi nent the enzyne activity can be enzyne-

activity of DNA polynerase RNA polynerase

donucl

DNa led
bmdlrl\'ﬁ. %{gqertle eréll’))slg grq)m S I’tonta% gacr% cg]gcuhe n er aparticular controlle
envirbiienil amaition et r)dt azaen thghmosreemk t:cdtdslens m cltahgedl iSkeh cohditions can

ative e rmcro

be, fo& SW’ e'éqlx}gﬁ,lgm{eﬁ Lo <l c ée mn[H)) ngc il env m?n ;Ll?err;(p%rau]lre change in
stringeing, cﬂiarzgenﬁahﬁmsph\bbltnyy ohange mym'dmbmkmme @41&01kenzyne In

[00273n n‘B‘? ?réo&halr,r%r}?lré Hﬁ%‘% ?Ibe nlgvetnfj ion l‘O\%ldCS alggrﬁ%ou%d QNrﬁ%lre?nCtlﬁg ?orﬁ;ﬁ)ﬂnd further

compeiXa Ainker nivtatig) thamléeamblpcmsetéctsg' frtnln mrodprcommmg ef a thiol group, a

R R T e T

and arBae gaip] Mcnbiercapdingeshax@mpemklisreldoied frogi tbeagroup consisting of a
q ronol ecul e havi ng non-enzyne

b'f““Bti’ogFlcf’ain%{’ilfT% 77y can be, for exanple, but not
[0028]i MiIt ek dntbodipteat ted thin filpepmpdes a pardiiyod gbes , Inant egeadsment the

| ds (PNAs), |ocked
deciongls SaaRy PRR oy Dol i nos, sugars,

[00291}h0$1)’@dﬂ ¢lﬂhr(é$th1d fﬁlm ctdtSI,cesg bypeos yalnd p'hthsqbsl‘fat dsghglthe same are provided. The
subjestrd%i( Ifes o|r F)ksgagns.fﬂxggn I!lgcli 'nrgﬁc’slc ambe’rs coHlpe%gg Ib}// Pl glgcnxagal go%’?mumcatlon

¢ronol €tu

mear. ostylmm gdlof the Ieiectdtai goramtmivanby mam/iswrhop@dnyp epti¢adl eperture sealed
bi,0s esi 9

wit HEEBR a1 Lo e the B b ftans o

applyauyf an@éeniric ﬁaldttleweblythe Thendeerschohtesule sobjrctidaviees find use in

sel ecti i,ndin e I j
appEgoftie iR e ec-n e R Pk bt i BiokMata, WhBESucn
appl1mmhsno¢1umnheadhamotndzatmmnf nafburtlly rmocturrvdgeon ¢haenels, the characterization of

| nr}/c ronment a dt%oﬂfgl tions are changed. Such conditions
PO BEPOYSY 28 exanplé, but not limted to, change in
[003Q)H+] The ¢hvamiy® alsn pesvides @ methind & d¢lenqn@raemngleepaom¢1m19@lel tma defined
enc change in hydrophobicity, change in

"anoﬁcﬂg 1(5%??6?1?"%(} lfyausgrr the like. [0027] In another
[003 &b Cktie mre/rant;ontalse pravident methop fop witadbigg a sicglrpeenunoleniie ogi defined
hano caE sﬁe srygm furt her conprises a |linker nolecule, the

PiH ectl °sel ected fromthe group consi sting of
[0032] t I’Tﬁ(elm\gntmmpl,lsozpr@meﬁ h dethgd G pronicorjpla dwfheetien gfrfoulpgle Iaacromolecu|¢

(or cgnn%na%to? 895[5? glllcp malaCUQ%zusmggor(ﬁy Qurfe%t tg%og?# rqgng&o%g ?ms bt t he

[0033]0 n‘pﬁienm\/enmonsﬂﬁo@mvws fi dovieeton sysgrofiopdetroting wodingjofolt least two
compeo n{l)éjs &%rg%\/tﬂ]c%ltcRrgllp%%{l%as #{lelfe?ﬁgl ndt Qe?mgoglléilgcatlor[v?ag ngt lela& 09? 8lectrochemical
layerp(hb elsctrdcmermwé laenrbwdiprie'ng a selrmcoaiéwcu matﬁonlpwhges th’e@ semiconductor
mate?na]%ur?h&r gc}/m 1ses a s%ﬁ‘%crquc%% ier a%%?e?ri’] héSéIQ o&e&ﬁ@aﬁ g%r dtehﬁe@ a plurallty of
orifiges ehqmrdmesckedxprlﬁ‘hga stwbibemnd dewk(aeé Wb¢rels yhetchamber @fr@lp PS@CCS co-
locallze w1t% mett a?on ?1[1%[ &Q%r}ﬁ&&qeg rBYseﬁ'Fcoﬁ $ebdr era?e‘rill wherein a portion
AMUAI Cat 1. on nea e crs end o e electrical
of the om‘mrns piagged withe aresal,i vshea:lmtbc meehit &l clestyonic edmmpraeation with the

metaﬂgﬁtb%\ ocpgpor 1o(r:1h:glﬁne erem].tﬁlé I) Ice. f%r{e}lér #ﬂ)gnﬁ)? & a§ﬂ|1 ﬁ%:lrﬁ, &lée tgm film forming a
solvmanmnﬁ@bleapm bytheigechiof @k edfice] the fhnrefﬁlm fbehameernpmm acfioge, the pore
ns_chanpers.  The b SGL

further colmpnsl{)% a pore a%ertv\be rha Prﬁ?’erre embod1 oh Qh% Enﬁglg'ndyar% bionoglcal

applirca FORI ¢ current
nanopore or channel is nonitorlked, where such



applications include the characterization of naturally

occurring ion channels, the characterization of
woPRbyHl¢,c conmpounds, and the Iike. [0030] Thq’CT/USZOOS/004467
- 1nvention al so provides a nethod for delivering a

singl e macronol ecule to a defined nanoscale site

specified by a user. [0031] The invention al so

a.single macr
comd%unds fj rln%r% Breﬁeérﬁgol g%‘g?dé @ehblglg%lcafl €O unds afre se%cted ?rom the group
consnEtO@S)ﬂ])olﬂ'dmeleotmterpb]ypafptlaéssphoppil@hplde$ol&san@iahdﬂﬂ [foQﬂ(etldes proteases
kmasgsp %otsan t nc% hylaeola{sgsngt dc?rgd %Iases 150 egases rans e(r)arérgs %% I?iseg acetylases
i oh no ecu1e'3 usrng ronrce CUr FE

hgasetsmnd ubgkesalmmbsxcmp%cemmwdm[e%ﬁﬁ]serﬂ' b@duﬂmmatwr@mxsaéls@ed from the
groupp %onflst%gsf %hc%% d10x1 gglgg)ym{'%rrp%g{r}mg éa (% OBN nsglcon mgnc{éq&% metal oxide,
and nmita!{ eitle 4. gn almo@eewraﬂmmjumwnnmfmrsmnad}ndheashatm1s silicon dioxide. In

el ec m,cal ec n c r .
another er dlc err]n oglmézgtm ur&dcg fngrlﬁﬁ'a ts a% ?carGD efs})ea mor%{ Hléeferred embodiment,
the nsamzmm«tump@morrm setectadi frfnu nltergeasupccommtmg efanickek golfl aopper, and
alummﬁrq r]I ert%bst V\'%? rrr%d 0 de merit qﬁ gtclqse s vgralln %%mﬁ:&iemfaorzlemen‘il the thin

plu 12ees he Of nB
film 6 Iaanﬂ:aeulammya riee MOmr;defmdr@realmdlhhm thh amfoéltm usfa ptldﬂi@hollpld bilayer.

In onglréllte{nlha 19(:S em %l gr(l:e%l | hzeeoane 1S bgw en (? andz3atn|1 %nsm%o gerre(p embodiment,
n Xe S|gnal Sem con mhere a

the ofifidetis eweah 1tahe2 pm ihkiege Ina npisl.;g@f@:dedlﬂrrtbbdlalemathalonﬁce is between 1.25

erelnt n el ect r C C
and 0P P51 1 RO B SRR DR acred P ECH RO Gy Fmore
prefefrucr drhtdinteRi) fHeibsRSgicl bletuld islsélectddFeont the Brolip l:cmsi@mfgl’ﬂfﬁg iod channel,

Xe t-irperneabé ﬁeal at the neck of.tFe qufl
anu eﬁ@ & FRACh R IPARUCE FRARBT: TYRYITRRIPAYGC A PBTRYC chapac p%‘ff’é‘s"‘embra"e
recepldi) dnB @ hu Q@R Pore SInOmést @n@fe&ecﬂi&ﬁlﬁddllﬁeﬁat tHerbl(ﬂogficfaﬂEfrﬁreElﬂdls a-hemolysin.

enbodi th conpounds re b| Ico ound
Ina péEfﬁ'i‘i‘?d gﬁf’é‘f"@?‘ @8 PRABEAT R ‘W?Q‘?é‘ ‘EH‘ IaB i’h?ﬂ@re preferred
emb(ﬂ[rﬁenS @{e%teageﬁdr@mbéth@ergmm 4a ualnslh Isi2g mfa most preferred embodiment,
ynucl eoti des hol

ypepti des, S
the plys |a9f§%tteeﬁawse@§b°%|a9<5%9v'd%§ze AF iR sared embodiment the

pore PRasRIAEa8RE abduy 8 e AR siRXi dor educt ases [ somsr ases

ransf erases, neth | as acetyl ases as
[003%]y as IﬂVF?{lO&ﬁEP RESY dﬁ? ‘é? ngers %./ﬂljwa Itlﬁg(ﬁap bgtlﬁag to detect and control

bindiS € Bf £LAG1EHUGL O h pBMmer. ilAbnd ént®aineat @@ nfoleaile idwepree@Umh a preferred
consi sting .of silicon_diox SiQ2),. silicon

embagipn, 4l FEHTR)A BRIEC ST b ?‘%Nﬁ““%é%‘%‘lnaﬁ‘k‘le&é" detecta

poly@étdompdual hdiing £fubrural EleBeniainMbRY ket GMEHE mmﬁer compound
the sem conductor material is silicon dioxide.

through & pAOPOTEyr 2rOBF PP e BHBTARRY: the ite SHierAcRing et det e&tra Rogymer
com@uﬁW&i@ﬁﬁﬁ@QDNN Hair@in¥tHicurp [rﬁf @héﬁﬂe ejehr@gl JBPbundicB@prising a DNA

on conp osition is sel ed
nairpe SN b ST RO 2 TBGTRAMe A5G B boel i R ‘Ol gpins the
halrpmlﬁﬂ)l\pi &fpﬁﬁxrsﬁﬁ’ctlﬁﬁbﬁ\(.ﬁnm&ﬂhauv% hﬁhb@fﬁﬁ)a{t tHeSpo@IrﬂeVﬁfmpohﬂid @mprises a
erred e o i men éihe thin, f In1|§ia nol ecul a

cer RGBS Tt SRS CORIng Forises o
pqu§mamph@ﬂphollpld bilayer. In one alternative

08 3= g S B S s Gy e D o3 potmer

a ratddFbe®REn ébo&rﬁd{z?arﬂTEDOMHSI 2. finkitd state MASKingd¢a@ fcGitiob Blinding of a molecule
embodi e orifjce is betwen, 1. nd 1.5 in

0 BFE" 3 SHEPOPOBl HErt B ERTaR LRt 13 g 2f B g abou 25

Hz, 40 hwuogj €A ht 4664t686 Hzeat absut a0 HRY € atued T4, echbeids0diz®nbeut 55 Hz, at

about s a3 5Pl ik e 2ioet 3 ot 2DRHTR i HAHMLRS Hy, o about 90

pepti de channel, a sugar trari@porter, a synaptic
channel , a transnenbrane



receptor, and a nuclear pore. In a nost preferred

enbodi nent, the biol ogical nolecule is a-henblysin. In

(ﬁﬁﬁggggﬁred enbodi ment, the pore aperture is W88k /004467
out 1 and 10 nmin size. In a nore preferre

enbodi nent, the pore aperture is between about 1 and 4

nmin size. In a nost preferred enbodinent the pore

i BRSO, SR IS 310 B 258 s 3

Hz. acgbeuttl 40 Hz,ias ativet W@eﬁz ababatt 180 Hndt aﬁbomrmo iHzSat akout [| TOBA ht about 180

. O RTS8 L D 7 PR s o

Hz, amabbwe @60 Bz tapatmuplOyHreat.abdun S5MHz,@ndboaki 600 fz, at abeut M@ 1L ul about 750

[ fein. e di
ool 80 1l S8y SERLSATETPAB BBk, LRI o
1125 He.chatiwet 040 Hdait elodut &l 75¢1zy arabout d)IQ@d{md abeutlllﬂ) Hz, at about 1300 Hz, at
tu I nt_ . t.ha hits [ f the
about%g%()uﬁz FC (% melgﬁér:gz’taﬁ}r’bou{ wsgﬂﬁaaﬁ%%) r es%B?_lr% é"“gﬁ%@éﬁ & fbout 1600
Hz, ateirtrtmdmmm at etbhet 1760 He et gtoat B0OrHEe ht muc B30 dEt @ aboum 1900 Hz, at

abouth)(l) ME“% d 9 aBPlR l‘2‘6‘5’0 I—CI? ra'g?elfenr%d € E)l\(yb‘men&il tl'uP F mte sEarBKﬁatlc 1ne caimncontrol

pore, ] ect conpri
bmdu’rgeuf R ploh:cuiﬁ td)l\yblyiumlaea(ra&tdf tetvermaabbut amm aﬁrﬁﬁt@pﬂﬁ@ Haf theramore
s ..be tec rior
preferﬁed em%odlmesq 1t8 {a mac ? uaéltca?treotl 8rlngmé 9 ain{)%?%eartol glymer at a rate

of bet@ﬂébﬂlbblﬂféﬂﬂ{ztahe al][m)t W@d‘fz Dﬂn’pmumdfeﬂ'mnbcﬂﬁﬁenathe finite state machine can
y4 aci t her alternative

contr(gﬁlgdg? lr F\gleflhe 0 a oyfmer 9[ a rate 8%%0 u%@?rlpr i ses a peptide

[0036hucTke mvampnjcan[bte@%i]to tiﬂerome tmmmdotniersequbm of b polymucleotide. The

. t hi ne c on hin f a nD

mven%%nla%z}ﬁ%l?gg use(? to (? [cla L S tr%lé'ﬁ arfinic it P ag epgyme | 8 b(glbg et_&o?ynucleotlde

therebT,/hJeing 'theiirtvenmao elemfy Irmvedaeltz&me ccnmnonmis that biokd l’tgpab)fnuaeotldes

[00372DI nlfgm'ﬁgédn% rﬁotlh% {ec c%\nl_ésoorr S¥St arg%lo eprésa Cﬁzand ?rfzns c%]ar%ers
conne2isd bizan e¢ctridpbapinnBickiign raetanabﬂmtczsaﬁd ans cahml&lnmt sefp@ratel by a thin

film c@%gﬁs{?r?gg%leéé 0 a}‘eorg% ?nngfs Iﬁgneﬁ')zr%fe at ati)oglt e thH%l%m ?Lm ccimprrses a

comp@imnd Havingd hyalioaph 0bi8 Gorrdin aralta labmplmh@&omdm lata rmin@prefeﬁé)d—lznbodnmem
t b 10 ut 110. Hz

the thfd ﬁlr@rl?:grﬁérés%?_ﬁ desel%‘irg%u?ml%rcg&mh%r Y ﬁans'_igr apg{ymg an electric

field l"&bmqn the 46 ahtk the atanadhemberd. Ibe levrceafurtammpﬁm thtaps m detecting the

ahopt 175 {
currerft B&Q/%:anlg%cz Tid tﬁei tr% 5T mbfbso ’lf_n'éporg {)r & nne[ is ﬁ%@ {'én’d 51zfad having
dlmerabouxult&ﬂé)foblpqss@(n galhml,ytmeBSID ohiz prefetredyahodinddOthelpore &t channel

accorrg'gogigtt%s %g.g)st;a:gﬁ’al }g(%rtl (%ltllfe p?&rjneH%l:l a ge%t %gegﬁ%fe%gcger’i%o:dinge:m the pore or
channgdws bio®@Ralldetivigt Impother @6@rédsmimtlingbo tte potheiHz A palynucleotide.

[0038288 ﬁ on? %%B%erﬁt tPéaEl%gl{ijl{n]T?r%%é }_!}{_Iﬁ[frggs a a%%h%éd%éga%rnafgg affinity for

the podytyeant Inid@6 PreFdared ambadimertt tht BO@ingaffingy (8D out 1ed830° 1zqle. dih a more

preferge@ H{oo%é’mg% rEléK ré‘{u 19abou t Vr}“rgoln’%t an?theg er‘éﬁr %e/rglifd‘%em t%% compound

is adj@bo W at16a5(nk{pore din aapoeipreftBODenkodingnt thé cantpot BEGmpzisesat
polyp qut 1900 Hz, at about 950 Hz, and at about 2000 Hz.

n a preferred enbodi nent, the finite state machi ne
(0039¢ anlm@nﬁmbbdlbﬂm@lengnmbuna cnmpr@gud:reymc)acaiv'p}ol Theenzyae agtivity can be,

for exglﬁ%?er ( e(gﬁhl\r“}%?§| %gglﬁé %rért{gf H)@%}gas%?g#;seﬁggﬁﬁatasgp h)a({r[aases

ox1d0t¢dmtascﬂ isbinerdiengrapfferasesohetinldses, toptydasgoliganasr lyases, and tt ke. Ina
120 Hz. | st
mor BSHEL GRS k0] AP d ot B, v
control binding of a nolecul&to a polyner at a rate
of about 50 Hz.



[0036] The invention can be used to determ ne the
nucl eotide sequence of a polynucleotide. The invention
woFRls/Mage be used to determine the rel ative afddiid¥ostfosss7
an enzynme for binding a polynucleotide, thereby using
the invention to identify novel enzyme conpounds that
bi nd to pol ynucl eotides. [0037] In one enbodi nent, the
poly i3t 10 G, R Bh By A B SRS T b AR, kiase
phospmasasmetfmaemc&yamjoltthanlse chanbers are separated by a
[0040@n eli]nparn Lh e 1m 3 t?]g Prere {)r c%a;?]ntel 1? Elgecp 24 %tllﬁ%%% tonﬁlﬂnngliss%e of an
acnvmm@l@mldthh amvatgr & stlydeddipdnothe grodpncmlsmr@nd AZPhYADS DR cand any
Olhergo lcal alctIwatoarl nore preferred enbodi nent, the thin film
onprises "a phospholipid. The devices further conpri se
(004 lai rrmam affogirer appﬂdymemg tlmmoeloedtanme¢ isfsized ghdizbiped erallolveasshge of a
cofacﬁzé wﬁlgrefn t&e <a)e%céoc§ tlSI sﬂgctfe?i féo%- Eh% Sap! c(énes?s 1]r¢1 u(I;ft 1}'2622 I\gn?gTHa *ZXTlg NAD?,
NADthdaman&eldhanpmisofaafhe pore or channel i s shaped and
[00422I ZE%Pre%Fﬁtgeongbeogszl epl?)org%lr ct:r%]garkl)n for {% ?&%&gm%lecule ora
synthetivandiifiedae Elmmmﬂkab@sal aokuldst ueh b@logp@lrrncplmulesﬁret foeexample, but not
. ..polyner..In ferre dj t o]
hmltc%?o,)épl 5}1}1 r(}:g;rnnﬁl ‘ieonge cI:enétg e? a (PtePtldg cﬁann% 4 {0 JTEQ tﬁ%%’b%rtgr s %naptlc
chanl, eﬁremsnedxbfandswdepmn&uph 341EPQRy| apdrehe hks agugledr pong corelaet likde In one
t filmfurther
prefelredoem%odlmentqpe blggg%gdn%ecure 1S &ﬁer%a%sdn I'ng affinity for the
[004300I StvET alteinﬂtl\&nfhe pmeﬁcemd eminmtmtdnwytnetbitéoghdahsﬁtingy. The compound

i St i B T S B (@ S, pepies
antibycids, z&ngetrh,emclprcafnes lpepixde e mbd3t(PNAS, Iodwpmurridc h@ds (LNAs),

moreBilsBss et e 2t SR el gt Bl Sy 8 i GEL °Fhe compound
can hb@%@éenlcmcm@ &b oshpoend cah hevecelapoe hmdmg nmpcrg%wlmr@y ithes polymer
binds%%{he corﬁ%u u:{dere zli] é Hceula%%gl{t%&l(te&/ n(\:/lar e%tal {o%dmgﬁ( %UEAO? wh&uﬁ]e

n nzyne ac | hase

envxrprhﬁﬁlplhaindﬁleﬁ;s, arhgdﬂngdda%m coodqmnjxs mdwcfoaswpla, banmer lasles to, change
in [H éh g%&ﬁ:grrl ?qs{/ﬁréﬂm?‘?al té{nrﬁc):?agur% c Ce‘; >r6 esfj‘s g%jé:% Cflh%%n e l%ydréf)%g’bggity change
in hyéoghilety a@rtihedikey can be enzyme activity of DNA

[004%¥ n?e!t %%oql’\er 6%&9 anEEtEea lsngénﬂﬁﬂg sloagrl’haegg%defg?( %‘HH&I'I ggﬁgdmg of an
enzymhm&m@amm«a),tldmﬂrg/\kﬂtsg, feaibmkybagﬂ;, theomethdyaresuilting .in [e@@aﬂe@]capture of
and dIISI%OClatl n f)fe tl;le ?I]r{gr(r)lg bg@géogp&#é%p %e 211% {m Va?@&'ﬁﬂ)r\v\%% tl’?’é s%e%g ﬁiagg)wdmg
two sapztrawaljanent |csmsaetn®mtsedmpmamg & thelign, @l piterblnsb@wemghevf«vo
comp[aﬁﬁﬁrﬁ\lﬁle mterl}l'%Dﬁa\h a5 alénr%so dAlmenS{og cﬁAchglllF eBLM%o%Fmer -by-

ano
mondnger Pasgze flamdhesd‘l&pédoﬂtbe ahhr&wOplaastwgeldobf the d@ﬁaﬁd bbenly one

ot B 5 5 R S D 9 e
providiny a(ptdtr.&red kiecoclyogcvrmalleotmaﬂac\tiding a pcﬂﬁ)ﬂl@l]eotldq tendprgeromppwnd; providing a
polynun?eoudelcorg[t)le; r\])v%el%%) nCol?%&Sl,yn&c? ﬁﬁ)l& 1?(!1091‘)@%&1%& and a

or a syn or a
portidyi i® lsnogesmdndata hrewdﬁcmg tﬁupdiyrtur:lobtcdg icoraplemptocang IOéEhe avaeghambers;

appl){i{?ﬁﬁ potenpg deff ekr)lléft: bd! en tfue two%gaentib%hs égre‘))%}ea%lﬂgn %?Jt pol@nty, the first

eos anne
polarity aqusipgrhe emgle atrayiatapxtmm] of the polynucleotide to transpose through the channel to

the trans-side; introducing the protected deoxyribonucleotide into the same chamber; introducing the

14



channel , a transnenbrane receptor, such as GPCRs and
the like, a nuclear pore, or the like. In one
“Kpﬁﬁéﬁﬂpﬁd enbodi ment the biol ogical nolecul e g&us2008/004467

a- henolysin. [0043] In an alternative, the conmpound

conpri ses non-enzyne biol ogi cal activity. The conpound

having non- enzyne biological activity can be, for

ot s :

enzynéerﬂl nE%easagg cha, % I, alé%“gng tﬁnﬁ (e:xrzéme By bmcle tonl’?e d)e %%Bﬂégﬁg,calllg\lm&lg the
proted@ez déSxy(n_lehsbepudeac kiad tmcpcﬂyrmclamdd&n(ahmyhe electrical current through
e pIsE e bR aF FaaReing o oy R SRR BB RSl thitcoride o he
polynhamadannit'rqqemng:thapd)lynucteytideflﬁmehr@mpmumd lmarhemtveof the two chambers;
decre?sbngttli)]e epoYentlzg g%eaenge ghrspt%lé feb% %gtﬁ'&% s::e]étl)r%g ??AEM&E&O%@%
polyneﬂmuﬂe}bmﬂmg aémpxmndi totHirghtp tl‘@utnghe;trandhégolym@eoude reversing the potential

dlfferf&rgﬁ t eéerzl)yfcg)era? g Al t?ur?i gglar%g,fre\%l;i?nglct e%gal d%‘#é‘r&h‘ég@éi'olid t@rﬂec‘ measuring
the elpdthdal cxmlaa‘m@eugh'meﬂmnmedl nireably detedtiopp eplatlus:ieetldmﬂmg:e a pplynucleotide

tringenc han h i Gl .
boun(iv dtlle % ey %‘fjt?he pr ect cﬂdeo;?yqlbgmFgébc%ax]te}g?aﬂﬁg%{}%gﬁ gptﬁe I§teps, thereby
contr@l Hindé hiamhg oﬁtheenzmme n:tthe)polypmdvcvt'rdle-sin a preédried dmbqrhmem the method

controllin din ]
furthed §?rH%nses t;h ge of mea, rdn thg glﬁ%%&%%/ %[ﬁ&ehtg)gﬁvee?ﬁ E)% rﬂ\?g lé comparmg
the elbd’ﬁnd‘aé@ﬁﬁht&dlu@ aptainedatofie farstdingi thesforst patariprvasfindubed \eﬁzlyﬂelecmcal
currelbtfvalu& Pl?)ts‘in%ﬂy eﬁ %lttlsnvlget See %8?n1:éi?12rlea fhrgt é)of@l(r-%wgs%c{ﬁgedt tir? arﬁ)‘ih%Pﬁ’referred
embodiowept, iheinfeghod furedr eomprisas thersteps 6@0@%&1@\1@@@@@@1 quwgnt between the
two Cgiilo e(r:lsr tccprﬁpaan%the?gactgnt gl\lil\r;;eglgvabugﬁ}%laé d %ﬁ%ﬁ{kﬁhe the ﬁrs%olanty was
mduqedis/ﬁage eferwinal tclmgent X/zsuesobwedfat & lner f@harinelprqf@”reldhmbodlment the

| b ! | 508 yH€otid
polynuflecghda% I]t%l C?% &’nﬁ hsf%@gtgd ﬁ%mgr{é g¥o ?r&gnsﬁﬁg%%g o@?% ali ngl 'e
com[ﬂﬂrrtemar}t ty tlfeqxolyauq)@jtlyln ekt nadgic p}ld)\a ilatkerpuglepsragidet dasijatized
nuclergtl ;%n{ﬁilc bon%c():tl e(i)st[())lm%re In Pno&\é} %%ﬁ%]aembrogl\rlneat the enzyme is selected from the
grougoainymmgloéDMAdmlﬁmqsh GBNA memeazm aldprmcm&anexsﬁuwdaee DNA ligase,

ol ide,co ex i a ferred
DNa%Ol}% ‘lélr%.g Eysclosl,%dz}se qcp Az Hta)e}()ﬁ%% A {nr%%%{age Qr%eatq%tgﬁge 3n another pTe erTe }
embqﬂohqnnlhe h&(mlmdeele@nq:allgxondmtxye dm enqtjfer pﬂq@npdr\gn@qﬂm the medium is an
aque%l.ﬁp I‘% mgIn t engfle%efdegli o]éh?r{egtrlﬁ ;Igr &X\@ﬁ?&%r )tlrh)%nlﬂc‘{%tld? comspnses a
deoxyxﬂjoauqldoylde:mesten gotnhm goupgdoesnsntng aﬁttPeT:P IS8 H‘P d€TP.HELP, and dUTP.

ucl otlde i Bhet r e
[OO4§1r nzﬂls §1 r O lﬁ{: g ﬁg)§?%t%§ stélﬂ o?@r%blgl;nlggt l%mglﬂijeagre& tﬂz;(] itiates
enzytle aotiyity; bmmdod;l&g)the cagdnntoghd ﬁembawemmmmm polymicleoiig cpmpfex; and

g k VIS, BIE YR red
mcul%apn%t.lpl %/Iha{nb a ten?ﬂ%rﬁuqyﬁ:ﬁg%q%gg)%al t?l‘] Wgﬂt \htgr o e%rt ege
emb@mnmwmebngucheumﬁderﬂmabmndmtbntm@nmnhwmuQWG@&m@ewSekﬂ&ﬂﬁom

Raey LIGEL 8 i 4ciBiy FRARBRhe. In anoth
the gfqR Corﬁlsp%e? ect i’ rl?lg t heé %E%?%ﬁn&AbEe%%;ne And . tn another
prefqmed)treEmtdederdehmyagehton&ed)dcedtfnodlehet grotppengissing piidd A, ﬂ@@TP ddTTP,

tr ng the pol ynucl eoti de-bi ndi ng conmpound into
ddc#gl &ﬁﬁgﬁP of the two chanbers; decreasing the
[004pjot elmtanaherdmbbchmem@étha irfvention, the imeentipi prowides Tmethed fiogycaatrolling
bmdlilgc an § e rolgt Ign%acllel, ?weusg}gﬁaﬁeg@?%ex&%g (%.Qltoi ‘ﬁ% Ipétﬁbqil rqumng in
identfifginy mabqaxenaeabé a polgmtesudwgtht: methpd t@mirisal thdi stefpe ple progiding two

t her,eb reating a. thlrd
sepaBgtagH{:el}{]é ic::haax%Frfs egrg fising a mie ec i ﬁgﬁ ln‘ie¥face b%Yv%eg ltﬂ?:QwE) I@lﬁambers the interface
el ectrical current through the channel, thereby
detecting a pol ynucl eoti de al one or a polynucleotide
bound to the enzyne and the protected

deoxyri bonucl eoti de; repeating any one of the steps,
t her eby



controlling the binding of the enzyne to the
pol ynucl eotide. In a preferred enbodi nent, the nethod
W(f%bﬁi/ﬁ%!ioﬁo”p” ses the steps of measuring the perusausnosss?
ectrical current between the two chanbers; conparing
the el ectrical current value obtained at the first
time the first polarity was induced with the
. . . J
rovin A S8R he T SRR e bbbl o e i
side q@rl‘efcmrrnédo tiryods-sigadf thet dhenngedfloold ohelpdljrerclecolepirasiesa time;
f l.ect et he
provna\ﬁ V\%Hﬁi’? tgl?agﬁlg bH&glg at:]t?vlg f rCa 1;0 y%@{lea%gél &Y dn% tga?J
deoxmbt)ralcwe@ﬁeaprovrﬁegfmpplgnucﬂqon@ lblhriang‘ ¢qrr§pbu1pt)ptam|dtng a\palynucieotide
34 e | e I i ned.at. .
comp‘egﬂg'tfége?n #gnrgon r{fﬁhe ado%%{elél!eéo%?!é cao%éﬂ'rlr%( dg%"ﬁ‘é%ﬁ?’g‘ﬂgg taﬁ‘d a poq'tloa}\ is single-
strandody iytndgtienthe delymrdedtrdtg:omplm oumonei of theewve cltagdberfsr applytrige potential
differ?r[cgﬂﬁwge%r}ﬁé t%Joc Qm ers ﬂ)‘greg 'c.%'% lf?s?hé]?& thHrste m:r‘arltt)aclz‘a)ﬁsmg the
o the polynucleotide, 2 pe s
singld sreded perticn efi the ladyrdclearddequrananqsq@cbummle ehnnndeq thandnasrde
. f .
mtroc{llﬁgé %}{/oqnegte%dé Y 1te>c(>:nlugl prgﬁor&c?{hﬁgd’ngercgl%{ﬁeg olﬁ@%bg?lhggngto%zyme into the
same DAbpo kavengibe CUZRNAtq)@h@/WEhG@B'"UQMQﬂuﬁb\EQS ¢he protected

deoxﬁfﬁ&@%%}) §§ meNA E&ﬁﬁﬁl’eot%%ss%r%rgqgé tlhecP[aggA]ec,urrgrht éhrough the channel

therela'abteyﬂrmbe brtrdr\naefohdmrzyrpe aﬁehermcteceeﬂbbdxmmuctehedene theum

r. f
polyn'uﬁ%oet‘lgg %tfddﬁgh%%nggprq}éfé{) a/e:bﬁndér%JegﬁéﬂﬁérgB Elh% %{eF gfqhe &“ﬁ) chambers;
decreppingftey potatiadifbuénae n first hwe, ireotbe cteaithgdesosond ipblamity cal@m rigdle

) | ) . . ‘
oGBTS5 NS LA RLIBLAE Hpeoe o
differgig§.RherftyQaB}inghdirdeolhnil; neeysiigthe mrrntrelohiiﬁerer@e as¢vondtirmp gneasuring
the elQJtruBr &Wegt' t%u@ﬁt th«l-: %ﬁﬁel ﬂa?ebﬁ%@tgﬁ %)Qghuclle% &J, zﬁ{;n%sbr a polynucleotide
enzyne acti vi I nt roduci ent
boung teaidrery reoamd nhesrrmgctedr@omibymleb@dﬂ iegeatigp e g of himeleps, thereby
contrblﬁ&#ﬁ%&h&g éﬂﬁee&g%qpﬁ{th%ol uEl@&B@ rI?ta ?Fe? é’éﬁr_rﬁm'bgﬁ I%E“[ tBé)method
furthgr h@mprgagéﬂ §tepsgf ale@gflm;qhg plecttmll alrtmtrl@tqueeﬂ@ tye ghambers comparing
{

the elgégﬁcg?jéslﬁ%ﬁgval t’\a/gtﬁﬁlgé %hlgeol};rst (t:a estﬁé @r%g%glrlt \«%Pn?\ﬁ%%g»(u%e electrical
curre@-valde plesaipds theitionei thessecand trarecsherferst poladfyeyas erfluegdp del pripghet preferred

embog@%%gﬁl@%%{?glf&élgglggﬁ)hg% é_lgr s@%hﬂ’ﬁe& s r&%@heceg&ﬁiéfltéuﬂgnt%&ween the

two chamaitehse corematingliherelactricdf! curkpat yaneehtaingdh at thehiars trmeethe firshpolarity was
mduc@& 9‘{1'1 %%le@m&ﬁtcme% e BN 9{ 4 b3, rkg ggeké?nfed%&bg{mﬂeme
ol ynucl eot1de using voltage b contro
polyrwﬂeotreetbhrddrg cemphund gelesied demthefgydupgonshtngefquetigamudtotale
compﬂa%e)fﬁ%qg ﬁ]%ﬁnv\gﬁucléog?ea Hggggjg g%cgér?zgcllcﬁ 5 %lé%@%g%%%?@s?%egvanzed
nuclenwl andha rradeqrtme eqr)fnarc & fnethappsefetrddeembadimehta thip enzymetihwelected from the
[ j ' I
s DR SR S M bt e TRISLERRS ASnffadh DA g
DNasgfuracleDA ghyaesidase k'tnh@ phospigtass, ohethplpset dnd ac¢talnseeln grfother preferred
embongeXt tﬂ@ﬁlecﬂ&njn){sr]eg Qtﬁy %dé&l%@qga@ he?pr%fe en%o(a}%e‘m mg m@ﬁllum 1S an
enzyne havi ng Ing activity for a po ynuc eotid
aqueqys ogilidinniy aaetpercw@@rteé@n@e@memutmwgqr@mepmrbowwtrdﬁ qegrpases a
deoxﬂ%m%i c?e%fe%@d ﬁb#ﬂ‘{‘l} golfp%ﬁ’s%ﬂ of NP hETP T, dCTP. UTP, and dUTP.
nucl eotide co erein a portion of the
[0047ﬁo| 3T_|her oledod inde ﬂmbnrmoemrrsegheim lotpravidiag didensheng reagent that initiates
enzy Rf R RS g R o OGP Bpcleqide complex; and
applying a potentlal di fferenb6e between the two
chanbers, thereby creating a first polarity, the first
polarity causing the



single stranded portion of the polynucleotide to
transpose through the channel to the rrans-side;

wo ﬁbg/ﬁqﬁﬁl ng the protected deoxyribonucl eoti dgdpAiBobsiRass7
same chanber; introducing the enzyne into the sane
chanber; allomnng the enzyne to bind to the
ponnucIeotide; al l owi ng the protected

b | eotid t
ncub BRSO i GrBt pieurcetr B BiR kB ch ety
emboliiRhehyresi@heich tdifgctdirhen bmnﬁllpl’ﬂjermﬂ embmlamydrecdmrnmmcted from

the grp{lé) (}:,Ogg%jlglg r?gﬁ[%&y po u‘clé.ﬁ'g ,glg S\@II}IJ‘] eaanl a\éer%%{}%g&}oﬂﬁrg In another

preferrdeenibolligientOhe rreragedt Melechahﬂnﬁﬁ g gebap cmsumoftdkieTP, ddGTP, ddTTP,
Tgotent % difference a first time, thereby creating a
ddC Sﬁduﬁ larity; allow ng the pol ynucl eoti de-bi ndi ng
(00485 Oﬁmomdnﬂ)ﬁdlbieﬁtdhd thintftid cemprifeea pliirabiryaé dores. In one embodiment the
nucl eotide; reversing the potential difference,
dem?ﬁd@é‘if ac‘i?‘érélftiy RE'SOHSr d pol arity; reversing the
potential difference a second time; measuring the
el ectrjcal rent through the channel, thereby
B““dE?%B?PHQfHWH%PVH@&Ieotrde al one or a pol ynucl eoti de
[0649}»1 FebuteOl fllngra®s Ziy embaitknt bfaheinadnéiod @bereby enzyme binding to a

deoxy rlbonucl oti eating any one of the steps,
Pm”?ﬂ@?@ﬁf‘ﬁ@ﬁ?? PX?%@d?%%PW?ﬁdlng of the enzyme to the

[0030] Yripied BOhdtees ah Bmbodpnéit eff theidlvenriboaheratytenzrivecambitia @divity upon

further . co S eps of measuring the
apd@Wé%WF?dﬂFefﬂ?agh?hgg?m%%ﬁm?he two chambers; conparing
[O(ISh‘F Fﬁéu&fﬂ flu&akes @hl Elhﬁﬂiﬁmélﬂbﬁlﬁe aldnsibmn eterelty dnlayané darayttic activity upon
e first Vs i nduced with the
an@P@%WFF&HF“&ﬁ?% deVQPGE ébﬁgPﬁé BR%e tine the
(0BT EMchird 4 NRsttdRS ah eMmBddiei af thé yveidisn Eh’d)dmtgedneth(m fanetjieacing single
preferred enbodi ment, the nethod further conprises the
polynyelepyide gpolgeplas 1 i ng t he el ectrical current between the
[0638P F‘IM BluStratds QR PAbddNger: BEthe Ineaitioh stevlwianrafitrinhatir@meghod for

obt ai ned at the first ilne the first polarity was
sequengig siagle RPY PRCleREdedPRIE® S cal current val ue obtai ned at

[0@54? Higilre & {1BiratdsAn 3mPéEhé&t betle RVERIAh BRMing 4 fethod for positioning single
nucl eot i de- bi ndi ng conpound is selected fromthe
mOE@ﬂﬁﬁpaéﬂﬂ§?§Fing of an ol i gonucl eoti de conpl enent ary
[0653 trﬁgur@@hmmés%ﬁferndé’dlmamlaﬁm& indéntiobl shalifg @cilEimai@ve method for
ocked nucleic acid, a derivatized nucl eotide, and a
positipy g spele dolgculstp defingd ot her preferred enbodi ment,

O%NK Iﬁéhzré’ BRIuksPatSah @bSHmEA @MKt IR edion Yibva PN SIotet eﬂ@rrﬁﬁve method for
nmerase, RNA pol ynerase, endonucl ease,
posnéwﬂa@g aaqleculoppt A defirdsite pNase, ur aci | - DNA

[0847Y CAS4rE 3 PfRistrdit A Rem I SRDGH ARG of I thy In@&iRtion @4ittbe manufactured
acetylase. In another preferred enbodi nent the nedi um
showirg ajidecquiapvaniey of BYRATRY el¢Bentf-n anot her preferred
(06589 Ol LAY 16 i1fubieacd¥RH bWihdag p@Eheadid @O ths inRAticAhoifg perabresr four
préferred enbodi nent the protected deoxyri bonucl eoti de
adjageprpimiessHf edv6RYAM bonucl eoti de sel ected fromthe
[O%L#uﬁg&:rgnsﬁ hiRbdAG anowﬁdﬁL?dls@l@Tr% thelsURtem@ESH entBbBimeaNd! the invention.
The net hod further conprise th eps
(0860] pFléVF 42 HiyEee1AGERS{e oMY SHRERIE R (Rt FarEg1apo) Hsrted into
llpldwém}rﬁ&tdpwlédypotehnil RHHGIdR Godid\R), ke aBRMHowt t6 tHelt® side, and CL_ ions
er

pol y nucl eot i de conpl ex;

rising t
flowdethe preubad nE@e teﬁté)u&qqaaﬁﬁ'éw Oétheaoréh%e?‘ﬁiﬁhewg uf fi ci ent
[Obﬁl ] nﬁi'gﬁ'r{a 3k ﬂlu@@zﬁ%rﬁescﬁe%ahy bit danopofk dhd PN @6p)! ezﬁixd @lﬁi’ etk pregthtative ionic

€ reagent 1s a cofactor. In a nore prefer
currenrhj gl fh@ﬁ?m) qusiag & 3P Hese pRir h%m@ér%%rréd‘qcﬁf&ﬁ etvrré ug‘i‘% &P mV applied
consi sting of Myg2+, M2+, Ca2p; ATP, NAD+, NADP+, and
S- adenosyl net hi oni ne. I n anot her preferred enbodi nent,
the reagent is selected fromthe group consisting of
ddATP, ddGTP, ddTTP, ddCTP, and ddUTP.



[0048] In one enbodinent the thin filmconprises a
plurality of pores. In one ermbodinent the device

Wd@[{gﬁﬁ;@s a plurality of electrodes. Brief DggqhidbhisAidsssr
of the Drawings [0049] Figure 1 illustrates an

enbodi nent of the invention whereby enzyne binding to
a pol ynucl eotide is prevented by a bl ocking priner.

poten&zﬁ\;gr{{t lgé]g%gébons %assSMo%gheﬁl{a g{:‘e & anngl rg%m;nlg(?rf éﬂﬁ% current (IT) Upon

nzyne°ca
captuifd @F Y8 @nagle@trmﬂed ergl gf the\DNW emdlebye atdlhoakopegmp 1of t’tﬂélpore the flow of

ions 1% rﬁglgﬁ% fo ur eggbAlftclaru%tnqs%é ?he vO a)lﬁ%%zqgs! Feeﬁal 91f czl:ulglﬁg ssDNA to pass

y énzyme 'cata
throughthy/ poi€ine0he densicbanatet,icoapletthghle mewseed blg¢ka¢¢d elvgg+The duration of the

ss, the ore. [0052] Figure 4 illustrates an
e"emésrfﬁfgﬂ?‘}fﬂﬁfd%?qp? % invention showing a method for

[006 8] Bigue IAglsirmgd anmgumug Deidt Dife\ /I aupl¢xes or DOPERY/ANTP
compElh%\% ﬁ]@ ?\grl}?lpg Sélt \I/'ICC 5 del?‘ft}lgga nE)ngtlogfthrB g tl'nerh\éﬁgﬁolr 6} DNA alone

rNa POr-Sequerci ng si'ngl e
(14 bprdipmucithentd rdlelemtdeé(’: uileelsmg prRI05 4] difeqgueyidBe idrinings, temage base at

n=0 1?3@5 wﬁeotmnﬁlacagloﬂ Q %h?4t1p ntelsgrg 1§',a9‘é‘,4 PI ne Soﬁl?g&np{l%%s with KF and

dGTFFhr@ WK@vn/in kdwsUb) znﬂt(esrew&ctemyoﬁbr Iermhtromfa didpmarn pftbe ndngppre Wlth the
assocwﬂaﬁ égra?lgg&gﬁjlrntnqgnaallré{l tra t(co?u 5 Qa,_.dv&elllqmeg:gelﬁ 'pﬂ)g cBlumn III) are

FIR8d S
presehted. mxstdhaﬁxeavapromﬁdmd hmegrams)ﬁf thdlens¢ tﬁ/legztrltlam ofsdvonahl titgpe data are shown

in solﬁg fgfé)é%%%%”gel‘&go eivre]ne oI?Pd foqfrﬁlgg%etf%?sqhﬂ gnogt! lglgé &well time events
are withih @8 to Bt s Aaﬁpeeharspﬂ)salrlyst@nzbmﬂqr therevents wilom22 to4 pA is overlaid on

i nvention n ctured shqw '

probz\yﬁnéxl\p 8f>griu\wg<3 rreyealln%{?l%t r%fn; n(ihosen f@%g%}ﬁlo%?laﬁg 2&/ %)gg AUERURY events.

[0068B] u*sgureatseﬂummemhmof ameptsnpeleAvréigolﬁlertHy@nhqu! {rang-side primer.

ow n ortl
o R RS L AER e PR Syl o
Captitedmblegilaguieh ehesysene m amf:mmmearemtﬁd“cﬁMréiagnms ap [qgent (DNA or
0 r | ust

L
the applitd véliape @ SOink\aYee 20 sddndieing apish iied the@Oeat prgher anneals to the 5° end. The
graptg%%‘l%%? ag’lloé'jeeugyp c? | etlov\v/eer ?llf]o|<f alng%ge s|tg¥Ket5ﬁqhqu §6r§ réhg@r in the trans

oW t 0 e vesti bule and
chambtrem of t he pore channel are shown. [0061] Figure 13

[Oéﬁ4h’ Lp%lfre 6e é}lgra eﬁ f'i natcloﬁ:rseogf 10@1% cQIPrQIEt% ﬁglqn Ehb Eltlﬁpﬁl exr%@ﬁxqent. First 2

Ive rtonic current” Sl gna
secorty ISlhd‘)g tiee €20 obehs 0 paitethdniag |W|a1t1ng pidadi(FemY 2pplied) on S esnd primer to

anne% é%gan[s ﬁg%nl,})éh %gxg 61%1%% eng se% nds (1Le)d (S{th &ﬁ@gﬁ% e\}égs sﬂo%SProbe

& ehanfel resulting |
evenCiiihibens is b{owin}uplip slrwc@phlu panghzynfeebogindhepleat, with m@al stap@nd

g PRI S0 IR, SH SRR B PO e,
contisbiegic i fuienavity mﬁglangmquas tiseepéramanpi n, causi ng ssDNA to

[O@%ﬁélf é{}'{i 2%9{' I§]trates ﬁol%r N nt? ”%Llﬁdﬁt[% e%ﬁ&%{&%ﬁle in a nanppore. a) Fishing

e neasu e vent. The duration
mod@fwithhg, =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. c) Fishing
mode.
[0066] Figure 18 illustrates another method for fishing and probing of tethered DNA molecule in a
nanopore. a) Fishing mode, with z5, =0.521 sec. b) Probing mode, in which the FSM applies 150 mV
18



event is referred to as dwell tine. [0062] Figure 14
iIlustrates Distinguishing DNA, DNA/ KF conpl exes, or

W G @NTP conpl exes in the nanopore deV'CePd%%%ﬁmﬁmm«n
eplcts transl ocation through the nanopore of

alone (14 bp hairpin with a 36 nucl eotide 5 overhang
and 2'-3' dideoxycytidine termnus, tenplate base at

until acnlal%ﬁ:aggggvem 1§ hla%@serdaﬂnstkf? %v%f\tlcs {zl%rro fgnzté/he ?‘Wﬁ/\ @ggg&?ﬁg” and the
FSM &fnﬁmﬁ:lé‘ @Woritor ﬂh@ﬂﬁeré&ﬁmpﬂxﬂdle (9 he easipgctep waliagnoFdusiwadie (7.5, 15.5]
ow, a dla%ram qu%r%n m&kthe associ at ed
W\mﬁﬁﬁﬁ1é%jt% T'S%“@H: SELACE (colum 11), and a
[oodwe Flgufel I9RIIBMQE a pbised(aehatriam fok frinskcagiop 08 DAAYIEK bingy complex
B

compﬁX i’s"ﬁr&éﬁtl Bts afi), g anv i) 1lpismztte tha canfigeratiamaf thel sb'stq:re‘ﬁcgahqb section
nost

r
o ) G L B G W b
temar@%oﬂhﬂmzélve% ree@ely] BiedingiRiripr @ lﬂ&hiv\lell tiynehingheogiopinty wpports the

revealing that the chags e is o y/
e e PR QLA AU BB RO o
fora t(%dhg e siPpweh DN Aoy a\reed(lm aII)N.gMFEnnduyye\amfealsldn By side. Note the
rans-si de prinme Th ite-state E v
avseri b pone A < bl D ot TP AR PR il cven
[O0BY E Higurd D0 iGapratds £etpiesdneciud emaguseplek hencundedfRGA gontrol. a(i) The
attenuate, and the F M d| noses
PP BN AERBHES Ty 5480 TR S PP RGO 4 P2 YA B S FRG continued
to ménltorldROcuneNas knsdicagsasd withih ke de@Moneghge &3 at lh@t applsqce}avents lastmg
s s B S atoes SO OTBEAE R SR 0 g s

of a Brnfiry QSIﬁplB)Q tRfFPG2erel cavwd thehaltligead - Snamem bans, wacitlhg theeoBplex from the
end

pore g Fmy o Blepas i o gt el T B O or 24 28
pA eSdn@Nath FPG A @nlielr(ezl (ievenparedyand witkaut EPGR cedmb S total events in
shows the end of the 20 sec tethering waiting period
blue(50 nV applied) for 5 -end prinmer to anneal in trans
[o@d@?rmgarre 2 Fillg §tiakg rdguagorosf 20ibsde paib hasdrofhplsp) dweltifimpiiimg FSM control.

ne probe events sho I d
1)) TBq rsg\,ﬁur[fﬁt scl@agﬁgw)\ﬁ @?%\%?tgre%?tosg% :tﬁez lg]lr]‘r% si nggfg; n?éaﬁ ﬁltered current, an
the r¥d \tdl‘taée%[gﬁhlﬂﬁdhe S&rﬁl}ﬁarﬁiad valtaps G‘gplezmavdnesrami n@'tesgmépg voltage signals
di agnosi

undef 3)kGonstang bSOnrg& e/olta(gﬁ éb% ggﬁlFPlgF e)ftensmn coré%g?mg@mu %ﬁ%qggcreganon
contfol. $11) F\Gnt Pl @f DN AL dves, euqmng merage al[ﬂﬂ@ﬁﬁ]vs Fivgil rtlgle:fcyr each event. (1)

illustrates fishin
Probﬁw téé)llﬂtogrqmﬁ oéthﬁ ;5’?5%88? ari (Eidgglil g réle {r’%ég ,gve\?\ngt(a%r%l—?éﬁ)’ and for subset
of eveflts frhng@€18.to DY pA(apbi btgs)rmde in which the FSM applies
[0%)?59(,]) egigbr? 55 kllystgate%egtlfg gﬁ blen\ir/henrg]t een‘?seuvlgggggﬁﬁ%nf%%nde oligomer. . a)
Cap@le@M@irdi® otiafin 0@ with KD samvt heHtimansasewtd is eestibee at SO mV for
with no enz he fi
oy S04 e 1 L PORFO KGR bRy Bl seed 1 Ve o chec

for présbrts bf RFES er&pﬂt’, hmﬂmgabdmdt deor, lﬁairesthAgvaandmngtiv defeeéd in the pore.
tethere

nano al ste n
Othgfpvisgy thq:Fdsg\ﬁ wayéedggrelg]g gcdnssgc)lz%%,rleabmg% ﬁ% ﬁ)vef ibﬁf@'(ﬂg%mﬂrﬁm 1 step). [
bothreadds aingpd ha@sDNAGs prvdsnt in khegpofol\he ﬁSMrreveeseeﬁnt vplgage (-20 mV) before the
di
halreflp g%ngfzggsh flghzalo?ﬁéﬁéglﬁpé 8ﬂt$TOH%h (g)n Zé{e %%a?etdro&?nlt ziuff)m translocated.

filtered anplitude c) The termnal step is dlagnosed,
using the [7.5, 15.5]

19



pA threshold, and the fishing phase is restarted d)
Fi shing node. [0067] Figure 19 illustrates a proposed
woRegdIigm for transl ocation of DNA/ KF bi nary goipdBe8/004467
and DNA/ KF/ dGTP ternary conpl ex through a nanopore. a)
Shows a typical current trace when ternary conplex is
present. Parts a(i), a(ii), and a(iii) illustrate the
urat e system for each section of the
Dem@?‘ﬁ‘éﬁ oD gg&‘ o';"ve"r?%’\'/'v a dwell time event plot for a 14
[odsph prha embelimerds dikdostdimmhin Mcumtmpreprlmemte an extegrpleay 3nd are not

events, es ct,l ve Y. Sim | %
meana\t,o\grnl'ut cle Hlé'%ntmlon F}l'ner ?n?bodmfenl ScanS t&e u%ln ?d anflﬁ c{l}eﬁ}lgréan Ds can be made

wnhctdnadpanmhgfrbmnlm saage qftheplaums dtlnease;sbmt infentia. d| ssoci at i on

[0@')&] SA;'S c? W?enr? Xyldtlbﬁl&%gl%l%de%s C]&?I)l% <'i\}e(sm)g?llarb %I);msf %NA?II}(IZZQM ‘the” include

pluraiefedgnye mlssslthefc@mte@t csar@edlhyteswtdaewme\ldmes fdrexah@e pcegenpfice to “a
nana{)%?et”hrg:ﬁugﬁsg zf/l | lur_SéEtg dch \I}Zénrz]if)por‘fsoejr@éa]refe \ég&tto V‘i'a;ggnai:*o?? %rfeggnce to one

or mork kigsdly amtl egui ealeneyrhereefrnd tso foetht er nar y corrpl ex event

L& oI Th PGA n
[O@{}g g%y pﬁlyPlf,'c?eo d Fagnb%lgnogﬁ Z“‘Fi Jflchgm%%ng%ﬁgalgpﬂcgﬁ%{ﬁythem or
modfﬁb@ml%l%&ﬁdecﬁqumd@dnﬂmdemn ateowot liiedoo rATPNEATR @RS dCEP,IGTP, dGTP,
thipt et ec r a .
ore SRS B, SIS o095 Sl LRI, 2o
deoxglidag3ms AW, ZthiathynNainKEipt GSPRatt, @ymaoyymommeeﬁpmmak 2-thiocytidine as

well Pse\ll)%?léléagp?tﬁ%h ]%]%F agoer I%F thgﬁlgoﬁ%}g?g% (g anyFnbonu{]eotlde ﬁ?)hosphates for
all the @bk dxsed. Mﬂehebaqwmeludé[ Ihet aiBabt hiitedapt :’uBeU\T 8l 3- BgéUW\hé -F-UTP, 5-

rest b L] ti probability histograns for
F- d[‘E& pﬁmgy"ﬂ gﬁ%n%d \‘/’\fo%"yﬁfgﬁp'cont rol (527 total events
[0D7#] r Bxd)traaspdrt wrdpbrogitis FREMGAa propdrryoheafutBie duwing polgmenthevemant with
respebcl toea)nsré | Preﬁ’gl%ertbaln%)%%tte?rﬁ)esy g‘;’l@ﬁ?ﬂf‘{ %;(a%‘?'plg gngll %Q% sfolvgﬁq the
polyfnkr) a Thhe on @t polymee rothessodines! (for axamplleownpawsm fint¢ractioe tetaveen the

anoSkr ahdthesol )l ue ol %nal is a nean filtered current, and
nanopprE Yfl of gnal is the conmanded vol t age.

(0TI & ahan@mesrrhSurahd deﬁxtedes; mousliibmgcleatidd lagiog 8 ngrietide sequkance that is
constant 18 Lo
abou?élgﬂa?)glllt lab;m(lf}eo;)lde& 1ef1gt e rgt;%llrf gwgf[wﬁc%hucggﬂ %ﬁ&%h 1?5% least
partla%eaotnpphmta@fto fhhléeoev@pﬁr&hersdfmrdg/ cavmgag@p@lyrpllcieomeo fold onto
¢ 1%? n& r gach event. (111) Probability
itself, for 5‘5?5‘?‘?3 oafry}t]ah'@ "ase"fo | ogarithm of dwell time for

[oard] &veditpi shipel lpeeduroat S)d,eﬁmddls f bairppudtmetureghat eveeressed by a

MICTOPqueﬁOrr g?nééiex aélszlﬁtn(ebap%;ce}g £nz )ne cL @Zxo¥1eﬁ1 uﬂ“g’“g‘?“é‘f‘ﬁ‘é‘idé that is
aboup 06 ynitialt o hudetiddsiig enmegh. . a) Capt ured hairpin or

P B ey A L35
sequélﬁ@s GrEb@weel) twiel heeptide segiences, witR @lentity being & morectrictiyom@@son. The
phraBes EFD g:n gent Q Che%c CCE? try efe%‘?c? rgetntagg of Jeéue(ﬁpezs?{rgﬁanty found in a
complzetsacdifedo mrmd)da @olpmrcdhotuﬁ shetrewm or tv\tOh:e ni'GSI\nQI\)a)leDteid S¢qupncl<$:
B T Y
su:tz;breeﬁeemii) bemwdzeh ewOor eore phlgmi%&btideseqaresceas Tvreorviiird segeentes2@n be
any»g%\%epfb on&? 1 (m; giﬁ‘&l%ra Iag n{xgn une? é%lée at egr felt»\$ r<]3nf Ri%%tgy ﬁé %?Ir%fgallrﬁ)'/: ¢an be
detehﬁﬁﬂﬂiy&ﬁﬁbi&dlg Pebsiiidreid eddsequepdetion maf b¢ hgnd:dﬁﬂoemrbtcsns of comparison.

th1[n| |p8%|1 ion i 1{1 F’hveecorél %Iecﬁ'regltxesnlcéjfssogcluosgg?g he sfllrFé r?ucggt%érbgpet or3fho acid, then



meant to limt the invention. O her enbodi nents can be
utilized and structural changes can be nade w t hout
woPRb{ 439 fromthe scope of the clainms of th (ﬁ?@s%%kt/ooum
invention. [0072] As used herei n and in the appende
clainms, the singular fornms "a," "an," and "the"
: include plural reference unless the context clearly
the mplegl%lcgs:]a?es 1de8n:.ug§lray\4h§ poal-terlo]ry%\ delglgz(ra gf 3( I{llriql)'lt¥ bl‘slg% i nbgﬁgeroé% golgrg)ucleoude
sequenpad i9a ﬁueétenn efithe ntrobet af slergmalo&‘ matshlag nmﬂ@tiéﬂ@emsmoon@amd by the

polyn[u& 6%51? rl]léar!,cgs %ncgér%? g% Q&%@F&%efyﬁg{l ei seBmcg i %ﬁg\&on%‘f the number of

identicalcimirdhi aagis atmpsmartsushabd by tbe m]yp*eptmg segpmichet dagree@f homology or

SlmllilriTrRYnO{ pogypte]%ll“cli% Ae%% ncg Al.hg%’ln%,.r@ of é}d&eln% nCl g%ﬁl&ﬁg% angu ﬁhared by
the payfetidesequendeyl - CTP, 5- met hyl - dCTP, | TP, dI TP,
2 - adenosi ner X nosj ne-.. TP
[0(%_8?”I]he ehm maonﬁpeatl e p’f%étf)ﬁg:;églg&%gl rp¥(%g§)_' gf;z{r rﬁ?lnecaxﬂon\léhereby two
moletulésph p@pbrattlweozcetnhptootytactdmrheanaanmr Iphgscatlipehemically, or both. For
al.phat hi otri p ,
examﬁ,e._ e{?ﬁn nhof a p E%ﬁ%c %ﬁn% \[clet%r Jlies %%nsl;eﬂgq[ g@gq e walF?p?rH%n of a
polyraélcovmpm:geslclecbmidas dndedothershenical mow@e suchas fomesanmpdd, a peptide nucleic

acid, g 2nbtrreleg% %roae:_lagfu %h%c%nﬁoun%urﬁ)end%ﬁzﬁd %(566)9% a gugé'g[lde 1somer, or

the 11k¢ rla asqig:r bxamndrpepolybn ofsa myamt c@nppisiop eming améa@uiuaebdae be
n I
mCOI‘q.;Hi 11)1 %’étﬁs% Qo t n Bi?(; og %1% t]’lé ?r?r{% a% d rEstuI%s %nagg 8%rcthemlcal moiety,
such af, far leeanspdd, v ewifate grove, polhcyspmte greupl atﬁebtykmoumecmb preBp, a piperidine
ot [ r teraction
grouy al?’l%ore&grtlt%tro%ﬁaa(n %ﬁ%ragl)é%%g\b rgénggi% \§rou oor?inplE) ymer .

[0¢70D 73ighméntiaiefepi tn a stmbrr POPYA dr smiefatid echuamealigned by lengthwise
comp%Léo%%Q &%L &)%ggge%{shig%&go@ sﬁe]cht%lk glgcgéoﬂﬁe t?ag%sg%g ﬁltotﬁ!:é]i@%?sirdétes) may be
visuatig hiid reddilpfideotifiguuTheefoictioreorpexgeraape of ccsnmtledt@as:bmmon is related to the

It I t I
hom(ﬁ% glellt}/téE%{Jﬁénﬁﬁ%&h@ern#snfggéng%{lé 3%9??) %g F%ldgrn?y &ngerved domains
and ra]htgd;iefss wif o mpwgioma@egégmﬂlgmyedn may p]itnbls e desergrined b@/ mﬁ'@]of computer
progAns pr@dv\rnplh %%H%S}?a%ﬁ%‘éf‘@%?gl{ sbﬁwgﬁ 1'95§BC{A@§elr2 rSQﬁ Blego CA).
tructure that 1's processed by a M'croprocessor
[OQﬁ@rrpTl@Xeram thigiiestringent oDi'lgghly eirizgentecondiripr agfer tpiceditiang that permit
| i c
hybn%ﬁa(? x OCJ?IB(;N?S tﬁ%ﬁ&sl vgn%s %@ﬁ?bgﬁ]’?@éﬁ ﬁltpﬁe%leﬁagptvhgréin these same
conditiohsexklade hyptidicgion IOG s1gmﬁ@eQmmmoetCB¢drﬁ>N6$ i Rojynyeleqtisle sequenses
capaggg%@%g@gﬁg Lyﬁ%has%ﬁgc%ﬁamg,{s “tféﬁwgep Bl 100801 FRRRKL R invention may
be, fcg@nzpam samnts i the ph;plaggspolypmlqudﬁ sefjeba eS| myudlamdlehg/@r splice variants,
or segl%rﬁn&lts gﬁa%/%ncg%fo?ﬁlal%gsn&rgg g_p%ﬁ{?%%ﬁ@ g&%lﬁﬁ%?@?gldes Polynucleotide
hybripahtjmnuwmds hrd disglespdémdues] lorkashima ot al d9%s) Potuggrtlpt 40804, and
Sambci'g&u‘f Fl§89) N?’cﬁgc P e?on?hl n)—\'L@lgdr&tXrg ]\}Za%tlﬁrﬁdtf% tdo?d dﬂ)%g ﬁg;bor
SIm ase pal sequenc as determ ne y any
Labosatry a(EﬂlcéSm achpor, @{awfééamltrqr@")o nndmyrféaypm vnucll\élelmcd’eld
Hybrgcﬁ%gg g\elgract X\IOAp%Foang’r fRi>HE e\%s% F) ﬁ(:l‘? refer%s are
or “ahy integer V& et ween.
incorporerad hftrymcbv' er¢rmCIBar ity can be determ ned by conpari ng

[0@81§)q§i Erlepzﬂ, sitrnl grﬁglns REIHGERY Ey tthg] ﬁltculﬁﬁgn tQﬁpo'Lniug:Dﬁ)QicfsQéngth of the
pu po§es of cgnp rison.
solution, and concentration of denaturing agents (for example, formamide) used in a hybridization and

washing procedure (for a more detailed description of establishing and determining stringency, see
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When a position in the conpared sequence i s occupied
by the sane nucl eoti de base or am no acid, thenthe
woRbgeh@s are identical at that position. A dgrgi&8oe004467
simlarity or identity between pol ynucl eoti de
sequences is a function of the nunber of identical or
mat chi ng nucl eoti des at positions shared by the
nucl eot i.de sequences r
belov@g’"% de%rf:e tge héCE) dnvgﬁgcgelc acsl’ds h@?ﬁcﬁg u%gerQ/grfléug %B}Hn msjgff stnr}gency is
correfatte mith digl ex@nt af chefrcimigariat T}mssxnmlnmslysmﬂoade sbguetnb@ from a variety of
sourcgsl Fﬁ}é Zgr)thl lq gasegue,sf‘rﬁ %’S%%noale(éasq glg rcltgsfg gp é)aqﬁ!ég%?g C{m anothe* organism (as
in thetdage dﬁunlnceasgsbmatammrfam dsilatfurgogistcarobrsisaed @dhbyastswéthelr ability
to hy?nrjfl%%&:kgggﬁ Eeep ee er?csoa pe%g;%ls I-\Il-ll?rgef-rgl?s vm'l?tlo%g?rg% slblPe 1E the
conditions anmhxewlbgswham pptyntqlamnSe luyibedlemfon canirgerfonred uasolaumﬁttqhences
havmé 51m1|%f1té/ to seqhenp %yk%loggfn the ar? Fn%ryrecr% l thitedtb tl%?é p)(pIIF ﬁgfjiscclosed herein.
1on o ner conpri sing nuc I des
Such @mnp;imam maymepabal tml naalaM: pdiyralclpoxrdle is@puerges lmvinglvgmass degrees of similarity
nucl des and , ¢cal . D]
with glscqtgseé seq*_l A Igeses)?é:l or exant le tse%ggncpsﬁr{él\ngl? %6% g‘,i%af‘gg&%&e preferably
greatdt thaprah@it Q% 1cgahﬂ)tlypr,noa pfefanmﬁWeortgr@cmpi@mnyi with disclosed sequences.
iva cI ot I 0 ! .
[0(%31; Smgﬁen&grﬁnéa 1enrfele Aevnc?s and pnléﬁlg(?s?fl{)% L%ﬁlgftﬁe TG Flre?PE?vtlJ«]:g. The subject
devmocmnrpnsa aagarﬂmanoclambdrs neslemdets' ana_hct_beal nmu;nnpa&tlop Imgans. At the cis
end OWthe el @trn@aq cO mumg tion n%g AP horzSIR bymddT g%e%ﬂ‘ﬁrggal&f:\%/% a thin film that
i‘dues” and a Z}'h em cal’ noi ety, such as, ftor
mclueesarsmge naxa)psmlci alta@ngr"ﬂuplpwa:s irthspheltds agneapfor applyeginglectric
field g?t\glge% éléeCCé% n%rt]rangl h%nBers al'l? Isﬁ)o?ec Qedﬂtgs @r{doulgg in a llcatlons in which the
nomcgnmnp;hrcmgh t h&nobolk er cl[aﬁﬂ:? B]mdhAbne«g mﬂemtsﬂclraeplmasonsoncwde the :
characterlzat%ﬂn off naR’r\:!ﬁ occurrm 8n Qh I{lﬂel fhd %ﬁzﬂgc?e%z%loln%Psg%Rgnc compounds, and
W se comnpari s
the liks LminreaSemccti@metdedsbl&slesnedno &ad- hogtmfdbwtesnajlu@sase 0RO base pairs

identﬁ'eed) l)ustlflhael 1!1 enﬁl(pn dlgc?o%gd l|1e¥el}1 ga%q)% erl a?g)'r mIQﬁloF%e@?%&h Q&g&ﬁ when compare

with hmminaggullmequedeng ntyno@deEm«fr (tZ(mé) @e@mm@esi 1267- iGreles and
entify conserved donmai ns and
Bum@O@%&%igg 5%8 éﬁn t hese donmi ns. An alignnent may
(0683] tReyicys thet caebewseil e rrp putiigzamghag otberpatartrinyenogy agrdescribed in for

NS5 L B8 MPIEET B8 SEPNIEIS S8 .00
and U$ﬁ1\g616 v, lsifirdacigdrwri'ichjs hérbtyg hdoypositadi hygefatenaeom dietrieiirety.
The mven?cr)n IIS% ?89(%1‘8{008 %S tgeréqgmﬁgs aﬁh th{ﬂxgsrdls(ilc%&t Heperlln Of DNA

0SE Sequences enentary, .
[00@4@ rIens mow he@estmmt@mdmto mom«@uma Wiwlrein@b'mzaarp iagrtyity begins for

an mﬁ I;]ulllfl %@P 1|ny r@}ﬁ@&ﬂ %Qg&? gg |T¥| lfsc |a§s(3£tsqgnacontrol initiation of
se uecscaa 1 Zl N er strln

enzyoie ndnvtty dnsemnplh by Iaédlptmi of Mgt c@@tctod@sa fh ctOhr@mplg@seme and DNA)
i.nvention r ex
woulg .be cgipal at onee an'g?ﬁi}iggﬂcz Iélg ( @e&ggé ﬁeecrc])c g[ex%%oillldo%césgag ){ Pe :Tt many points
alonthe sipdet gandsavlicacigyred by he garepoe s 4 thed seaerc Adbafm ﬁtﬂh@bﬂ)g@ can be
r paral 0 [ osed pol ypepti des.
used%?)?‘{/%ﬁcﬁr@ g%?el R genﬁal%quéléz éfe?%ﬁg'!rsret hods are disclosed in
a) detrafliidiby Al«faﬁsbﬂ fmaméttcnal enzynied8&Yity Xazety e @R d Inly 400 an@zzyme-

polyrllucgegtrxs é:tq%: gl% %tﬁ ed ngw%%gpe N@%%ﬁiyéﬁ nugegﬁarf%%roéssed the bath can be
ﬂusricdihxmlraatempppulﬁain@f Bply nuvtpotidiertiogets adtsled{absérit Bariirtuowk factor dlihd cycle is
thenﬁypeat W mes et al., "Nucleic Acid Hybridization: A
I'cal Appr oach”, IRL Pr ess, Washington, D.C
(1985), which refer ences are Ancor porated herein by
ref erence.



[0081] In general, stringency is determ ned by the
i ncubation tenperature, ionic strength of the

wosRbd 4gp, and concentration of denaturing agW@BMOOMW
exanpl e, formam de) used in a hybridization an

mashing procedure (for a nore detail ed description of
est abl i shing and det erm ni ng stringency seebel ow) .

b) ;ro?em e m%eerz ! V\'hc%v%p:né nnlflg%ln %rllzc m%% orgwtb ah gé éoesmg{éq§ ﬁave only

varioUS "EGREi T ons o1 Striengency i s orre
one ehiymeax the nﬂstemf angdhtevitl bg urrnnbcaartely ydjacEhius thegorei (bagmre methods to achieve this

e SRELNOLEN S S5 SRAUBNERS LN Ryardssty of sources,

an or as in the case of
c) plarladrooga)of erzyhesambalf gtlzche psig zgmxlefyrrel(:casd onty bhapase agbmplex in

the nr?nroéﬁb 9l 3& rlﬁxpﬂaﬁed@éﬁé}g%% PIE]HS rgme%?:r $utre;§rlf E)rh g{)%rd npe% herein. .
[0asi5T fASklmmIWDI}ié rptlmdeteemta@chan Gatsbapy & pdB$n a fdlurion MScontams all required

dNTl\%Eigtgaﬁctmié g{)}ﬁ y}hlﬁ%?ceg%%l* Paﬁ;ig 5 dmp/g’t %ngﬁ%&ggﬁsgﬂmsé Dglgr RO C%merzge ?aY about 1

uM). i'I$1@ lscﬂlﬁt&m s€iq uanma withavinglg naiopore dfor ¢xamble, G-beruaipgsvikinowpplied

art arn re limted to those, exp
votags et e daEaar e reeadfie it P o AR P Rap b sk pie pir s also
anned|&ab ak@upek yp'w(ﬁlc emldcdle aS(equesacr@sherw hag thaamiikbbsadded to the primer

ees o with di osed sequences
suand GG i ot aKane ahk ST HGREDoR AL ory 1 GFED be Poa or
2’ -Ofmetg] @bﬁftlﬁécaley& igthe @ardyr tritls.alhiscidalting 'ﬁib%culd eitiier irhjbitsbiatling of the
refer

12%.0r er identit di scl osed N
polv Bt o Bt iof B TR L HERAE RO Pl ey P T Swegih Favre 2
The Hr&ﬂ(h@dlﬁ)le‘cﬁlk in¢fidega obethsa e fadientp Ny ttad. caﬂ'rfmeerﬁd:rbjleecihopore. Thus,

T TG SR T N
This trheltee |ueﬂ[§mngﬁﬂ|thedmmwmnﬂact privfierneapiae arsl the Hﬂmklmgqmmr dissociates.
re se

Polyrgergﬁe éﬂd ﬁg%gtggp%ras&ca@ﬁé%g nirlanaal sm@resdse Sap éogfs wP‘SIEn ;hor %lol*’l 9115 method is
that anI}Cﬂm stend caprmdisbyfihy naapylry/is ngloeked Elomabe blockirigerichebattvueienant it is to

R L

one @nm&o&ﬁve@ed%olednenmelx 108 mumRuEOwald, where such

applicatjons in de the characterizati on of naturall .
d)é?g@‘(ff f’iC?#J@C’?’dﬁ’%thrz‘ﬁ BO"E SO {Re FHUPHEL R SaI6 IFoRpining enzyine). This
can epfettWB. IréstricC MEPQUIRESfactamd tHelv@lukie klﬁmedl‘hlf:lly atjaces QUi gAn example

are [imted to read-| of .about, .one
s MET BB is0bY BRI ERFie AP Sud IR g
[001)8'6\}’61{11{ ¢xampRios thisappdadhds Blustrarasn Pigtuerst Mat* if odo- ﬁ?(uohessentlal for

er. read | engt hs are with.t dltlpnal
catay i g DR YRR A D88 s s e gk S haconds
polyrhdiasés. 1if £6is sdaﬁbﬁﬁ mgt aBgtE:zﬁSr thaaQRl Bmoldr B&c&ﬂratr&&(lﬁe&&ﬁéd to the trans
0083 EEVICGS t hat can arry
com yd g

ed.to
S PG AR PTG U DR 6 oS sact  AUPHes
nece X ITH c@l;alyHSPMeﬁ:,zs?&E)er&ﬂent LiISPeOnriddsTracd éhncddGRidns of EDTA (at about

ulor, 812 6,746, 594,  USP 28, 959, 2
0.1 HED phaircy s IME SHONAT G FS<EkS rohe B 66%?2?8&1%“@ Mg™isa

divaliéﬁifcﬁticﬁhﬁﬁ&erlpﬁysid'lkﬁgld’al &ﬁhﬂitlbﬁd’, yn apphi&l \rdlt\i@rthat atratts a bﬂgﬁucleotlde into the

under st g | es and scl.os
nanofp G SO ivE STt BT LE BT PR 5 HE R opgariment. Thus,
in th€ onlirh®{arch emediim) ﬁtmd&hldlﬁac@’dér}t nadhe poraapertiel ghe Iﬁeg [NJ]@2 ]is a function

for an i ndividual xture woul d be.
of e AR g Tk b g S8t B g SR PemoporF P e
fract@h cEAZIYR b0l MIBDTA ad reixathd Qteldy Mpdtdiiffisam a0hy Mg@-the volume
cofactor to a bath containing enzyne and DNA) woul d
begin at once and that enzyne-pol ynucl eoti de conpl exes
woul d necessarily be at many 2%i nts al ong the target
strands when captured by the nanopore in a tine
series. At |east five nethods can be



used to overcone these potential multiple
interactions: a) Mcrofluidics. A factor for inducing
woey B @ct i vity may be added only after an  perys2008/004467
enzymepol ynucl eoti de conplex is captured by the pore.
After that polynucleotide is processed, the bath can
be fl ushed and a new popul ation of polynucleotide
s AT B B e LT DL D ety o
and i dandohang l:amlﬂingqmmldxalcm qﬁdrvelpntlmetal(ah be possible to
e) Balzvgrds(.)sB{VX tem cge 21(2:% t}ie%o% Cony s ercez A Ssgﬂngo {}rlté { t\#s{ﬁlle cmammg enzyme.
This anleffentieely Imsglcamyrae pnocashag @‘dha tamplate tedie Sokerds Captured in the pore. All
otherA%)nppéaﬁez grrghr%é)s aresg%l t? fr!n\lﬁ ug'bg)g la? 211?1])erm§a})le$%)@f éggg%} Ydr%)Yample)
suppdﬁyng:taqz)thamel of a corrpl ex |n t he nanopore. This is
0(%;7 t rng;atésgart ?%aé%j:t inucﬁa%%gfrfe %%n ngé tl(oF Fin ?‘he%ﬂqm can
inclugbe; butrare—rtoempiteatte [pi&AlpolQ/altram@m ash A pq)lnmarag:@plg(tfxbﬁom E. coli DNA
poly%er}z?stﬁ)l lall)ﬂ?\ &%Un}g%%?ﬂszr gﬁr%}@) ?‘(I&lé%to?gvoc gﬁgn%g)g l%%lhAh DNA
polymahsy ithi-23 BNPAattol yalzwast, Themvivs ﬂqﬁﬁuet5§6¢q)Dl‘@npqlsmeraﬁecﬂmwtﬂavus

|
B e O S
DNAdfoa’\mrasfltf@rdcb@u.p)@rtesus EE{@)"DIpA |pnlemema®nb’EHffé)lﬁ)@polymgra@L Bayillus
annea . r .
stear{)thsrmto%he ﬂtlg 1%5)?)1%& ggl?{n% RE/F\} Ieb/eersea &a%&ﬁ{age, %I\g](d'g rrc?v%? ﬁ&scnptase,
and HIVF arrger{epossdrip@se, RNA p@))ymeTéne suched RN &Ipelymesashselested frpmdf7 RNA

nuner tr e i
oty GHTE PN STEHFEHEE SEOU ki Sho 5 BN B o
exonidl@askiunigasmsbmciche Lembéee 17 Enbrivbletss, Exioddi RegJ dixontpdease, Exo I, and Exo
T pol ynmerase at the initiation site (Figure 1) or it
al 'ows binding but prevents strand synthesis (Figure
2). The bl ocking nol ecule includes a |oop that is
suf f cannot enter the nanopore.
Nanoﬁ?ret qg({é‘%ﬁHL '?%’eba{n%%[heggul |l ed into the pore under
prl Thads vtﬁlchracge foﬁshq®n¢1n@cpf singleHy mofscues. ftisempinesefeatures of
TieSyisPlihd | Rp H ofe AR molecul
conv?rﬁlonal %‘eqil%%ncn}ge Prgﬁées%gﬁ%%t{ﬂé r@lpéolggrlx ﬁgre%{?aq sw&g gle molecules
undedelscsromlc atdlgochPmloghfieedasek dontrali Ihegliesrigon 3’ termmator technology, specifically
‘ ner - | yzed strand synthesis can follow The
reve'p%le){?rm"?%o?heg%oz'@?hod is that only the strand captured
[00@9] tThe basmsp@gg ISI atlined ind@ue 4 fop asingle ndyioperki Guy Ighoratasy has
ant

oot s AR el p el P SRR Bhao IDFARRPl DB Prtricaion

of suclepeles entisclosed belawmopor e- acti vated nolecule in 6 x 10
[08900 %1?1859 ?a 1r¥ ]?%lﬂ'le 4, ,QbI\Reanl\éS{] \Qltl%)(;tl?&c; %rezitsnglﬁg(gg}]dtsth%le -stranded
ans-side to t cont al ni n
segnentz ysmaptured'hl snapagtale pore ohdey e wwlettqimm(tmhfesldemémv@ @Step a: Figure
ctar. el ' ' j
0. AR5 g R L BRI REATE R b o
genotrfieD NAgm frem(EFAQclowes 8ic. Hrechaueporris loegd ehangh |tmpenﬁ1@08!6]ocmn of the

slef%%_g ent tthtehI ?Qtpanggdcslg théht 4%1&%&53&%% He@au@ 1%%&6%3 is too large to

aco essetla or catalytic activit
fit thbynghmnynanﬂi%sand/o@ the RMA. Fsdi- heymm\)gmmezeylmalu forcthig dindhig therefore used to

1llusp ate é{: gercL eOt ?anﬁ ?%JI%(T%? zrlrﬁads en?’r o} tﬂ %jgbleg( S nén%ﬁ?rnlto tg dg%@ vesﬂBule can be

\an> m ar conden
conftrined basaim omcmrpamphtadﬁ Onddwbis i whicumipthe vorage iscotvpyd lslég feedback

contrr?iLSéeé)s aFl)%u?e%ﬁ /{t% ggor}rt]tst'he Sl.l;l]{ﬁééﬂemhnu%ggn e%lg%’xfn?& grﬁi Sic(i)entiﬁed by any of

conpri ses trace concentratl orgst of EDTA (at about



0.1 mVM) to ensure that free [Mgy2+] on the cis side is
effectively zero in bul k phase. Since My2+ is a

W(ﬂioﬂ?iﬁm7 cati on under physiol ogical conditi 02%T/@§i008/004467
appli1ed voltage that attracts a pol ynucl eoti de

t he nanopore (trans side +) would drive My2+ in the
opposite direction towards the cis conpartnent. Thus,

sever{alﬁ%cthwa?eéoll‘bﬁ 8)Iga[nﬁ)?ee an %zﬁ{ler fp?tgnetL# t. i%%g%%g)ﬁ#e&lﬁg {'ageﬁgo d&pcfex termini

can bt iientified bage onl DOwarrerft impedhioe alohd1 eAtthesame simeethe H-enthef the SSDNA on

the trgrlbs%gqeai@g Scﬁvtngels ?‘Tﬁgﬂ %%Er%\n m atu(r?ﬁr ﬁxamptl}% g ccer%l rlgr(r:let:r#té)rf/ﬁlégonucleotlde or
strepldi/ifilﬁm&htdd&ep&\m&ystrﬁnid)lmtﬁdmmnﬁdldﬁmm(lﬁI‘ ea of nedium

' th
B e R
perquBMh(hOﬂﬁEreooatainOfg N>, AiDA eoltymeratedfof s)ampée) th@éﬂl@n@grfragment (KF) of
DNAtpr?BI\IAfage% n& gac o:qr}lr qulg’ Ntl'lP’e gr%?e'c‘:t%d Iﬂ[:% a dlstbnect Pelyéglﬁ e%ergwl‘iena 09 or by an

g en
identic@iSversitile e maiyaver (Srepcelégura ). ?Fhe mhebrtarfemoteatlaé litbert rheersed thus driving

the dg@?xaﬁrgrgneugc?m lfI eg tstraéad fmrtoo %@ gzrﬁ ?onﬁ%artn}gr?ttc%ﬁ&ml %_p p%%ﬁ%ﬁrase and
substhaag €Ste @ thukea@esufﬁmm axa figthe) allswmcfor the pgrech@oettechd€IE to be added
nt er Ct W th (%/tnucl eot 1 des ar

to the{éﬂré%,étteggzﬁl See 4)o SP(I}P t1m ats ﬁlapse(ri ttﬁ)eav a%: iS reversei oace ag%m (trans-
side ]hﬁﬂillVﬁ,lS&pl’fOElglllrE #j. Teeldipbex t@hﬂ\lup (slppﬂ@h&slao sheqloreaslingitiiiNAperture where

the icggt:it? %gtgigﬁ ?eo%ged 1s]|cegtq)mshed Bro ected ?ﬁle%pg d A3 %een ad(li:'ed the signal

r ase ar ge
will BertBegeamna by in Sedpag & tHiY isD a0 ISyzmsd @J are réfiepte@ OntDA correct nucleotide is

addeggrléi%/i%g? 1 agﬁl o%?:ﬁ%n%'lo)%ﬁa %tsalﬁgn?r%r l;;agg’)te%u&?aotyp th82s tompartment is

perfu];heihﬁ’@ [déproteaing thﬂf@r 1leklAecp((SteprgeFigme 4). AirempbEdC g gnvision a scenario
itor I .S

st o il bR AT B ERREL o fer ourcomv
that Sduddel it tho pdeid forpe(fBsdn Tﬁl\ﬂkppndcymgaaga&enaymk/ldn prezvmle sﬁer example,
trapscri

alkalmg \?ec}sghatz{) g)aﬁ%’(t:rolr a é{ute %f\(l)%\f&%'g g/a'i]l%: rrJnP c%?agyi%e 8&‘?1% on) After
perqumh yaremaside s@aevaat p@@bnflalomsfﬁBllﬁMdpmhg/me dege te@nuRNKo the cis

r.as C
com[gagréﬁ hgreethe Ve sngiﬁ teé xonuc eas éerréoﬁc(g(SEg h? 9 Hrljac Pl%ollowmg this
reactlcmni)ﬁl@,s sidé pES(mtpoteemles, refextablished, driReiog th@dopiwcteemsa baEl © the

llmxt[né 6g%ﬁure$ﬁxlle§e it %aN%e egor gedqo lc'igtl r%gneslggeu reorgé:c 10 ha%%()ee sugﬁlgss%ul@ achieved,

nlque or seq
and D fimluecddngisy. oflthe 180 e 0%sp if Eatulamesn dnfe ewmhemepmtmhon is not

oSBT B Pl AR BT L4 B PR e
(00920 c’h&rstemaﬂio ﬂleﬁditraokthomtSnmmulirtto thet lllwalgfb UnFlaire 4 except that
exonflcqea € crillg%s (r)n %a no gxgéf]b trfgsg ‘ij]f olf %%lcll% nglea}q(? [ /? 1S ca;l)tured In reverse

asi C S rate
onermambh tergghradno Flggmr4eln4h1fs erategystha ginplarastrapios beld (n,glace on the cis side by

the pélﬁlgl’ {/at 0 X:h st?%dﬂ?ntﬁesgt%ﬁlgmqe% trile“rﬂgg%%%f 0 sfcgr{a.glé s'lhai ssDNA fed

a c

into a;nﬁle rfaa&s;rolrmh |be) .erxafateslun: hloekscbh ia per&s ef mine;i@lxmtiaiaeihngons in the trans
[ in

comgimgribin B SF S RhES Lo 45 Ridup iy TG B oM ce cuca

10 nG @pttasesdn hverage)) amw)dabeeomma@ Qsmkdeboe generatquit th@dnd/@ﬂ 4 20dd dsDNA

targe(t.t\{’ﬁensabgdtqgo %gelstv\lze\r/e cc(essstﬁﬁg/ fhed mFﬂy%%c%ore -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
25



4). DNA of this nature can be generated by tined
exonucl ease digestion of restriction fragnents from

waR9M450ONA or from BAC clones etc. The nano|q;(@'TeU5})2§08/004467
| arge enough to permt translocation of the ssDNA

segnent, but the doubl e-stranded segnent cannot
transl ocate because its dianeter is too large to fit

comptgr_rtllﬁgnru[rg%] g/eté f}% gsﬁvseoolYHSsb : a%a{ea jn aIppr:ogtetnaRa? golrmnl% céfr 1e PO bases to complete
the ZOJBlEﬁlagtn&ni [ ust rate the techn| que. Strand capture and

r the dupl ex segment i nt o th Qre v
o3} e Brg i frcte S Bl PGy i P R baleopveen
abouli 5 aﬁhncewedn intsive. Vol eixagple.itse medmredn berathent OfSeredawk 1.25 nm, 1.5

%lj]én §t2§916192 5 nrlr:l 917I§ 43? ::Petr{tql4snrrpgl5§1§r/ﬂ,gh91?6q}hpl7 ﬁ?ﬁ 8 nm,

can 2Ram ned™ n
9nm df)selvefaay dimeosion mcrelsatwé%@r exarrpl e, an earlier patent

this | ab rator rated that . dupl ex m_nij.
o NyoheosPh Bt buE o B0 e e o B bk Saifonat sos
but titmdih@ivaaiges dre fese:t he 5' -end of the ssDNA on the trans

I)E)tggmﬂ%%ad étleoggh nn%l?ﬁl E?r%]ngfo?reed Ea:llcz:an?l F & ggﬁ] méafs&)r[ad on the individual
targeSdutagpt avi di n) t hat keeps the strand in the por e

2) EH gse){stﬁlg li conXolleLi%ot% (f] &cr%:)’]qfl:ceall%éI Ia]neci tF[]D(I)\(II%GHS’\lICgl?nS% tha? Puc?e%% HJ edgltlon and

ermnus |
deprqaexibuggd cav iehegeated fdpetly woithay mm@pewgm a DNA

3) %M&qugngslzgégnsoe [ufe ac%rgpe cag%lrela m%nhpe a?é’g Endg%ﬁﬁﬁl%nvglgatalﬁgd dn the pore

for amintiéfinite gérXdi nct reversi bl e term nat or or by an
4)' Hentl cal. rey b e termnator

& P RS pot%en AR glcas? BN Srrnévgr sedp r?eh &gﬂﬁ b aad jtis possible

that 4 fleendiopi@xait & 1Bt yolLed h(mfdretda ef ﬁmesgmthsftrrtﬁnmhvelnpmem hemty I possible to
contr()&Wg\batlt(?ggnnd}ﬂe&?&%t%ﬂ)nolf H‘% lji‘]é]?rs% 10H g{"? ataﬂs]e nano;e%ee %rlﬁgcle] "lgtvl\s/e vdvould
compl@ély thrainate te@edd fpf petrﬁmbed dI\ITP t 0 be added t o the

o 95055 £ ot gt S B b wggrvion
manyDB3H00, D@(Bmde&:l&jantﬂy addi'_ebsgblleepoéQ ond hemdLl[:clrreOhl;t thatrrambesfabricated using

t wh th
com Pl PER0 s ARG RIHIEGERUR < et abl § shed. 11 o

[Omaptmt ed pfmpﬁdeeotymdxbeohas tlhmaeerm lxedusl@ldo pladveand iagaeh imagiolrolecules and
othert pé) yfamg? Zp ?gf)téogf %t&heulhatngqaor% ?Perture buch rr?acrtopqeole%@gs ddnd%‘bl?gt%rs%an be, for

€ correct

exanmkdedola:ndleb@tterttmcﬁngeﬂotelﬁodublmm g notdmﬁlted nedpdyharcieotale pofymerase at
ect ed nucl

the pra he Cl.S¢
ey RSB renotan o e L LA B b B SRR i
mac:Ehglemearll;brucuAk toeardmmd/sab yhat vu@ be npelctﬁned)uy the seen arfteobamgeﬂ@ed at the

rot ectin ent. | oca onl y . near the nan
R R R R e e R T
meth@l kani teapgiet emae@doléaies p@thfasi Huonot lifhed tdeqnzx)tmcnecqu)r proteins,
ribo%ﬂ%g%ﬁd;’r?‘lﬁ)ggrﬁesaﬂpaW?Phn%?a(nfbe §Bﬁﬁ ? mﬂtef to blolt))(gaca Pores or to solid state pores
prodp&hliratdinUmrgamoOﬂetrﬂirme deal | yl at i on) After per f usi on,
ol P SRR By R0 ) B AREL A8 oy cante

attachérxb ehetdagired eaeriosiolet e, te@haribp adj\(arenmimmbeowakm(hoeds (1$t: @plymer is then

h: Fiqure 4). Foll ow th'srectlon trans-s
ara bt IRt B Pl Bl st b R e ome
appldht[ﬂne)(t rhah@inBeessabee keghilatet theefokde wh thHemprcapetdcule by thlmg thietvoltage

dt t
i RS P B, B8 S Beh L R B SRRy B v
the | ast base (Step i : Figurz 4). In the event that

deprotection is not successful, steps h and i are
repeated. |f deprotection was successful, the cycle is
repeated at step b. [0092] The scenario illustrated in
Figure 5 is simlar to that illustrated in Figure 4
except that



exonucl ease di gestion takes place on the trans side of

the channel and the DNA is captured in reverse
wPhbE@f; on conmpared to Figure 4. In this st rlfl‘ﬁ?@éoosmoum

the tenplate strand is held in place on the cis sid

by the prinmer fromwhich strand synthesis orlglnates

The advantage of this scenario is that ssDNA fed into

t g the. nanqpore can ner at ed | ocks. b
rano e R oo D G E i T PBEIE 1 RebT et o5 ' b
force pRyAPRA byfﬂf&ttrans_ﬁkﬁnﬁ)ranﬁﬂ&tagafor bﬁECdvelmiﬂ bahd®thiikl blfgnbaeaﬁetween the
he exonucl ea
macr R B8 {15 R0 QU5 R0 SO oV G ARG OBl Tecule canbe
attacl@ge@ neseatsdfldaired he end of a 20 kb dsDNA target When

t 1000 bases. were ccessf f|IIe
o Sheshans BT RG E aien SeAubmip o et pilepts produced
at theGfed FbOingtareothdliohie clireenadietgh the pbid €art eancsred@d midigalar functions
and allowed to act for an additional 10 seconds. The
are d%@\tadfs gefdationsof ¢ E%W“MB%“‘H% lyf4njefesodesugiasa Cﬁ@%%@gwbe 18
placell Berbdd @heGlofeCd BT RAIECTR FunctiSn 8¢ @i ted bR infodu¥@tidng obe electronic current
repeated in approxi mately two rounds of 1000 bases to
m"“@bWﬁP%PB‘?he 20 kb fragment. [0093] The pore aperture
can vary in dinmensions, for exanple it can have a
dlaneter of et ween about 0.5 nmand 10 nmin size.
Exemplary d1s ke Inyentiog; apeter can be about 0.5 nm 1 nm
[001)9]251)Whan33pc§e Hcmlcel"arY Be U8B toZndhitor the WMo Nof €nz9mBdRuckasRonucleases
nm 4.5 mMm_5nm 6. nm 7 nm 8
mmPﬁHFm@ﬁﬁ1W@@’Wﬁf"HP"QH?PUFﬁgﬁéFH%Néﬁ%WQBQEMeen [ 0094]
[0YBMQDK Rano P3P ik TRRHBRTINAYa Blschyd k@8 for thd $nt&r@dtRh Bbtween soluble
advant ages over conventional SBS, hut the nain
5”“‘%9%%%%@%”&‘?%“?%’@@%” SiénaNtﬁdT"éEﬁ“te&éi"é'BB]ief ingldehigod components such

as ghlcB¢ClrR! dldQndl BRI HdAhHes SURATRYsdroi8Pdhd RProRinésS ild phariRBsMER dgents that
on. t he i ndi vi dual target strand. 2) The systemis

exert theiqfynstipnby Heding QIrEeRPoRPlEeSy and bi ochenical |y so

(061083 YW fAndPdrk HEiRAG InbMitbr Adal iRt Bkt Bf HipB Rt 6RBgRE!
repeated rapidly until they are successful. 3) A very

struciugs, iciRgVi bRSPEESTNG R@ﬁﬂmb'@lseaﬁ@tmnéﬂth A epfuv%tt%tt unignd
[om@]rﬁguteat@ twshgh glﬂt@a&%ﬂem@ary Reb&Bhend &iheinvdneef i nite
period. 4) The volune of reagents that are used can be
Figurg 8y y smal | (on the order of 100 m), and it is
[om;;]aﬂ.gtlr@s;t NRktrates Aindpo Ae UBECSriphisiREa p&t6 Hpdr@ft (MHiAd @i ate or
of times. Wth further devel opnent, 1t may be possible
strucigs (@Y NG P CoEpqupa{d) Saung idiacrahiOrhaRerq AATEE: thiywbstrate or structure
definRE RIRLRIE hhPDr&ts@Rie AFighiR @ ATTRRIRP MHovs @mididctR or ;Blad:@mmwléj@) bound
: conpletely elimnate the need for perfusion. [0095]
to a golymer (& tofreare BErrTRlfylealolySBECOMMIXS the selaperciym %éompﬂsmg an

mco;ﬂ;ﬁ&@l%{ﬁa@shéﬁ RAAlbe! - Ve envision as many as 400, 000
I ndep endentlg addressabl e pores on a1l cmx 1 cm chlge
b\

[0Q1R4kAsd Byptrped PrBighie 4Betlv dlgmgjadian isepplicd iathe de igsde Aap

macr&rﬁ&@cu n%tr @oﬂ%lé@do%%&d%@f gl\ébsubs[rgg 8bdirukigree 'l\ﬁ@ incompletely
prop ose pol y eoti des that can be used to place and

synthagigel ORrivh () DAt Beicas sutfigions < sps tHELgILHE BOFS ARRBIUIEE dtlsog Hustrated are

moncﬁ'ﬁerst (h?pr@@ﬂ%%@c@&@é' t"Itl'lE %han?yﬁlhom &W rﬁ&%rﬁ@ecﬂf&%ol mer complex
ol ynmers can be, for exa nucl eot i de- bi ndi ng

can bgmgpsered by shechangs in @tﬁltemr(@‘tfo"t' iR atc@els th@pq;e prsTyieu dhe Bagramolecule then
mcorB&'latxmg ﬁt%ﬁorﬁetrs into the polymer to create a completely synthesized polymer (8) as shown

in Figure 6C.
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t he nanopore orifice. A nanopore has the useful
property of bringing virtually any desired
woRes/pIRlecul ar structure to a defined site t WT/@@OOMMM
specified by the user. After being placed at th
nanopore site, macronol ecul ar functions can be
noni t or ed by the user in a variety of ways. This
[O(HB%]%&: vgllei € grladl is tlhgndregezqser ,eC g%{“ﬁhs‘if%téh ?ns Fl urg %ca%e cg)rﬁéeetely
synthagigtd polbme:osrﬁfkease'ﬁffﬂmnmt hxadomalncdke thap:py flmthere:retaheg a thzmge in current
e or t ced in
R e T L g
[OOIOG]EEiﬂthb @lterhaive, atlluatraed ih IF[gu&l’ﬂU melmg»mtemaa elxoxes th incompletely
i 3R e g SRR PRt rorin 0o
the nbﬂlldslecqun[ﬁ)lpﬁﬂrymﬁplei sTHehehagd peadient i thew ghersdiend dr@plymer (5) is

releasleﬁ frglanﬁjge! rﬁ%c%ﬁl;r{ll %&u,eo ﬂjgese%venﬁ,ﬁc%l] Iglg(g %egngéglifg(irlg hechrzn?%e n ﬂre current
(arro¥v 158). fIniisreayChiz el éreplified bp rmhgmwlnéoduyleasaeryzymg ag the macﬂomag@le.
. acting across the pore. As a result, the nmacronol ecul e
Egmpi pl aced at the site of the pore with subnanoneter
(0QDBEigurOTA nlﬂ]heatmmﬁmmieeieuhecdnq)ntlhgmpasra hpefrtarer(&€xin atsulistrate or

ore site either t he ectrl ced b
struc{l)xﬁzég)t t],aé]ﬁg ﬁé%?(ﬁlﬁg % BP‘t“é’ ace&} to 6‘3 pore lllr%ﬁ gﬂaiget cHg ructure
defining aengide ard £0abaider EigulteWa firAlg SHodls emdleeula pembdremplecuds (4) bound

f d More t
o5 St S B S0 e 5y Rifer comrisne
high Bt@&%&}nnd?hlgmtel(%rf& a)ﬁgahmeogslmkealamcr onol ecul e can then

of BB Tt ER ik 781 A s e el PR h e

macr6@bledul:/poRmsad t@lplend tiedieidd dthefsubisaite onsruae. dae gmymek (5) is then

as du] ati ons of t
couaBRTRPR o i RAine P e e i Bl g The change
in lodabién @FolfeEmBnREndI@uRGolyader Eanldxi camBe aeBude bt ehnpyin current (arrow;
I nndg{atlons of the electronic current through the
) AN GEPBE PEESpl ary Uses of the Invention [0099] (1) A
(0IBAOMNe Nigard& V0)GEtheddllohed st tb memi:gm alfmﬁtytbhﬂntgurmm) eind af illustrated
h as exonuc| eases and oI
i Figite L Mhest T RN O SPan B S RO DAL nt gy Y e gliied by
using sterdid RAMRAO Fee i@ \ek GR ndfdnfoltolt b [RSyaspahicosiEns die pbtymer
nonitor the |[nteraction hetween sol ubl e substance

0gi{BHn e Aerayive: BRSS! B ire L G ICHRPUGHE RGeS the ligand int

two FrSAER B9, thdredyueieasigQRIbre QIR FRANhS madisihol il effoliais eomplex The
uric acid and urea, hornbnes such as steroids

voliags gradiprh itheneeris Aphiie Biofieceare ilsatte Sopmiat PRSP i hese cvents

can dld81b6 irle@ired by RichshizB th thOcurREEP) OThiEBlaR beldxemplifidddlQding @ Fucose
A nanopore device can nonitor in real tinme the

oxidgsg frzy g AT HPTOICHRIPIPARESCSPBINSES g mstMleeFes such as
lufegbosones and performthis operation with a single

tional unit. [00102] Fjgures 6 through 8
0911 i (gerage IRARIEHE A1) OROFL A5 CHENRRIISHE 2PRIE APTTUERLL) it substrate or

strucEﬂrtQ(llf @avﬁlg[aQ:gﬂaQ&Ind @)giéﬁﬁi Sfackd kdant ﬁcﬂ& @&rtﬂreﬂtﬂ@ et &e or structure
devi ce conpri si ng ore aperture in a substr

definge sty SE &0 STV B4 B OURNE a(f@fale%!ﬁﬂﬁ &‘aaf&rla@éﬂf (4) bound
to a fir§t Jol}ehePB) B GORY § ME@ombIb&IPpoRter adpl&d. Structure

[00112] As illustrated by Figure 8B, a voltage gradient is applied to the device to draw the
macromolecule/polymer complex to the cis side of the substrate or structure. Also illustrated are a

second polymer (12) present on the cis side and monomers (7) present on the trans side. In the
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defining a cis side and a trans side. Figure 6A
further shows a nol ecul e or macronol ecule (4) bound to

wor0b| Mi@r (5) to create a macronol ecul e/ pol YRiT/ys2008/004467
conpl ex, the polyner further conprising an
i nconpl etely synthesized portion (6). [00104] As
iIIustrated by Figure 6B a vol tage gradient is
to th devi ce .
altemrzrig ger Ohﬁ’o orelcéra ﬁg n}ag;rl?%})n Ch8 ﬁﬁ s%e (r{op qiorj'/n) ("1:“IheS poer&eer (Safls Ehﬁne covalently
bound txbd d'cmpeurmlr(BBtherdb}t Mrglng'ﬁhjecdnntDMOata@bryurs ¢int Tiesdhzmed in location
of th? :rrllacroncl)oﬂ%c(xge Q tmlﬂ ceo n%]xzcgg B? {ngzlls’lsf rfeh %é g‘-@tg?%l(g)%gﬁ:gnsregt (m/u)g t0'11) across
mepﬂee&mmh on the cis side. The change in location of the

[Oﬁg%nﬁﬁl Eratgiiﬁl/rfgﬁ{r %‘Qrtpec 0 n&%?ly%%rn go ebu'é%zo t"rf;](e) I élCI’OX]O ecﬁe (4) and is

drawa pgthe pﬁtentnall'dh&emrtmh Greubc&tuhhe tthei mmompxeo rAgt tstetdnEl polymer is drawn

oo JFRRRBE R o PN BT BB T8 Al soeger

thereﬁilﬁlnh@lcteagtg aphaihieémturteat dchenthe pare a&etdr;e (s:sedh@&: 8D). In the alternative,

i.l | ustrated i Fi qur.e 6C t he nt hesi ze
e i AR V1S o P e P o b PR B ) T BA BB i so be
measﬁteﬂ bjn gthad geelattriemgrrancéﬁa Nhtes infly eaxempltfied dy )1sm gThnls)snrag/ashee

lif
macrﬁraglf: | nlggme Qén%eﬁg.]}l%(ﬂs ﬂi%[}AftfPé’l)é] a%geth]g%}gtwe %nbosome may be used as

the matdotnslet 8¢ & ai polyabpgtticacid@s the fterdrpayierrol ecul e exci ses
the i nconpletely synthesized portion fromthe pol yner,
t hereby rel easing the inconpletely synthesized portion

Man(faytui¢ ONSingle Magiie MhircKilth ®eyiodsy mer corrpl ex The

of S0 ) B BT b SR e e

devicg:; Sdnphiee ma(sm%ﬁlal beymnaormhamgwgaf%mamdaa oaummn)the(nam tier, the
. .Thjs ma e ex e .usi ng an. endonycl .
clecSEATIR 3erEREP AR ErsOTRCRRY "B 4 QP OFRLE of B e, wherei

the serhicotgtidtat igeraal manamempnd:ev ismﬁc@mﬁd]ﬁérséuﬁlgas& lpdroarbon, wherein the

cec R B3 55 AR I Scaiees B P RETEraBep e PG neck nd

wherSid it chahiger Gfths briificet - E)cdﬁfa with ﬁ@rﬁm@ﬂaEcoﬁ’ipdﬁtl@flﬂ tiee rhikehsgnal
i de. 7A further. sho
s et e T ) PR B GPURER Th e ety Jorgxampl.

silvefTRGEOINDhee ting n2ail %ﬁﬁéleﬂﬂjﬂﬁk@bﬁmuﬁlhﬂloﬁm owertiraaudt?, and wherein the

GRS AR e
lmpehyeaﬁlegwl & tﬂd?necﬁoﬁ/tﬁé brafiye, ge enéhi IR fuitiser agpyprising atporet dr@l wherein the
ceto nacr onpl ecu

ol | tQ. .
o R O P B BS PPAT o8P B B o np mexfization layer
comgFBtsyaastal( &)meit8 alldye suct @y dhart linitdiaomickeipgdlheopenpodisidminum.

obiFbi S5 PILGRY, AL pconte .0 f e ROlS, aper tur e

(00ECT gt eCillu@raRs ki Gwsthead prbpextive @i the énvemig h@dnpyortidis of four
. change urrent (arrow, dl) across the pore
adja‘ﬁﬁteelkg'ﬁf"éo g’ﬁﬁ‘fﬁ@]O“The ligand (10) is then allowed to
(001 17TFig@e 1 hidludtiagh adlbbvi chrt Yisddosirei tRgmahddeof (Sipg thantiedtBon as
illustrated in Figure 1C, thereby further creating a
manyfpelliBt in current (arrow, dl). This may be exenplified
[0bM 8} Biblogic#l naicpbRs Have arinyieseyemeint; of poﬂlﬁmtlb@lldes but, due to the low

I d
e By S P P SR OB R oAb
nanopéde setqha]crﬁ@@mfmhgctul lmrmt@mkdxzﬁmely mnolbagaprads pdﬂk@oﬁdlvo

Man%gprwééstﬂ]f@obo& %rs f?tgi Io{)]%ﬁté nl?ie[PengenH afeg &ﬂ!:rf gl]lgh as used
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vol tage gradient is then reversed and the products are
rel eased fromthe macronol ecul e. These events can al so
wdPRodrpasir ed by a change in the current (dl). pSs208004467
be exenplified by using a glucose oxidase enzyne or a
protei n phosphatase enzynme as the macronol ecul e. [001
11] Figure 8A illustrates a nanopore device conprising
. ..a po aps rture(l rate or tructure(
in th%négnlu%lctug: g (\_)/e 6ar%e aar)(aéionf ifte rgteé (arcgléséﬁ tver Tar %%scale arr o%)nanopores may
perfoapenmorrse)f bnbhenwbshatahearﬂramslyseumtaumglectecfoml ng a CI‘S
B TS O R L R
manuf&sjurd of tmnseacbre orammtatedrmbtetsu Ad/ gaohognref the smphdxyerd d@4dch array

elemen%lirle createcil I uaf %g(réu% ce of lé’x\égle g%gesg st%&shthaq sinft t&?‘e%ﬁsl@{aé‘edﬁl%% on iaﬁ. Or most,

fthermly(ahfmlem;ul e/ pol yrrer corrpl ex to the cis side of the
r at et ur SO |
[O(ﬁlipilt here a?pie s > % esoesnpplg rv]va%’i_\Loes?r&(%hé(mez%&e%%t?\gtle% ?se%el%%q%{;%ules of
bxolognmsmgtnmm d:ahbeltnnansn e areay should beeabliet te actandependerttlyef the other
elemerzr?s] his mf)é e) acco glﬁedg)n clli] Sdl% ap'l%%ilg ffr’éuft w181v<¥ngh smlﬁl;le((iblologlcal
nanoﬁcﬁa thhhmpbbnyntba ﬁmga stge mak}hamelmt cctn@rots land oses tlmbmchmeal state of the
comp(lex off

n.lo )
e af 0 %B 61 mole (fe% Es%?natgé 810 ogical nan%p%e ’Iihﬁ gmlte state
machidealiges llOW lzm;m:y emttro( drth@w,mpﬂelx)of am}egges atsh:elapd weéth the biological

aper tur 1)1 ust '

nanoBBE RN s e Py hisksh BBeied R Kol Bnel e,

[O(DlQlHn amhr thyt thehvacipaftteniundred dhfftifoasamnce bidiagighnanhpore elements may be
in co Pnumczll'l{OH w1t% th erﬁ)'ihreglrps‘?’nrgs ndul?]én&lﬁ? réJrrEb%r gf? ?eﬁgcog lctYomg fa se§al interface
and a@;lrmshlss logesataba Used © npoliplerethe (aﬂgB)amosmngdatM@tml ombexgting the array

7 b urther creating a change in current

(Seeﬁ \)chaﬁ Eg“%é? € aperture (see Figure 8D). In the

[OallthHﬁm«t P Umstratds@ didgrandofpld parefac(uic®)arreya nAbexegphthashodedf

t i S..Si. t .
manﬁgcéusrglr%ehge%gﬁ glgcg?]s%ﬁg eA (i%ﬁg%ﬁgela" Ebgﬁgle%{gﬁ’&) s?gn%.ﬁggm?cloﬁcﬂxcg? wafer (15)
com;a'»s'enm:ﬂei af\a'ilegjadd)digj@l qguigy thab ssobreusedsertre anthe boerblyec llﬂleetrochermcal
layer ﬁ??lé? overlal %’?etal :E:_l?) fgrr e%\m@% lmW@F ﬁqdel)gsltgdqon exposed

metaﬁnaxromr(rtﬂ)eccaudneltamhsla cp:cate)pdal@pmmtwé thag]edrqus fohthe nimiopeore system. As is

ol n ng|l n
wen BRI bop R AR Bof e T ARG BRI G R vt
volumebmus th‘aoof au@lung; df lhgule am‘ewaquecmd\ﬁ! ad@dl.bm@h@e &egypéec tThe surface of
the oxi%v eTlC oﬁ/e d?fgeg?}éggﬁtg%llgxglq@ﬁ)ln%éfm ?rﬂ{ekglﬁ% Q)rim%(/ceripid bilayer
(thmeﬂhB,CIOD s hesstaak. Aa;nen apoump pff S (/) dorsaamplomitiagtmgas, is trapped in the
area r(%%i%nlt % the gle ?ro?e%%ha% te g?t‘%&r%ur trﬂ(gdrlﬁgéioﬁlﬂg ASS elé@%{)p%l?e][cgﬂsg oxide that
is nonmdmiqahay mo@ﬂexhepnis watéry(dr megudvonsolutiee): i é‘ hn trappped gas (21) can be used to
app]¥e I%uc tggrllqygcgegse%ige lbeﬁly% S (%gﬁa{;}%@cﬁ%l Qil %ﬁ@&l%ﬁ%ea‘?&g ﬂgﬁftllleclﬁlﬁerlymg
electvdme:roemntry hﬁmmakﬁondthévimdfﬁhmalwubIDMI megad trapsfdrs the
[ t I t] f d- si gnal
ontrollledsheatnrg?drg{he gl%gpogﬁsc c‘iljc%épo th(t, n%p %%SI on of the orifice
[ob BZBDThstggJeﬂaym(lsh ingludimg botdi tlmenqiolayérdﬁ)@xqm ahemgpllymedified oxide and

the bvygxer acaosg OI'I%CCV\ﬁ d; rraﬁt%l?elg bP/ g{es{]mgt ? ghte %llmodlﬁed w%fﬁre to a TEFLON
film @fat fids beenfcuatéd@r one curface /@b lipidt his cin dcnqr vgthote lagiideor aqueous solution

phosphol i pid bilayer, the thin filmformng a

sol venti nperneabl e seal at the neck of the orifice,

the thin filmfurther conprisicng a pore, and wherein

t he



orifice encloses an aqueous phase and a gas phase. In
a preferred enbodi nent the netallization | ayer
woERIPd4ps @ netal, or netal alloy, such as, 09h08/004467
[Tmted to, ni ckel gol d, copper, and al um num IFEQ
15] Figure 9 ill ust rates a side cutaway perspective of
the inventi on [001 16] Fi gure 10 i I I ustrates an
o GHEA A RARBDREIAN B0 Sy LRI O PO T 90
layerfs) @0r22) fNerllyIng agirst sdledonad23)laovhoen dr Figuiﬁs% &%, agl 9Che
[Od}@?}q% f‘) note %%{Pg}#&wﬂ% gh:(l,\eégm Irgcqe@?etﬂ@({]ﬁfd%%c%u%j not[a(I)I %thefarray
elemgnod ryayUtaIueothud?dal_ dy bilayedapeost their espdcove Qnﬁcf: e"ﬁl!e qas@dance of lipid
preseIn"’II?II]%OXIIq t%%gle}é%ddg & Bﬁe %r?ggtag%mqglen%%%%é?eedqggﬁgcté I]h%'{sresence of non-
unctdelaUey n‘ayerbse If it ibseerttly dagepmiood th‘fmaequpom@@@f bais@lepams fick a thin
cond nuf act ur i f
film gr%ll%yer 1§ §retaher w %nnco(r)n erre%1 b WitH a ﬁ gréﬁrag]n Fér%#e?vg the Sheé) of overlaying
the T'EHb(hNafma&bbblmcqahamrbampkam ure of ver y | ar ge ar r ays of
eqr : |
[061% O/QS Osﬁ}é\%jmcl:! yéu?é%/% oarsrcﬁ?oH]X ?&fl?(tboHSE%?n gll%g}(':ﬁ nﬁrirséa?uf%ﬁ's that stabilizes pH
for amysa@chcronsl reagentawsad ysibwppanting eddcollte cemprog, befvaer atiog] 0.1M and
I C [ AW
about M Kﬁﬁ Oﬁaéﬂl}ﬁ? rs}nﬁ%?fg i %Oﬁ%fm{;}ﬁé% rftgg{j? glg taﬁ?)gelfg‘{;e%ﬁ)s a¥af Enbroken
drop bf Iamgi_ 9°_trm1®trg¢e fon & xegpie egrowided madrescopd AgClaalectrpdst is phiced in contact
with 1:;,elﬂc]gnds slom&)r? {.]25 E(!nsmlgfeirse ¢ osﬁloglgy m?)lagg@c%]ss ?ﬁ fhe ?Jn%f%neagle orifices, no
in a sequenc FOCEss S
ion cgriramu il eftverolish yemad(se)ltplloa(ﬂé) mﬁraISbluU@(%bos”t predsferiningd amount of pore
moIecuIé 9%h§nn§ﬂ§ Ec%ﬂe ([lgoél%mis t:ghg{a %p& %@?&gglﬁjto?% ﬂgdéeld%)&gond
ronlz e activities o
solutmo I(E() uleoocfenmtmuIn o0 p@a moteedg ermhsr;nelsroolecaldrh(le) iepfitiernit tp form a

single ?ﬁlgr}el L%Hgﬂ {%g Ihq ms A l)?aytﬁr(s? ma%)tgroxﬂl?a?ég)ﬁ rt;(%eeggljn?l q{ftﬁ%{rlﬁi@utes. The
time & fdingsuchkhanogs canbe fozr uxatmpm tohwmeslahﬁ gineltdmndloogh@al for example,
an hat ement.s a [ t
e e L
minues/ 1 Bues fﬁf@cn’ngineteé Wenmmmupls e\)/enmﬁmuinetss dssymiratesdhirty five
minu eIs fjg%mrnugs or?)g}lj]\ée mlglgtgn?agr e?ut?shf?ft I‘LWQ niﬁjgutg ?&tﬁgﬁﬁ&t@% Qr any time
therehgwemmi dhe dmefdr Iﬁortriamrtnam bogiecslbyna npqmajmd)yesnwbraitfactdneor parameters
can r L .
for exz}mmI_" ncﬂgsmgt or d%érga[sgmé _{I%f?rIbnﬁ {))r?rm él?ﬁ Egetnﬁ)tg agu%e é{? ea(%lkg %!lﬁtlgcreasmg
the chnendragidis ofchlt trfvocrmie nalstianf (2 i co Figsadwion (R @rsmg aglosnteai dgference
between%he i rst solu? n%%ecsggoln olV\flonI']:h'R t?raag 81% ggrlé oyaIaFrgel fholecule towards the
er o connectli ons, seri a
thin ﬂlnt ceroflacee oantﬁeranhﬂhoelskmw ® thcmgofcskdlam tHe@rtu Fbelfinie state machine can
detect and:/or sens% F]Oérrr]ugt}olpg); i ml%’lﬁrr]l%el?f 1tsd<‘t%trréaslqgl'1_a[1n blﬂge_{%y feacting to the flow of
curre[nO(th’a’)ZbroEgIgﬂhe eird@itj the cigtuit abrelsnsalgdheagacmcmic gl¢rgrode, the second solution,
the sméfg: nanog rlélzroe di%rrnerl Ilar)élecu fiégglg mro;}n; éér}dgﬁeit JEI&QI \;%) P&qu&ta%/ %xven array
elemantxed- si gnal sem conduct or wafer ( 15) conprising the
ttal, e It 0

05138| R0 bt BB ot e o8 il Bl s o
ina gxtmararrbyeelemen baayer, itAs prefeatd thidt9he chhige thekasgobrel chiringbgo, foingng therein
is recgucg crr tpaneer%b(f%le?mglgtéég ?’g r?balblll%ya(gf s?cr(])mé ]I} ?glnetl 1 seru n caa be modulated
w1thfapp‘lledj ba&emiah d;aons oyl differefs, acgoss the bilayer. Upon sensmg a single channel,
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wel | known to those of skill in the art, oxide (2) is
gromh to a thickness sufficient to encapsul ate a
wo'RbsBfqual to that of a volune of liquid t'WT/ﬁ’!2¥)68/004467
occupy the area above the el ectrode. The surface o

the oxide is chemcally nodified (16, 3) to allow
vvetting of the orifice and to inprove lipid bilayer

the ﬁg\ %els)tate rpachme ag ugtf ee potc?na? Elg r%%t%l electrg(iml) ldec@%?éj{% ﬁsf&bgl‘?y of second

chanrget mafstn@dpta@lermme bildyke el ect r odes that are not
] P i Th a

[O(flzﬁltlﬂeg le r%%et [{Tpc‘%etlgﬁng galkfn m?heg) t?wdug stte%( Sg(%vr\lg t%ga?H%%agf)ﬂmn in a given
bilayerq Ue@ﬁmtescaltetmaod)m)z caanwzct mamueatnog aSthé Skpndcchanizg A pelek ¢feuction
from%“% mt%g? - Ibgnoela] %‘Ir OCI(T icd Hle% orce on? or mor F: arni’?els((j(gu?%ro}ﬁ e bilayer. A
heau@ aaanocan de dichuded proyimallth @efgagihattlhwdmvl heatand th;tqby mtp}md)tﬂxe gas
underhcon%ro d %lor!dltzogg Ieig nul e c()jf r§1rec1se rcgnut{ E]g'cf l%{vg’)re%stﬁu?e a%l}grrcg lc)jrle o%t of two
chamﬁetl)a(h]]a@ﬂng 1oglk |cpnndellta;ama(nse)mbedd¢d qudq: bitpybotlihe ﬁhlee state machme can

r,t o . i f.i i .

e EQRLPHE] b B g4 R TLER ity LSS, R Uy Al
contrpdtios eﬁ thggztslaed qipben svetidnyo e dildyeed wafer to a TEFLON

[O(Sﬂ?%;]g]n Ehgﬁglggegou rugeepnﬁ %90 %ec%l r%ﬂolgpeer rsll)éocfdlgglﬁcgmscgul tl(%d zﬁldgitgstlon the
pore pmyaseenme parmbireatly hlam’bc—xed dl?he\i\“mlté sta(tédl)lchnﬁemndaéct afd fehee this
obstr&c‘é edr s(t)a\?é/e arnpgan r%rEllc‘)v lto@segleu nne ?ngtg Blg[er ax){a%{l\(a%})g ‘h% anatmg
eleméit gtarebs a;ﬁJA(mQSBptmr(ohd@@d pfe@ﬁieatlﬂ)onl the bhikyof not e t hat ,

[06 19}9 In ]an %\%map\?e eambooo\c/i en? %%ciﬁ%rra nﬁ%mc%g mg}rf?%npﬂ’rg% ? ?3‘5 gl’ectﬂ)%g (26)
surroblldmgytbe,' orffce0¥his gdsie lelectrc@s pRg bdrveeto @ctivhie ckemiddl geagents using reduction or
aci.t ance nt.. | ifi. .
ox1da%o¥1) reactloas tﬁ% rﬁ% sptep ﬁsaiﬂg f'itte th%@gz{%i!gﬁ 894(’: %}ﬁélﬁg oﬁfzcee.d F{g\olre 10, for
exanﬁb&t dlogtrateb e vq:xtnc-m eikeof pbrtioisrof faun efrdyetealena lshcanyinglhe ApmMo:smate spacing
and pllzfcement o sg)ﬁ”n:enfglnltcé%%%%rt] t?%nql] erl]e%le'ngeln I’?] ogrhe bnvFaPog;)arn on%rc]e Qt7 OPtlonal gold
electMeaépambedtmrtmer@mport ion that is preferr ed
[06 1@8{]1' Caﬁltséaetg glachlr?evcglrl Lfa %632%5"}:5 %sstyz I:olf%g fr{ éo@n%@gallyga&&gable 65nm
procseedndlogmlfdemnplé Poin Taihvedn Sevycondmator Msmlfhnutirhe@ntphm Taiwan). A
i Z H for any b C
600 XS%(% arra)( fenan(%ores cano[?erft%rem é@)chég)r%:yéqcﬁenu%a? V\EEﬂ ﬁ&?ctlgp/%\r}fmg steps at
a ratcﬁcbde@(bHutTlﬁd\m&CEnabm s«muhtemgsoﬂ pd:labxlcbotmk tfor exempin,do proceed at a rate of
t t br ok
360 la?llon a?er e(r oa(?pvqr zr] el(;] r y ayf]{ I ﬁlgtseenrmg?n% ctgr walo%grmrjoden
O@rﬂ(t}li)smpkarycmdhgﬁor eppdohg mtkeqctrlcsﬁepl lacyeadn tha coomdaatns-mhztntbers are, for
exam F gec(ilrogeoslclc’iltnpr(lD o g( n5)n rse(? nogélx agrrﬁmg%?d d%&%hé Ith%pgrg cJ)rnlected toa
ace scrosePay e e FURCt 1onabl e or
voltagusque:ntSumh blbctfoklemzaﬂ bommdecfomn dorseimple s)wet(cz@ndt,mrfiny gher compound
sol utiQ 3 red rm ned anmount of pore nol ecul e
hav"@rmml Eyefczl a)nfvé){:(fj mlc(a ﬁéﬁpe’mesch as for exanpl e,
a henDIyS|n toxin, is added to second solution (25).
Dete he concentration of pore nol ecule or channel nol ecul e
¢ f'iéﬁ Is sufficient to forma single channel in any of
[0013e] Tlhlle{de[felnﬁm traxtspdyi prapesties of the apPPOx amﬂuel ryay Heomeasured by any
te h
SUI[aEIXgnE Lise’: i':hae ntra%%;%}gt C? orbgmgs mlay g]e zbftu %r{\g)g ﬁp t(l_)len gﬂa rrn‘uﬁ*\#x%ed to trtansport the
polyamtéomeesoﬂlwr(for émmpw amp)l i ;heanlqmdith@pneydualbcbudm(ﬁwutxamp@nehemncal
{ WO { nut
structure %ﬂtléesmoné)gl\t;,re aggl% on {l]l ucnzotl Exen}pl aﬂ g&enﬁp%? %rb?eme\é include
tvventy m nut es, tvventy f| ve m2nutes, thirty mnutes,
thirty five mnutes, forty mnutes, forty five
mnutes, fifty mnutes, fifty five mnutes, sixty
m nutes, or any tine



t herebetween. The tine for formation can be altered by

an operator by several factors or paraneters, for
wE684Plagy7 1 ncreasing or decreasing the anbi entp@hys2008/004467

i ncubation tenperature, increasing or decreasing the

concentration of salt in second solution (25) or first

soI ution (23), placing a potential difference between
curren fc%nfrc:illléctrtasntc? ?c%!s%tg{;egga acr}gl éahcﬁwealsg%(:c%ﬁgen?f%o%to calfgn)%%mes (tf%rexample
ﬂuoréslcém‘e ard R)llrﬂaay@[termgb aod tremiqabdthowds. Resirably ahd thamsmorigfroperty is
Cuneski [l in the art. The finite state machi ne can det ect

8hd/ or sense formation of a si ngl e channel inits

[0@168 YExspplagi meynbiot detetinhthe ceent lbeltngeeh thetciveantl ktowrap$ chambers have been
ur. r [ t

desc@ag%nﬁ@g Jg@ﬁ?ﬁ%dﬁ%%&%@@!&s :1554 ct‘éﬁ gee%‘%h s 6%’7‘b£7 6,464,842,
6,365Q0206, 2&7r872t6ﬁ315§|1ﬂgh@5 ﬁ%fn@omd}Ucﬂr PwamrwlNcm)ZOQ@QlZJﬁS
2003;({1643458 Séﬁcg g(él(be 1g@ﬁ%n8 %Olng%% tﬁ.‘é%r%)n telt)rﬁ ?01&8 %%gtl €S ginﬁ\étly associated
with diaahmneélswr p@e & s hex Hasmrecapptlm: ebstrodéngeed wghlmglheeczs and the trans

han n [
cham%grs ad mps;.xe ﬁ {ag dHE%) e{l&{rﬁ xlgeneéeggr?%é tmeag% ag%blp 011 ﬁXt fot lllmlted to,
detecsiog fooic munngt dnffenemen agrgssthedwo elthnerspr elt@roalinpeling currents across the
pore Izlplﬁétg]rre?)?%hﬁagréeé-rhe E:r Ihy dau?tlhflf'rl et o&{nﬁI%Gt e(ljnsc ! ;grgg Irtty 1s ?lectron flow across
the dtahmater ofShmtmn‘t,lvahcldnéyflEnmmaerpd avcclemlssdetshiapbseﬂ agjedent tjpoabutting on
the nannggg’re gcun]{éc'retpcg t gll;ﬁ?ltlgel@&]g(les %zw%e a[t{yh%aeto%B %%S%agf%%bé‘ gmpllﬁer for
amplifgiog esigmlt he possibility of second channel insertion
[OQ lgh]g?ﬁpﬂﬁatit%ﬁsn%d@re %S%%gf; th% {11999%1‘(7737 Jilgc%;"sﬁ(g iéeﬁg E‘Eg 1n%[ulﬁg %u no? B2 limited to
the ffllommgt N a gi ven bilayer. The finite state nmachi ne can
gﬁf:tef:toﬁts$§ OF r% t(gr% roglftee%emg Sp?%sg)lgrglegﬂé%qg&lcmé% IB/WA rE{NA and
for ceRUAeTms mntnd@ rmtmaah nmltaecb atd garhopenidrercisic aaide nnd p@lynucleoudes
heat i i ncl uded proximal to the gas
t hat ?gsﬁggpﬁ{é ) %%nesggnr?d t hereby expand the gas under
cont roHhgdty poaseiys amighasidg gfuhdeplo$NPradiisdirgmesomes. ol | ed
Iow 9 out of two channels
vé%ésség FD&gqn&&%ﬁH?ﬁggt o remai n enbedded in the
b| I ayienAssaSFhémRNm diterngte apleingrodh ieme of sphice eamete one or
nor e ann firomthe bilayer by inactivating the
heatlf’(r:ll'g}ssé1 etrlng‘ tran%?oﬁhat results in contraction of the
gas ahAsappf pre&msnmtmc@mdtcomplheasm inB)¥ér rRI‘ﬂ@@hQ&}\JN n the
cour Si&eAssa u?tlhg rets rrllge o) rrcl)llcrogé gr Vira c%ﬂt%ﬁ’t "lt; Eood gﬁd environmental samples via
bi ochef cal” a 'on and detec re my
becorﬂN@sRh@nenmRylebst ruct ed. The f| nite state
machi .
R e e e S S S
i nactiRiNat, pbmgRNAe heating el enment thereby applying
suctign ced ure e. Ol;l[%g|
In anl%a % rEenr%%a " OfBatﬁé%gs ot 1?{39, éﬂA gfb’g;% e]%é)%%t microbes,
conpradng eniamagol d el ectrode (26) surrounding the
ori f : lcle]ASSIhE)fSnugg acﬁL %Cl‘;lngC Fdl% SISQ"er ve to act I vate
chem ca r%agen S using reduction or oxidation
r eact i20Qsangirtive nmteacran ofiessagpeci fical ly at the
| ocat,on [ :
exan‘p43 ASSgY P%ﬁﬁg ?tréénggm%ﬂéér :{t!lﬁ@ an\c/ilg#vj\},{% QLQ 61}ctlu%qnﬁébutfxot limited to
four taoseagunelirsmmsresbmmsng t he appr oxi rrat e spaci ng

and pf a Sesgen ene transpem Eees Cio sangntt%ch%rr}?rlael enment s
of the PAVERtico 35 orT (iu? Ot i ona gol d

el ectrode (26), and substrat e30r structure (2).



[00130] The finite state machi ne can be created using
state-of-the-art commercially avail abl e 65nm process
wd Reah@gy, for exanple from Tai wan Sem condusti9is2008/004467
Manuf act uri ng Conpany, Taiwan). A 600 x 600 array of
nanopores can perform 360, 000 bi ochem cal reaction and
det ecti on/ sensing st eps at a rate of 1000 Hz. This may
enabl u ol ynucl eoti des, for exanple, to
pr ocelgdg fgyo gremﬂt[lge ?lu %@O mllion baser per second per
1 cmbé. Horewicasseycut from t he sem conduct or waf er.
[00131] Exenplary neans-for applying an electric field
bet ween the cis- and trans-chanbers are, for exanple,
Filteedddmww\esfocamivs 'megn‘mal StepBetegdnaing @ Famitk-$tate Machine
' h
O R SBHIE G HIALPE IR B Kb gy oo o
DNAspiolly\nerasc; lahd)cqnumf;memrar)aWlemhe be wodrpoistedming thenigreshiolds hegd for
detedprl %ée Ci:rmmaln tﬁw%t %%o%%%wr%%ﬁl&ﬁef%mm ec/g hﬂg}e& S)e%;\?v]e of the
FaNSpor properties o € nanopor e
lomcapledfnt amﬁum&ymtaédlnea@uh@dtew agplrtudasimap bé eset ecdetscythe terminal step.
In practlaﬁ Eheq'ntgll% artnglptflé)qu[hrésﬁédz{a%é d%g?s%cri] E%F ngg-l q{lteklla%f:nvatlve is
mom(dmirfoedeﬂnqmioes abopns et thneshche Prelguinaty atldhsslspeing theck paentcdly weighted
(f.0r, ex I S
mea ffggeé Pass S@(ﬂ)ﬂ} tﬁzét t%ehfel@ﬁe@gen aIt il %Bﬁ#&g tOQFl? ﬁllas?ed' g?rﬂv?ﬂﬁig d)eﬂec% by an order
of mypnoyient ihe presenct ofttbetgrmien tstep. c&mdumtranwg hoeisthsﬁbﬁwiea,mphtude and
ﬁlterfc?(P %gat}:v gr%ecbncﬁlf;f‘ 3h qgﬂm 898&{%{ t Qﬁand‘an‘iécﬁf?\l thiS c?(?{o e'n%ﬂc‘e robust
Uor escence an nan scattering
deteaubeuﬁlﬂaalss@tmmmt ure. Desirably, the transport property
i ent 0 I [ ' :
o GofieireCils st BIETR Aol JERRE L REu RIS cadfi i
prindiyge lfprdeﬁnppllbrév;bluaga N0 Oh @itg/a colinten (Rmtirewrh) ddfisction threshold. In this

appr%acégasgélkste%ép %:gL}OGn’gg%% g%gllesfﬁtfﬁﬁ%eg\g?v% gnfg\go%?g%goldlgg of the filtered

amplwucs is s |Rmvt1$tdnte¢®s usigonly e Zili&ebder@@)3/nGay A8 the regige of
voltaéff Q§/t gz;h %‘h%eg to ﬁlaarbsl\g&]o golr gt?‘% dldpnlé ﬁ%{(ﬁt Qgﬁn%ﬂ}aﬁtﬁgﬂoﬁ of filtered
currqnoa”na)llatde mngcse‘ar eat:llngropmg golaperin addtiongb swnitateshefilrodderivative for
deﬂecﬁlons lo%Tc::: Iplat il 1torsQ9e flapa%dt ! apt%d g@{ypaglgé zémﬁauderlﬁz&”g gg’t'hout using
pres@fhresb@lﬂs i dtvelqperl tﬁtd gbd,is admbre @dapnge ibon rcmetnuﬁiteemg loglc that can
robuql Jeteft%(%ssomatgonsfgr tprgadtr\zlivo charmbers or el ectron
tdn Sar T ent s across Fhe pore aperture or channel
of (papeiyt w;eng) iprobangoohazes, esbp e filered arbfligude madisrfdrered derivative, without
ert el w across the dianmeter of the
depeﬁ%e? U ‘Xesel% amgﬁtuhg EF'rl?b}gék?mm tored by el ectrodes
[Odlﬁpmmdaotjdasmmmcbgoumo otisupdlymgleanies ey bradopwifieeby hybridization to

each Rxhrép UI} (e:rﬁsrtrenclg or unc1C ]f"? ec%gge%?conﬁﬁfmsbgngl% éi‘frggcg‘)gl?nugﬂotides
hybr[d% 12\3141} thApgﬂsoamet basersorenditieny oﬂwéSchafacttehedlphMI fhmical forces, such
as h){dﬁOée? Q m\%ﬂ so{ventfxga Jor on gase ?t‘g&lrrg atlfﬁi th%%(e b{%gso%énw 01I aohgbndlzatlon

Ive Oor a
reﬂeetxpne@lsgreemf sbc&wmiesdmstyloﬁ the oatleidadids inRNAd, suftiNhat tbmldgher the
stnnﬁenq theTrr%rg’ 51 nl(é‘r ar(g ﬁ“l% t éwoLf}l;x]%lclb?t{Hgtst%}ngg’Str%ggncg‘rf‘st Pﬁ&]%Péd]GQy a variety of
I C acCl and ucl eot |1 des. . say 0]
facteex prchgsg mmmerature salt concentration and composition, organic and non-organic additives,
solvents, etc. present in both the hybridization and wash solutions and incubations (and number

thereof), as described in more detail in the references cited above.
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3. Hapl otype assays and phasing of multiple SNPs
W thin chronbosones. 4. Assay of DNA nethylation state.
wordbSfyy of nRNA alternate splicing and | evelp@fysa008/004467
splice variants. 6. Assay of RNA transport. 7. Assay
of protein-nucleic acid conplexes in nMRNA, rRNA, and
DNA. 8. Assay of the presence of m crobe or viral
[O(ﬁ&ﬂ&%blhty m&%ﬁeﬁea 1esn e?te gffsnghﬁllacotﬁggmpiéa%g e %Flp\glka‘lenlgth and
degrereoﬁbzeapam misfawoll Fybddieation comiirent ehy beatpisted tosdllawDNAs of different
sequelﬂme ate&ﬁ&nﬂ\mbrﬁ%TLe me f] %tte%%érhtgﬁé?j) lfn@etgp%{)agg}lleetgméérﬁure when
50% afthevdlpgex nidleculds bavy dcsﬁocramdlueo theacombtugm smeldiscanids. The melting
tempelrétu% /&g 3 gerfec?!y mgtr%lee%?&él r )? ;wL]h\éga r%gen@bﬁést[zat ufgt%goﬁm@%ﬁnamide asa
denatuengedgsnt, mabclbewdmmged bwuthe fublbwmgnqltaedwt o those found in
i mmune responses. 14. Assay of gene transfer in
m crobes, viruses and mtochondria.1l5. Assay of
gedeDNa-BN A1 Tt (° )=8118-16 BogtNg1)e 0.4 K §a§£C)-F6( Yod prmrhmide)-500/L
Depii for Y t [
o R S g S e
exfwnannﬂcbt&;zow t h DNA al one and with DNA, Kl enow

fr ) r I
i RS e 67 12k T R Ty 30, SEEROTARP G258 -ogs
defoeoiride)-§204. term naI step, that is, dissociation of
KF/ dNTP from DNA. A filtered derivative of the ionic
current anplitude, in addition to the filtered

wherafrpd the ledgh ofithyy dnmextfsemhdt [cNadét be tnotaheont@mmiqnadf thetsegiumlion in the

h
hybnglzathn or washanéeso U 1on ?nl;(? g tq’: r‘&)] it g%erg:?gg é) g\‘{;ig\p[?é+g§‘tg51ﬁe§ bases in the

n, 'and
hybrlleFurﬁropeefdctfyonatdEﬂ hetutdls,mlpsroalmwb' & Goietequingdgs redhick, the melting

Pr el A s using the exponentially weighted
(emPREaR Pr{l?tgzyo/ %ggl]%ﬁ%\m that the filtered derivative,

[0@1;39] HMdlzammleepdmﬂehe rageceaarlyi condieted ched budfet of pbl/beaween pH 6.8 to 7.4,
ord | h f. t i )
althou%h tﬁe ra%xof gqg}'(riézﬁl 4 llSJ g@aﬁ]té/ % F{{ﬁ?rﬁ EF%I %tlgrilggreg%ﬂﬂ{eﬁj dtg be used in the
hybrzdrzdtm‘m Huffef(edddmmav@h’nmg (49%) tondurativedilter tiybmdjsatibe " In: Hames and

nggm% red}{?rts dy lelc /Lcu? flél?nc%;_agg f lAels:rgctlg{l Agﬁlrogfnogkg)gﬁ ?pr%ysr $3- 111). In

{ECt I'SsocCi a
addnt[aeaf dreot mon:sof dfe folmlmmawmusndeto m@ycmnmnﬂmwdli@pn sonicated

salmonsHeT} ng Vocir 90&16? gn co rﬁe%ar BﬁA i)c!’\]/m% erﬂ%lamu?nrﬁl nglurﬁ;y

a conmon
pyroplekphaet swmntdmdesytsolfaie (SIDS),tmlysmabwrwadme ficot rand Hlenksirds’p solution.

Dext?aﬁl s e{%ozfn detﬂ?lel?e*]r;gle 8racetg$ g{cﬁﬁe ?%eﬂﬁﬁ L(%{lﬁionatggs lg%ng the
effecEi@éaprstbe DEA ecicemratios arrtgh@mbyndmzktemfsnghetle\medl agpyen\att of/@eme. In some
mstanceX con 1trloen§(S)F evterl? gregtg s%mg%gcy may be desirable or required to reduce non-specific
and/or background hybridization. These conditions may be created with the use of higher temperature,
lower ionic strength and higher concentration of a denaturing agent such as formamide.

[00140] Stringency conditions can be adjusted to screen for moderately similar fragments such as
homologous sequences from distantly related organisms, or to highly similar fragments such as genes
that duplicate functional enzymes from closely related organisms. The stringency can be adjusted either
during the hybridization step or in the post-hybridization washes. Salt (for example, NaCl)
concentration, formamide concentration, hybridization temperature and probe lengths are variables that

can be used to alter stringency (as described by the formula above). As a general guidelines high
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vol tages that can be used to probe the DNA for KF
bi nding, without requiring identification of filtered
Wo%ﬁg/ﬁmmarrpl itude ranges for each probing volgga&modsihosss?
addition to nmonitoring the filtered derivative ftor
defl ections, logic that nonitors the filtered
arrpl i tude for relative arrpl i tude changes W t hout
stnngﬁocly lgtéfglgzﬁfyepterfgrrr]r{eﬁﬁgf) "lt g?r en derI\SF oxgecgerat strm nctyhaél ltl"S ngnc to T, -35°
C and lobts&ingt}nc;zi et B85 WFtadi s SOCT &uir ldlm‘leXf :drSO aasb IpalasdHymﬂgﬁumf may be
S I in Lta sing th o
prtor REREIoRY it S e t: KRBT sl By b prign washes
at .non’mpemdmrgceclunMpmwemateawpiybmdnbeon hrselliol atg det§rpiied Epirically to
y NG [,0 t cl,eo
o DA LSRR AR 0813 1 8- AR BIYRUSECL R e e
of dlgsdsmanng eny bmssqsmdefterfﬁagthwsh step iodpeenhine draid¢d fonsibsequent, higher
strin que st randed pol ynucl eoti des hybri di ze when they
B0 At ®based on a vari ety of well characterized
[Ocphy]sﬁnglattpmgamm cosditidre muag He used edsedest fhyp;mngelnotbie nefjuprgpes with high
sol m XGl US|
degree% of. 1§en{1t q &gglsglg%&c/ig%%gfcgg A gﬁ&rﬁg? ﬁlﬁ n§e gi)ljgpﬁZaquhgonfhtlons
obtals@qmeﬁna basbdmmdtltoyl sudh as hSowtheh e morthern diot fqnhyﬂndezdt;lorsofc h
compﬁehhmeen a%nucp:lcgigﬁg hatr}tezlr%élgrlse?l%gﬂgy ton§{feme aré)ﬁregldl.rlgs I1saalrb0l%r5e Cto20°C
lowet thid uherlnemial bnyltlag pant (&t)forthe $peafiosegpencaatl al,ddﬁn‘ﬂ};l ionic strength and pH.
Condbtlonpuseg ? a:l]lebnds zalugn I%Egynlct:]C n&e G%E%t%rbz%f go a%?l\.lr}g)glt% 1\';1 S c{;'%m chloride, about
0.5%po mni% lcnelbmbhutt(lr@%h&m prctibe O} IGhN dlmaly lassising Gbotti0®RE M to about
bati qn n. th ' ol
0.03 ﬁpsodlug L ei aL%HIS)?(?l%an%n elflnngr%{élé 3 bgtlwt%é; %@eéﬁg(ga@gr% d"More
prefeSibbbhigh Etyngthcym\dﬁdldmpl agxabsuti 09022V eitine dhlmydesa.boht (.3 toEig, about
ase QLLdQ i
0.02‘%1%%)%3% ((:)Htcd)@ sodhunp Itrgt% %g%)nalp?ﬂ%ﬁes&%%&?g %J%%gltlc‘e?%lngeo molecules
that lgblidive thfgexd|cﬁrfdetrcnamwllsteglua§lydlebm®ieab @ grobs bastdon either the entire
e ratu [ e ed
DNA %8%& (%r selec-mi oﬁ?)gs for rg A % m{lﬁu% ébs%{ihee&ceh%fl tg% %Pﬁs
[OtbﬂaQHStdm@Bmlt atredamandnowﬂlrwdmarmomtssttm rabou$ VﬁgrlnM NaCl and 75 mM
tnsodciul{lc}t]ra% Iacre?sm)g &%nér nt C{th tl(ﬁl?bilijl?/ gl 1?%1'2\%%1 l?%gl#a% about 500 mM NaCl
and iﬂoanlmluﬁmﬂmncd@emgreaemngtw Wi lag gt abquag/SObeM NaCl and 25 mM

trisotgﬁ ! i)c1: rg%elgql_\gémté%s f oy i tf)?)g 6anob%?3y %‘jeﬂ% n téé %bé%@Ao ganic J(Blvent for

exanfple; formaroidy, \Aﬂ@f&bd_hlgﬂ dtjin dONA- HiRbiAdizaTinp m(ay be obtained in the presence of at least

aboubcgﬁ\é%( ?rtp%mlﬁ% r#%g:?leg)éﬁ?%gl?% I%%F ﬁ)ﬁﬁf 5%09\’.}3#%%%5%@& temperature

cond(ﬁ)ons7\91118)fd18arﬁ)( inclgdd apdratuds 6B %a(ﬁﬂb})u&@OﬂQ(n%r@r@)eQabl-y of at least about
(g ﬁlr’ ostpr)erfe%ﬁn (‘)jfe all;\la%%oéout : w1tl{rfa(l)rrr§%1%1ﬁg erlﬂgt\ﬂr f g a;dal?lﬂnal
paramexehs wieh aarmybrnlutahen tlrryd:) thechor@niraion of dexm&imt figr eswhplé.isodiym dodecyl
sulfa%:gglggg anrc]i 1(fnhcsstr::%|;% per G A agﬁrt)oet? &%@ﬁ&i iﬂg-'é tt 9§IJICRIb)€V(€j|S of stringency
are agqopipbstiedray ednymximg)hes vaem,tmcorehhdnoasrreddpde t he rrel ting
at ure for e 1% )
[0 l%ln% tepé)ghag?ohlow Y rlcﬁzr?gn ma eirlg Y]afl]cr:lgtﬁgé c ,dthelz %OSté
hybrtalizfaﬁ@fwasﬁ stppd limtam@ei&tepﬁns hﬁ)rtd(zaﬂonélspecafﬁmtbm\ulghtht hestreatienl factors
.ON

being{epg%rg{ui:%gainﬁ ?r‘? é?rglc s{trgn%ﬁ af tlhg fanarl] gv% enﬂ]%&t] V%sh rs)t';fngency OINbE increased

by decreasing salt concentration or by increasing the wash temperature Stringent salt concentration for

36



hybri di zati on buffer (Anderson and Young (1985)
"Quantitative Filter Hybridisation.” I'n: Hames and
woHo8giAso7 editors, Nucleic Acid Hybridisation.pcd/us2008/004467
Practical Appr oach Oxford, IRL Press, 73-111). In
addi tion, one or nore of the foll ow ng may be used to
reduce non-specific hybridization: sonicated sal non
the was‘%e[erpﬁ v%re%ra@?%g & thgloeﬁ)o&%mﬁa ﬁrdyj» t'soBRl\{r{ 8Qate, and most
rophos um
prefedblgieasythsmhtfoatES I(lEDﬁ)Cl apbl ymﬂ\hyisqnytrm gkratdone, ficoll,

n rat’ ol ut
o3 7arn e Gorils B Do B e by (L B i emore
polynadkatideowith lhtsulsanrthﬁ deisinggl Homelogy fogbd polmupleaise s@gnces or their
compgementeru: [er}co&r}h? ;Iar se‘ﬁﬂ?anpc)ﬁ ﬁendflagtgr% g]%@lgé 'f&{}glﬁ t::: 2:12 gf
even greater stringency may be desirable or required
to redu N; i fic and/ or background
hybri di 6?2 ?gn gg‘?’%gse conditions may be created wth
t he use5Wh fdunginide, 4t>‘e$ﬁ:£éatdt2‘0€eor | ower ionic strength
and hig f a denaturing agent such as
f or mam Qg{( SF@B@% art ?ﬁg(gncy condi tions can be
adjusted to screen for noderately simlar fragnents
with, %’Ir;el;(]an?p e rﬂ\9%£§?1%9elﬂgofsﬁ)q§m9&§ Jagﬁgjrsgtlsn\%ﬁ%sdng aﬁ ﬁ]legetsc%Qditions will be
readilyapgsert hahosdulpllm:lattfe ahunctl onal enzynes from cl osely
ted organ ] d
[06 lﬁ% ?%Persc?u 98(111 ﬁg@?‘f%%‘% ae o{:sﬁgstagﬁgl \Bﬁatf%q aﬁl%hfgolynucleon .e
specnpmtomgpbsed dmtzratthmomazf tepres@a intver(tion becemrﬂpﬂ aghlyst@hgent conditions
entra ybri di zati on
st AR Kt B b0ty T Lt "
[00166]uS<m§1r¢doorwl hagrenglioy wiayk sies of agendestsr sthegendyy inchiding about 0.2X
I 8 e r
SSC, o°1¢7"§'15§‘a aqgl }1?%)6% F‘/A%‘r‘%eg% Ja@l wi! Q@Lélﬁ‘gea}ob‘t' %ﬂﬂé dBERBY X ssc,
0. 1%rﬁ£t$em éi °%eC sitdrwasbieg oyiceafor Ihmin- P tEnpegatifin for-tBHwash geldtigng will
strin r e Q...
. ordenlg be gtqga%y ab%‘s_‘yiér Cdangg r%oéaQer Iﬁh%éﬁgy :g’ l{agtrarbre Qg i é] %ﬁltggatlon |
strmgﬂ)denatlE 1$Ir¢a|s¢dg”enlm] by B§nSibe @nbe:bmmldﬁn)is inftleel Hybugidatioy steps, with the
0st t h t
wash'\&mperan}/re ralsted 25 * %E@aﬁ) l?t?a?l %dr?rgﬁﬁ%%%# ?/%E [ncn%gs%ﬁ %Jve%sfurther by
usingkgé elmmmn&nitmnpxqeptabd Wgshttannmtaumer is aetlseilfnrbOUZ5° @lff fthout 9° C. For

- 4 Y —
el ey oo PRl oo o Bl Bl aPLlover cppproure

for egdmiple; S(Eé’a(bh wash step to determ ne the need for
gauent igher .strin t ' °
[08 l?ipf nn exdm le Cogng)w strlrlp%né%\gd%g gtg% %@g&{sé sglgﬁ%nc%ng?énﬁjuonbbgﬂ least 25
Cin a@inwmﬁ:lebmivdms@cew eitrasandiOt1fo $PYbveddymee Sreafer bidagenty pay be
Lo | n HODARDEO min. B
obiap P G S RS PR AR ARE Andb g0 PORE min. Even
hnghmslring;dmcs wedth casdiborSauwt dbaiined ar 650 €rte K&T(int sotutipmef 15 mM NaCl, 1.5 mM
zatl I r
tnsO(m{m cnral,ﬁ: nd fgl% 9 c‘?n@n ?{Egélu;%rv}ells g‘%l’eazl& I&SHB%% giltegsg@% fi}%y\gash steps.
Addnﬂanacvdrxamts oh Ithme ¢dnémbimemlt&b reprdil yt dppgep & those(sKibipd fnghe arior
ionic strength and pH.
exa"@@nd‘ L?”él' gaﬁ%n?uggaca n%%ekggl%glidzbg ion may include about
[0(»14tB]ZStM1geoc>a¢modntnor& CiﬁbﬁMCQoldd suvh dhat or dligenuckbiadetth® 1G9 feely

com[f\frptglftjarrs% Staei‘ ((I:Oogl ohg&u %ot{deg%@%oﬁ% ag%gtoh%onég{%mde with at least
abous ® 6H1 0hhightrmsignel, to amsdwm ihan thatatio forthgbmpezagibuiefebe praferslen
com@enper&ad%ﬁlc%?n%%%) Q Eo & g?yg}lqgeoggg 7l cocﬁﬁ%éﬁ{\ﬂqprg Dn pclcg)r known as of the

chl ori de, about 0.5% casein, Fbout 0.02% SDS, about

0.001 Msodiumcitrate, at a tenperature of about 50

C. pol ynucl eoti de nol ecul es



that hybridi ze under stringent conditions wll
typically hybridize to a probe based on either the

woRbd/f81MNA nol ecul e or sel ected portions, forp@ A NsR04467
to a unique subsequence, of the DNA. [00142] Stringent

salt concentration will ordinarily be | ess than about
750 nmMM NaCl and 75 nM tri sodi um ci trate. Increasingly

gent .condi
ﬁlmgéiﬂtsa % 6}@)1 woma&n g’e dgim %a ts? ecso SI%X‘QCFOF g%ﬁc%latr Q@%such that a
highegkigi@l @®Mmokt Fatingha sy abtiut h5X essort, hmbtzall[tduAccﬁﬁﬁhgﬁM\/la Mlebgstct
umcitr

polyrwasc}tzda ?Nm;/llaytbgﬂlz%gn 2 ynique B?Ga gnollélcTr?uV\ﬁe gm nFeXst a 2?( or greater signal to
noiseQ4tPan Eemgmeddue hﬁb,ndfz@tllone)f arepbding 6lwonla1lﬂod@ toml(pekyqueohdgqmcodmg

knowB P8 gg%ggec g})e %atmciugaé g 35 ggvglll‘I pgtg&n tﬁ)ebl Bael H%g 1ﬂ me bha%ant assay, for

exampleef fifoadsteyit label| seabirimeiycusbel @%diaactmarhabdleor tSt likenehsted hybridization
enpe re con ordinar|I i e : . .
or PC(tRe;?[@g gqr athcgm% fe aaet‘ci l?oéya u%:’YleotBi %qu%esdnayybe du?eg?l‘) ollg?liilbelmg, nick
transiafionaéndl 1@t@shg, abB(DR aﬁiiﬁht@,atlam:tmgtasl:tbepd efdectidt.y of at
ut , 42 r i e
B
to po@ﬁﬁtﬁ@ﬁﬁdsahd Bapnehtsdieieif gedet yarfoosr comhamplcé,smggrm;:y(fw example, in Wahl
e t ) L
o A L7 M R Ao 15250
511). sa‘sﬁmmg@fmymalbgy ae ponjdkd lsm@dxerblyNAd)m ni PYAtRNA bytralizapensunder
cond 1811ﬁ oéwnﬁge% f %, is w?l unders[o%9%4§;lose slilﬁlemstpé i }ﬁﬁn%g);ndtﬁi? ins, Editors

i on may vary in str ngency
(198$)d>ﬂntla5cbﬁrcudjﬁ{)zlmdnsmnms’lnacstae mpqonqhnﬁm Prgssdexferdntke). Strmgency

oA ) TRl DR o6 s s
fromtdhemfly m&ked\m@hlsmglmmgmn .sm\l‘hsfnagsrtemsnsgetnzs)gemmhabéuphcate functional

| t
enzy{nﬁs f?o&élo%g]: y r%lﬁteg Grog eﬁgrlflgg'ossﬁaﬁ %naczapgrb{)!is%gs de%?rru?\g th{gency condmons

ure ngen
concentration forthe vvash steps wll preferably be

Ch Ice lzagop]%gdago th HVQMONaG and 3 mMtrisodiumcitrate,
——&ﬁi}—n‘vst—p're%iemﬁ?y—?—esar s than about 15 mM Nadl and 1.5
Sequehdihg | sodi um citrate. [00144] Thus, hybri di zati on and
conditions that na £
B e o A R R R A |
polynﬁd’d&ot}m&k yhechagdes teese qd»enmgsomr the pregrrart@odribk evreant &t lnhmt a single

analygggr?% gpergy%‘gg%en{ng%gﬁ% G Rlﬂrﬁ%%c gl?sri %?ﬁség%qgvmgjg& reagents,

subs@tesorep@teSMoSSﬂbs nd1Bé IBES (HtadCBE;on@ impprt 5, thef ropidiexefithd sequencing

0 t. .
reaC\Pgﬁ*P%@S € Sigik natl égne{age Sti)eréag’ nrggl]{ltrl]n%r{g 3n ﬁrﬁ?&emg’rﬁ%(lgj tileypnor art.
[0asp pOBat mdtiods Fop se@ueicidg nedleicacitihee aell kndw@Od 46 ]art Anmpyg brused to
| .
pracR/cglaP%i)H %eneng}}?glmeng OF th\éV(anl’\I/ n 1otno'{"dh && rggt%ds%lﬁg%g g%lggé Seuéh as the Klenow

fucr Speci es
fragmérit bf DINA ipelymempael SEQUEHA{SEemquNA polgmeragrand deaustbleigd DNA

poly?ﬂs@%% {) t CO dtet;: s‘i’:atg\?t )gr E%Jrﬂg}netitn) gf%%}é'%‘lse.rases and

toU aI I y ST m nucl eot
proofr@dali:@@}(oduﬁleﬁessubmh thom doun@ yn teﬂﬁLGyGMEhmtléwominEmdhife

Tec@{)l%gitgse rEal t ! Ib\?\%q\gﬁx gretfevr\jicbcl:u%écglg%cg %V\gllrﬁt? gﬁéau%ﬁ%t%agm%%mes such as
the FBODRA microdispaixeti(RoBbiaxS E3Gfic GuifpvapS At MBRR @ 4th @200 system

(Ha‘ﬁg%ﬁgg@’%ﬁ% tfhg bN%\OEﬁbeE Eerma‘ cy%?{ﬁjdif)& I\IIJOIEes&Q&l, Y)@a?é?town MA).
Machines used for sequencing include the ABI PRISM 3700, 377 or 373 DNA sequencing systems (PE
Biosystems), the MEGABACE 1000 DNA sequencing system (Amersham Pharmacia Biotech), and the
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ordinarily be at |east about 25 C, and for greater

stringency at |east about 42 C. Hybridization
wostobd/aecy ney be increased further by using Sa004467

conditions as in the hybridization steps, with the

wash tenperature raised about 3 Cto about 5 C, and

stringency may be increased even further by using the

like. 'glbe se?uegc%d&n%a% ¢ %naﬁtzecdglgeg aﬁ(anetY 8th a on]g Irr(l:s é g%q,\/oe lqﬁngwn 1nqﬁle art and
descrﬂaled)B]elhgsutb‘eeétaﬂ ew9ﬁtﬁ1®hd’gsocoWa$MoﬁrﬁmsBlmgy Behnp¥iléyok Sews, New
Ymkg‘{(‘é n%lrlt fangi ﬁ/]mé)ers glb% ﬁ\'loel%cgrar E afld Bl%gcl%ol{?g%zg)] Véﬁ New York
N.Y.30pl 886+t858). and condi ti ons of at I east 25 Cin 30 nM

[O(mgﬁ%@glén %eguenaﬁo%:%lg(g}ntg ;ggl{e?a'ie %or@@%tugﬁc%% %Q?mﬁ%ﬁ%r%%erlvgd from

mulnlesm@s Shwighin sequéncimyintethiodoate wetl kncwnan the agipod Ge 1 BHREble DNA

poy e BT DS TR M. o S MR O s kg
the pdlgiicleotideSnaiddutes biSiodiestnincorhplett es,serahﬂdd @qu%cS@s mspaghi for identity
. procedures w| | I
win 5SS b BERE L OB NGB0 6380 SGRAEL 19520 o
are wall kiowsen rreadi (E(_;nt:axppamg mequermes 1hdsdan5kactok eldzhlrmerttthequames or deleted
Seq“%%%%@gﬁ%g@g‘jed or Ef’étlszsfg]a%t%’t |Vﬁ§g§réén%"£ﬁqt§ginlc\gnﬁ%ew asseerled sequences
into fagdhedteqaknsasch t hat an ol i gonucl eotide that is
perfectly conplenentary to the coding oligonucl eotide
hybri di zes to the coding oligonucleotide with at | east
Exteﬁﬁﬂtﬁfad’o@-nu&l@(nd&i%h@ncsi gnal to noise ratio than the
[06 ll% efseo Ieen S %IJ t eI 1121\aetn gf bet x%n %r fsﬁgi/!iry élg QEE b%&‘é %eﬁ]ro){s known
igonucl éo hucl nco
in thd are Rercxampple,ole Xlaé’CBrkltKﬁE\Bmsmermﬁ ntehef prinmengy a@tlattoem@ﬁcutllyewallable
pplicati | L R-
cDN,?\l &P geélorbué:r NA h*)rgpggréa )%; ug uch %E{ldethé Sqrﬁ%hlgc%dg %%gt}ctet 1%? gl PC
basemmets@lsnatmem méyhztdesigned abiog tonirbetcialty mﬂ@le dogwmbtsatm@d)LIGO 4.06
pnmét‘r anzﬁyslljsnsoq Nt éﬁ%flongjlf?sclegcrﬁaa I UC| SMNSj q\glak){yut Pé gos%(prlél%g%ides in
lengtb,l‘to gx\eatcer C(Bllegnifl abho Sﬂ%los morea:tnd@o asied ocmoargdmbl@cule at temperatures

froma%e%/ hiy (f OX ?u ‘fe E\ggen ex dlg 2 lselrglotforl@g &)r cover rggﬁqa?o@ elements, it is
prefelfk’ha[ettbﬁwgaﬁorﬁbg‘ﬁtaérth|cD1\de}iiﬁiirtkson the Iabel used in the
rel evant assay, for exanple, a fluorescent |abel, a
colorinetric | abel, a radioactive |abel, or the |iKke.
Use dafalbgmedednghm'nditmmivmomr PCR probes for detecting
ted pol ynucl eotide sequences may be produced by
HY"B&H“S‘& abel ing, nick translation, end-labeling, or PCR
(0@usp] Rdlynadtatideas amﬂlﬁmgméhtsi @hbredfedn bHJlIshtEmthyUleadlzz{uﬁﬁ) fedBologies for various
pumgsgﬁ%&ﬁ@g?ﬁ%'wg%éestégngd oL glg!f: (?ﬂa 9:5116 epre nnsl'égc tthed.')eregulatory region or
frompabiysarved aofif sﬂasasmdcebroaggmtrsartdhewdeobrmdle tto Nllen‘llfy)nlzfmrally

occugglgglboﬁéc?lgg%ggdlﬁ é‘llﬁ 8%2#1%?%2 ({Ttﬂrrotelﬁ_ cgvg'igar?{b?r rekate? ngolecules The
prob&inayred lt)I@AQ)B RNAVBtusedls sinple ymaided B 2houkDave 5t]léa)st 50% sequence identity
mat.es

o3 B RO A B D D CRER B B e T ibiabein
nick Srhrl’slaﬂglﬁ I&ﬁdllaaﬂmg,Sor\Mﬂm antﬁhﬁedtﬁh e frgsehdeas @abslkd hhodabtiden A vector

contyB e TE B PGS BA TR DEPERD RSBrbRER R TG grobe invio by

addifdnfod EudRNlél pelymeraSt andngerwymaenﬂest Thass proediulee nagljausdned:ted using
to s ree for. fra nts as

R e LA R R Lo R A ey
to highly simlar fragnents Buch as genes t hat
dupl i cate functi onal



enzymes fromcl osely rel ated organi sns.
Post - hybri di zati on washes determ ne stringency

Wd:ﬁﬂgiiﬂ(p,ns Characterization and Uses of the Jdipvedhésiiser
Sequenci ng [ 00150] In one enbodinment, the invention

may be used to perform sequence analy3|s of
pol ynucl eoti des. The anal yses have an advantage over

riar art cur ent. N
o35 e Sty ol Bl SeR B EMinltl, ¢ P & Gbncbredef s
concén@stidnt andgerhperataa.dh (ﬂﬁtlabdr&stm@sﬁcySa\/bd‘lg&eafseﬂ by xeagmgttlsq concentration

bst r at rt d I
orsaf SRR BReY PR S B8 s e
hybrilieahé, addiasntoftah ergsmg salbengenie asfomthmiddrlioeb the resudrnt tb pgeur at a lower

temp%tflﬁogébn?iazrag(gnn%&%ﬁ rmecl1 a% l(P ' str?{%gr?c&twn}lbu%%rs :{uclr(asrgex SSC with 1%

AUTI €l T
sodiuirhdbdedyt suifad (&E\S’) dnéommmhcpemlaaﬂel fornagiony ofaf hybhidization complex

betw%ﬁnggﬁlglgc? iehseg%enfeﬁ éha}g%/cglﬂ%rill\;%ﬁe éla%aﬁ&eg%u%%&%eng r\"rx}a?lsheyare 8erformed at
highdr strifEeqtIERASE, ffefas)cONA. oS SOreith 8.8 %e8Tib 4t hell‘eltms"t(abh@ilu'ﬁ?strmgency)
o O ERIHERE o R IR B S P BSERiEy wne
the p@l&ﬂl&lé@il&@&l%scoﬁlyl@fé]y&&nﬁ)l&ﬁﬁﬁtalfyomlaﬁimd: fheinbandb BB dizations,
lification system (Life Technolo i es, gﬁk ersbu rg
prefefply 58 6 P BrelErablicel Terfermamids sat ity tp e bt gpySoltion o
redudMlid te PG40 @BWHLICHy bagizhtva 1$-HERBAnGd] 4 BEdKEARAG SiEnals can be reduced by
e o TR e LS Sl (O M TR 200, e
salm&ry @g@’}{ DNRTS2R&ion Ml cdrgsuaaii£and cgﬂﬁtﬁ‘ﬁﬁ Myﬂ\ﬁﬁ)wtl&ﬁﬁhwaﬂiﬁnown to those
i1 G35 TR eSS IR LcL i L1 A0 P SV 37000 LBl cronn
A Lab&a08AGERui0 0061d BMAn S HEY S TG0 P1aNedvERY f. Amer sham
Phar naci a Bi ot ech), and thelég The sequences be
[0Q}34] Nfiserraxsimfy bg P{Fai”ie%?’yi BrYZA §SPs PRBRISRGY™ e
OligdfROMGdemA I8 BEd as@tBer@sHES drivagerd iR a&ﬂ&di&ﬁiy Elie rﬂllcroarray can be used to
1997; Short Protocols in Pblecul Bi 0 Y
momivﬁlwxge&s&q éevel,\gﬁr%w{nbﬁsy gengs, iy nﬁusigﬁg F\%légpl y genetic variants,
muta(laaﬁgzﬁld st@iﬁﬁgﬁk@fde BblS’lnG@bhsﬂEld;uaioiﬂfoﬁﬁhﬁ)g :flrﬁg)be udtilt@yetdffalnhe gene
or 152 ot
Fancqooes e 6 Bt g Gen e AP SE AU logsghese 2 condidon.
disedsd, QN@EbrddASAE ttcheﬂ@lbp Vtﬁﬂnd‘)rﬁt@fﬂhﬁhﬂtﬁvitlﬁi 6f thvApeGtRSage IR @S @Ufor example,
sequenci n ds are wel n rt e
Brenptich oGP RUIL A o g el sissenabl P Fios rga A, $E003:10614-
106 IDOMJ%@?F& eit( anawsp] IPQEY; plﬁﬂfﬂ?ﬁﬁ@ﬁlﬂiﬁ@hﬁfﬁ ataat(wes) PCT
regions anki e polynucl eotide ecu
oDl e 0 35 R BT £ & AL Rk s e a Sl 2 s iy ol
U%ﬁfwslﬂ@m&;gyoy@pqg vari ous algorithns or prograrms such
Gordon (1998) Genone }95-202 t hat
(0833 VT R URIHOen i Ao A1) TOBRPAN e i SRR aebOme sequence
The bro6ds Wchly Ibe h}ltﬁﬁﬁzgﬁ tPla) @ ipmganarc;h@eﬂm&ges a @ﬁecd’ﬁh@i@il:bf a chromosome,
sequences can be renpved or restor ect i : -
or (G PSR SRRBRBTCHE SAUBRLIHEY shpaieadrs (A veastarificia
chrohb$dne e A CS BatENS asificidhfitdseie GAG, Haokyisl Pe lcemstrucldn, or single
Sequence [ 00153] The sequences of the invention may be
chropRioaR FEN AU Y Svar i ous PCR-based methods known in the

art. For exanple, the XL-PCR kit (PE Biosystens),
nest ed Prlners and comercially avail abl e

Labeling of Molecules for Assay
[00158] A wide variety of labels and conjugation techniques are known by those skilled in the art and
may be used in various nucleic acid, amino acid, and antibody assays. Synthesis of labeled molecules
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CDNA or genomc DNA |ibraries may be used to extend
t he pol ynucl eoti de sequence. For all PCRbased nethods,
wdHobdrpsgo7may be designed using commercially aygi f/@%@sm(mm
software, such as OLI GO 4.06 priner analysis software
(Nati onal Biosciences, Plymouth MN) to be about 22 to
30 nucl eot i des in | engt h, to have a GC content of
0% nor e n rm! E
may Flteve%e r{ g urogg:g? g,l\gzﬁ%n sg EXSI 5.%%% l}ahpl)h%rrr‘at%{ag%g& ?olil u?corporatlon
ofa lebeﬂedmdcvlcrg:daswb qsBPdETP, d:yBetﬂ.‘I\Penr CyedUTRoomyineioghwnt &, *°S-
ef er ab e.to u n r h [PI\A
methlo.m[l)\F ZI\}LIBI’eegn(?e J n%m%(il sm ﬁ’egirecg‘&ab%{]ﬁ“'f% er tVoen stances including
ﬂuorHyé;m |cd¢rmannimasce[n00ﬂ5#§>m6gah1y agﬁntsemiitlmbdéwancthémlagwemh&uon to
anun\e/saﬁlgogsuasnd Oﬁ‘“l b%b)rglg)lél%ree%enlt in tgy mofecul%s%ts%g pea%e%?slgfﬂ& ISBII;Yoor FITC
(Moléau@nPwh%qE@ence@Rbns such as the 5' regul atory regl on
or froma conserved notif such as a receptor signature
and used in protocols to identify naturally occurring
FeedhadkeCantws ofSingie Tetherted PolyoieystoRepertedie Probe Pelymer-dhinding c
va or rel ated nol ecul es. The probe nmay be DNA
Maci, "{Oﬂfﬁlﬁfe is usually single stranded and shoul d have at
(00 169Klthi 5008 exp_]zamctbe badendchanisns oaKyan)\f/ Ftagment (KF) polymerase and how
dlSSOElatl%i otrrll 1gseDI§$ I’hﬁes n bﬂégt%étgg r{; mtorqud?? gre <:ur¥en¥J amplitude
uced usin g, nic rans
and eeeml dWererhcsn@,nrtMmdaﬁlﬂmampimyf df ctetniedtrbaserio bdhaldpd E)SEH c& t@ffound
I I ot C i.ni -
througgpxg %g?n@(y& 1§ dax?e?l an ereélgnrqrge Whﬁ%&?t}g?ﬁlﬂ%ybﬁlgrzot lﬂlguetad %00>2O msec). The
long pwdblt(m@evams nﬂmﬁenme@bectcd}andl reaced toyusag dyndnon vafagaconRMAsing a finite
and | abel ed nucl eoti des. These procedures
State%aee{ma(%? iduct ed using comercially available kits
[O@;ll@ﬁ}it lam bedncsbcavrptrhai\mmm;o ADEA dhigpin éﬂpm.rmc R@anopore can be
dlffeﬁnttleﬁe morr]r{e lggéﬁg%nn a con ecrﬂl%‘ nt% 8ﬂ¥5’ €. Iggsl’o,ztgé Irc@t%tly ?he next base to
be addedhibe rota TN A dxmrpnacmh ueedqneﬁalthase@ on IeVBnpdwtill tood. The ability to detect and
NN he | ased | .
react§% cri]ltfg r%?t?%\;/l S zymf: ¢o g%lra onsragd gllxrhtlfy ﬁ%%asﬁ%gng gatal %eid(l))% KF is a strong
moti tagn e izt aenwal of cnzsmb mnlcnm&md sle@lobmentscbmammrmbme sdgagedhg method,
ons, n.organi c solvent such as
thou%nryfbrther de ec‘inorp ilnd co%ﬂ rercnemao(r:ltls rgnestsary occur at a | ower
[0® lémbﬁmaummetcd #yrdxtipnl argladonwai of amgleNﬁdrafrm'n mmmbcaltes ilsdng the nanopore
st.rin uffers
system i novgg Obgc I%remse ant{ol of sgt%ge)CBNg r%ogeca.}es 13 neceﬁsag to ma{(e multiple
sequd:dnel lfas‘mﬂamﬁmnom;fas avohydbmed\lpk)atd io marrppqp{besed beajuewearg. DNA hairpin
even% abeyc{é%éctec? %)ntdI 19’1? rs,|hsoe %glr?ag?h et dt hfﬂl & (c)apn: baelrg%laaQer(rieT%re] %P‘ﬂ% ﬁllgga%ted
demcmsttrdue tihufefve fo§ ccmuornea@s@y ﬁ)rxegSS(Bmmftrdrpe@edL%zSDSbmtimg a‘telnerwuh a
?5%@ strl ngenc or 68 C (high stringency). At
Smglﬁp f}e& rin Cag b mﬁ ore %r)ezatl on conplexes will renain
[0@1t62}1k ms(baényshMEthet 1t1clladmﬂ DNAUHipot b dateaedanipbomtaley based on the

ment ar ane- ba hybr i
amplltr ef ﬁlgblflripo r151gn r[E'{‘h o7 e‘é algubrr yéxg‘g%&{ %Png%qdn gg%reducmg
the ahﬂle&dda@e txlmntdbtectlw lof b taigpirt in obre [E)(’.EI I.lbngendvt/ed)l tinged poeyide eore signal that
a br i ati.on .
can b[(;, un%gﬁr éitﬁrﬁl'{ the terwng?%ageh X I‘e ofglée alrgna uBmg Pﬁgxlnﬁg%ang%lg rg?tﬁgdrs (See for
exanghif Qfmgamrs, esaJ c(lﬁOQils Naa Bkasphol or9(3hr Z%Gﬁzxaﬂm@kamd(m%) Nucleic acids
reseabgleﬁectllg]lgn ?ﬂg? An exoEseuﬁs%fqlgﬂa%tlécgngmgr%lrgocp?erér)aqror&]s P(L\rl'athe use of a single
DN Ahyalopindle mtmreomulaple enayinles,lam shavntiotht heg ehapler.l | ed i n t he

[0@][65](31?%9(? gsg)&? V‘%@(}X thAUS%eﬁF H ézgp%rg A e?nzyr{l]cgs with a smg?ekDNA hairpin



A Laboratory Manual, Cold Spring Harbor Press,

Pl ai nview NY). [00156] Mcroarrays may be prepared and
W(%%@é/i/ﬁ?dji usi ng methods known in the art. PCT/US2008/004467

i gonucl eotides may be used as either probes or

targets in a mcroarray. The microarray can be used to

nmoni tor the expression | evel of large numbers of genes
is demor{w%teag %u?tlp‘?e é’ zglmnéj eﬁtpgmlngng can E)X 8§1%rr]r§%d T n%lglgré)ffgl]lthg h1§her throughput
compatet o averhic mcm@yctbmcqu e@FMDarﬂ@bmam“mezeg epthodsuwbich eqpird roanual
attaclz)meng{ozfér c()jlecu ets tcgbe nrget:alrsllgres L al %l(l) X d ?I(%)ﬁgl)q\lqattusree gg%@béﬁ a4%6—465 and
Greedle® (anchlock (&ﬂ@b)tsowutevﬁB(ﬁﬁ 8HNBD Lixdihe tﬂmhtyttdn apaibt probhetDIeA/endyme

er apeu ents for e Brennan et al.
mtera(ctﬁgrggf) U[ éﬁlﬁgg' otll\%tlog-lgorﬁzop?be base%ng uehcxré% al . ( 199 6)
[0PBoBasibldétbctiodamblcon®aliof a SiBgld DHIMhairpdGar0e peBrt dagwh weKF bas been

[
demogftra?egllé%? m&éﬁmc alsrb 1{3 6215 Icgnl %%%5%5% 1(%&? lrecogm%m%%g terminal step

prese@ﬂJQ hé)nakipoe. cufdatt hlgnalkoalﬂnarﬁand teifdry 2aibfle 2@ ostocaivd evdmlsl Repeatedly
. 605, 662 7 .
problpl% il encz{}'r{le %sm(#la smrgoebpel%ce é)F ]8 5 agfglb\ﬁag echz)mclap g'gnn%ec%sfglaery for quick
readln@bemfgl sequeoes of IDNAglsgg Ao#iopors.Eore moek ne?dtseto be ddreso nsgtylate single
be. zed o, (a articul ar chronmpsane, %
base %%1&0?6 fl;)& lq_{r:e 1%1 nlS % e)ce arg or seqmsncmg us?%)a n%nro ?rip Tl{el? rméhal step
deteoﬁbm matbectsrmsam‘aﬁterelmter smsfscuo:iy raslmbume:wealfztlsefdetcctahre necessary for
sequei omsone n(}l—lﬁ% ” asrtctl%zrllt ificial chronmosone (YAQC),
g ebﬁ fgerlgaff AP &i'a %ﬁr onbsone (BAC), bacterial PI
[O@lmﬂtnpmtm@m todre wzm@l fishiop mectosiomhacDivén proprsed. iTes exponentially
ul es for Assa vari ety
weli g,g F(? Pgbm averaﬁelzvmct:eé ﬁ?pll,lacg Soving 2 %a%%gtgr uglr:deprﬁwm\xl\sﬁ/ tB reduce
com;tuhmsuml sdmﬂléxagl anmln’(;irre/e arghalamdothmy Aveenagacdissacigtami cbm that can
ei c_ac c and antib
conﬁgn i %lhnegsls ger%oph?aa it z?baar ]IJ éc 2)rpin CnS\brg g%l:(l:l ﬁ?té@ée(ds nz§me event is a new
enzyﬁie bimeig g eehbdhis mrrwlianofor Aseef sthmd?hwdﬂafnr aeq_BarwtreCohcause models
assurgcl*z%sw d%?.{gné %{3{% % %t II-%EQ._esfélgﬁa ! a-boeléeecgng é:clhlgg%d dﬁ%ﬂ%ﬂfsg éna?longer
DNA3GGpias thaomduiealloNud lesebf higlsr amﬂohmltmgrsd(ﬂlidlsle degetioe and reaction to
DN elr?réfrﬁ%l:l%aldabe 6? %léogve ﬁ’f acc ‘% baseI 1%6&3&(:621%10 b?r%)nq re%)%g’ted enzyme event data.
chr onbgeni ¢ agents, and t he li ke, by cheni cal
Diaci o Jtcugat ion to am nes, thiols and other groups present
g #'the nol ecul es using reagents such as Bl ODI PY or
0(1¥ll6mh(e I}iblyemlﬂoadesﬁimgbest,s, dhggrenleot{de), cokrplenibraariy RﬂS@mndd)NA
Tet hered P rs. Lofrepeatedl v Pro
moleﬁ)u T,s ﬁgjqing nr%yl'!)e UR% Ct g téf(l:dz uantlf lgai%dgﬁ xpgessm fabsence/presence
verst&)epiew Ebﬂ)rdshen difaﬁRNAmah mhism'snlmA Kivelr dwring rtizegapeuric i(dipntion.
Conc[) uorrrl%;ldés eases. %r%h rcﬁp 5001 te wbtﬁt llte%]d e?%res@fon 1{1%&86: 1510%a91|}<|6pulm0nary
arterrauwpatetnmaxmsédohdnﬂpptamdnaewleypbrt@mh la cell pmhferdﬁue ﬂllSQIﬂde‘D]lSaet,lcularly
anap#agt co dlg? ep%ra%lﬁm{a asngcrygogrr)é( f,]glb %%?ropgoma é?c%q?sg({n?ay memngg‘rpa
gang(lsrul:mimm&]eufomil né()(pﬂa’spi mpltllpkttsclnmtls IHummgoh st disez@0braasegdenocarcinoma,
prostéitg ggetngggcinbo Sftﬁlaacéa Eénr%c%rcm%rpz% ameéastgsézr%rt\%e C)eluroteg i otrcl:ar(%ieacaallpcgnoma
nonpkalifidritive ﬁbai:ystlﬁaﬁd'prﬂlﬁet(aﬁﬁl\ﬂbrocystlc 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
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[00160] It has been shown that KF bound to a DNA

hai rpin captured in a nanopore can be differentiated
W(fi'()@:iﬂzl?m hai rpi n al one based on current anmpl igd4A&2008/004467

Al'so, 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
prostg?hzw lx%ra? bFo%%._lhg %a&ak[oﬁ as%nn %Dérg%g :c(ll_}{)lg? Sh 1est ﬁ%ﬁcog eas 2 atopic
dermatinsedmnymﬁqsmsldlmatea nﬂllldemmmmalerﬁhrohlanmm:fptahe ety&&eﬂ nodosum,

Ci further det on. an
atrop}?ﬁc %{15 rb IS r eCI Sne(:})n htlsS '3%8 asture ] )s/y I 0681 kﬁgl)mc gratnulomtatoas diseases,

Gravebedheaatel, Hashanalo's tugtoiditis, bfpespngipbrhﬁ)l\bﬁutmﬁ trqwichsymdioge Linelgple
sclerosns En?asfher%]a Q%ngo%ocﬁﬁ?h&@war?lﬂ%% lam n}]aég%ggtgoartﬁ?tls os‘cfcf(ogoroms
pancmtlttSJ q@llxeyse quzemsyratontms@ymmm i psoreagis | Refter’ sa;sndmud: ahdoenatoid
L n nano re uenc.

arthn%\sf es%lfr)ég%rrrng S v re c ed 1%%8?0@@ cqe Ey g’lsea?eh(ggﬂﬁh ogrehJ We)infirome
systetmcrmammxbsystagmllmue eryth¢inetosug.syitergic prlgees thedmbocytopenic purpura,

r t f - '
ulcergt rengFI% i ‘g’tﬁ%%f"bgmla gﬁclr%rgg hg@g&glggls %&r%&?ré(%éz}f fé&\}amﬁ, Véral, bacterial,
funges.u nagalsnec mrcawaloﬁndmldmnoaptmfﬁe@m ardla)r@anﬁmdaem gr@aR) infertility,

I L T N e
dnsruptampadi rhe nmmtruahtycsl @Jil)a;b'stic'bhay BArdmei mp'rim sy pelraginlilationngyndrome, an
endoalgltnal o?o f:ag F moclj b&{enn%quoup ?lﬁ&%ﬂ%g 81s+_r86rs a e%:f V\%? Pr%?r?anc and

teratcpgenmnsdancrmpfehsbrga_tsalﬁbtdqaitlc <ba:nst Ideeaas ead gabaamm lafdisrupkien of
sperr‘ga%‘ enes% abggil}%l P ? 510 og? n%o&atﬁ"c@'g?&gﬂ? ros?atl is, Pr:yromes

disea@Q()ﬁmo)enNagyneBprmsen;han keleQsBs) arteAdR1ePE5H, burging cwdhe:ss) thepatitis, mixed

CO""‘('C)%(‘?% tﬁs;stlleol\yngegg (%CZI%C)g %{sh%‘[] Sx? z%l %g&\%rg%é‘]{ a?)%lomr a Polycythemna

vera tphmaxysl@romrbocatlsmﬁug bcanp]ﬂ‘shxldnaofrqanqwr tancera piclndengrmdériorgptigoma, leukemia,
X1 e 0 n
lympggr%zy “ﬁ?aho hr ouggnarwetep ﬁ)caragg}gﬂg% eard in C;[él%{cégg]c%l#cers of the adrenal
glande blzaydtesbom béneanagiong beinDbidash aemvizi gmllsbladéermmglliaag&sdointestinal tract,
Y, X per f r.api .
heartg@?neyﬁhvgr ﬁuln hnérscﬁhc?vgalgﬂ nc{e%s g?glh rglél e(r)ns érgﬁgg S ragJ ands, skin,
spleeg pestis.rtipgosphy ORI warak. oIptan@bdr aspagtethe polmtcwgtﬂ@ of wigiiptention.

g nual. . at
O3 TP G ol 5T B oy e
molediB&) 8, PNetysclor@rageatite afereaﬁ dlaBbeKlEkd (om@&)anSQanf}altered gene
13( 5788 801). The abil Pl dl

eﬁﬂﬂ; absenc)e &4 Presenee, €, or grgxcess g:’xprerssélVI Oto I?urt % rﬁ)onot ?JA levels during
therabmnc nmnmnome Dm@&kds asmquad ®iith glter@d)m:ﬁéqlorﬁasudt athlaham; Adrheimer's

and contr ol in for re t ed
dlseal(s:ea,l artnnesm ar?yoKEplhc 1ot rarf gcler se sm% ra]1x1fl {3)8181: élf—?er%ﬁr’ c?tlea?%na, cerebral palsy,
ceretni@taemtar discaeef C:emtzgelmJ zdaols stmsaﬁemtie,ahprbssidmaﬁewrbsysyndrome, tardive

0 zing the t nt.in.t na r

dyskmgsm g%stomasgeﬁ)llfps% I—%Blmn%lgn s 3& Rh l?lglr% ;E]grg%ﬁpﬂu%uhr%?&r%pﬁy,
neuralgn_am séuocﬂ‘a:tqrmnossvmtcmathﬁep’@mredi ydlwanbi’inlgs discagn Eyimi's pigmentosa,
schiz%ﬁi a gea?ongpaf%ctp ed(%s%ra% seDNé d@rﬁ I[lg Vﬁgq% ?@urgﬁ%quWr&rgé and cancers

a% on necessary g ong seguences
including Bl%oqamnwgwaa mfampmas, end Mroeammomasnm@kmlarlg obehe thoire These cDNAs

n s.al so

can alsg%e utahzf:d agm O%Ik%r ﬁtéeﬁgmeﬁlgef%cacH ggz%l stn tg% glseétlsees notﬂiI above and other brain
dlsorﬂﬁs mbmionstaeqhdxd@tﬁaivemperrm hogisg fnmes:erntaédhyh ar eorolisf Ele diagnostic
assay ma eusseS a)?btr%]tz%trlo Of ﬁ%caﬁ&n %hn\/\g)gy toC ear? gérﬁ%%es[smn in a biological

pr act i cal .



[00165] I nprovenents to the enzynme fishing nmechani sm
have been proposed. The exponentially wei ghted moving
woe§/pdg7 1 1 ter replace the noving average filgdgy /Ig;ﬁ@%mém
previously to reduce conputational conplexity an
I mprove signal snoothing. An enzyme di ssociation check
that can confirmfishing is perfornmed with a bare DNA
sampleatlrc[npél peglemég rhll] a.I'ed s%acre]:ﬁ_ﬁ)eotr(?e(r: ¥Oe ete tna%tf!rgg%gr}\éeegyt)reslsﬁm a?ua?\(vtlve or
quanBIlaa\tel redthods for Itlmd@ir@alﬁmn asaemplﬂelmowmgr themause nodel s
V4 hi ndi event s |
[O(le%gt:faﬁ%-dﬁgl%sg 104 séaycrg yse hyt h%ﬁlzgt\lloen T f’llﬁl?’lfﬂ?ah(g utgcehnol]ogyato compare gene
exprdsOogiera bmugldaasanmieﬁsorm hazttlemu kteindatd sanvpllem ondee toofetehi ajtaed gene
exprelfC ﬁﬁn{}t |Q‘rgllahtatweto{rJl es%taB Ve meatf\)cfde gcrrl 6§/evg . grrllsao?(%{%rvg (?lalcntgwr? Pn th art.
[00 1d@)For éxaumei, (& pﬁlls/mrciaoeqlmu)eﬂbe eny Yerebaeddnyt staiddrd methods and added to
. P agnostics | cl eot
a blo@'gllcgl sam%l er8 Ia d)aél e’:nﬂmder one%o%{sn\% thﬁﬁ%{nqloa Bm %lzlatlon qomglexes
AftelaandnchMSn periodbibe segepde it @/ad&ﬂ et thannbuqudn:mef bpr sibadraegbeiated with
hybn 1za leOHeC)(gPI l%?e%llgﬁﬁqugdearﬁﬁ% g’de\pgh s}ﬁ%ﬂ%&i%algéﬁﬁtﬁﬁamoum of label in
the phtmar &amplﬁtls agmfﬁrtaemwaémtedmncon@enmnttm e sianddrdse@ds eerothe presence of the
sdor ‘ﬂ] SSOCI ated, wi th a[ter ed expression include
assocna ¢d con 1se se or disorder 1s indica efi
nonary arterial hypertensi on, secondary
OQ)IGD]TD nmeytommmtaeilass fon the aiagadsis ofa Od>ddfti€>n,aﬁsie¥1£ od Hisatetassociated
with ggr}eteﬁgstsgg zlﬂ 8)6 ggridlrargicegclf)re Po%%?cr ot% Fstaol}q;ghed This may be accomplished
by ccmmmmga lmmaglcfg aznggblc taheuﬁr@nmormbsubpﬂaleltm eph‘atsm‘]human with a probe

under %ondltlgnseforshc Ibﬁclilga 1on ’or %rréé]tfi czﬂ ! oﬂandzatrccilI r?cﬁza’txortl m nég%quantlﬁed by

ocar Ci enocAarcl n
comladegnhc aarlaesrmbtmpd mmmsllszbjergs \nlﬁuvadlemftomran peperiment in which a known
amoun?ofc a l())stan 1al u?i ar e %tqllle\lllee 1fs Iusb ! d val%es obtal 1S manner may
pr ol YT At st By eas | sease %‘?Jeld (5'

be cm:hxaieewtsmluessobamréd ﬁbml seinplbhfras p&tiene sthe caarsyinpuomlam; foamplarticular
toid arthrtls u d i nmunodef.i ci enc
condmon 1sease o(r &lsggsz atloggnq(%lsst@%%rg é/%helesr}gﬁzgfi tthorsee aSsE)cl}é}aé doV&flg}'l a
parndnmtmelﬂ&nswdd ©iiagnask e goném,on ankyl osing spondylitis,
oSl S, OSC er 0
Oglmdos% ass%ys mal)hgfso hsecell ?]oeer}/]a éjhte %‘1 cac a pfi %1cﬁc1ar taer%peutlc treatment
regldmarnm gmpalcssltias hrel nhyhxecqmtraﬂ; orp ni@nnmctlm tteasqent of an individual patient. Once
n. . hpn's .
the p ae,sesné?Jl %afk a con%?on 18 esg%h ? af\d a 8‘6 gmeng,é]io{ocol i %nft}%se’g, A&?%‘Bsetic élgsays may be
repedvazl dnlatre@l,lar btfthy detormineaif ;l‘kﬂHVelhif as;tremuos irf tb¢ pdtiest,begins to approximate
er e noaosu roti.s
the ledllel)o/th% r;sgc}%aeﬁv dp A n})rma ﬁggaat ‘f’hetgresutlts obtaméd rom n%ucce551v% assays may be used
to showterifeagy & mnehtnnmtcmem ml:nsdaammg fr@n awesa‘l dayis sneasrehs
Hashi noto's thyroiditis, hypereosinophilia, irritable
bowel syndrome, nultiple sclerosis, nyasthenia gravis,
Puriﬁyamloabij@hnd)r peri cardi al inflammti on
ar t osteo cre
[O@@Ef@w é)ﬁ U t(l)ercr)éde %o e 918% ﬁereo‘f mlég ger used fo Spurlf%leI f%mé{ Fer a sample A
meth8y fud bOimgs pmhﬂumttdeloda ﬁﬁgrh\ernt thbtaof 18 pliréfly @dﬁgmmvoukﬁuaﬂ& combining the

polyéugﬁgti}%%ga frg%}g? g%%go 2{; Xe Lglger coécf gltm\lsj o a}llglvogecﬁn ¢ binding,

detec@ihy teeiffabiagiug, recS)y&ir%m\erdaﬁd pioesi, ad using ommmgnoq@egem to separate the

ulcerative colitis, uveitis, Wrner syndrone,
poly “é[%g&{g hgp“rgiﬁ?flyg%ngr por eal circulation, viral,
bacteri aI fungal , parasitic, prot ozoal and

i nt hi.c | nf.ect tin .
oA Bl BT oS AR Ha o B e Dmelecurticos
ovul atory defects, and endonegqri osis, a disruption of
the estrous cycle, a disruption of the menstrua
cycle, polycystic ovary syndrone, ovarian
hyper sti mul ati on syndrone, an



endonetrial or ovarian tunor, a uterine fibroid,
aut oi mmune di sorders, an ectopic pregnhancy, and
Wotz%l')éﬂﬁ nesis; cancer of the breast, fibrocysgld 14;[%52008/004467
breast di sease, and gal actorrhea; a disruption o
sper mat ogenesi s, abnormal sperm physi ol ogy, benign
prostatic hyperpl asia, prostatitis, Peyronie's
S (8 RE 1008y RS ' U G X6 FhRshe of
et ERR ] P B OE Riord B RRR BB (ARG B Bbab o
polymicketdies darectureatlyt kinogusndidien be noMITBY, to, mr@l rodretsienss the triplet
genelp coge ns(lrEEéler]CQDC%etéalrrrhtnga 9' Obl nurl a, pOl ycyt hem a
en1a conpl i cati ons of
cancer cancers |ncIud|ng adenocar ci nona, | eukeni a,
Refetel %g%ﬂsnelanona nyel oma, sarcoma, teratocarcinonma
rticular, cancers of the adrenal gl and,

[mﬂb$ﬁd5§?8g§§gﬂmgage mar r ow, brain, breast, cervi X,

ganglia, gastrointestinal tract, heart,

[ g, mnuscle, ovary, pancreas,
[Wh?gﬂ?§Mmrh¥85mg%¥§ prostate, salivary glands, skin

is, thynus, thyroid, and uterus. In
[Wﬁﬁkfﬁﬂom @%gct the pol ynucl eotide of the invention.

| eotid f t
[O&lggllzpﬂac nl%lePlgLynuc eotides, fragnents,

ol |gonuc eot conplenentary RNA and DNA nol ecul es,

[mﬂqgffppg ogﬂljragnents thereof, may be used to .detect
quan? y altered gene expreSS|on absence,

[0@&?&6Fheveplgleg‘as?ﬁﬁésr*zeﬁg&{x&s&'pgﬂ n@f MRNAs; or to nonitor

I ng t rapeutl I ntervention. Disorders

W th altered expression include akathesia,
m@?ﬁﬁébﬁ%&ﬂs di sease, ammesi a, anyotrophic |ateral

[0(‘?1%'1 slSa’ntl é/%ln?l%te abélygt%s?zred ?61?19 Lder, catatonia,

cer ovascula Jlsease Creut zf el dt -
depressi on, Down's syndrone,
@@5@? %éﬁﬁﬁkggﬁnEggystonlas epi | epsy, Huntington's
W@R§ glaﬁpltlple sclerosi s, nuscul ar dystrophy,
neur al glas neuroflbronat05|s neur opat hi es,
[Wﬁ%ﬁfﬂnﬁ%ﬁm§ di sease, Pick's dlsease, retinitis
pi gnent osa, schi zophreni a, seasonal affective

| d N & denentia, stroke, Tourette's syndrone
m&ﬁgp%%%%gwiﬁf% ﬁudlng adenocar ci nomas, nel anomas, and

Oéﬁkﬁgofﬂkﬁh Ee particularly of the brain. These

can a utilized as markers of treatnent

W@w 1ﬁ§g cﬂ%&n%ﬁﬁ g5§$§&gs not ed above and ot her
ra I'sor

ers con It1ons, and di seases over a

[O@%lgjggdw{,ggg feqm several days to nonths. The

ssay may use hybridi zation or
m@ﬁgjhfkﬁékk N.L8¢pol ogy to conpare gene expression in
ol oglca sanpl '€ From a patient to standard sanples
o detect altered gene expression.
[0 @Ofﬁfgbﬁée or quantitative nethods for this

[081% ﬁr Il\’?e?ﬁllz%{lgn rﬁ&yh&om inthe art. [00168] The

nosti c assay y use hybridi zati on or

méﬁgjhihﬁéﬁ'on technology to conpare gene expression in
ol ogical sanple froma patient to standard sanples

[Og}3fi0d? mtf?mglel'ipqgtnlfs,g ered gene expression.

I've or quantitative nmethods for this

th t. [00169] F
w5 E%' r“ﬁﬁﬁggoﬁﬁﬁéc $H%§ or Srgge ngy be ?abg{ed by

t and added to a biological sanple from
méﬁ@ﬁ?ﬁ 1991 agﬁcondltlons for the formati on of

hybrldlzatlon conpl exes. After an incubation period,
the sample is washed and t he 4gmount of |abel (or
signal) associated with hybridization conpl exes, is
guantified and conpared with a standard value. If the
anmount of label in the patient sanple is significantly
altered in conmparison to the standard val ue, then the
presence of the



associ ated condition, disease or disorder is

i ndi cated. [00170] In order to provide a basis for the
wdHoggsj-s of a condition, disease or disorderpcyys mm/omm7

aSSOC|ated with gene expression, a normal or stan

expression profile is established. This may be

acconpl i shed by conbi ning a biol ogi cal sanple taken

from nornmal subjects, #ther ani mal or human, with a
[Ookﬂéb%"e Lirereer a@k‘ﬁ?&? 19146198 @8 hybri di zation or

Ilflcatlon St andard hybri di zati on may be

Woﬁﬂ - iGhembersy “ebnpar i ng the val ues obtai ned using

normal subjects with values froman experinent in
[0013%] 2h Liguids arearrogibtiondeqn@ubst anti al Iy purifi ed

target sequence is used. Standard val ues obtained in
Woﬂﬁﬂ%i Faldriscredsyopionglbnpar ed with val ues obtai ned from
sanpl es from patients who are synptonatic HN a
particul ar condition, disease, or dis

(00R0 o Sirdneredee, ut e 4 UEFETRB LU RER %Eggtt% PGPl 2H‘d pedsure

complQ?ers bl £in8poréE SSQQ kibinQBwdr 5t ot 8867 NewdiMegNN 3 es-31h atWe belleve that similar
condi t 1 on. Such assays may al sg_be used

functienakityiravld be prbicypd w&la@yap@fopaatﬁ avrorsenester ERklage it heeh used as partof
a macr'nﬁ]g %%ﬁﬁngta{)ﬁrg&hm th MefM¥y %lterﬁddﬂlbﬁ]f)m tHerbllﬁJt brﬂi &@NA hairpins

o nonitor the treatnent an i_nd

(see Vb&lolltélﬁt et 20BNV Biptechople BB 24823 dY integift §t tal. (2003) Biophys. J.,
84(2): b2k, ghed aarﬂlgch%lﬁéréﬁgﬁﬂﬁ@;tloQ bO4naSM in vﬂllémkstﬂr@{a%dr,ole was for

agnostlc assays may be repeated on a requl ar basi
trainitgghel@achingilgaening medels qﬂ@\?ewrggMefMﬁt@%%%ﬁ ug f?fr?é‘“ﬁ%ﬁ“é%ﬁw““"‘
begins to approximate the level that is observed in a
normal subject. The results obtained from successive
[002@ 14 Bjrsctiganyirobel sSBNA ip & Na9E9E (IEnBMGs L Pecgrdemprsifptep Hiates et al

th«tﬁ&Vd%{ AiondRYNA R bERAbLA Fronitoring th
(2003 Egr |pFﬁécgﬁoglﬁgo§@E%d;%ﬁ2? 172] eheonpol ynucl eoti de glronng o

amplifude epirtinie totarthieshofd lmgp}, \B)étagfé@\@l Ql@nm rqopxyarablp Fogtgwa ef“P'SPﬁdd" Wilson
et al. F(%Lg)ldt) A\\/eﬁg ot bt RPN 1R PRlaHD I RREdedCe® orﬁ‘sSDNA -pore

to purify a ligand would invol
1nteracmnb| Inongrasttiethpshalding the s1W iQeic gyITeat FIPRIHAS nRur ?Pfé?aébiﬁ“ers the current

mru%4&@«@mﬁ &ﬁnHQQQEm gydi tions to allow specific
nan ge

I'ng specific binding, recovering the
bound proteln and using an appropriate agent to

[O?@@%}%{ﬂﬁ?%ﬂﬁ%p Qils Y& gﬁl%l%%rfjo&ﬁle séddihy taﬁ‘c?m@rgﬁdlid R Ghdlid® @B(d:al tweezers

n a tlona odi nents, the nucl eot1 des
and aromyic beceulserdscpw @eryBystimanig lebal (BOA3) Ugfytee‘é nf‘ 27)1 Fpg gxample,

optlczlﬂéllrab)pl as %gen Q@edqg gﬁ%'u?&@ %Nﬁplg)pa\fﬂagﬁr% d J?@ce@s@\)@ h BTt A P8 styrene

perties o ynucl eotides that are
bead c(suerAe)hoddynzl(ernmAml (2P050 IN@mm @38(%\) ¢60d65; lapdhiSrestieafgnd Blpgk (2006)

Sc1erE:£ APR5Ed 1!) ! pﬁ&f&e&t rb?ee&ér sgelu@f an ?er?rﬁ)toh? reSQGtEonRdin ig A in6lecule

pai'r i'nterattion erence Nurmeral s [00174] 1.
polylﬁk]rzmlcmrhapmee achoeed thpew[tﬁ)@@'pg?reszHomgttheaQ @metypds generally require

ruct Uur OO& Za? 1‘ \a;)é dd Q%Z«?d] ovéra J\é‘ﬂﬁﬁdﬂme%%&
more[p(’)??i‘?é %’.pL’ FiTs eporyrrer 0 199 . Inconpl etely
synt hesi zed portion of polyner
[00203] Our invention uses feedback control of a single tethered DNA molecule suspended in a
nanopore for repeated capture and subsequent dissociation of individual DNA-binding enzymes. There

are two phases to our implementation.

[00204] First, a single DNA molecule with single and double stranded segments is captured, by the
single-stranded end, and then tethered, by making the single-stranded segment double-stranded on the
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[00180] 7. Mononmer [00181] 8. Substantially conpletely
synt hesi zed pol yner [00182] 9 . High affinity binding

wosloh€1449P183] 10. Ligand [00184] 11. Product [
12. Second pol ymer [00186] 13. Third nononer 1{[%%’%?7)?8/004467

14. Pore nol ecul e or channel nolecule [00188] 15.
M xed-si gnal wafer [00189] 16. El ectrochenical |ayer

Q019 17. Oific 00191] .18. Metal l,izat.i o .
rans S s P BT P PO Ribdng et S S R g s g e
chaniel, pieCONOA wély 2imafr(i6 it@4hariddl uniit egpffetngastagd force exapghedouble-stranded
B T R e -
such ahat, watlet nde@DEIB]tage§ expaisgreofithe singlertredruble swinded Gr-ds) junction in the cis

seco 00199 GT:FCEO| el ectrode (optional) [00200]
Cha"‘%‘é”%ff?fq‘ﬁﬂ'h\’/'\f‘éadlaﬂél?g% armedclj'{ghe first researchers to use

an FPGA to control and neasure conplexes in a

re, e rnbl o t a 2007 ture th, .
oS8 B Sacph el B HOGHFDIE e B o Py R Mt Rion o e
enzy@eslih cthelets caghibeg veitle warbporerByaipplogypwittefisbingi the DPioe de dioe and bait
. FSM | ogi c. has ..been, .us as I ' I '
i TS R IP AT R TGRLES LR, oo
time)t Deailyl apndovegidenafn dDNgktupacanpdlrisgi€, s@ged/mpoacitee ingthe bteragdre, and our

... (2001 t.. Big ol : 3 oW nters-H |t
e e T IR
much different application of an FSMin which its
oLy TRE b 8P Oy @i the machi ne | earni ng
; onality is used for
[0@20b ] Foe the plitpagerf expidring|the ih@H2@:h]of Bhzymet thatdirtdrayimodffy DNA or RNA
cof QR R TREL S R TRD STEA IRN RSB TR
consid&Bbat P8 Td)ention didtlosdd letedirewilli lave bé faDbiMing sechadegiicabimpacts:

S0 15 R Al AL 8 B e e

enplioyed in fishMg Insde, aed a positive (VRIEE8)s uisdsl fd) probieg mode. In probing mode, all

COMBAS5h PR s R 08l LR i e

t hr esdme lodpatgmérheazymeinieoniiahs,ciu anyelatired ppibirgvdggeolnmon-tethered

SPSre%%g %Iglre{ti:glg,tie eiﬁx]:)dlchtzt Se?c%!lnrtsr (?nré}uding cgp%?r!a, b‘ic;c‘zra‘:"ge:(0‘1;j ﬁ%n%b&%, and eventual
translocation of polymer) contain the information relevant for analysis of polymer alone or
polymer-enzyme interactions. A sufficient voltage is required for capture of each molecule,
the time between events is not controllable, and lower capture voltages increase the time
between events. Thus, the tethered configuration increases the throughput of analyzable data,
by increasing the number of analyzable events over a common period and by increasing the
range of probing voltages.

< Reduction in non-analyzable data. In probing mode, the ionic current contains information
about the tethered polymer alone or the interaction of an enzyme bound to the tethered
polymer. In non-tethered configuration, up to 50 % of events recorded within an experiment
can be unrelated to the kinetics of interest. For example, brief blockades caused by the ds-
end of a DNA hairpin contacting the cis-side of the pore would be included in data in the
non-tethered configuration, but not in the tethered configuration.

% Substantial increase in sensitivity of nanopore sensor for real-time detection of the

addition of biological components in cis chamber. Post-experiment analysis demonstrates
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[00202] Alternative nethods for single-nolecule

sensi ng and mani pul ati on i nclude optical tweezers and
wopgH1d-0r ce nicroscopy (see Bustamante et alpe(@30)o04d67

Nat ure, 421: 423-427). For exanple, optical trapping

has been used to sequence DNA by attaching a

processi ve enzyne to a pol ystyrene bead (see

Abbondanzi eri et al (2005& Nat ure, 438(24):460-.465;

and tgyseesif] Vit Pf eAREPIBE gsakory O%f)ﬂlswféhﬁ:@esegc_??f 8tr1) cofagtor and

pr e%@lﬂblemgﬁtﬁ'ﬁiﬂﬁ? SPRFI 18 lbo@ kel QBPRQIRis YaSiQnlihd iBReRE in dwell time
singl e DNA nol ecul e Pol ynmeri zation has been achi eved

t hanonthg ﬁFﬁaln@wert@g of bipateieatary ¢varis Byyaemetas e Awelhiimeof KF-
req l’b'oﬁrﬁi goR{ohs B S BiAE fi\tréa\f Eme L BPSthe@MEorli@hirafi @V¥#fers a new capability for
nol ecul es can be analyzed over a common tine period.

[ 0020Bde deéttidnrvr emmcshrbfwgeSarfdeeﬂblaﬁkmm ANTBlcor@ponants to the cis-
sin

HIERET G T C T C—

I ndievén@iyasitilNmiponehicd th @R ZyITe Setheldd A aperitneds PHIAKE Sreal-time

t | epent at 4] First, a sing| _
ol GG PTG A P KRS i v 2 eBinE SBE B opgentration.
capt zegﬁnC(%!Yra&&ear%dﬂ%LI? \$ot1t£ nded end, and then

t et he [ e- st randed segnent
doubl e-stranded on thetr ans side. In this
f
OFBA BRI iy B bSO B RREP R e BATRE PPy A bhmplcs
which em@ichidedhmerhly fotmarpoeds ofidlustratian sildeftaic pgpatts yrol ebgdimients obthe
anded segnments fromthe cis or
presepp%ve?lﬁog %ﬁ ng%qh%gﬁé{sh of the single-stranded segnent
in the channel is chosen such that, under negative
Lt ages, exposure of the single- to doubl e stranded
-ds) junction in the cis chanber is sufficiently
[0@208] Headih erefdescribed sbyenal iexagnplds0O&DBnstiate thireapale ity ol mpdsares
for repeated capture and
mact glgéougl aﬁ({ goqa"%@‘)] %&gr]és in the cis chanber of the
Exampin &orzpme Bindingas pweWQ by 4 blobkingprimee DNA i s t he |ine
0 e
[0?%;69] I-l%r al¥ 1%1%%&%?116&? is ﬁ%thgﬁ s%é\“l\]ﬂg&r R:é)QErBEelghcl é% E % m?sgs %nr;]lrelo the
blockaiig wnnuqr m@pundjettlm prisnegfegplatavin Gl ehasgrSn@emresvéthgpemary complex
! s'DE\Pp{ EAfts of th
preve%?sg)'il{dﬁ) Jlf grlg eﬁ?/n(eg!) ﬁ'lteﬁst [ %ﬂe&ﬁ&ﬁ?ﬁrdgglgéqgcéls E I?e%g‘l nsé of the target
DNA wheze thefitsemetto@idAvould kecndoeparateda (Wrropior @f .a blavjsedcprinagn/tbmplate under
Ref § DNALCaRAR
an apg d VQ)?t er{%rar% Slq-gg)%gﬁ\éé??he I rl1]t 3 ac/% !n'(t)c%] M% F&Q erésﬁgs{ tnéa ?&NA above
the vbstlhde oThwrmzturfS)be@m the loBNA tifeesnd nlibt blaslasg prknem actes larggrielenter the
ot h pol rase i a j -
sesi Bl I RENITRL AT Sbyuctr o peB In S Qa8 RBE ol volase, e
ssDNvesegmantail Vancds arvebe pore tdvolrd o migs-sidecihd ptooggsizel Uilzrim;d?@tsespairs between
the b oc?ﬁgﬁﬁrﬁgc on terr]l? 1 ?gﬁhe egerg)gcéog% 51’3%1&3%? Q%%ebaé gv US I gpendent]y 1s
smalf (aduk A knﬂd@]) mdpracqgmmdl\vemw fareeg dDuripg thiehzipping process the
currerr)lr 1(3) e@%g&q# (l{) Ibgcamqué &%l\f}pgglinelﬂlcgmn {Efn&:rr U%tv%:s%ﬂule (d) Release of the
ai ned he ronic curre can be use
blocloh'ga.pramdr énrl]ozzvatgnmnppjflg t Alseptoheyirieaking|pomer, dre dsDNA segment of the target
DNAP ap%n 1 (h€ Fozr \r/re%tlfn{?é Crtegj(?(n i z}r%asﬁgl%i pe%ﬁétiroﬁﬂx &;&Q tﬂig signals release
t ered c¢on ura , I'n
of theblecmlg p(rmm bmthcngauompt the argebDﬁak dg¢&/ Odiﬁgerra‘rmbfrxes)seaﬂld activated
tra ol 2 t Al .
s BEIN R b SR SRu. SV O B Rty chareca A i
drivepdhgknato-tienzsyavmpanrhent.af} Abmast. thetblgakingipcimenienayolet eagebindgo the DNA at
required for capture of each nol ecul e,
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the time between events is not controllable, and | owner

capture voltages increase the tine between events.
WOT{(‘)H§/124 d¥e tethered configuration increases t'ﬁ:T/US2008/004467

roughput of anal yzable data, by increasing t
nunber of anal yzabl e events over a conmon period and
by increasing t he range of probing vol tages. |*
zab* e dat
the tar%eqe% 031 nrgle ({] @gﬁ%ﬁ?ﬁé Jllmnc 1oor}, IHH 1se ﬁlmglgzu@;)%rﬁgmr@ %8‘#“8 fzyme or
DNApodn@rﬁmnoral Rzunewmg atdbféneld iatneuirmot mm(t;q;ﬁcanyi hedeedrog mixesachntioto
secortﬁ%) htg%tgigaegg/c or*tpeer%&eéhsteg oncg é% ra{é]) dtts\%n?iﬁzflﬁglggglgfhugl:zjurllﬁ:gt enIDNA back into
the nbr@porar €liadne chadaut tdnebe lusadad dasmirfe if autearymst has Emn bemalrrpﬂoem) or if the
ock 8S..Gau t he
DNA cgiﬁﬁaééetrmmas ? eeecnvw%dlsfe% (n (%{ sh wen) ggtr%%re\%@bls gegauve. stePsl}g %) can be
repeatemi data in the non-tether ed configuration, but not in
t her ed dqurati blfs ant.ial increase in
Exa'g ng’t A '?e canﬁys's N gf)eovfletegg %E‘rﬁc '0F PYE&l-ti ne detection
[Om‘lonhne araxiildsttanomofoms biecliodi,g;ee:ﬁguremmohreughsz(g)n (®©ils this scenario, the
peri na [ ns t he
blockme%,]pnr?er is. bounc} t]p?h ﬁlénpero/r 1 ic’ageﬁglob%{lg p?laose %Plic cﬁiotﬁe tgilznarty complex
permps Bisding ef tbef erldpme of thchget RNA bctnmalyenaenrtt iabgessjri‘g’l'dibngfthd«anplate are
prevedited l%)?c ﬂll‘ of’atﬁ%ctk &f_ri oeg/ltjelﬁns iatg %Ieroarr]l 218?11 IVHQ f yans r§1de yositive)
threadsneéitsDNAByltdtbmpdroandr[grcthGhd%@lNA ztbiomhef/estﬂﬁb@ Uﬁﬂs occurs because the
of events in re e &l

loop Qt tl[lﬁ elzng l?‘?gl fbg)ﬁklg PrérP%r 1sa {olc,)] ga\f\ge Ct% g‘a?t%r tfiel \{e)s/tl %rf currelnt regorts capture of
the cdrepiecmithin statt. @lUnddr dre apﬁllewgol&fgd, thmiYDNésl’Eegmw yd\dthPm the pore

towabdotmattranlsamdgan V\ﬁ)l’f)(}_]es%‘fehel%nmé)ﬁ as airs GBVEFII]_] ?)?Og%n ggnﬁ%l‘ﬁagﬂlﬁ template
The @igicos ehsiehsmge:acioisqsepeenh&peddamtyus srﬁalt (alcrt 2. ékhﬂ/ihem) {ONproceeds

X real - det on ca ties
rapid? LF)nﬁerbfjérl%ee Xpimnig dlS unﬁ%i)u}gd)ro esson O ¢ same € the dsDNA

segMe et GI’MrItMestMlel\/@d)dﬁM&ﬂf [hﬂtblwklpg anmder;folmwmgunzipping results in
activ%jtio o? %[())i 0[}111 ee slce!}i\e{ eon ctiltsch?ose& adh |

nlJl uis L TR KD segmé/nt of the target
ers y ref erence ol I'owi rig exanp ,

DNAMahd elﬁEIﬁhd et udelehlerehanl tie Hlaok dimsasqmnseascaofe thd limumd Eigdyme is too large
ain ects .and

to en eﬁv@fﬁs tthgﬁlv%r cHg?nt gges nioﬁ?rl;?%e ﬁ?e&é{lgr&pﬁ a@g r esgbgg]permns the
enzyhie teeprocead. €Tl eesrembhibed fidane foaic cexainfir emlfse. dé)l’mﬁsdnﬁ;ﬂzttemand is
cople%iég g(ﬁ? %gln : gt) é"g oﬁ e}(scﬁs;slocr?%gﬁq% rhg %?rllo%grlé hs?r?;)&gre%dy nta czﬁ)éure and
activiats aml&vENAetdrgby(sea: siEpagki ng pri ner [ 00209] For an

t hr ough

1]
Exalpglé;lﬁ %lgz)qu%%a%vsg lSS%célﬁ%tFF gy intuhc IO%P 1\%5{ cro %;[%nopore
[Obmumﬁoﬁm iiﬂdmatmniofr&ns/mcemml gt Figures B thrqnglas(e) (S} Inukiit evagnple
scen%r {hﬁ é’s c ?trn}/ ck())g{e)u all ! evg%é%ﬁ%sgar %{qu %merase%g{evity except

for Mf”*. tThes, hai’:gﬂpmﬂ‘dﬂta&@ @l‘aee t(b)st)d:rf \letagkuc:hp@d]éd (d:emmdé €, Bg** is driven
acrostjﬂg %erit%tti%das(c%}'np%rgenl’tj Fc) Qvfhen a BLJ?& ?ymep rase rcrc?rrrllélgxeiweap%ured by the
pore, the Mg?* concentration in the volume immediately adjacent to the pore is sufficiently high to
permit Mg** occupation of the two critical loci in the enzyme’s catalytic site. Polymerization of the
copied strand can then occur. Ternary complexes in the bulk phase cannot catalyze DNA synthesis
because the Mg®* concentration distal from the pore is essentially zero. This scenario could be applied
to other substances that are required for DNA synthesis and that are small enough to permeate the

nanopore under controlled conditions.
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an applied voltage (trans side positive) threads the
ssDNA into the pore and perches the dsDNA above the
wo'fsdiawe. This occurs because the | oop at thg1enBoski004467
the blocking prinmer is too large to enter the
vestibule. The current reports capture of the conpl ex
inthis state (c) Under the applied voltage, the ssDNA
A i . . - 8] d
e
(ogRiR}TEne panmetakmactnetypdfalm pdlhreereﬂeé nsgyrge:l@sdmtmedrieh emadllengfructure
calleg ﬁ]c I’\]ﬁlek%l%s Ta I%Ienr Qﬂ? E eglca 1§n rt%(le lkl%ﬁ]ownpar%gleegt 1]§ Ol?ogvee% t(bumd toga strand of
DNA (Imesemmm)phm hgs tmdergex&scomhbmemry em paising Wah g arimerad defimed base
sequéncg ﬁgg:?)%‘?n(la?ra é)ﬁjoe é])glA oregg{'ﬁg ¥ n%ecl:g n%:t] bh?(gl} fthe rp%? he%b)haadl‘lcefi.
Two umqunpanmgnatmﬁmnbnstchebebdnautoradgl)|cW hemelre, prothie ixks Ph¢ad from its binding
site on%&[ pnbmelr ?em heech?pgegS;itl (f‘th\Aenglc transwn{ regl]lcglor? 8{ gm{: current 1s produced. 2)
WhemUnleezytnenm;aplsﬂgnwe&ppmbm@lﬁ? subshnsateb:i dmkactegstprlq:rrgmemng of the
resndenc,% Bmg g tt a'érllzon orf th% g%e fjs Spﬁ%if egtu %I\(I: s%%gars [icg \rligtra er the
residiicadimag. By rever sing vol t age, the negat i veI y char ged
t artnment (f) Absent
Exax{??'jg\ ﬁe{i ﬁﬁ@t’gpﬂ&‘%hmk& {0 a%‘c%g&}k gm‘igﬂﬁ 3 to the DNA atthe
[0®2iﬁgﬁte$¢tolj@mut poradipt xhe%pd:s BW:Q@DNAnl}ed neca 1@mer pf foljaspartic acid by

formrg}t{);oga;? %Ptp c%)latg) rﬁg\il%? O\g\llbol’qg rsug'no% gé'}/cn&ﬂr\g% Cfggﬁ{“,kﬁ‘é agent. The receptor

is poéntuyq@'d e 3 ym Hiamdeedliah nmdﬁmmemnﬁsemrdr feddtandg dn the bdyaspartic acid
in its an1omcgc€ ?F Q)?e t'iag?z/ilerlgo%gl%{eﬁ OF mﬁg%o%ﬂl a?kﬁil Eu%ft‘ (ﬁeatt%%{]ﬁg oa %old layer on
the pﬁistr Aﬂﬂmonmmttguthe wnptbxes cm/ekdndxbodadeo the pereibfy f(a’ma&ngfnlsulﬁde
t.he DNA d ex ter -
bondﬁ %Siwgeengﬂe akflggig%oués do ( ﬁg%ore ﬁnd Wl)ﬁtemfi %ro%q%e r%e% Srecie{)tor VW]f:n estradlol 1s
presane frdlindy e, thshlglpsfﬁ@e)) sie@h tieapcepter andpiat edic chixenioggh the pore, thereby
provﬁaéfli[%]a% atf %'e,&{?t ? st r?n?}ﬁ%lglﬁ]ong fhp %4 %gl@'&o‘f{%hf&%e;&fmﬂ? r.
Exarﬁplg lYﬂeBeth(tm)g gldcoswglﬂaie(zg}mt;( a) I n this scenario, the
I;’ll( llﬁgm theé)roced e Q&wneg § n% ‘T%SJe o rc‘fg)se%]io(:feculrcl, lS attached to a
{ructure o y conp ex
sihccbn nmddﬂg)re)leteh gleosysipedeot, thh enztymageetcuﬁ)i\wmbubs @mcabljcsmasswnt
rocessing . al ong the t te @l .
e B SRRSO ol B TRURDR PR FHEHALL B8, . and
releavaxbftpaglecté trans-si de positive) t hr eads the ssDNA into
th I erches dsDNA above the vesti bul e.
Exa"?ﬁl%s?qgé\g%rg&r%' "bosom gﬁ'é&f oop at the end of the
[om lél:,k rihgpope i lpmparamcm 11; ogobcdtgespcdfie MRAVA in ke pressgidelvlih eommonly used
transl th sgstrfrrn)esﬂ% ?t%%o?lllg e)étf)%f cilili ]:ﬁ Cé\}i)l e|:1 se st%r(r)lt rlél;%étsal o Be;yég IT% 1r{ order to
mhxlﬁtdibamnesfuncﬁoﬁ heltgpaatieely Gibesothed ey lter igdedvasedohy eacldding a required cofactor

suchB O Yot B S Rl R Ragne g o YA gon be

posnt&aematbl&aiarepﬁll dfawlmglﬂnpefmmthqupgh Eheipmelbbl tr(eabtﬂxmtof 3.tAnsmembrane
voltalgﬁ(e)lll {OHEnZI ?{a ’I&Fprlgtﬁ're 1§ e en ra \d Iye r]a{m ddtg ﬁ t%(%r%tlate grolemgsynthesm or

CeSS
addifidn)of b&ﬁ;&iﬂﬁ&ofdﬁ@r dBtBNlesIG@ﬂEtB[bs of profei syathtsy aré hﬁn monitored by the

vest i Reeseof he bl ogki ng. pri nmer_ fol
comiSt e G Bk ghirert A uCbrOMEs BB A B dotm teten i pREoy the
ribosolhie a@ioR kAl cf1id kSiFbiaEiEnall Ehalrged Uf @e Hibosbie aghs pidbec8EGRGRBN the steps of
f. the target DNA cannot enter the pore vestibul e when
48" p| ock di ssoci ates because the bound enzyme is too
| arge to enter. Thus the averstge current does not
change (e) Reducing the applied voltage permts the

tran



enzyme to proceed. There remains sufficient ionic

current for analysis (f) The tenplate strand is copied
wd Ro§PIRl-etion (g) The conpl ex dissociates angdi&2008/004467

nanopore is now ready to capture and activate anot her

DNA target (see step a). Exanple I1l: Enzyne catal ysis

is activated by injection O My2+ across a nanopore.

1 is see
e St b ) Loy 0o G
(08 6hzalpha3herrtohemcuh&meks rpihe fomme rf hepointess Masednllbl&zbﬂ'ppcnsemé gnembranes.
Aftegl]are%gee,so?yﬁiox%m BI/%S}?%% Q@dalxne raglsng a%&%léa\(/l(dtbni/ mvﬁeﬁg a\llt 8 ¢ tgxélga{pez ded and a
transaapphuﬂﬁar(etpo&nsalm mleduedd achyPthe ligosame membany, osstl\tehmsquO@ﬂia way to

do [hllSnlE % atd!dq gs t havmg n@ﬁ{f%%a?%%] é)epmevyg?he tﬁ,mD%ﬂ Ran%g%ng an anion that is

1mp€00¢’abbldhdf a;tnserze |1Fheurhmbwnb pmtnamm ta¢ Béeenddf te daitpid @to the pore.
th re is.suffi t ;? h t ermt%l\%% .
Becagsgcolﬁ Pnaetstre tavncf tﬁlc&{ \Agl cl:%f\ll Ica%a tplas& roug&l [{1 r%R%t ylrr1rséeag forms a

comlﬂact \alltryme bensdlysén. TRohgpmbter wakh itontadfed DNA aopd Bdhestisobatdd by published

proce rﬁ:rs1 Oan d? 24 Folﬁ'ne czbﬁéeno aySf fg':oré | 1£ énéaglgga g?vﬁtgb#/gglﬁpeaievoltage of 100
mV c:rmrmelsiap;ated cmd dlneettoahorémmwhee DNV-\Strmﬁi esselitg fednt the stem of the
vem e CnR T B nF Bty PPe el Sl oo o e poreas
desciiiedfin the Exzﬁmmésl Tiergidiply WA pesndesthen r*eimevddajymmfsmgumteﬂamy of the
appllec? ]t)oten%fal and tgé) lqlegﬂo‘i)gm o bcaP 812;{3 (lenrréerr]ngérr)%lwgz?ns he | n%ﬁ?@%y R\Egh resolutlon
nanob@@ﬂﬁmoséﬁb@ appiicymmisase activity of DNA pol yrrer ase | is
Exar%) ;%gwﬁ{ :d‘gacﬁrfgfotn?ror ofn e} %négg' 6t%lrregﬁl\onﬁlto\Jetcﬁl§ peﬂgwt in a Nanopore to
Repe‘aleﬂgnﬁmbe DN Aabihdiwe Entymdsiln che bl@ical maasybreode tupNAplgiah Bpid bilayer is
npl ate) that has undergone conpl enentary base

Cr&ﬁ[ﬁb?Cf(?Sﬁ@S lQOd.na tergllop ﬁ%eltur%fn el Sﬁ'éla% ada %I&!ﬁl(é hemgolyspp, protein channel
self- lﬂgeﬂts ﬁ]‘t(pthé Ela%%m 'h% Jhglﬁlep(%&%) 1§n§imtnhl?leh Ialq:d &HE{ fa r(!ﬁameter The cis-
hrough the pore is thereby reduced ferent
open@ﬁpf/rhmppre i 241 omiveides opeaingliea frb nintvestibelle b_&ljorannthlgeo a limiting 1.5 nm
widt@%t?l‘@egiphl Ptlhg §}§rﬁdTl1{e rg‘mnl)c;eﬁ ﬁh@génm B! tﬂeetrcgfs]-o Qﬁn if% 2 nm wide.

pri mer late co Raracteristic transi ent o
The yestdhwdst ip @rge@hougd)rforcdoelalwmﬂed BNA{¢EpNdo erRyr, bt ehe limhiéng stem s just

w1de%ﬂ&%m?or st §L§pr%d.e§# &5%1 A)atB BES? H: l%h %E\%E:céé&§£|% ﬂgeg'to apply a

aract8ristic eni ng ence tinme

potertigeaceny hakildyar fﬂ‘ﬁe’r‘p’@?% ap sonmcad@rtf édougml@,emoree@tgumwp The field
creat%yellgzg{s I@Er)]lga%e 81(135294 %e?%ﬁvl%fg chlﬂ'gecf ﬁ? éﬂgtgt%gcr%%{rggﬁ gﬁ%ﬁw,k Gr NNA through
the ppEOR23B]e e the yissise &xsthe crare@tde@ﬁthe lpore 38 shegrani-gide voltage positive. As
P01 ALK, 1 U80S OIS chly 300 GRRRELE e Rl o
in currprit Thepegthuglechtipy e venis cayste-chimiérirgd byydaemplithée of degemrated
(bloc'k;?defgﬁlleht' a%% tile tRe olgmléjép%tu?trhe Eérle '&Fﬁbdrﬁk threldgvgll BREE dA schematic

by the electric field acting on the pol yaspartic aci
of th¢ panppase sysfeorang af erampleTPREA ramstochizos exentrisrsbdvay mFigyfre 3. The DNA

shovxm'ut Flgﬁljellg HQJ su%llé%h déwlé &Lgﬁde%tsgﬁﬁéﬂﬁdwﬁlpthg dglﬁJledsulaﬂ(ye% eé?lmant asa20

ore ositionin rece I's
base mvhﬂlr@m@@/th éFé@I DN 15 h@ttpcdle' thy/sifighe- stamd@rﬁnéﬁmo the nanopore, and

transfik agég Jnkéjt‘ﬁe P&&gé ﬁ(QEK‘O\Q@eeﬁ?s:]bﬁle ﬁlng%l to%h mx‘?ﬂhet Wi O}ﬁ?elr ‘?ms

an Ccy st el ne roups on e rec en estra
conﬁpmretsmmas utlity toiwadils apart pitbe inbtght lralﬁeﬁthm The wilityeof ¢ dohlge- Stranded
B I L
voltaposhaarn @emgnhngmq)gsﬁrglqm’amm Dl Asand ghetIPNA trgnslocates. Additionally, longer
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Exanpl e VI: Detecting glucose oxidase activity.
[00214] Follow ng the procedure outlined in Exanple 2,
w2094/ Ya9se oxi dase nolecule is attached to a spdjl/@g%ﬁos/owm
nitride pore. Wien glucose is present, the enzymatic
action produces detectable transient changes in the
ionic current through the pore as the glucose binds to
doub hsgrﬁrgqc (tilsc{/glrenlegtlstwg:ld lf%( Iel(rj%\éel?til Osglg zg iv enuvﬁac ge I lcr)l coFtr Odﬁ%]sssl) A or RNA,
trans[oc 4106 QA1 rgdck PR EE MR Roldides/ ¥R A5BGho pausas ifi essldchtondnbi chpture-level
the presence of a comonly used translation system
voltaggfch as cytosolic extract of E. coli. The systemis

(o8 PWah&e thatB@loudieStlaided rsééﬁﬂemt Rayl dtBn R Vely e RORRABY annealm ga
function. Alternatively ribosones may be inactivated

primgy PN s98antnyitiathe soiplementany Paset &y theendief sigelgnstradethB Nt B key is

that, fra&lt Enfillrat ANAS capiENDRASTHIIGUR rfusDRSONR: 18R INS sk fded segments.
the nR it can be positioned at the pore by draw n

This f;tﬁ@tultﬁ:\fmlqaﬁp W@ﬁe @qﬁiéetﬁr&og 089, smg,{@-stg@giqd@d gfcaatured and thegdouble-

stranféd@N§ MRRERYRHE dWell tiAB SreVididdfméN detect¥Rptére a;{m@a(mb?ﬁédﬁ&ng the
is then rapidly warmed to 25C to initiate prote

voltagg igraphald;leve Gexeiera‘?q in gpprofetadl heloyi Anotherisp aeasest for trmg this DNA

structurtdis WatlH@énz§ € Bpi&ed A Qi BloPosY RSpA6SH Bindd 18 tHeTRVA precisely at the
noni tored by the conbined effects on ionic current

singlg-fadouble sy ien 19y tha RN bei ng drawn t hrough the pore

Exmhw e KDRahdOPSQUMA EEjman, and cyclic confornationa
anges of the ribosone as it proceeds through the

(0Q% 181 eceftlyt Vabrype Hesd bip! gBleahiAnPAys|t Propioidp itssiftiAg ofRzyme with a

captuFed TSR In¥otdc e OS] aplledofiflel Hle SDALACHAQF EnzyMOBRIRIDNA is captured
Al pha henol ysin channels in the formof heptaners are

in theyaaseppsy. &¢hithe ePryRAEHEnaBMIoP #hibe Nanapqre eing @ fsgey o frgnslocate through

it. Kia &P bt BherlohA cb1ATRE e abAMIERE) Bindihg !%REI@NA%%e@Phl%Hh&l using
at one end are added and a transi ent nenbrane

voltaggyfagigs foa Panogorgbaed EUer RETHPSOPY-1SEETiIfcAlbs Yhen detsktionagfeapture of

ssDI‘Q@S'blEdg?!% afdiHa e 1o 68y WBM teQsIIRAIEXbBcdmplek Oth@flichpRensed! 4 voltage ramp
having a cation that can perneate the henolysin

until E el P57 e AHF o UERRICa P SMIOHEIRHFrBa(B e diri- b gispacistion under the

apph@dl ¥Sttagelafp MBARIFA DR d ROL B Rhle BlndE S cdnbignif.r €e end of the
hairprn into the pore. Because of the strgftaV|d

(0Q31P1 e viusly (fq%@ewm et ainfr8P7) plaiise Naoksalyelashe’: pbtd24)pf have explored

the intEYadBALf Iﬁﬁk%thﬂh&ﬁl@%\@ﬁag’m&g\ﬁﬁ 8f ﬂ&ﬁ&icﬂﬁ'c@h DNREpolymerase 1. In the
heptanmer with its attached strand is then isol ated

abseqgy o1 PRHEANH PUOE e #8ZIPRAREC A GRp A eontsq%t 18D en\sreyealsdriockades

with @0 ﬁ}\ llﬂegrpﬂnlmtﬁcfe afl€1 %Méﬂﬁ] dMeill'ﬁrr@ (ﬁﬁﬁmlpﬁr@ddltﬁm\b@b LRORF yielded
or nore is app ectrop oresi s

a "e‘tﬂ P@m@tlﬁmf cORYSS Atribaiable i *atwma enmf@exw ONAKE) witl highsr meapamplitude

(23 J)S Rk YedhiRtd ReRE ABRIpId: (ki Burk NAIH Wi 2 10H36r NRMRIMESB Phsec median of all
ptamer is then covalently attached to the@¥ore as

evenigs dafpel 18 HVheeoRyguRpSHS NPhRwhye (A TRy trV B ommipmegtary to the

DNA t@ﬁﬁlaﬂé%g@\ﬁe@e RY: d'af%WE Sikd)SxedaBd MOLREI dike &fthd NS FRRIaliGFo 133 msec
potential, and the henol ysin-silicon nitride nmenbrane

medigm githyeabletie a fligher skbiliay pang Withiwdernary rompleigh GPIMEKH S TP).
[o@zzgﬁ@maﬁermmaﬁﬂgq%on Eesam@h §1 theﬂqesz%@@m@J&a(g@m fifMifycant

ngl e Tethered DNA Ml ecul e Suspended in
SthNa%% éﬁ@&lff‘eextl@“ﬂb*ﬁyeléf@aw Iy 2 prenisiQaitih e gt tEf‘n“z%Wﬁl_fé“eI“ny dNTP, that

is, bih{}$ optlex‘ﬂhr‘}%ﬁﬁl'exégfl%@ %s%rn§e%t Uidser %v@!t@{&% of iR ibthafy Jnék’e@ﬁary complex
is"creatéed across a 50-100 nmteflon apeture in a

blockagesirevealad a yrostep Rittaglie grgatp,rethqﬂ P& apd rg’]%toé the blagkasdas |respecuvely 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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self-inserts into the planar |ipid. The channel (pore)
is 15 nmin length and varies in dianeter. The
quoggpzqm ng of the pore is 2.6 nmw de, openi %1‘/@52908/004467
6nmvest|bule before narrowing to a limting 1.5 nm
wi dth at the beginning of the stem The remai nder of
the stemup to the trans-opening is 2 nmw de. The

step r%ﬁ%h%”w% rIes%ItvIdaIFn g%go%ﬁ?n?rﬁ@f I%Xp{n Q%SI agltdz%%']ﬁa?gg&ﬂg%f?g DNA,

folloeppbwnlrpmrdr@pm. iree glepamdeﬂlbmbmnt(lggmyn@mcpagzg Thus, the terminal
step kidiRUED eAIg% h%'n‘%\?,a{ n% Pe} ypgdicio apply a potential
across PN a er redlces an ionic current
(09234 bﬂghomSIse:npmsnc(eﬁf gwrtqmi@) steplWichitf ¢nelyale-bowd DANA byents is
mecl‘LII tﬁchﬁﬁI)ft %?gmﬁgé tIé)Z) 9enﬂglgﬁﬁpatrﬁchar G raatrn gg'nge:he%ﬁ)ch g@gx complex
captifrgdomitemenapps ugdaie cotanheltagea e temndlel S@Efp rtnztkes lpmssbwub thetect in real-
I [ .
time Iﬂrageﬁ]g{@é;gas gIsgo%HYe(a f%?{gtﬁ%gg%ﬁé{é, %g ga}sésof %1% mc})hbu;/ie t(flg]cém 23 pA
to 20tpAam 4 B tin Py rmghtevmk ejth&Xusi ng a dr op in current.
. S I t he
e L 8
(08222 n ttheappsldt e e okqze norsrol Imgmheprpgiaremecumingraefdntastatb mechine (FSM)
I n S
Wl[hlq\ﬁ% LaF{/I% @‘rxgéng Flg&gg] I%(S)lg[flo%p% ifl 919 &Ieon ayﬁ?’eIc'E_§n %ammi@e gate array
(FPGPh éa@Nﬁxe systann Gun filsi ignpteaneh@tidras %W@@A aq;idlge control demonstrated
e Cqupéﬁp(In%te%tdeéa%ggf ggfg%gltémar CBIII;FJJIIa (bggeld Ehe)cII‘ng %ﬂgr?sgf\&% pA
amplntsde@am dwebitithg/oftah lsasgt |2ﬂ gisec Eoradlredants ttmdemamted wtithen the threshold range
of 21%?63 gBé Z(HSZQEII'IS,( {‘[llI;, @ﬂ?‘drg(? &'?%‘] S?eg?eggogexggqh %mﬁ%g%agk 1gtOIIIhe cis chamber,
rathey gt Wintihg(> DA mseq:mq:tﬁangdweattummfdn dissogtaiidn ¢fientyowandl ®NaA translocation
to th%’tg{rll% Qé é[tn? chlIt @B@gg‘#e tﬂ%/ £ I&II c{%@bqo&h{%uﬁé hIt Id%eYll ?Jﬁ I)tI(;IEe fitected ternary
comnlcrxrmer(tb;ﬁrommmﬂuangiww anmelob d;Za’it m@n)236 mstdiptefatilenigef(IQR)) without
Al I
ron L o8 R RO R DB AT O Py oot e
less thoridferidoNiblaed Bharandtet veegiveger thay iZQsInsbcl thn geitingl perlod of 20 msec
ensuﬁk&%lsneg‘rtly QI &h%@ﬁd‘é%n'isa@e% teIn'lr %91 Ie? L, for ssDNA or
tTanslocation tates reacl
[0¢R28]1e ot sdewd rs@emenitation anwés \IOhagercamml ocatemonstiated efficient

v at & h
s Y L B om0 S K IR ke S Pampery gosed on
the CMWMIISHIQ’@ et pnplitnsle (WNéor@egln@ﬁt)S) Rnprdhinitdneatc mm:ﬂnmrmmﬁrdlof/mdmdual
DNAbrﬁ&?c%Ies rLaII:rIg%ogJIn & lfngﬁ{n&g;l %O?I#’e%{é%e% o[r>nI\cIa§ cﬂ,\ﬂectroepés ar]d Devices
(BIOREFICER\te appeny I\@damdP«zfmgle dlosill e/nde thasfel withins. thri§$hokl range of 20 +
2.8 pgsII IIIg l%éw S?IJSII)IIHI)I gﬁé&%&& fg)gg( L(f %]%B A& tet?lrIInIleofIn a steI;Ioerld experiment, for
all Dbléwbémsmatdddemhle athr¢shald amanadstht IaéepAI Vesbll the volage paopbaptiygreversed
to exéél IE@ ]ZII\?A Eac&?rﬁig] hI% aIglcEa\ll aanéI(g(rgeangﬁlé)? liOI'l el?%I? i pgaer%egfafions (detecting and
reacting Itcotw)lymeﬁsbmmn ONAkeygnts eabderectiny and $&antg1 gitbeiszy DbMree DNA events) were
founc?‘aIlgrEIiinacgﬁ?%rIn% CISISIII %t rélﬂh%ec%'%ﬁg ggri“eéne I)I(S eI:tea%IdIdﬂsce%ﬁet&een%o&qypes of
evenlsurmlgzllctuatlxaamtbmbd:aétimtr anded junction of the DNA. Exanple

X ] nd Enzynes [00218] Recently, we have
E"a'@%g‘ﬁgﬁgﬁ%ﬁ%g nanopores to probe the interaction of
(034 )Arpatahi- ¢lm1aar¢pi;ﬁbu Madkc DD ermdes AubRatchUU00R re gubatea pigl dpplied. voltage
volta

and meaSLir?]SQI%nlng% Clé)l’lr'eé] t rOUgII‘I]%F ﬁﬁann%zyﬁedagége ra(fOE)CgAélﬁln¥ %%#ecuﬁr Devices .

t he nanopore being too | argesgo transl ocate through



it. Kinetics of Escherichia coli exonuclease | (Exol)
bi nding to ssDNA has been quantified using voltage
wd A4 @r nanopore-based force spectroscopy. per/us2008/004467
Specifically, upon detection of capture of sSDNA,
voltage is automated to briefly hold the ssDNA- Exol
conpl ex, then inplenent a voltage rarrp until Exol
. di [ & t
Digidls 13954 By e 2 DhelcB BPEMABIANR R SR 8 O e Besce
filterv@letofiger statinys uses a diff¢rent patolseamp, oheeSJM SysteansiNlond] 24§0r at e

can n 9 ee Benner, et al.
Exa"(“gﬁm' ké‘%‘ﬂ‘%' él%ﬁénig? ‘ﬁ%%?aﬁé&t“%? 718-724) we have
[0@22p] Theefdltagh eoritiot lpgigat prwarolﬁled)lﬂmg\m finkte sthte mdklanSM) within the
)l .
Lao\ERETERbg e 183 FRE TS Rlhel B bR BIKRITRR b (o)
hardgdre Mteprptmal logngtea PCI: 8@1RVA11 EbGAlisa rbt@@kl&@l‘és hagfiwdre platform

that p%%lgsﬁ?sﬁ%g%%w&éygg% %Q %F&E’mn}?'&&ﬁeﬁe‘?‘g’ %J\{\@elnllrplé fqug) AnFSMisa

logicpomtrhatin whickn prograarexecusion is bimkeralyl ietotagertids wé mgi vaduaioitatoselsach state
K

has al&g@wﬁﬁa?dg %?sc\)MaEela Jl hqp gl{;d %?ﬁp %EB QeE#gﬁ 430%%{3 R(A‘Zt Oﬁ%@ gg[stem

I'n an even I gure onger
measdmﬂiehts.tMmrérﬁemcefchm@h canrrerufareaird>ce3v<bmds>)asse¢@bdh¢ Fv aofnputS-

Chanégs?%% Fﬂeglnl:ggfg%gglqgé? 1?11!&] %ﬁs&gggﬁykﬁgéug ggr%edt th I?cE fé&l[l\ﬂle and re-route

the designab yini co tis EHQA Ghisenkieds & hzdamtmcttwedm speedand figxebiligyby enabling the
|at | :
systeﬁlﬁg eg?l té ?%B%S?)P%l% &(;EE gp lq?ﬂﬂs&%{ldé ?Jl’?al% ngﬁgwlg%rgthgcomrol logic to be
recor(ﬁ@htéd h@-‘ded@'d?) betfve)@;éZQ)E]nn@]ts t et her ed DNA configuration
rages a signifycant
Examﬁr ucYur af’“ﬁ‘l hﬁpgr%é{%dﬁﬁ{omé Y “;2,? bound DNA events
[0Q2261 Gurepntwil tdg@urequirhecfEaem Idancem af ipnid RITRnt bllnektadg¢sgevents) that result
| 0 0 Do lbed. -
fromikfjnl\@gél%gne r féfelgorl]lgéé )5%\1%.6 ﬁgljlth%g?lié l%%g%p/set :ﬂ% gl?%/ tocegﬂ%tfn& %?sﬁﬁgulsh between
theseliivo ckfadefsesr AvERQIne', reeab woplgtdep fpdiNealnng and difetauad DiNAeaane 20 pA and
09 7%. I ' o st -
23 plg,tré%g{glgesl x a %ggrgri\clg%f ? Rgol(oaﬁqSﬁ‘ﬁ‘ggﬁﬁ?gﬁ%}%@ax’b@g&%}? :ﬂeI\fA ?vents in
real timayshe novmndliganrrehwmighal on ﬂE)FP§eos>ﬁmerat @p thresbplded.ed t o as
[0@22]0 %1? ?edelt% tﬁl% ttaclit;]rm%%l aD nrzsolnt by M con{s‘[gnt vgl&Jaég e)é)pe;xmwrﬂ§ w%th the biological
componenty te$>e| d¢teded in thekicsssobamised.ilo nur@kpdﬁﬁle@fsunthkﬁﬁa amyhtaduihresholds
ferna I ex ) rpi,n
consatre%tpvxﬁl[tynlélg-lgo ﬁ? fregF\éenlvesqh’t%le were 1 entllfpegér Qﬁéglng\é rt1d 150 mV. At 180
mV, 6 e xanipdad xheﬂha@pldtnatmuﬁmanﬂ nsed tcsdeeept ENlAetl@n@sveamsewas 20+ 2 8 pA; the
thres%ﬁg 1cfgrét§46¥ atcl'] s (Pglfdeeg?gtﬁ%li ﬁoo Hﬁjl\&p%v%g’tm zfestjéfzz 8 émlgﬂﬁl%# experiments
to dagnaneroe szuhtwhdm\#haewmn snpl@nemed hontingd. |Ircalltllr9/wotﬂ< more than two
thresho sor¥1t q% i lllﬁ%ﬁﬁﬁg sellrgél engf; Itogcg st{néumlpr%ul{lpl% EAa@Jomo egularaspates that are
knovund drffeabasafmt tamttemdtédevg@htwhe term nal step mak es it
[0@&%@%0611% L SUSFdCr?%)m { %atep f eaémce t IOFHB gltél'reg Z%E?Ch gea?( n01se routmely
exceedd 3t il SIBE, DNA(Iﬂnn?. ancpIQ\FlbOUIﬂ(DI‘ﬁ)éAewhts]e‘Bﬁldrﬂ(lt bcﬂretnthy dlstmgu1shable
by m&gl?c}rm% fhve\:q?rv!/( ﬁﬁf&np am l%.g S%;yun c?nEﬁ\ﬁe curren¥ Ctr%{ct)lgdg'f X F‘Hﬁﬂi‘ﬂ‘f"“rated
detedtlnn bﬂ’ii)ISAatme o&0ts,and KE-boald g6 evanrtin Galal tinogyiAcwindowed mean filter has
ramTed usi J.e St at.e chi.nf%. M:SI\éq1 wi.thin . .
been tglﬂ‘ﬁf(m gg? ?%P gu I%ﬁ,]la OIL.JI'H%VC'E T 181 tal demonstration shown in Section
2.3. Retprhtsrnempe:dor@npcﬁtefitiaﬂyd/e@mg freamfiiel e/a.gnaé:elﬁant analywl(l BPGAY in new
| ﬁ ﬁ' ‘gJ | HPI ement ati on of FSM FPGA
eXpeU?)‘F[Et%%ta&) ey Fﬁ'isnaé‘f ? éﬁ" § ¢ ci ent aut omat ed
detection of individual ternasgy conpl exes, based on
the characteristic 23 pA



anplitude and a dwell tinme of at |east 20 nsec. For
all events that remained within the threshold range of
W022'[308’), 8 pA for 20 nms, the voltage was rever $2808/004467
expe the conplex back into the cis chanber, rathe
than waiting (> 100 nsec nedian dwell tinme) for
di ssoci ation of enzyne and DNA transl ocation to the
T ol logic had the e_ect of
ExarE%‘ncen raf"gAJlF%%%@wr time of the detected ternary
[0t Hvery Seivmat she FRGXsampies dicaonidwedeht and pemmpites h28ndosved mean
5 8Gyih el gu |Ie
ampl‘l%% uan% V{lo(ﬂ)a {1%: "i‘“i)t7 { ?ﬂ?& éan%ﬂ:x)i nés'eéfg %%ﬁﬁ?%rf{lggﬁle FPGA
deteclts(gﬁyry widtdontHEBM tﬁﬁ@ﬁltom}ht medn, reQihenkeng|tiestbresodte vann 05F mERAT the mean
remaﬁl@%itRiInQ&rtXre&%?rgfg %{ f%mJ C%QS%?JUVE @kszl(l)we 8 H 0 1E QS oses the blockade
wai t1ng period o nsec ensured that near% ar
as ancoeTt rypt kmnh/nevemcmsmmtemlehmdnosenctlumbb@xes [00223] In
Q I { t.r.al
[O%b]c}gﬁn% r?g epcé{gg a%g%g%%llvgﬁ ge ﬁ%tﬁf ﬁﬁ%ge?%'tb%g%eg ?1@ sfaft'of an event
and diagdosid damkveDNA 1 GO mMpEeRas n(smafoKtrﬁe emdywed peawge fitst ¢nter the threshold,

s 4 S ETBTREL e 0L BB BB Bl o 11025
msecBlhneae fitemtas ahplementerdin wind onaenti@NAn1tp] deowhamitipn(dgtailed below).

r on Bi onedi cal
xarlAE R0 ooty LTIVl R RAR: 70 0000
[O(ImdﬂeThrmgh Post-exmgainent aRalysig olir neaae fitter al aliowngd Falseiytdeient terminal steps
w1thm ten?a% egts r%ﬂ%@ 5' otge(e)l):( en d %ash@raﬁ%e‘%qg?ﬂg@%ﬂaﬁ' level amplitudes,
wait sred dmdermxpémgmnt ypof detecioh ofDh\teawierl sep.trenarsefile oltegettbipxpel the
t \"
unboﬁnaI Igltlglﬂylg rhg \?gr o e::}%tr oé}(gr)r(l%g?&% th%gﬁé& s%&va:@ vXﬁ’%gte ?%Ersxmr many events
in wlnﬁawbemnm ptey wasozletarlapsﬂsemc atthcogh thBotebencerpfl tenramat stepsomternary events
C ng to enzyme- bound DNA events and
1s hl%‘q?(ﬁ) \Llqung) E}Q%eég\%t%ltakg to enzynme-free DNA events) were
[Ofmahﬂampmatheﬁém ebneressto fasedepriomp bidrmisal stopsatrt exppientially-
r
e AGH AT by RS e OE T B BROLNPRBGR] € R frer The EWMA
filter[r€pRR@MY a dxglmtrmb‘lemehmtpn ahpl anhlogRC ﬁMgﬂ @oudoaly USed/focggnal smoothing in
.20 . t .
e B S RSP SR 258 ML gponeniny s
significiinee aurestseupetiad aliswviige ﬁlltreedl\mﬁneldq 0 betrer @lethﬁes@isghdalﬁ‘é(MA

440A K
ﬁlter?hrg 8 Péjl’lé)glln% § é%if_ilzlg'o %ﬁgre?gﬁﬁ?egg}b {Elg % f‘ag?rage&le to its
recurgive onplensngtipmns uses a di fferent patch cI arrp the A-M

Systens Mbdel 2400. Exanple XiI1: Control Logic:
Har dware and Software [00225] The vol tage controll)

logic is progra a finite state mach
ot et B e R e St P S e p ey i {16 tkampie
nunl¥BY. BB SR &ffta Rorh k&lt&mmapgéﬂmmneexgétneen@r&me (»HRGA.) 0.9, showed

har dwar e system National Instrunments PCl-783
a JupEEmtiplgmaroyeraen fni rgbistigssdo Fadse dovlivss pyeathe grean ﬁh%[t As WIth the mean
filfde %Ur Eochs&"ﬁﬁ% tmae%lﬁ{ i g Q/hl l?rhgedvfgxl év@ﬂ%largﬁés%t {N%ﬂné b g%ec( between
1 'nsec out put sanple time Mis a logic
thegghelktesiet i n whi ch program execution is broken up into

[0@23%?15' bggncé &H%' A d‘% \ﬁoﬂé?et Oﬂé@t"e‘@ m%E @él meeﬂ the start of an event

associ ate transiti ons bet ween
and @'mmsofan eveat fS@ﬁcmsegrﬂ bmw;fgrttbanWé@st@rfémmlsthe threshold, and 0.6 msec
ttl\/?eaﬁ dtg{j_.ss RE&:Guse V4 Bh oPERMH RE&HS g a1l be part of
for ass to t% rg uts. %haﬁ es In tﬁe rli M © part ot our
ongomgmquol | ogic are rrade as necessary, w thout the need
to re-conpile and re-route
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the design to run on the FPGA. This achi eves a bal ance

bet ween speed and flexibility, by enabling the system
wd Rof/PA%l; to events on the order of a mcr 056%’[%&008/004467

while al'so allowing for the control logic to be

reconfigured as necessary between experinents. Exanple

XIV: Filtering and Threshol ding lonic Current [00226]

r d i Ci ection of
ol XA 10 sl LRl Sk WRRLPORL T OF O o
[0@H36 1 heyr thd<iRagnaudechf IDNA(olta‘ggratxhe;rthe hérebrhreghengay s tafeitiabiransient is
superu%%o%gcf oS ttu? %%%Xrﬁg;lo%cl cﬂggﬂtsﬂ] Il?rt%h \gﬁl?ﬂ fprelge? Jllv%(l)phg\ﬁgxqgl&sm nanopore
studlb@_ﬁhdj ayobye DNﬁgaclandqu:;Afoaanm@Ba Baﬁes qteb wow swgiay andhnecessarily masks
some%iyfobmau%rqg Ifng%%gn gurrerr]]t g.)rea%l ﬁ{'g&lan% r'rtlalg]laegeag‘e gel%l r(%lét OgunlCh eve{nt In our
invergiogynigd traprierit liveplieP@At, imdier ihk taretiogin ¢k lirbgnmrhcﬂ tddthgnose an event type
00227], . Thr Ld.lev ned

afterLi ng ellian%e ﬁ-\t%g%ﬂeérg% g:(urréargl am rrEpﬁlEugeg\vFli ﬁote ter %ch8§en%re§hr)lka¥s) for event
dlagmﬂpmnerq:tt@m@t ba sdﬁftceotlsesstttled the cis charrber I n our

[O%ﬁ?ﬁf%g:ﬁg@% Hgﬂe g(tr} t%&afn?‘g;gllg e;%/gp%?notnglrts ﬁ-{g%g&ila%g E‘@oﬁ‘&&é‘ in the voltage

contriobkxp¢rinfieng theahank8in rabpleed dol]l@@ alﬁWmeAItSO h&OtonﬁQ miVoand -50 mV to 180

xa tif to..d el pcl .
mV. el c%an efl;%gn({] m%\i(lra\) @8 @n) we seEVﬁ %@e 1i"]tre1n dlen § fSe su_ciently
decaj/e(démtalctfurzedthmshbldlsgaftdr 0.50eee ¢d od{FmiM) m@rmﬁvmhmehtm voltages
chan%{\%ﬁver O|0 813\;3?]@3;0 Bn ﬁHsolu?e%( Vpa?ueh r:f?%)s%{ntg resvﬁ?l r}i&frow Hg"l];aé% changes are
obsewatrliin Figires 17H&N t wo thr eshol ds rray be utilized at the
| ngui | 1.
[O?:%gf[e eﬁes%ncg Pg a i‘n 9K vg'lpaén?l%e tlrgebrg%ungg ?oqqoaﬁgosg’ls ofhin event (as a DNA
evengdrtae nmzame{lbomdﬂ])NA mmu) 1{ P22 to Fiatch dhrei violjage srausantl settbing time. This is
ate no nce.. e|on|c ur.rent .
because‘hegrapsole settﬁ %/tlrélf)l( bsg dca élon%er t?anilgadlmrﬁ}eq%e@|§o§ﬁonfgte§ﬁ 3mplltude to
convitge brool rhe niBNi%reG\lanct slrmowlghah’(ﬁhusbdaagnetls ot is expected to be at most 2.5
st i ngui shabl [ r ent
msecqjor \fdtf]% hang y ffe2,|3P %/n\ﬂ{z)l{)]so r r(g lﬁfﬁga\éﬁp% nse efer svn\}élll?]r a\l/\(?léage
changken’onst rated detection of DNA al one events and
time. A w ndowed nean
Exa'f‘?‘f)?a)iﬂhas Brca?gW‘{séa“‘Q%“ob"P experinents so far,
[00232] Iu«burngmalnetbered DN\Aaxperomens a singlé BNACB@l’ophlswsataptored in the pore,
on
tetherelapwa threadg(f ?acl( and %HE throu ?he p]pyel utngerr v\cl)vlga LeS tro% folx rep Oated IaF binding
and wnbindinp & thsaeﬁsuuncnm/\mebepﬁqhammrsln tr[é@(parinsanom M E00MRDDNA, 5 mM

Mgé#f% ‘f]\g ?&[ %ngtxfgoqr éiWngvgéeEﬁgsggt in fhﬁ é:ls'iz%%&f I;}pliee{"hu[g,heach event results

from! NI QloMrraQ&Ba@B&nﬂ&mﬁﬁ%ﬂ nath%mg&@d mi‘an anplit Ude
a W ndow sj ze of mean enter

w@fﬁ‘éﬁ LY elégegienis dasigned fqrﬁ*@tmp@e\sa@ff@e% thery FRA laFPdmed into a 20

base Qﬂﬂﬁdlrﬁﬁe%dtMMBf‘l’dr&rr pliler dm'?l’émeﬁtﬁrng'ﬂﬁkf &l i§ fsent in the trans
threshold every 0.2 nsec. the nean remains wthi

chantbﬁe Upeit @ehes of thean @@d tejfage Bupducestis feld the RN Bk gore {Higbnot unzip the
3 erﬁ$er;L19§H the CHsAAMOGEH uhb&ink DAGKAGIBcASW At afNREY orld¥sBRiate KF/AGTP
known to be consistent with the chosen threshold.
fromteposp Ypjunetipni(ifa tAPASL FRIBPIGT Wat camuRge AT As8}dieng Bme pefipd, the 20mer
primEPaRRGEsQE thk IsNEhddal Al g RObMESMPIENEn Gt Bhrks sRiE oRthe BYRMD@RDS our initial
di agnosi s of an event is 5 nsec; 0.75 nsec for the
expe{iAHbte BOUBRMIdED fi r st enter the threshold, and 0.6
(00O FIn kIS exbdHnRGe, T8 evcz.@p édrvﬁﬁ‘é%etw%§'ﬁs%d th Aphfeaat] BRA hdl&ule in the
r

di_ agnosis time ranges oml.1lto
pore withthe 5’ end translocating mto the trans chamber. When a DNA event (threshold of [15.75,
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nmsec. The nmean filter was inplenmented in our

invention's initial denonstration (detail ed bel ow).
woRhPl7XVI 1 Exponenti al | y- Wi ght ed Movi ng ARia@8008/004467

Filter [00231] Thr ough post - experi nment anal ysis, our

mean filter was shown to falsely detect term nal steps

Wthin ternary events Speci fically, the FSM FPGA was

rogra t ect I t i Lo
21.2§j Hg??r at%g?u&a r%(iﬁé f:ven hres gld éf [:3?5? 2897?2[!4) \%Lg %ga nc}lgﬁdeltlsmg the mean
ﬁlterttEﬂ‘ FiM adduesti ¢y, poreatidns 80 mlv(em\holdttmgeoleanleex relpotettat not unzip the
hairp d1actr %155 maPl\%/d(Elf‘ }[9 a’lltélgg(r) e\)’Zhrogcl; %rﬁ?%e?rwas apﬁ)qllecé \rf;en genc 2 {)e,\i]og shfﬁc,lent for
the 20roertpgimet toahneat tema/ﬁ:enctd)fehHIDIyAm e gmis chahlien ding linitidl @thering phase of
ter in ternary events is high
a Capf) e@?ﬁ& Oﬁeaﬁle 3 SWP : m g eé\zgsr sal. [00232] To inprove the
[omm Afger Q@kmsmﬂESM re\@rséaths eoldiet ®c20 miNs foofing the PiNAatoward the cis side
of thepat with gnouet%(i%r € bu:ta hegmgu qnsm%\é eeeqlffilgf‘ethé gw\%%e)l and dangle
§ ?‘1 W Detl ng expl o e
the s¢-dd Jtmmon dThhae E\Ahﬂ\h:hrplnt naro thcecps @elehetrsTla @0 gth\a)ltage was found to be small
enou hn}c)) notrmhm qh fnr%c-r:]r Iax 49 Rrganlt t%e a(f 9{5”96‘ v%ﬁgg% is referred to
for Aal snDo T al'ectrrcal eng
as thca@qblmgmatelt,g,nmeastrﬂae nf selcctnes Apalicitibraefe30 laVrfoMIﬁstgseemes ageferred to as
t.hat ent| ally less significance on past
theﬁsm%‘f]&leo‘? l% “the filtered si gnal to better track
[0Q2¢] Afem ks, S Sgsnednds EVPmVi the E$Mr¢garahcsld)e patagotonis0 $1\g theh monitored
(thre&w%gcsgm\enlﬂean gtgreg %rfnll) e%e&%) ngﬁ me F}ier‘?’titg‘?} tﬁ H%Biéc{l% n th peore as either
DNAaerlmj]ear enzymé-boutng MEA. elﬁmhbbuddtlﬁﬁle d/as:dmgrxemd (BiSgha21s25] pA threshold),
voltagfhw S?Ig‘%eé%ﬁ? ng% aﬂgo restar% the Hehnﬁ m Ae Otthgrc\fvtls%{)tﬁe E§Il/léc% tmr&%% tSo monitor
the fibérkd am@itudai Within a:KHZd(QTP Bchmwedana ummbt;z{gaoﬂm @ﬂthe terminal step ([15.75,
r t r obust ne S ve ver the
212y R EGRRL ol P HEARRES A i R R RSt Ve
[0 pSiptitalion e618) m uhtillnebanse DNAGE diegrestd (Hy RYftoders, or by reaching the
termn}/\% Eeg ogzénneéléyné gounQ ﬁve\/\gey re%eprre@ ﬁ)llg h% p¥(i%an§§nodt %P @§ ggn}tgoploglc The
first wled foshi- tlmmtpnéneracnidme mmarattetbefrecathe\cepﬁnrramdlrddhagms insFigifre 16. Once
the lﬁ\f‘At %Ye%geh %r]%lr he 1;]§$ ng'ic beémf)ﬂig%%nlgfgg{?%ﬁe %%l %e unbo%'ﬁd DNA
thresb@d fsiuseefdr diggibsis, oMmrbeumd INA ousf aetmaiimmmwnmﬁ aENmyme-bound DNA

n.tine tof our Nngoi ng..
event. EI‘"F)%(IQ%QZ r%pﬁ rgp Itlre s&rxnﬁéno et Fn %I‘O]?l eacﬁ/éllie Hgtlltthee tethered DNA
molevige traglecdtesahrdughahe porg, &GQMbpwwmnEIrmrrmagsrdetaqde DI A tifagslocates if
Y, a across the ; e _.changes i,.f
the 3 Fréd:%ig'% n.is unznpg%dtpoer r1fI _t%gorb eengrcl OII)’{C)% sy elgl g% 3);‘]68 dpplf:c(oi r%hat HRA translocation is
mostdiliely m’ktccur'lﬂyemtlppingthe At-endshajppiessgret unzippiiglat 180 mV can happen faster than
ORpare | | ve vol e
N/ BRI, 4 g PRTRENE o b hES b T el YRk Sna aupc,
evendordishieg emesami thcyordasdf mlmdsmpﬂm[ onalysis cdnhte useks detechine the
frequg{llcgng? Btl\‘%tr%lallpca%ﬁn n ro r?]gnrgl?{a\/%%rgsg f?]‘sgw}né I,rﬁo 9%{? n tl?e tteﬁléar%g DNA
transdages dnbl eureadnierudds tb dglopen @amb@ﬂ@nﬁmHSMoesdtsagmmsmtmhe current for

oG R e o SRRANTETEE entor a chosen thr eshol d(s)

[06238) Iemeéﬁon«de@gnmmts lowrr icptitré endt prabigy veitbgeldig S0 mV was used, and a
fasterS | fng%me otf Lith —8%H ~l,e%c()jn'ds was used. Based on experiments with DNA alone and DNA
with KF and dGTP at constant 150 mV, the unbound DNA threshold was set to [7.5, 15.5] pA and the
KF/dGTP-bound DNA threshold was set to [19, 27] pA. Fishing and probing modes are shown in
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[00235] The settling tinme for the transient is

proportional to the net change in voltage. In the
wo'Rbd/ddgcont rol experinent, the changes in aﬁlﬁh‘/@ﬁoosmoum

voltage are from 180 nmV to -50 nV, and -50 nV to 180

nV. For a net change of 230 nV (absol ute val ue), we

observe that 98% of transients have Su_cCi entIy decayed
Flgurfeg'?t\ﬁgare tet%%%ﬁ%@gy&% %%%tﬁ 1sh1n n:JB 1'0%1 § cﬁigﬁargghown again in
Figurpd B.eviR@(protihgomekals 26 emyn(ea:bsrm DIV eveak. Tég FSMrcaptsnee niidstethered eight

! nges. ar bse vab e
) ARG A7 96 HRSS 19, RESS XA i ko
a timg g¢rtodgé380tsh@nﬂs Amalysigjofi thedht xbpwduhaﬁmﬁdorlaﬂlyeh@nbsed the
termi(lf;}%te?irﬂglé @Ve%&tn% of ML ¢f Z%’nr{ﬁe g?—:%ﬂmg% ﬁs\fler{g]: as Iresta{ted before a

expecte mat ch the vo fansi‘ent
termifg] isigp acfudbly @aqulsred tnhhe ¢nzpms: b@mﬂ Dt t\{entr(gafttrrem s false positive).

Ofﬂil%ﬁng%lgrgle &c}%glﬁ%ﬂ?ﬁﬁe E&@g H?e“? résulq% ne?d' l“a?s% gosmves mqﬁla data. Onlme

converge o roni
implegnentagert ofshegfdMA flken & fuallmtguhcrsd BN experinenaxpi ot edd td)gab@ and
- chan f .
morfl B3 et o 2 b 0 s CRRDABS LR Sh 2 rqngpism con o
exployegl to adeout/mam gers falfeniphes. ¢ nhdchanfsat Werkeds fRIMAs: at the end of each
et her ed DNA

proiEE R4S HOFPDE PRertoditedfir [hyBish el heabEARL SE shdber fron re-rove
to enpios the DNét i enrbodnd; Mletmdeadle(ﬁslbag:for parhd fzﬁdrﬂf bounky waigintil terminal

0 I I r I KE. hi.ndi.n .
step (}epegte@ {()ignt‘g{%%g)%tog Glftﬁggf?lss&gg&jrn%ﬁ g%el(a 6% col%ﬁg'? th{jtgel: §NR is unbognd will be
part of lemrrdveeing workt he experinment, 1 nM | OOrer DNA, 5 nM MyCl

Examp%f ?IM( I&E;%%@Bgtegtpo(?) a[ﬁﬁl@ontr%ﬁg Prvferle {in (ﬁlan{\JS dﬂzwﬁound DNA

ore resu
MoleaﬁlmeadYanapqrer nary conpl ex captured i n the nanopore.

[0([%8@ ?Ae JPE%}%n%pgrg 9&';% a Ip?z’mz]zrollp g)?er fsocrrezJ gggrgsassae{e) m TELON
apert#raiirrszﬁl sobutidn. 2\ sihglod-h2dolpsin pnoterrmhammplireamdmao yhetpdnnhhepld The

chanrg:;l (ptce)ﬁzgisglg Rl e?engtth Evanes in d;an&f:aeé Clg-ne €l orl?%rr Bé)?fﬁléca L is 2% nm wide,

openiinglm zpbﬁ emn vbitnbulla tbtfotenmrrmlhklm ﬂlmleﬁlgil hamrvpdth at the bépenning of the stem.

i f
e REMSE L e bk R PP RS S NG e IRt FOHOQE I 5 dnodih or
doublaerrmleg/DNmtpimmsmeapﬁtutneeldmnngée‘tetrers Jest s/weceh@rgh férisSIENA to pass

throughe Achss the g‘?aé(ﬁr u pﬁt r[&‘es 3 L{S% o taPpA%g p%t?ralgl tget qr?{iélceﬁ 3P éomc current
throuPlethapbrs (Elgure uz). Tlliu ﬂeﬂcﬂiremdrb@rtlhlﬂm’lﬁage pile thammgqnmy tiehegtd phosphate

o 0L P B SR RO Bk PP e e o

with fhe trensehide Walt@le pcsitivends indkeauldsh@andlscarsthe b@ﬂb&bmemﬁhl@ blocked by
the tr?[{))gﬁ a%ng| o hgcslzsp]l?g Twpegé 1511%;? Bgcurrﬂ EESE) t%sl?%ajtlo?)%ents can be
charammed IbﬁQ‘l&@Bl@ﬁitudl&Sd)ﬂ’tlj}e lilbt&:admmﬁelft Iahd e timt b nlr‘o‘EVhreed@aed the pore,
e ARBNE e TR ORGSR T BT als BRI G OPPRIHESr ssDNA
and dMASégnWtsl’ﬂﬁedﬁMHyI fafjhe wsme hx;ﬁdmfalmi diddloss&Bereif, a 14 base pair
halrpfﬁu lg:ﬁilp f I lg(l)t{ec{%t%m% l%: h%{ H%S uls? Egr tgergmgp%g)?[}eegimemg aDNA
oligomeri that & 79trﬁ§lb(ﬁfdleﬂ@tapfma&%t}ofavltﬁa aapphprm ubRIAT eHa vl lv&s Fdbmed by
R [T N TR T GG R
segmérievithi the Sngkestranded 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
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of the pore with enough force to abut the 5 dupl ex

agai nst the trans-side end of the channel, and dangle
wd R8s/FSi¢s Junction of the 3' end hairpin int %Mﬁszﬁ&s?ooum

c%ang%r. The -20 nV voltage was found to be snal

enough to not unzip the 5 -end primer duplex. The

anount of tine at the -20 nV voltage is referred to as

e fish re n

vesu% zlmd r& Ango]sﬁm% H@E%Ppﬁ:b ng?&%€ A hé"g%%%gg‘ |q§no fees¥stem ar{d an
exampl wmehﬁmahlpc@lommt I@ﬁllustltmedomﬁtgmlm ogi c. [00241]

[O(Vé%ﬁ onfelafle]ns?ggwe?}gf/ﬁng 2cnc%¥r{%nr%i% r e a%u? Eeragls‘lr? (1? ﬂ%ﬂ?&qhﬁﬁg or RNA
moleueesnrahslbqaemgdroaglpthp pord dag heendshayn ds@:gh eridud essaystuping f -hemolysin

nanoéc!1 & m%%%lijrecj Eﬁf&&th}? PQtWe n fe d\ﬁﬁﬁgg{ m(gl)e\f‘le? Bgsrs]%% g{rough the pore and the

numbef Qﬂ&uﬁfa)t dibs BS]begﬁdemme;@tcdl Idc)mowtyhteesgﬁé ssMi‘ﬁA r@htdoakatopadymers of
-20. .mV..t.Q r. fishi ( : i S t .

N

kinetiF-/Hb@ERrhmansidcatior rates agggomfasti (agm@siusle@fdes/hec)t fer senwrating individual

nucle% (?e? ll’( ll;eéé?% ﬁeogg g‘l nééjstéﬂfla‘eecg %H a)&?ebs?LL gl)g fex1\£tgr!gn g i%.ﬁanopores. Here and in

other[s@:@MZQNAApph isiogleianthdayble s8@rdedscgments is usHddo mdreDidahd dvell time of

o) I ' r
oG BNG0E o s RG4S DA g . or
exanpreoUuMQ:ndmidelrmhs tthvee wointe ohgld-ggnded ovérbarfi raggingfrom 3 to 9 bases long
are used m Vgrcgut?rg rtoa??lé)e?tl\:lagrhé(gx\éh%@ [bé% 2t4§t1£é§r %1 \De%}]xterm (2003)
Nucltzeudwdsrreaarcanﬂ £3h e—le Wioage madblelgﬂenmutgmetﬁcpcs lwetmphqylrt@be extended

es hol d ,i

dwelFIYI%e ehv’grétggo Mer\&lttl)? %g%lggcgp%%ngl SE a? én%fiﬁ '?Pa(]%ﬁg 3e 69(5“ 5 teﬁlld?‘l of the
ssDNaPnd enzyne- bound DNA event. The FSM | ogic repeats the

Exarp R0 TR TR B ANRBREC . LC Chough the pore,

[0¢4d] THe@ampere sgdtam isesktup ura @hinM KClketugon. dpatddNfamp amplifier, Molecular

Dev:ﬁr']%néif’a(?cq‘la%)%g re;ulgt es thf,3 EP Qcp vongé ra@g egs%relélp‘ét ﬁ‘ﬁ‘[egﬁ%kt thlfough the

channerl arhe date antelrcmrdes umugthe Mdkeehlyr It)mabsbxgtdablymam digpizery sanipéed at 50
h nce u 80 nV can happen

kHz ?nd l?w Ipa%s%llt 1@%&& K;I—\k/zemt?h dt%a 120?6 ]gle% eﬁH,]le 20 mV vol t age,

(0¥ 7} Tre voltdge corveh thgici 1$p1bg3mmb<ﬂ ksedgw RS within phdltwvﬂiwénsdftware. The

even n s..on .
FSMqo%?I OF lIhplC[B o(:)rlxapf:l;erl(}S %%%mglﬁ% ate arraé/gﬁP(%&phare darcf %/stem, National
Instraedner RG1FY83 thh e‘\nfl?lﬁmjeracrgcomﬁgum mmanas:I phefatm drat pemmits fast measurement
obi ng..node versus n the tethere

and \%‘kﬁ%etreagﬁs tbmcfést(? gseac rﬁ)a 4 usla{,ng]% tlmeg?‘ur R is a le%c construc[ Elere program
execathann@bkevab ireo a sdries bISMiividsd s@teq mlctrm has lasomhmencbuscrcemd with it,

for..anot her event to teth new
and t[aaaﬁ%g% tlwreenasasteesca(r)% eaglélgz(tbogro? rPgPe mea ure,\%ernts i\/ge sdxrements é’f the pore

currepr aﬁbpmg}assedlah(agzese«ifto ﬂtﬁ(FSM\,ésumtsu@leldgesamdhe HESMamheol logic are made as

necessare') wm%u{t g neeg t(hreljﬂﬂpg %nﬁlére-goﬁl CFQ%Q%SI\\%A@ ?%rldﬁ(gg g\ﬁ?%g;é?_gglg f'ichieves a
balartce hﬁtveemtspe]eﬁ(hndlrﬁ’exnmh@ lnyrﬂn@lnlmg tlBNﬁstetrh roesztztotocévwasorstee ofider of a
micr sgfon%i 1t[ [fg]so é%wm%for € cRmtro(ii %Tlﬁt Cio Qe regont 6ure<§ fas neg’ehs?oalr)(/:i bé’t\@g’en

pr obi
expeglewsn) i nFi gure 17, V\,here probl ng reveal s a DNA al one

Ll R e L S
Evelﬁ\mﬁ‘gnosnél'he FSM capt ur ed and tet her ed ei ght |ndependent

W %kége ehveE)tls oqgizmnﬁeén%agme g(');)%l?ag%c%/ ent an8 éFVIBICI) de‘fcgé g%gie?ected and

seconds. Anal ysis of t he dat ajgshows the FSM FPGA
correctly diagnosed the



termnal step in these events 72%of the tinme. In the
remai ning 28% fishing was restarted before a term nal
Osztogh?lzqf@ual l'y occurred in the enzyme-bound DYA@Y8Ms/004467
referred to as a false positive). Ofline analysis
showed that the EWVMA filter resulted in zero false
positives in this data. Online inplenentation of the
[ u t her ed ' . W >
o8 gl R b PG R o AR LTl ol fepDfena on
the FPGAfrahms ph@etpon@s of tha péaknbowkdwi@N/SpednmRY enag hdnisgmthe FPGA
a lored to ruleot/ I [
samp%ﬁ the gﬂl él.ﬁne%trﬁng\é? utes a »¥m g‘n{g!lr[%r%]?hlfdg ﬁ‘lg 1@;&% ttcgti']l?ﬁ‘le mean is
w1th1p raq»tn spgcnﬁnddmgefap@theri c;(muauep ertesy thetnrean steay @2 nsecefipoigitial detection. If
the n%ean en%ers zgn% % aggsd(t I ]Etl lhls rg g lgcclg:]rl ur%{;;'r?snalg('e te%p%gz 1-{5%/[ R %Qﬁagnoses the
blocKalls i ari@}\JA @anrgmtec\ieouTha tshq deldy ngwdz,i DiNa ttan@lmanbn t\entmnd diagnosis of
te Identfl t|o f [ fi.shi
aDN% a%slgcahge%v% t olS rcl:%nﬁl iy Q}{B rﬁﬁg\?lr?{eu»ﬁ %ou ﬁgmﬁgrﬁo ﬁtr)sé enter the
17.2 p:ants o range; argiiyoineeg fmhdce mEpeampﬂrmeKteMs aRd P60l MDet exmpuafional

o134 P8k QP S O R Pt

stateniamlwp"tﬂfveccmebllpgica planar |ipid bilayer is created

[O%B Nﬁc%n l%%lé_ Ej\lb t{) elsécpt%%lscg}n ?et&gn Iﬁ@A H{ohg ok Dl@k/enzyme

Sih n channe nser
comﬁlhexspng alrcauandgom sdsteriih@ddnhmmlt}e Enzfpe degocxagonlf‘jorn mNAncan be detected and

reactlﬁcg {ggﬁ %gﬁgge \é%rﬁ:tl?eslzdgl\/? todde?ewet}]gtre{rmlﬁ %@8&6&%‘88‘?5‘ {h@ggl%{m £ Er?al The
abilityed datezt bralr DOW ang Dtl‘bﬂlanblmcrmrnMQ i {5 poreoan pirinitale redigime
1dent?fﬁ ll({?l%lf ﬂ]% bgse aE t}ﬂg bungt?oné)etwe n s@é@l %Stgd a%]:i dg Ff‘ é}aggg ]?lIgAt\\%en KF is

ns-openi vest | e ls
bound m)aJ@NAﬂrarrpld oubthe ecstescarudbdtldahbﬁpr@sdstm\lth)e sysmene at datailed rt thls report.
imting,.stemis n D’hlﬁ
[0%%@]51!:11{ ?rénlﬁ)r the &%tlgcotlon atncﬁcongx\q 02%8?1 %ﬁgﬁ) 1@[ eCSir 4 é Sa%abe expanded to
includs egedted camprley)f HFpeihgatinglk cdj;iyajf DpiAo ue b:se aem heoqtﬁnoﬁed when KF is
hrou h the pore re 12
pulle% o¥fr a%ﬁdA alrptnh Ing a r]a{] apore R u;fela(%éil {:;ﬁ)ture gnd ssoc1 thI] oﬁKF froré) the same

reate hega
copymﬂ odphah elldaamkﬂmoﬁxeesoé bdz skequfmsdﬁl‘}b@o@ded Rh#btl‘toh rfngglethe ratcheting

poly{%ﬁrase rea% on is ?Lﬂnn? 1§ ume}:lthsg%u%ngi%%mgﬁ c{ re lm%%aé F(? rlggdelérilgigs o?faround one
kllOtﬂBﬂI (da@ﬂ@l bes;e parraldsritnﬁeda)t byt amhrmppmrb@sebewmgpmﬂudda’ia# potential for much
thetra | ocat | sing a
longer rel;réif%ngth g1l compﬁreg% tradat ong%ﬁmeqllterrlc&rrl‘%?%t@ M 0n event s
[0025rl] Te bohxajf aetfmntezvalﬂk l:s}dedhbmedanphprbun@theﬂetedmen bibogkeasley increasing

the s&g?l tﬁgtalsear}dlfe.r%lrram slglnal tgrﬁegmwg%l%?@il?éggggn us% % lQnegeP B&g’hairpins.
Alsoea(qhmblerfﬁdfdkslg pelesend aduih dieengyne podigtociaed wilf besigipNAcatadi
Experlmen s t}}%e%r% t %oncsrptreagan %ﬁﬁl n\é de"I% hleso Be %ert%rrr% to ]ﬁnd the detection

expe argerosed” herei,
hmn(oIdlftbmhp:)onﬁlZ:xfsucl eotides in tot aI Iength was used. For

t nt s aDNAollgorrerthat is 79
Examﬂ@l’é@? %eg Ct'f)r(')f) gﬁégcmf’gﬁg?‘ﬂrexwth a 20 bphp was used.
[00252] T 1ﬁteﬂaﬂldn/a>£DN®rdeby0\f/ erhghheng(KH ef Bicheivtliacule DNA polymerase I
reatin

can tEerPucg)e? ﬁ’étg HI&TBTO gre t% éa 91§ égsencep o?lKrPS%aﬁtutrehanla subseclluent unzipping of 20
bphpsdt BHs@ntsl80 Wﬁdeajsegﬁmnﬁ)loaﬁadlmitlem pAlmsan zxmpgthde andobinkec median

o005 BB B BB SRR TR s com

site W@eélded atshestdnéilfindrénseintbbscgade deve}d Gmes/(@$@ nbacl nedaun difatieEbmESTP),

B NN e T N

event is illustrated in Figurgp 13.



[ 00245] Correl ations between the ionic current
anplitude and features of individual DNA or RNA

woRbEsMk@s translocating through the pore has gRg@aik.008/004467
shown t hrough various assays using _-henolysin

nanopores. A near direct correl ation between the
nunber of nol ecul es passi ng through the pore and the

two- ?%ﬁgrp %T rr%rgalfagrt rﬁt97%|\?z G&E? < Ck d 6& omﬁéﬁgttﬂ? glgeaﬁﬁglpleiltruge, and the

secorad (wndalsttemg@()s:habéae amah;tectb tamriglelenmasuerabme the hairpin kinetics alone.

It wa;sil Idénﬁcfn!st?a@é:det tltl% tFalplgtl n rom que r{é%{ eonr% uﬂeI H:mldtlslél(?c?atlgr of It(F from DNA
, rans catl on rates are
first, (QJpWEd)bﬂthn baufpaodrpptmg’ inwslecord \@stitmEquenozipging nchured Uala initial

efforp eH ol?a%% con(?r%l ofrénﬂf%eletgoggg Bﬁgug’ c?éntna%loma eﬁéiateg%gx éQ 9 n}/sg‘% o?mdmdual
temas}t qud1p®s¢s vaelvwltstraLscil rlpgsleé omthg chkmgtrlrlsu(s:tq;&nde[dlt‘skgn@mmsation of the
blocliaﬁe HRE gy $o?t6§egr%{é§%§ gftetr 9& mge\:lge 'i'he Zt()I AL Qutol‘?‘J w sgd t)eicguse 65]% éﬂ’ events

depending on a
are lcmg@hmnSZngHemn theemgdem)e of Fpcorecadiil s, whbé omy Q%mﬂ ezbnts are longer than

20 mse%laruﬁ) ’nrméf de&e!gg%nerax\éegalg%eqp the E({}glctedl\ﬁ[tﬁ %g/ % et %Véﬁasr]gnlﬁer than 20 msec

are use
usual¢>t coabsp(oﬁcl)(bkmzmatomﬁam\@mh ﬁbgure 149 (1I33tecBdBwaB A sedamahe mechamsm

[ GO el Gelll 8IS, L ESear
descr¥f ef? ﬁnsllg? for lc&lgtmﬁgﬂ wind ed mean usmgr}é% %re\aoushl 5 msec of signal and

ere 'ne lcearni n STWer e
a detaqnph raegle ¢fd 72he 228 panTedasinr bhobsmgathe\tmgb$s thzu ~r20| gmxs thyymedian

ampl t&c? qérelqca%% 26 B&pteﬁgnqg ﬁmr%@ség w@ﬁ‘ th%dr%\r}glp {eg éFlgltfo ?)'I" ol
[OWBh@e ESMyFtP@églﬁcsé)iM@]dummemam mq:ad)nme slymsementml fre extpnding this

systeﬁ)? sequimvlm % sih fe %n:&%'&[gg {1 B%%br egalg;q:gse i'sl’lg%l Hrobablhty of a ternary
compex etvageBamjorrtbadNTlésreselnen|tl(¢rwslera,uherxémnt>t dfrtiseurgint Itahceto be added can

t t |
be 1d@%cd‘ %éhlﬂ]-% si dn%[% iea%g'ﬁng &2 rF;gIF rg%llﬂgle Beke r{!ﬁa I}/%tu?a&grlu gf{_l&ase
poly@erchalianvis pagsarlyitd stegr zéohgahe dﬂdknbu oﬁmutlaotaieﬁ .Glor eypol EsBeidsd knzyme-
boundldl\} greseLtgg%w%%l)rechg F_zes Ee% ﬁr & &%s%gc}faqggﬁglla% %0%1Spé?xf s\(l)arlrfirerr.ﬁng the
correﬂ‘c@ﬂPSB/brleEEgt for p@ymcrplammhttbdexnpmraemis m&:sdntpn‘ hﬁgﬂf aiveniNJIPs are di-deoxy

termfi%a[t(f E er& P@%%agl%ézdp\{\%:] Eéé& tg}maa srm afse addmoB to the hairpin. This

use dfidir dzbam)r terqn'habrfs drthe tohMaumeasfnnds&e(]mtnngrmaﬂaudsmmmyedimday
eact. out put sanple tine).
Exa%ﬁ'eﬁﬁ Egogltr?l OQ?H&'Y:'gﬁ%t%%MT\?%@Fe program execution is
[omsaktmpldq:etenm:aa rsseec) 1eBase1f on dmdipvmngumne&ti ateas amplavade, based on the

oci at.ed .
ot G B B 2R BRE B AL Flonid s e ey pgpotince rnge

- consieasyithdphéa hairpidblasiadesr2hi: 2.8gfA)t Bigngletedtion Ltwoamdthas ef voltage control
Were%rr%geé e&j and passed to the FSM as i nputs. Changes in
RE“ESM Cont r ol | ogic are made as necessary, W thout
[0025&] In e‘fedirstt merr@damquuine eamlslcmes achieved tbmordwogagetreducuim:, with the
achi eves

redu(fep é/g)(ll al%l ?E’F}%d uanl thgﬁ)g%ﬁ)m anq%s hi @gr Ve n?gtek%o cg%t&e i%cgeeag% él%{] rgumber of
moleoulestel @mimed] @nd (hé reduded obinge pasndaptushinkeasab the datll ome g irf @inciple,
faci llttaéet s\A%uoeﬁ(l;lrrégo( l&ré Paorg[% Ea}r eg)( teg.g 3%'&6 ZP%&%NAF%MPSWB Ene g%?rﬁ é%&ﬁases the time
withivaithfai tértmaraenhsadbntmhncfnabulﬂ)w\acamdecﬁnmnmcbmel redrnDigAnethods.
[O(?Z\égfllthe seco%] me hod 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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[ 00248] Bl ockade events, quantified by the bl ockage
current and dwell tinme, can be detected andnonitored
wd 00§/ P3kot | M using the FSM FPGA. A nean filt @c1apBhésifdass?
to the incomng current signal on the FPGA renpves a
| arge portion of the peak-to-peak noise. Specifically,
every 5.3 nsec, the FPGA sanples the ionic current and
c : j n.a i tude. FPGA t i f
cont TP 55 SYIETNEN DR 0 bl and AT i el
Confemadanrofi e abiditytte giscedrinbetwerarzadnbdockads tyberis el tathe ie crucial to future work.

initial detecti o0, éﬁfzattora%f%arrgegnt ers

) ; ins .
Uninggl, nopfE 56 LBlacidrzaolDe BE SR BTHFHS oA ol Rl uepetion and
contiobginaultghlealgN A Sesfotnmeti ol relatvade tha snzymioNAd laeqt ponirokofeanty me-free DNA
. The ti I e n l})pIA transl ocati on event and
154 p&?r%qélﬁgg}l%gg%f(%gel%{éﬁﬁgac?@lbblcyat ion event is nomnally
[03253BDinsentrd.of SsDivem o mpopolechanbaevd devechsirgedh it whifh det¢ction of DNA is
nter .the 17.2 t0,22.8 nA ran g ) ec. f
base(f %nr rg%mtr?grrl%t%% Bar\]yf alln?prlrléu e trfézg{vg Fo % tﬁ%sla)?cg ve?fs\ﬁoétgge l%vel %anges, comparable
to thgse afppibgtdi hergaiverd ebmmandeth e axplare the detaeand dove woltagntffacts onsdaNA-pore

. . ; dtri . L '
el R RY S RO B G Rl S5 B8 AR oG s
calcufSivh ged here ffiltére e cutneans ndi gee Addisadlly, detdit®o depentiesnvbemeddNémaining

., al i ng.th ) .
w3 Shalel DRI FOTRL K AR S Bt
fewedfise d¢tetiomstblanr acdrticettirestwld qpmpeddont i ne usi ng the FSMto

t i.nal S present in the current
Exaxﬁﬁ%ﬁ(gﬁtl.v. ﬁ“ﬁpeethz'gﬁ | [ i)‘/“?etglﬁ et ect both 'DNA and DNA/ enzyne
(0eBAA demanstrdtior opdireet EWFPEArDItrdl hsimgdalDNAinm@ecules in a nanopore is
i,denti.fication of th ase at the.junction en

now ek Sfbainel G BERD b RET R AR DR HREn cvents, one
molebdelnch ting aad DiNkaseahe idbekadendivellhimedyovering heabpg@tivdigage $rom 180 mV

resent .n fhe.syst s detatl.ed in this repqort. L
o 19GEEG0 opBetlemit B b3 Bl bBE Ayl dogP Ripr compteing i
objegivaigliesng Piigationof the pxtervledblotlede deal tinges evapsmngdady tegpelling the DNA

inel ude r a C f i . Lhgl e c

o SR EAYRY P g RO
aggrega@iAohizalT. Jihe mogvatign svas@nopasethe Reped theidpic dyelUtiree, dnckxpel the
o R 0l K] AP PO B A A s i
contigst ngthe disgibetionaf teekiemipd dokl e eeetsy widldidicre tha theonbjedtive has been

Current sequencing nethods are limted to read | engths
‘of around one kil obase (1000 base pairs identified),
[0023D] A typaaldlddpbp based casquer’o imgvaiegdio shdwasn pigientl 3 ald 21al. The

f.or ch | onger, r | enat n a t 0, .
probgt ey e O ot oA P R SR B BBt oy yimodal,
with @feditiin éwd] droe & 2v8ombeci Bhedhadian atmlitudeoofitingmventipivg it Figure 21 all is 20.9 pA

... detectign rob e by inhcreasi ng.the. signal -t o-nol

witn g et e RUGR 7 WA, B GE Prednsc b £t el 13 e

(Figws Blaflf, openiges). Hohthe harhe ipardmenfhtonstamt tiubV eeltdge ¢datagt shown), the
chene to .ensure th nzy. as .dissociated wll b

evenfi B G Pa g R aP R R P G Py A RR DR S el s e 13 0 180

rang® fThid-uatade xtENTiPn wad dgg@bsion lbentppéfol e@hitk chetvoltdge mdreddved to 150 mV for all
etection limt of different, c | exes. [Ex [ e.XXI]:

dete dteé/% tsl, 3 Ear%efr p%elnga(‘ga g ?lo%&)l?&s) lsléo)?gdgﬂ%r/%bgng% amﬂiig%e w1t?1(1>§ t!le 13 to 18 pA

rang¢.nt eracti on of DNA with Kl enow fragnent (KF) of

Esc j.chi ol i rase. | n be probed with
Examplg %}n 8%66 e’ﬁg&‘; gxgr’}r@o? #"i{ﬁ@ (g&"é‘h%li’?of KF, capture and
(08260 FE@spueitign asiszdf p MINY hafpi’delnfpbipg Gt neamnsitadt cuir8il, thd/command
voltagg'\éera uﬁ@gg rl%{gﬁl{/ élﬁlilo[gé( Haa(?r%lsn uvl\lllzitpp an%QhepIﬁWK?raagsl&qgls {htrouugg the pore. Using
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dwel | tinme. Addition of KF and the dNTP conpl enentary

to the DNA tenplate base in the KF catalytic site
wodosd/ Phgh,2 substantial increase in blockade d TIU§2b6§ﬁﬁ4467

(11 d nmsec nedian lifetinme for dGIP), attributa I/

ternary (DNA/ KF/ dGTP) conpl exes. C oser investi gat| on

of such bl ockades reveal ed at wo- step pattern in

er than 97% of t S

180 rg{/?or a%rgﬁesglﬁsdp n}oredeevensth n ﬁ}; SG“ZHOIII% G?J E%%Sglrrj\(;g)%tends the life of
the hatplrﬂ @ gpid, dvediningenstentiodie uselfl&ﬁrlsergledhmy)ymhmsieeming\mdtﬂ'ods The

exter{d%? ti hea (I:arn% sh blc( b ?rcl) fr:lgre%asle re]:?lkellhooémfs cogrgcr{lg t:egtlgltg %/{ aIBNA-enzyme

ransi |on oms one to
configurg®me (seatdsp by ofcrefng monmammfglmmil tha‘ro¢dncnmedrebye Withen the amplitude
n to [elove %lgG
threspoqd ccprrespondl g Po cac %szﬂ A\SfEer eacﬁ)?rimsla lontRe )# revs%tF {hg Silgltage to 180 mV.

A repremmtum/le e@cfnt Esrshwremb?lgnmzmlbl\lthe eveati pott(Figut @iteli)edttern shows that events
f i.ndi vi dual rnary co
faster t‘ﬁan tﬁe rﬁ%mm%ﬁl noc?lsqgge o? 14 ms%chare una ectteed bé/relxéé{monr%atrc))(l and events with

ased aract
longcmdwblil txmdsecoamlget to thec-d b ipAmmeaf atmpleudelas exqacied. tHhﬂEodoyve trend is also
consnstent he nqga%rasa f; <t:oem\rP gorm%)?gdc -er\he%t no?aﬁg%c% aé, or an evenwa[SZI pA for
ecause O S are | onger In

1.4 ntsskeanarae;ssa;mﬁ)r of mEeQean%@br%@i%te@mmeﬂmmﬁ;ﬂmﬂl@| Yis 2% of
events are |longer than 20 nsec and in the detection

range absent the correct dNTP, showi ng that events
| onger than 20 msec usual ly cofregpond to ternary
conpl ex events (Figure l4)——pPeteet+on was based on the
mechani sm described in Section 1.2.2 for calculating
t he wi ndowed nean using the previous 1.5 nsec of
signal and a detection_range of 17.2 to 22.8 pA The
Whebasi s4f pkeccdsaoBigng 21 bi, S ﬂl&ﬁ)@eTheSfrztchat oﬁezaatmtlhlstﬁehebset range 13 to
i an anplitude for 14 and 20 .b events at
18 P%lé“c(/i‘é?efi o5l % 1§ hopinrimhe §Peé‘|5’af( *ii?tgﬁlg‘é Oiqéba‘d c[“dbf’zlg S‘Tab*l*ﬁ%(ﬁ“ed bars)
hlstog,kafnl(ptgyretz(pbmg agnose individual events in real tine
shows potential for extending this systemto
Exa@@aééﬁ@r Ryell Kimg Aggreeation ogtral Figuregickvent (>20 nsec)
[0@6Y Ehe RbB AR WAB &PigkiebMe B ddell BHEIF YheGRIEMeR%vE@NES L applying 150 mV
Based on the dNTP present in the system the identity
for 19 msgcrpgomn dipgnopis g2 'P%‘Pli‘eﬁ"%ft!of@'éo“@érl?y B%“‘igﬁ éet‘fF”S$l ofp0 mV for’S msec. The

rever8d Bin@6F H ths&d DGR3 SETI&EANRRGI RYDNRGFonIE Lhfha, ;k}@;ﬁﬁlg the pore for
reads, regul ation of base polymeri zatl on i S necessa

the g exn 3 P4 M OB O BBl P21 <GE0! Opfineggngtion of the

evenR@s @dAckhad corﬁrﬁl&ﬂ'fﬁ@ﬂ&ﬂﬂu@%ld@ﬁl@ﬁ@@ﬁts lmre Jwen&ar/@ev@&ns 8®wn in
robed for the presence of ternary confirm ng

F‘g“'telr?édc%? bedere- thaerent Rlot pigwe djcp Q‘i‘“eﬁbqh?\’fé P‘zeé(f"i'tbﬁ'“er than ‘H%“O”""a'

diag®¥iR Bk BEOL. & mdc@SEMHafrek iy Qg gt i@ofl OOhES1. 8kiag e preMYY equatlon for an
term nated so polynerization is stalled, preventing

evenna 2 pa fiart amsicnyl 8 1basdoakddnses, o apprOKheltdfamrtpmqan amplitgde is =16

DY, ! f
pPA. \;&T;tﬁa gfr? ngl%se{jrg 08 gg [Oerqn‘&%d% edlsd 1shl% 1'&9(?9 b%%)ﬁ prE@SSé y the
appr@amattc mleamdalchhd@rv iTHes ErhctiDNef dVbrhtewmllutee[swzﬁdr}geRém B pA increased to
ecti [ filtere
55% S%E)WH n tﬁ)ei opgn 85‘ hnsg ga)enabverlg}? q]eg@l{a& gggg)tbﬁ@gtgéﬁésﬁég{%ng {F?gq.\re 21clIIl).
For tth&mbEt cﬁﬂvmema median deall titng niel 2drdsembrriotmanensigate W'eh arbaaf delay, required

to dlﬁos%thhll\épgx%%tgtgagu al@r%slf%gx %s{ggr&%’e /grtﬁ%ﬁn Sff]()e {' for. {h 8 enl:giéersubset histogram
indicaes tlhaldbe aggregalon agpctmemhsrlmen yuhieeedd Rag}amsng ht enbact[ cﬂ@@ﬁ&] on the
d: t v

dlStl’lIbUllon o‘f;evetn{s B‘Wrmftagl erv%n sul\cl:\?l%lre ilnﬁ f;ﬁlan m rhe: gbvglgt me I ng%cgfng-B msec
and taqophplmeﬂemmge bf I3hE8 g¥ai rpin unzi ps. A higher vol tage for

capture increases the nunmber of nol ecul es exani ned,

and the reduced vol tage post-gzapture increases the

dwell time to, in principle,



facilitate sequencing. In particular, extending the

life of DNA hairpins in the pore increases the tine
woMobdizhi ch a termi nal base identification @529@8/004467

acﬁPevéﬁhusing machi ne | earni ng nmet hods. [00256

second net hod reduces the voltage for a preset tlne

(10 msec) and then reverses the voltage to expel the

?%HJ hai rpi n unzi ppi ng. This denonstrates
Eme@L IF]Q e%%% §Ato aggregate the dwell tinmes of
[OﬁmaﬂhedmnnfehkombadwemvmnW$1KEU@mﬂumw@ObQ@pmeNAfmnmn(HEPMﬁ A

smglg Qwh? n%ﬂ#eadeg{l\)& Ia%H?ortm‘é) Fﬂ chﬁt f ! repgulglgthh{iﬁ? ﬁll% wm‘ilythg Bna multiple

nnwbhvbkauesnwﬂbhﬂWkW@mmumDNA ﬁh@4MhClﬂww4KB nw§@@nhhﬁdGTPwme
bet ween each bl ockade t%pe inreal tinme is crucial to

presen( i thesis wllot they pprengleeeqSP Aﬁ&‘ﬁ%‘ﬁﬂr‘@s Hepigogd such that a 20mer hairpin forms

on the DanaChRIhE Zrads sR, @Ere QALY PRI HYNBBLS %anW(jOl'nef) P Hef @mplementary to the
direct detection and control of nultiple DNA

sequenshtdhern FRbYShs RV AhRiRIN inghe Hesidhzy e, and direct

[0628B] WRh vélfageippliet DNAERaslINAvi tﬁroagtpmeﬁ&a With ke’ Elﬂiwngocatmg first.
devel oping this capabll%B%% 00257] Direct contro
(H]S

of
Whea & SpA Pen CRAZAGRYIcS! fsD YeAtiom s Yep iy asdletertad. i IEYM reduced the

poterﬁ!ﬁt 860 0N a RvellWiciesit dddsLdo AHd PR M1 Ule MPtht PEre baMMot strong enough to
npl iitude relative to a threshold | evel. Voltage |evel

sheardh%lﬁ)érggl Ifa 8f‘rﬁéreé’&ﬂt gharaggteriplircf eweww Wévas (etecged, application of

voltag@ﬂ'ﬁ&:@ﬂ’tﬁﬂed Gt MR leRyeneldMBodRED 1eRARRL thOVarY DINtAKE heGfofe &l which point
SSDNA- pore 1nt eractions. In contrast to

on
the "E"Fﬁg%é”ﬁ%‘le@fcﬁ%“’tfi‘?én\’ ifpalcbihe Bolegils wribe RoHIThe malécu'% Ias held in the pore

for 20k 0OMBRIfoRNPb bk UEraCciBR A} hedopiel prirh@ o atmes [ '@E & dnllok BE DNA at 2
the current ngise. Additionally, detection depends on

KM RrRET FRBSE IR PRGN e e thesDRiA St 20 lgrstjandedsegments,

the nfldefe was RRFaBRE FroOn¥iatelyRt8s16QANSE Ak M@pl@lﬂmﬁﬁéaﬁﬁg‘@altmg time,
resultlng]ln fewer false detections than a sin

the Fo M revemssl Erecaligsa e 28mY: ek he DR Wwa@%‘i?feﬁ*ﬁ %ﬁ%‘aﬂfgheam& with enough

forcel?6 8atlgleSt ih @&&wbuﬁlcﬂ MBS ikcAtdn QB dOPririkir I BrfetyofrapMsfaFlaht 20 mV for 5
control of DNA nol ecul es in_a nanopore is no

sec, s Whirlhdg FSMrfhanaeii F*@tvo'é%gﬁé} 180y to c'e%@ossbheéew%ofmsm?l%fule in the

pore:&fithdr ONeNAIbde, DRAGKE biahig cbiﬂFl’ép lop DFM@[QF/&GTP &%aﬁo&ﬁlﬁi@xelf @hzyme-
a time and increase the bl ockade dwell tinme by

bOU“F’MYCFWdt‘B‘eZ“d’@p‘F PRI el mopjtaradsbe weﬂtélgrstfombe 20 pA terminal

step, WRPBinf QAT PR dlsI(;&a‘éed' bt be26r€ fe ONA RardRcatéVR! rbvetde MR voltage back to
extensi on control". After cog&jetlngﬁthls ob|ect|ve

20 Y10 agrpia saprimansther KE- 16 the EAbiailas) 1o dxent the dRAEH motep i Before it

trans%&ﬁecﬁ fhd QMenp%tlﬁﬁ%Qb bhle 3Bt Jﬂ@nn@l%rr@ﬁ'oﬁ Je0/ A LAd e 'F@W&ﬁd monitor
-50 nV af 10 nsec at mvV. This is referred

the %&em fpranotheg PNé\ IEPEIPE AR PSR! a@é FFtPF%S the fishipg Piogss (Fasqr@?m ifno

enzyMRE chRurD 8K ER S atiRBlaN R MInB AlterliR| thdPEIM e lAlshihd ARin JAHI enzyme
expel the nolecul e before unzipping the hairpin.
captyg ‘i};ﬁ per dPsihe fastnabied §em thiexagrab Ay eBNdweps Wﬁrﬁéaptured and used

to fisB YR RIFSLorgiwe R Mitde @$¢ntd @hat REvERSE b Riddch Q@re%coﬁd@@ for 95.1% of fishing
extended dwell tinme events, will indicate that the

attentpﬁj thquegh peanglysis hadisengene t(E MI_F the my@prﬁﬂz@ss%ﬁ@n events that were
Cone@eé}e,ggct@tto g%an,gqsgplt 180 nV voltage is shown in Figures
an The probability histogram of the base 10
(09288 frer Rerfasming ks mmﬁh meof(OECRNGERE SSNEAMEDLS, agetond ryinf §iyhings

expeHlﬂ&rﬂp\Qé}L runthat plel@gj bafer AL/ Uﬁﬁé'@ﬁsﬁlfng %m% ofB 5§51 seg—(nl%s the FSM
medi an anplitude of the event Figure 2 1 all

captyred epght opisA ofrhe p,anég»DNﬁth@mm mctrpqc@dﬁa}@gao(ep@%msgcwﬂon events over
a tlmggbno%l‘ yS(ﬁsé%dﬁtis PUS Qﬁaﬁys‘;"sr &t tHeraIaQﬁ‘ow?sqpéﬁiG/( %ﬂ:@tl}o(ﬁet&%dtagd reacted

gure 2lalll,” open bars). For the sane
to anéwereudrﬁémaﬂa@ evephior Ah867 BOKRRaPYistst fopexamale: 2 efdhe 337 potential

shown), the 64



events cluster around a nedi an anplitude of 14.7 pA
and 87% of 150 nV events are in the 13 to 18 pA range.
T. der extension and aggregati on control
wo'20Hs 24 ggreg P(ﬁ%szoos/004467
\I\{”Ibl c]h e voltage is reduced to 150 nV for
detected events, a |larger percentage of blockades
shoul d have a nean arrplitude within the 13 to 18 pA

Ti me Ext ensi on Contr ol
d'ssof'?ip‘g’ eve%%@ f’ﬁ%@g{ﬁ Upon di agnosi s of a DNA hai rpin

Exargple XXX V18I Migigatieg Fialsmerizyint Bissatiation Detettiort he conmand

e unt t he hai,rpin, unzi

[0(‘!2%5}13 gh dﬁ%&rﬁs?ng%dg %8\(/:6’5[ h%%lechmatlon {nehenz%néer 1es detgged laflrg%?%%}enng the

nanofmne cmrwpt sgnel andsbdckmgitmsentfrias w@nhshctshlamnﬂlﬁﬁhen‘hﬂge ViFhiid reethod of
smooAhl elH%i l%g%?g nlg}‘/g)?( esggg%crt]l%pseAls Iar]1c lfnlﬂ?(])cvfe%l?r?t Stoe ﬁ)bsefﬂtenn scheme, an
expobey\u tigleed reavirg avgrapetBYoda.) filldn earexplmdkasdmtanrﬁ:kteman the FPGA used.
o B B PR IR B e O] G Yo
smodglying lmccteemsalmggmfh:eng amcashuns ke fiker aﬂpuﬂm ameevimgrayerhge that places

expo[]e%ﬁlﬁlg'el? gmﬁ%ntcggn g%g%%%gﬁiw (hl% al%oH{ ﬁﬁ%%&%%ﬁlnsg{}ogﬁ%mg more

efficiettly thaol & salggle novibg@varage die toayy F@BEWB anplmeementHovgvs«howmmental
i .. i | attern
T L
(06360l cohore 10b41§tmactaﬁneymm<assemt®d elgntex K& rtmsmmtlom plieclohgeds to be
: . i
mpl%ﬁeq%g\a{(ﬁmas%;ﬁ:s%l%ilé %gigg Eeic))(nq\gﬁl!h b&nt /i Vglgeﬁ\élge\r/ %‘% ger%%f@seKF &ésocmtlon
it wikhfishdfocopresiog peurne wiffidientli éasmeKF ‘alrli'pwlot lmmdj@dammpuwaltqhmk the DNA for

the p][egerncﬁgﬁelﬂ nﬁé gﬂtaorrll a/l tﬂ{eol?lgkl ?% bsed curreﬁrj} ICPIO ot)ﬁ(‘én t%ef* enz?me has

dlssoemenancmaasvsanman itrohept tcscantuWaemhet emyerc Tlas cliepk Eiigparant for
perfo%lngng ’expengn%ntg't% cgll % mf{@%% A(gnlotﬁlcrg egtse\é/g % /E’Aty t blg vahchand statistically '
accurarg, ¢ahledemzum event rﬂmstslie@gueammerbhwr@ e@emtt he pr obab| lity

[OgMJ '*h%?n ﬁc‘%{tf ))f lgﬁés&\?ﬁglgﬁr@ r{tgéﬁngs(p’%hcp 0 slr?)%]%‘@xﬁglag 8W for example,

the nPh @NdBjtelot add@i walE teroplatg girangd st reestiién themhrdopore mmenn)fwhbm gaturating
n
level?éftﬁpg\%qhe co?r@& a¥ragelopgr%ltsér\1/telgltuﬂ'1%& l{n‘/ dw%g tlB’lg evenI %m 4R&N improve
conﬁdwemﬂake igéntifisdionbedanse r@cmsdass‘:que'ﬁhd lcmgvie»reﬂ ahletewm @fursven less
S sufficisnt
oftenr%%g tHe smrec?‘éﬂﬁ’ % 52 taﬁded ser*t }C/)hran { ﬁ(én 1}] 1es )P{esem netre 1s%hereeKF fishing
will hgglite galutydvpa:r@tmwodi is \b@ug dbnle npnydehthedagilitiee efenc@mnt Pakson process
ri.hution of th e in addi t o

soa 1316n ci,uarty s<f‘or§ % be agl?heg t ualfase I%FH%Y (ﬂ%ﬁnbsel% ganSf on the Rnbe? of repeated
sequcrraplrlemmeattmweaveme rThe Plgred fyotam is an déctgwyene:&hccdsed Asnmonly in DNA

sequ?nﬁmg O o eta{]m% ef asw z}te éaﬁzlv\%u rdebe%I th@ %\ rsclz’]aletS arr]lg\/\%9?o accurate

even ne o nad i ag NOS| &
call widhed B L@ aifs Gorléfiddel aﬁts&ddawleaa of Q@ iyl iR DI\QD:I&E]LEéﬁlcmg hiSthd¥@me of
the preVi dus equation, for an event at 2 1 pA for 1.4
writigsec and at 15 pA for 10 nsec, the approxi mate event

[0%@{1/\01%%L lbnkMg(t? ﬁ)léﬁlﬁgoa/% g‘lﬁ %;égct%ﬁtgkﬂ\%& gﬁregyg&)gakﬂ{ewgf egzyme events
is to pﬂe@dq')rgerl l}ﬂirpi’n@néippnhp(dxpaireenmam highdr goltage.i sigTﬁHeon’oise of the channel

curre§1{ \gl‘i:ltlﬁl xgvg{iuegég%cﬁs ﬁJ&IJ l!ﬂrotu?lﬁthg glpaﬁﬁcll rﬁﬁ&\%qg%érrﬁlgal%éppﬁ%re

ncrea own 1 n e open ba ogram
promineet | ai d on the filled bar probability histogram

Exargﬁie KKIK: %!)l%gle I'])itration Experiments

[00269] A more quantitative connection between the amplitude and duration of the terminal step and
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For the subset of events, a nedian dwell tinme of 12.4

nsec is comensurate with a brief delay, required to
woHogggse hairpin state, plus 10 nmsec extensi @rid¥hos/004467

An TQR of 0.1 for the open bar subset histogram

i ndicates that the aggregati on objective has been

achi eved. Regar ding the i rrpact of control on the
the ag(!ih‘g% i%lgg% {ngnbet rﬁaa%v netegsoél %})3/0 n%b%‘aéﬁl\é?éyg?aﬂi@y %E&géegrginal step and
showelrogh itshsgucun isicousikeent ity ®Naf aldr@-aﬂ.@ffpméntlimmmt @ nXpdegth characterization
of ther tee%rﬁg'ﬂgte%oun [f?rabzeﬁerfan%glglé {T] e &MB%%B%&E%Q;%F%" Q%ern)'i“%ts are run
at fouk dgffemegk eol@@eslypthddN 4 atohe aazbeldas DANKBAY TP cartdny ¢dmpdexginsing saturating

level% Ic;feeat’%:)sru?stl%tjﬁ.tl1 gM‘Qt gfl lﬁ(@ %({bd;ﬁ\{\pé n%ﬁlg %Wé%t i)@l ?%\9[ 180, and 160

mV. Detg?@lbpl;xg i2 uselrddher thaan dhe2ZD(phpiised m@mbqﬁm’t@r@te&xs@memtsno etiend the

of .t he The ssDNA [ desi aned .
dwelFtlm%s\iI}%ﬁa%r volt%rrel-rﬂqh é Iv?ltf)liges aF o rrlrgrsgtr? d?t%xgi% e y@rﬁcal.c%sdggerﬁlgm for an

applitd mhtsgesthdmelctshleneaalwl,as:rrﬁmaiMepfewmt @fativase abac).( 20ner)

o t uence at the 5 end of
Exa'ﬁ%“’%ﬁ%‘érm‘r“a %‘ﬁ%}é'a’%"ps'q%‘?‘?e [00263] Wth vol t age

[0eg3p] AsstéscnIBNlﬂabmas 1tds sapssiri tohgiv atdmeitq)d;ﬂeeuw 4nld r¢al@on5o the terminal
step. ?A{%%ita ed %5}?& %zfmg gﬁ%&%g Aer?rh’x?arl]gtﬁq, t%egore, this is the

aracteris r'ans oca ion ev
theordedaelmmmumtdhtectiéﬁme em:mced\ anll eeap@ingo thie sdrminal K6p willl be ahown by
1c,uff LENL enougl

ect aggre 1n t et rrnugj lgte ed m:ho%CRIhl h ppobtl evoltage as used
StTofyg i otigh’ to Ppirn.

ne nai
abovaégl\pAmemeemluuhrabawee&arthesltqund :nfd uebmlyldeurtmumbli)ﬁlﬂpamms are run with

tected e _was_continu u
DNAt zﬁone as wel’l asalgﬁég%fzcitﬂ\é’fgﬁmafy é:gv Pg utSIH seburatmgtsn& 5. of ee%ch substrate.
Robypoes to G'atse phsitolas pnay b shibive by @értfaggaamsterdetdctmeebfmloe 50 nVv

Exalﬁgl]e g%)& @'E mlrr;rzWS?e ont{é(g Etx rngg{t\ie Te;'l-'llaf dripllldg Lﬁ%ﬁ’}@ﬁon with Fis>hing

e pore
TimsTitfationent for the 20mer primer to anneal to the 5

[Ogﬂ;/ggg Le#)tee{g ef %as 30%16%4 ;H)ove 1s ae g]utct1 wat%; Ite(zh d\ﬁgalﬁ.g.e "Qprgtpon of the

consi sting Sf
ﬁshngetgmmm pesrforrhhiao mqirmnué the vai® of BNWaauna ecknfsrto rrnangnatipiixebgnts

comQaIra%ge to ﬁnﬁ%e 1&%%]npg eéll1 %(folyﬁﬁ ng? fntrentggrk]) mtlog%tlﬁwhélgs ﬁ%f hmlts on the
fishidgtendbinatnmivregdreteneatiee sanpligieofahe dohentp of tbe wis tviall. GErxoetghents are run
with [Dﬁqéég §(_)r¥5eioaa gv%lg ?s:, 1?%'{\9](]1:}% %pleﬁagoc%mg egyugalg g%turaélbgel n,v sfor} eaqéi substrate.
Example XXX :eFisking Titrativn E—S&Mxmhmged the volt age t o 180 nmv
[Oéﬁgﬂg?gnos Ia(% hg% Rgrf%rmﬁé I}%e Ber%faée of 18ng events Qre reéorded as a
func A KF/2d CIGTP eclfrmamyitlclo msbeemxenﬂsfare&ngkm&bamﬂ tligh agpture voltage as
abovg u’lﬁnle Sarpe copcgentr%hofn cl)r%tertv% é?&ﬁg&r B\g ?g;ﬂt" asnn It:hse'\élfl Qr}letngofe%eg%l%t%t al (2007)
SeqLM‘itEI’slpeléEc ldasctidin @SDNIAaioﬂE}dndmst bingihg n€ng dueanbPdle-based state machine.
a cat Vi _

sl ELRARERL gl B4, PO P EH, 164200120 b 200
dGTHel0e0,t0, 0,;oe 2 BNAS, 8| 3 6d,a 2@ebanev).t transl ocated, t he

cu returned to e open channel current of -60
Exa’BB\l?Bé{}{}"{‘ E)éﬁlerf Z\V\}BUIS[‘!‘ K8nitor the current for another
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events (that is, events > 20 ggsec) were recorded for

95.1% of fishing

voltaﬁe reverB




attenpts though no anal ysis has been done to determ ne

the nunber of KF dissociation events that were
“Kﬁﬁﬁgﬁﬁhby reacted to by the FSM [00264] Aft%%Tnmmmwmm«n

performng the initial proof-of-concept experinents, a

second run of fishing experinments were run that

yi el ded better results. Using a fishing tinme of 0.521

d ht
aCthHgGCa Bg'mg af%r ea%%ﬁ%@%ug)g%%f;]e 60%%%’:&9 agtﬁgq%ﬁ %ggnéé'siﬁ:tg%w@‘force.
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. di,.ssoci,at,i e ne. i e d by nean

hght?al"] ?‘ éﬁP/A "? aseU%nda\%fglpo}?%:ﬂéﬁ?s ea{()p 0'%&? and checking to
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). n I t he
o U RO R B8 B TR S DR L S
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DNAde#té8at @ le dqtrs&mmad pre¢ipitatibn e Irdpedtadsds béi(»re dhgeRNads Bblated with
f KE . wi Ll no hen i t
the dLI‘F?TC R élg&]t {SK?& v? %tﬁ] (is ﬁf ) and used t% ceon:s)t 2 ﬁ"]g CBIQQ\ 1 ]gary
(00257 EThONARN 45 lsdiaatgcmwdl(l g wthemtomrsendQcOprptéyqls i:nhMUﬂ?fﬁ{SCRIPT
as. d Ss t t ok
plasmlg p;%/ p?n (If v1tr r ”?lgenc%l\?/gs arel.ﬁacilonahe al%?Plﬁ?T%g’rgﬁia&T% co umn (APB),
and tp)nﬁB EDNP{S B])@eﬁm'@em[)rbplate&ghted mal dn&@preslsrﬁl(piamtd Ohe p]msmld is subsequently
trans}:otngc%dam(to {lfl corré%e?ent cehl a tp be valid and

r 4t %(In“r%g’“)det ected event nust be a
Examlﬂwxawlrd’rbpardtmgam&nuenc[@emGm}IAa'he mej or i ty of |ong

[06;2%1{{1{% cb&?\s %em a %gli‘lg Zpdggg?ilgﬁ?%(f @—g IﬂFon 8 I\i\g 1{1 ﬁombmatlon

with DmmmfsmcrmaﬂcchrsﬂMJ%sﬁarchhaﬁﬁ hequeard pyorhe n&ﬂﬁ)ﬂ eﬁ$anger and
Coulsonz p97§ a]t %tl%lglg?i QX le !11?8) a%ﬁfms evéﬁ?{éﬁﬁ%tqu‘é’m% systems (ABI).
Readnng‘pfraowes dbmmhmeldaumg starmd:krasaehmqiemt | ficat | on because

ted sequenti al dwe occur..even
[O(§ gﬁﬁb cle gequenes ang)g)?aer&u 0 zcﬁ\‘jl_sgq%enc%s §e ence Ll%tlé]é Afe used to
quer)t sfmllhnwhemthb GenBanpy BeiedPtot, BIEV@KS, and\Piatadl dﬁFabﬁSeszLnP@Mrd)duced
ei.ng done to.

S t k
aien G ot el 0 30 SealBieEub R BBEr S e0Es SRHRE Fecause or
the ld?;allaiatufq/ofslm)i‘hgnrﬁams, BEA&';D[.D&J usedlintdeteAnihiag exdcdxﬁﬁtthet yrin 1dent1fym g
hom(ﬁ?ﬁs a&wéY Pe ?afs p@ag@gﬁ{l]) cte er of ang{} %uigggﬂr Iﬂant) origin. Other

accuracy netric used commnl ¥%7i N



sequenci ng. For exanple, a 90% accurate call would be

a QL0 on the Phred scale and a 99% accurate call would
wdPRo§d241d2 1 s considered the standard |evel of mgzb%/omém

in DNA sequencing at the tinme of witing. [00268]

Anot her nethod to inprove the detectability of the

current step at the end of enzyme events is to use a
o5 BREBLES SRS DB SRR LIEMS 88 JLBELe bcn o
whem/dehllngiwﬂhrpdmrycbaqilehce ﬂmttghexnmsmondalr)omttlurecgag jpertahiies. The sequences

in naI te re.prom nent
dlSCl(EX(? mrETels a;}é?a %(g er]en E leatstI 42 Ju otlgtr)sI arr%gﬁ?ve n[od'x&%@]a }3\2%
uncallndrbeseqmwNastreaoededmmhmdtanaan@xmﬂen t he anpl i tude and
t he m.n ndt he a olta
[O(%g{) al%h apq:ﬁac sear?heél koer rrnea?cﬁersg) {jween a Lpep ){ seﬁhence and a%%tabase
sequemeqaeammekaluayedahe tthsnd:aésigniﬁaalncestf @p)y amdhas fi@wwd fepdvrapbged only those
i S can n i f.feren
matcf?es tt{agsaHsfe thl&ﬁjser %Cte‘{ %res%o\g\ér %flgs génr 1ic%na Icioﬁns pchhatlon thres?holdlls setat 10°
B forsmegnnaéslanwwf"mr pbattcteer control of the term nal step.
S&rq; Y, ments are run at four different
Exan\'/oéi??a egll\/\ﬂﬁ%ﬂ% a oﬁ’}é as well as DNA/KF/ dNTP ternary
(0@28 mp'llhexDNlAs amgxtsadedmahg thg cDNWelame ofid @goimomob& pririees. Ond primer is

synt%d%ﬂng/{ate%ne tTéIGn of the E\Stgwdmcflb ;g\H/lgtll[iy%]d ltjhs olélg 29 hmtlaartete?1 ex2ter151on of the

kno“mrffagrﬂémbmapmus @dmen atduemgﬁddensmg pmrhﬁraeaiysexmlwnammbesmom 22t0 30
nucleog(%ets éndlg hlg rtoe harvle‘I aGL con egtiof Igf()]&hg(;%r)n glﬁ rg(t)rggaea éocz%nn For tll,}ef) g&et sequence
at terhpemtttredclﬁ rban6&Eplo atbdut\?@? Cayy strbalt oMuelhdsiedﬂahMuabﬂemlt in hairpin
strucElJ?er g}lcpal‘ m ) e I’(ﬁY)enItlZ lgr alg aV%ld%d ( 1 nBeC) Exanpl e XXX

& Ml eI%tpep i periments [00270] As descri bed
[OGAsD\Selected cID]SIArhnbtaess:ae yseti ras eimpmxeamwreadl the de;uemm Ifextanstbn is

ter a 97%
perforrpedC tEan one %B’n alagltlé)l\l/ael rﬂ){ nes efll sets (% p{l ers tagarc}ﬁ]m n % ﬁrg%erred libraries have

beentshﬁkema‘ccedm mtlhdeslatger dTNeA ¢ dné Ganddm painecrmxbmnmndmt £Qqbdnogs with 5' or
upstrgaén reﬁlgwnof@yn q;] narrﬁgc l?bg%feét %ag{i)eblgegtrﬁor] Q tll’? ge{guﬁ%ry eSlemfg]ts ex{endmg into
the Sagomaeratinding; redien. t er m nal step duration. A high probing
ey R T SN DR
No. 7,982,464 .tACRONperédrmeineds - leﬁlate&&&@%k IKINAdENTBINEethMay cycler MJ
Rese%ggﬁtl%ﬁg§§gi (gl czﬁttgélé%%%qem qétg r@?/ nglglecﬁ’c gcws;plil‘fr)nsétr reactlon buffer
contamiﬁg' Mg?,r(gl}a)gmhr arideb- ﬁhelt:ﬂm(ﬁdtlmnoldfafqll)m‘e polEmambl (APKX)E]LONGASE

en2yCE A BORAL PR LI PSR RG HTBSR P TP b08 Prmsiers: The
pararhﬁ&@&trtlﬁfcy&ll‘ik&ﬁre Wwepg© &Ctﬂ’lteé‘ﬂ&ndﬁ@bb@@ € sl 5pedohdy; eah° Im,lbne minute; 4: 68°

atio f -t e f.ishin o
C. ot oo dovistned Tt Bl 6 F RACLPBLL e C 1nihe
alteria@ivd, eferpanrayueearmi @inee pANTBartiBKpaSadthgné)ard BdslWsN1:OALC, three
minugeg;?i: }9?‘#??15 %gﬁff%eﬁ S?ﬂe@g{ng rﬁeg{!’ CS ﬁ%(? &fﬂ&%ﬁtg 9,”3, Igu?cl P ?epeated 20
timed; @F8E Eefitcrhinv@s; aadTpl stoiggeaf 4the contents of the cis
I Exper.i ment reru on
OBl e iR eD AP S Gurih a8l iy BB Ry TobyficoorzeN
quanﬁfatlﬁﬁéigeﬁtL(bSﬁ%aéa@entEXH)HWEQV/%)%I&CUI&FP&&SI)I andT0.5 mabf wdiluted PCR
product R\to each wel?of an opaque fluorimeter plate (Corning Life Sciences, Acton MA) and allowing
the DNA to bind to the reagent. The plate is scanned in a Fluoroskan II (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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[00272] Titration of KF and dGTP are performed. The

percentage of |l ong events are recorded as a function
wPoodiz4f3d dGTP concentration. Experiments ar &diukaeis 004467

the sane high capture voltage as above. The sane

concentration intervals for KF and dGIP as in the

suppl ement of Benner et aI (2007) Sequence specific

1 Nadl Ng, usl.n
to 10 ﬁ'g or e eargzé @Nﬁa\frﬁ) %ér)é ﬁsaatl:l d% gp %tro%{]?resds (?no J'\‘Q ta%larose minigel to
deterhihteho\dfb)re&mms lﬂ&&dcw(sﬁﬂ:mre[x&,ndl@g 715 Secﬁletﬁ:ﬁ 1.0, 2. O 2. O
2. 0 0, 2.0, 2 ,

[O@:SQ]ZT hg ,extet?déd cl?ges ag;tdiesaétad cilzzalltrag%lo ed_ %%84 w’ell plates digested with
CviJIX‘XNblIaIviruﬂddetrucEBlsc)(NEleSllald?nelsg)[ R)@Ea?&] MﬁbsorFW@A)/ ﬁﬁl\%bmcated or
sheargf1 E{gq‘?g rehgs%St S]rtg C(?@Vlg?vtethgre &?’gﬁ%%r sho%hm g(%;ue?nrcese H1e¥hgested nucleotide
sequ@wklamymied:@fﬂpWenﬁsnmm mﬁ)tdl@d%)dgztrasetgelsdadg(mhtame excised, and the
agar lsg @8% §1E@X0Aﬁ%%e%9 Rt fc’lngag%)er)g% %gcg (t;]lor\llas F‘ﬁ r%lf%ated usnég T4 DNA
hgasc%wbﬁlglahtaBandee)rihweﬂQ]lS wcg)rf(,eﬁld)baeﬂ{edwnwfm DNgf pdlj’m’ﬁrase
(Stragl cFr)leL gill\e/lrg Iretgtarll ion saggye!erﬁat\é’wl so gnc{) tran%ﬁégcgg té)EEgtcgll é/osniq%tegta%:%llsb €
Trangoumnrd e«ﬂafata salgctechain aemmmeeonp:mromedw end mm@elual Exlampi @e picked and
cultuxg>< eri glt a?g'/atd %Swaef;‘eB e%n%@%cgrg%%czm'n liq ﬁ(r)n%df%anpl €s

Ee °% n1g are collecte rom atlensv i'al pul nonary
(0@2&6 Highe e¢lisaredy st cand dN Anis Emisl@ﬁadcmmgpnmﬂg Tag [D26A mlymé}@seQE;PB) and
1. use. extract ed from.t bl ood o
Pfu %Wa}r‘rﬁ? émerase (ge atagemqll\llg}b 2 lownﬁg ]i)(arz%meaecr% di %% néé %‘{ree Tllg]\utes 2:94°C, 15
secoruigriu @A, lmnemim,'ltel, frsi2p GCMOOIRn(tEHJREZBEJ\Ed 4@31%&@2%%«3&57? C, five

minugélfs;na{lﬁap s?cg'%%a a nc L %sg %gd dus%g;?@;]@naggﬁN g n:ilpa?lﬁ? rea%eﬁt (Molecular

Probék? GxaleA2iB e aboea Semnplels tht l@wa)NBe odcn‘\wneszpe@mp]ﬂﬁa@tusmgtr&rcondmons

descr":%,gnpove YA areglqlrllte ?(5% yls 0)11(16[(%%7(?]1 ZA‘]}')’vgg @sequenced

€ne froma pa I's anpli
usmgqm?ENAMI@ efidngy tpansfnesree;ueapeg pxﬁme:rahddyh@lBS’EgAwCﬂJjRECiﬁ eycle

re.se uenced usin ods
sequenc% OI{S}eoa Eg@g@%ﬁ%gﬁb?Eqwr{a C\éc d3 sleﬂuetnﬁ %t {Fﬁ Ece
ExamplaKe@(IXr Extensiorf ofdtblymsclagtidebir ed/ Phr ap/ Consed sof twar e
Kk
[O@#g‘?]a%g% taorng)%f twle Pct)‘y ! de‘sgll}lp ?_sg)ebmﬁ)é% § go nrl]lglie%}hde is producc'a\(ll:> by
exter{sid0 B7H¢DMA clahhﬁudmgkn‘l@mwclesuctecmsﬁrsu@neammm nsrsgntﬁmzed to initiate 5'
ssue.

extet{%%ﬁ%gtég E&‘%V&O@%g‘gi%@:ﬁﬁeﬂ%‘f‘eﬁ g(o gntfgﬁ_ e Lroz eﬂw 1n1§1;§l i)rlmers are designed
using @tmmlrhdﬂsﬁdlysmaftﬁare Mgiobal ByosiNeukey) td he zgmaxrﬂzdo A ouwleotides in
' length,\}giﬁavg pﬁe& %k)%lhlgﬁ‘? O*H’EE@?“H A gt @S A Cgegtcer at terﬁperatures of
aboul B° '(IlMalluﬂut 6822 iny iffapigent (HBewbuthreslon Ihhlqm; stRgtukresabdprimer-primer

m at .a

. Calif.) for 18 hour
d‘mef‘éﬂ?ﬁ%sr’g?‘(ﬂ‘%fi' gﬂ%ﬂeﬁl\'ﬂ&"}ag égﬁg‘g&?‘%garwsteﬂ 9 "t?‘uted'g Bisdndgeuley ff more
than énelextepsi@Cik pédded, @didllﬂ@ian@‘ n@st&i s DO pliirhiers e désigned.and 2. 5
f eth nded in. R ree

Oy 3R e T RGO B B P O R AT vsin the DNA

ENGDNE thephal aicled (MAREsehirePedhicadaction haf@dn@ins D wiiplate] 200 nmol of each
I sol ate th the |t I agen a
primissiepion Ouf oRTEHBIE SlEcio TRl 1 B BIGROF s tys DNA potymerase
(AmérfamPhhrmbbia BidiAh), Il ONGUR IE¢hz A6 € @i fdITeghnb@giek)eand Pfu DNA polymerase
(Stratagene{metﬂ% Ci’olﬁ)c{“grtlgo ga(r)zlm?etelrp fotr gr?meSrLlj)EE ?&%@da};m 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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plasm d system (Invitrogen). The cDNAs are
fractionated on a SEPHAROCSE CL4B col um (APB), and

wd 9§ E4¢fNAs exceeding 400 bp are ligated int @%52008/004467
expression plasmd. The plasmd is subsequently
transfornmed i nto DHS5aa conpetent cells (Invitrogen).
Exanpl e XXXVI|: Preparation and Sequenci ng of cDNAs

i SRR T8£S REER A O TS £,

(Stratab@ﬁ):raﬂe ag fotibes: Step 9Re($é3ammlrt§s Smd 2%qaehi:®dor‘dy Stdped: 57°C, 1

minu%%tlgg ?g u§ ?Zﬂrgl% ggﬁpgog e%s éﬁ& steed %Jdé/ﬁ nclﬁshg {5/ S6t896 5 minutes;

StepQétBiakeatRé@dl ng frame is determ ned using st andard

ol e SeeRitign i e HE Eeaind ™) éﬁ%?%ﬁlgiﬁgnﬁ?%mmm

quanﬁt@tldiluwgynti{&qm m\de)s MolectilhePraenBhssklyedSni 1SS @id,0. BhEKSdiluted PCR
abas BLAST oduc al i.gn ts. of )
prodfib s sabfe ot ePae Masrrhese o RN ihefit AT AAR:R) i gowing the
DNASe Glié RCibe Edagﬂni aTtietpjate Seeaanesien O Flubloekah dl@bbspaémy Oy,delsinki,
BLAST. j s us in det mn|n exact
Finiapdla Rsts TR iorestanes b R st Bl etiLle Rl BT orona. A 5 m
to 10pniakauoy o th€refdiida tréttn@liy an@lyzeanﬂyareymphcre(lam o agdrovegiihi-gel to
or ant) ori rithns such as those of
derer Ry rdasions dicyor S obf it et MRe RS, Soo29) “coul d
(00290 ET o @ ettinde 8 edjuwrivesiarel @éahlied gcontenlatgdt, kramsferred &o382Neel plates, digested

witn 3t R R T PR chefish By BEBRr Mo P pusonicard o
shear@dl piadr td etigdtiod thid1plaC @B véctte $A marchaoRharm@iaRistect) n slib?g}in

uncal | ed bases (where N is.reco her th
sequacmg,rtl]e-lxﬁgesteagr?géTntsmfé se@E qu'o%\%iﬂl d(ggﬂ 82 eag?rgﬁee%f?sr ngments are excised
as vistalizeh esdebBVIRAN add fhdeieyosaligesie@wiin d Ga RMIm(Paseega). Extended
uenc

se e. BLAST ug t ed i cal sjgnifican
foer B S S GERE P A PSR BlP R BLE e R &ersham
Pharihhtﬁﬁ Bﬁ&th)sﬁg&teﬁ h\&thlPiﬁEDN&qioQ@ﬁeﬁﬂe (Setaagdne) wd fidifin restrlctlon 51te overhangs,
g sgfnf cance. é Egﬁp{, (g "thre hold is
an ‘iad gigmefl gt ﬁ‘d%‘leée& d88 ¢ ri'b* 5T %'fé%d ongpdy ‘l’c Sohiaining
med1W|nHlv:duE>GoEjﬂBaB ar piked HRASINr&I0R8h]ghThe7TONASS4awe! plates in LB/2 x
ended usi.ng the cDNA clone and oligonucl eotide

Carbﬁﬁ‘fcﬂlh‘é}‘%‘“ Bftapriner is synthesized to initiate 5

(06291 ETHR IO a8 1yt Cankd W 1sfah@gfmntsmg dﬁ@DNiAepdD}txﬁlﬁ‘zfse (ARersham
initiate 3 extension of the known frag

Phariiiy BRlec s DR B0 BT EHS S g B B Py Geers: Sep 1 94°

C, 3 fiftuted@i® 3: 040E, laté@d&ldsthebG 0 NU i@ Stgs4: lmotemtnlmes Step 5:
to have a GC content of about 50% or nore,

StepsZn Al 4 £ %Ee%‘?f’ezgt%{’f‘ede?e%%d&eﬁc%mﬁ‘t“eﬁ SIRPe éff’@f:’%%‘ 1C Dbt quantified
by P%Cﬁ(ﬂEN R H@(I\/checglar PidYes$id REEiBe bt @aﬁlgtek A8 1IdWBNA recoveries

result 1n alr in structures and priner- rlmsr

are f@i"\?ﬁﬁ‘?dz‘étnlg é‘??scop@tl%mdie%?ééed 3boF282priseie éltllé%fi ¥l

dlmekﬂygflﬁ{okﬁé(laf Q. sqe s&%e&%@tﬁEﬁmgﬁ% chAFer sequencing primers
eqguence. extension is performed than one tine

and tadEYENANHFI IHREEE&tédn@@hasn arpcianiipigchy opthy é\ﬁlé’ﬁ&iﬂ BIGDYE
termPst@F&ue%% garu@sea!emmgrm?&éngel ected to include

| arger c random primed to contain nore

Og?@alle héemaijer, Hﬂeaaolyaﬁclemlée%cééﬁ@r@@f%é 163 arg @prado obtain regulatory

sequ&%&qg}n% tilel pbdc@ddr@ %&@%ll?&)uyl%&gieg &si%pédafbpol{t\gﬂﬁ Ieﬁteﬂ%fd() and a genomic
| ements extending into " pronoter binding

DNA lbyargn,
Example XL: Labeling of Probes and Hybridization Analyses

[00293] Nucleic acids are isolated from a biological source and applied to a substrate for standard
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[00283] High fidelity anplification is obtained by PCR

usi ng methods such as that taught in US. Pat. No.
W05209§f—2'4ﬁ51 PCR is perforned in 96-well platesdsiddsnsnosss?

DNA ENG NE thermal cycler (M} Research). The

reactl on m x contai ned DNA tenpl ate, 200 nnol of each

prinmer, reaction buffer containing M2+, (NHOR2SO, and
hybri%n%o&g%?%c% stb{)]'fcl)gg lce)f’nt Tf%g%vafmépp &%ﬁrr%%t%re(é% z5ar%ét nucITelc amdss a restriction
digest & geatraig &N, jis ﬁmctlbnatekléyﬁalabtkophbmgs qhamghmt @7% agafbse gel in 1 x TAE
[Tnsga%e!t%z &&lr T Iagmreréegt%e Clacelg 8%5@4):]’ Burr]%m gﬁff T anc? ﬁann}eg%(s (6a nylon
membane lm qapilley tra&fean,smg 20 amlmd sadgpecitrael (M) tAlmasapveﬁy ‘the@&get nucleic
acidsge%fret 1f84rhly]1§ myqlést?ito a v@gtor antd eu?sélft) agtg bgcterla] l%sl cells [F:(;Form a hlg%\_f Target
nucleiSicida kegeneged an @ suistra‘tc)by onesf tht fol@:&lvn@ mettlm’dedn therfudt @gthod, bacterial
cells tcontamm%%’n{i 1du§l ?o%gsd e%%ro%otlc&ﬁ)aplrtlée% éig(% araangsje c{n a mg/lon r%em%éfgle The
mem®iand iis ‘pkacemomllmesqal groghth/medigh,dyBaager @ntathin@, ca{b@ﬁ)&&lth], anfhigcubated at

o n t eac

37 (_gfg)é (1:§ ﬁiursa ﬂ g[glaﬁ M@d‘é@eﬁ{ral{zg? J(?l glaegen&h p¥ote1nase K.
Nylof @e%%tsem@@qpbsed m UXirfddjatioh in;a S\ItﬂﬁélbﬂHIHKERrw%e&)sslmm (Stratagene) to
crossgliniﬂNAPfthe mgmtg ed PCR product into each well of an

opaque Gor | net ef plate (Corning Life Sciences, Acton

[O(MQ)l] lanid sedond wiethgd,trirget DMAeit ax:ldm afﬂjarlilﬂlf bhﬁom%&gﬁnﬂl vecfﬂﬂseby thirty

cycleﬂgﬁ Ef% t%sgngséanrr]se gjo p[i] menEg tgu?c or s%%le?ﬁeégz}ng(g%z% gseg linﬂléﬁed target
nuclﬁ@i@s@re&ﬁdﬁé@s%@ﬁﬂ’%ﬂfmmmm I(lAmaltshaimPlemﬁNﬂBloﬁéch Purified

he reaction m xt
targebglucgellc a&dF 8r|8ﬁ%b°§§a?1§f a(rjrﬁyeg OT% égag? MICIOSCapS islléc[gﬁc?lamg c1eXceefgoducts
ComntlgtNannTiresslivhis plevioaslg t dated svitir0eD 5% aaiegsdpyl silane Sxgneadidrigh, St. Louis
t he se 00285] The t ended cl ones e
Mo af P TE G PP R aRF s 88T iy modiaion n
STRpTAL BKERIUYesdselthket (Shat@elne])l choI era vi rus endonucl ease

Bi oIo Res on WSs. . .
OB TR Fons S BEHF RTRRRER o et PR mrerbi & TR & mived with 1
mg ra@6ihQFimeARR: Te&ﬂbloglhgt igtubas e apIONCEsr, IOtdﬂﬁutéﬁ gelSiy@hilized. The
cl eoti de sequences_are se rated on
'YOPIEE%?Eé?{PRJ%ﬁfﬁH&’ prieg it o B! @%JO&&&Fe?ebugf&f (EDNASygihesis gystems; Life
TechablBgi€sx CondBlng QHNTP hex, poAPIdCT Pddl@l&ﬁltrﬁd)l VMnH MMIGARAGHse transcriptase

Proms Ext ended clones rerej | ted usin
(S S A2 CERpI- AR SRR BS O R Gttt glgeegrin 42 m
ded ABRRYd. 1o bse@ted n\ﬁhﬁt& RidtobdonRe. YRRNASE tHe PHdb3 i A8RABEN bl Qlkaline
fill-in restriction site overhangs, and transfected

degradatiqn- Fhe prob isapwnbizcdntnddepipded miEN, andypryieqriopaduglpetides are

remov&d e%e@mm?mm eLievIfcRItioRint (AthePB&th ®harAAda Biotech). Probes can be
i ndi vi dual colonies are picked and cul tured overni ght

labelgd wittyflyorgsgeng guatkggs| €yl GkTed GYA-dCEP 24mershase Riagnaqia Biotech), in place of

[hengd,(g,gugotggqnp}dc&ﬁ0286] The cells are |ysed, and DNA is
ified using prinmers, Taq DNA pol ynerase (APB) and

0@%991 Wd%‘l‘%ﬁrﬁaﬁ‘a&%"é’ qstteat ‘égb%@)brlmtwntbﬁﬁerfcevtﬁlawg g M sodium
phos%‘f@(ﬁﬁb% S7% §Ds %d EmM RDIRA. fnf{éch%ubs@ate isYftubatedlin hybndlzsatlon buffer

seconds; : C, one m nute; C, two m nutes
at 65° CHor aglea%ﬁd:oqrs rt%@éﬁeg@ replpceq W:él% 10 @l of frpgh @ffef FQpgaining the probes.
Mhah O MGy BiidiAnibn thl¥er | Btahd (e dub hed
Aﬂeusg}rl?gt% a%éhi%]lﬁj%ln{ ?‘?ag?ro rllz P(g]agen S? nq(?{gcuré ubstrate is washe
sequ@m@lbe@)ierascrcbeiyglyl srederd bondgionSappt €smivi sotiuighodphite, 1% SDS, 1 mM

EDT gag géré%gl ”Fsde %6% én%%ﬂt%chd l%’ja Mﬁla{gpeléibgoﬁq{&ﬁhé%&%% a membrane, the

anpl es -are
subsuiatmtehynlsemb h FOSEHOBMBAGER @ssewd (Amershad Phaquein Bégech), and the
usi ng DYENAM C energy transfery sequencing prinmers and
t he DYENAM C DI RECT cycl e



sequencing kit (APB) or the PRI SM Bl GDYE term nator
cycle sequencing kit (ABI). Exanple XXXl X: Extension
WOOIOOEP?J4 qx,ucl eotides [00287] At |east one of thg1/us2008/004467
pol'ynucl eotides used to assenble a polynucleotide is
produced by extension of a cDNA cl one using
ol i gonucl eotide priners. One priner is synthesized to
lmagé ﬁ'aﬁdl%? gé?%ﬁ\)ﬁ&gtﬁgbgﬂ‘ﬁata aﬂﬁf/é‘&%}’%’” e(glglerspa Pharmacnahl%otech) To
detecaﬁ@aﬁé’sngmywsﬂunm@ﬂ 1BdehyBiidized iome lrmanafaysuhs substfattema e@amined by
rd-NadsbORRtos & Sl A
co o Py i SR P Ry B BBt srorsggnenates
softwggo, and to anneal to the target sequence at
Exarh RORES A4t fim i M mudRothgel ©_about 68 C /Any fragment
hat woul d resu |nl11a|rp|n structures and
[O%P?lﬁ«écrlqu}eﬁ pemplefhentary togthd enhgutlsotiae.air d éegmSe lhe ot dretugerietn detect,
decreQQNﬁ 1l|I'La{ gaelhé §>§pré'§§1§n uﬁﬁg)u I'Pusg)é)% (ﬁ%gm}cﬂg d&‘? Ic r(r:lgnsm&rflrom about 15 to

nmor e N~ one extensi on S nee
aboutr@dasecpaiseis desgfibqdy thergamee prvaedute Siugrderth Ip@ORS Sinalkdr @’agments or their

o B L8018, B BB 9L B s otco

4.06 grivier pReadysisrseftyare Miasiond Beestiorresyiand SHO IRANGs: DNGS. t"E:n’plhlblt Eanscnptlon
by predfidam) . I f aining.. .

s PSR R B R BRSNS Rt fen 8 T B Rltce i
desigprg|ty hind tosthe (nAﬁEln@h%msmammwsap@embbdabweeﬁm% 10 nucleotides
beforgﬁé}’d’i‘@augllrl:g@ Epﬁlgﬁgénqgjdﬁ’%)f am%nli{o }l!)ltl?rlélnAIB%ny comp?ementar

(Stratagene ararre ers’ tTor rer
oligopyigleptidses dasteaet! tf)rpmmthvéoq@hasmncung t@ttlepnliNA 9460@;ng3he mammalian
jiinutes; Step 2: 94 C 15 seconds; Step 3: 60 C 1
mnute; Step 4 : 68 C, 2 mnutes; Step 5 : Steps 2, 3
ExampleiX K11 Brodactéon ofSpedifiesntitediess 6 : 68 C, 5 mi nut es;
t when
[O@SQEA CE)S Jug a;té ?%rfs?}gﬁngg cém?iex !)frbo?)gg% éltdg Eeﬂgi?aoﬂrl rotemlﬁ?ereog is
purlﬁﬁblrsnlgipelypﬂvmde;gai glctrphogesid aﬁi@sec( !Stlmam%ema:)e or aibentsasmubodles

are p%@g%&é%g ti&% @gto%ol? gegofgggbfmmﬁﬁLGZ%mz%t %\Pth%}f comggx coinplete Freund's
adjuvaitnmregtizagoesprorepeaBt@pmtePalsherafier lﬂlmeipﬁlaﬁee“'deuﬂﬂ)s ﬁdjlmaﬁt After a
i e ekl PUL 881 SR S BBl i gna s o
antipgpiidecaciivifve debngdivopenbindige he @emﬂde t%l ;@@E?EEENqugl aith i1 Zettolvina serum
albunﬁ&f?_%@(g‘% d\&ig'l. (éé;)rﬁ’ a({lylée\[:) &L\ﬁ% C o r | vrgghguclto 10(?1{1:Red égé)ahanﬂ rz:ilbblt IgG.
Methqgs Well gfiovemin tiagieee dised) mdetﬂanmc arpibad}etntér@md rtiengoGusif asmplex
formdﬁ\glgon Mass.) and allowing the DNA to bind to the
eagent. The plate is scanned in a Fluoroskan |1
Exan(plfa?élsvbtserrsnﬂg Modlextutess fidei SpeéifieBindihg with ﬂleﬂslyhedédlﬂe or Protein
Conj é yorescence of the sanple and to quantify the
concentration of DNA. A5 m to 10 m aliquot of the
[00P¥AED¢ priymotizotidecorifegmerad hzredf, oy labtlet witloBRACER] Gy3adCTP, or Cys5-
|\t o det ] j i

dCTPJ(é%n%gS Sn? §Ifarrmicn4 B%? ch or Wlﬁolﬁgﬁﬁfe%\ﬁgﬁgh&)?ef@ Zﬁgﬁes%%ene OR),
respeatix¢lie. nﬁhedladseqhaemomgataccenpismgIatcedple)cmfrpostntmamed and a binding protein

f d with i Jl
thereotf é”}nlrl)% ] feg QVIIE] ad3 10 clV\%F 8ra fgugre(smf perdtbelg ﬁltb%ns%m %t;c?nﬁgte molecules or

prote

era virus endontc
compmgtelambuslyl\m;inmrmn Wssbs)rate an'edncabmdoﬁtledar@éncs beabadj polynucleotide
or pro%hA Q\rftert lgcurbelloln aﬁ%'r%gn ns (ﬁ l % (? d lecule, the
tECH)": 6‘? st ﬂp%é'&ﬂff A nodamf'}?é‘c' molecule, the
substrele gsefsdshrd eindaagmamwna)h eheﬁsemmatradmogllaabowhlclolnarc@tcﬁ%acnﬁc binding

o AR e 40 B B o e

(Pr omsga) Ext ended



fragnents are religated using T4 DNA | i gase (New
Engl and Bi ol abs) into pUC 18 vector (Amersham
woed agj;a Biotech), treated with Pfu DNA pol Wt @&S60s/004467
(Stratagene) to fill-in restriction site overhangs,
and transforned into conpetent E. coli cells.
Transforned cells are sel ected on
e : Codivi | oni
concalsHs BF 8 0RO ol B RO LML ARl LB E et
depkhbékcvnmEBﬂ@dﬂmdanbbmpbuﬂ¢in liquid nedia. [00291]
The cells are lysed, and DNA is anplified using Taq
DNA pol ynerase (Anersham Pharmaci a Bi otech) and Pfu
(003Q0] Pokeskdied seth¢ 8t wat apgeniele that vdriobhalaptatidne widgodifications of the just-
descngt%:(:i g\qlg(ga‘:ﬁ;l%[ts csaiﬁ %Q cé-ﬁig%%d %mhéaut &H?ngaogﬁhﬁg?%géig&ofjt?e invention.
Othen';mt@ltle@chn@[uepar@ methicdp kndn i) ;heandambera@pl@:gtie gur@Goisispeesfjc modalities

oro R Bnd  EBesB ot oPAY A5 ) o e B
Ther@fsredlegcw bdraderatood that tBampéngisn gdntbi praoweﬂ)merrtémspecé”scally described
here@.;%h.{a%@megéa gnu.u%{ga%eé Eﬁofgngy;%k 203 nglt?é Jcklbee%g@qgﬁer

es are di et hysul phoxi de
embod/ime)nts vaifl dhe slmqmentoehbsu gl srkgl IDYEMANDE eviewyy therahogfdescription. The

r R It

scop% gﬂge 1“}91%[1 gkl%é?rgf% r@xgé\l@%gfe%@ g@réﬁpgrdéﬁﬁlgms along

with therfull seapeoat eqwzdlwssteq\llnmhcsuqmg:lmreadyemela@t ion kit (PE
Bi osystens). [00292] In Iike manner, the
pol ynucl eoti des of SEQ ID NOs: 1-163 are used to
obtai n regul atory sequences using the procedure above,
ol i gonucl eoti des desi gned for outward extension, and a
genom c DNA |ibrary. Exanple XL: Labeling of Probes
and Hybridi zati on Anal yses [00293] Nucleic acids are
i solated from a biol ogical source and applied to a
substrate for standardhybridi zation protocols by one
of the follow ng nethods. A m xture of target nucleic
acids, arestriction digest of genomc DNA is
fracti onated by el ectrophoresis through an 0. 7%
agarose gel in 1 x 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 nucleic acids are individually ligated to a
vector and inserted into bacterial host cells to form
a library. Target nucleic acids are arranged on a
substrate by one of the follow ng nethods. In the
first nethod, bacterial cells containing individua
clones are robotically picked and arranged on a nyl on
menbrane. The nmenbrane is placed on bacterial growth
medi um LB agar containing carbenicillin, and
i ncubated at 37 C for 16 hours. Bacterial colonies are
denatured, neutralized, and digested with proteinase
K. Nyl on nenbranes are exposed to UV irradiation in a
STRATALI NKER UV- crosslinker (Stratagene) to cross-link
DNA to the nenbrane. [00294] In the second net hod,
target nucleic acids are anplified frombacteria
vectors by thirty cycles of PCR using priners
conpl ementary to vector sequences flanking the insert.
Anplified target nucleic acids are purified using
SEPHACRYL- 400 beads (Amersham Phar maci a Bi ot ech).
Purified

73



target nucleic acids are robotically arrayed onto a
gl ass m croscope slide (Corning Sci ence Products,
wdRA%NY) . The slide is previously coated Wdh 90&%@‘467

am nopropyl silane (Sigma-Aldrich, St. Louis M.) and

cured at 110 C. The arrayed gl ass slide (mcroarray)

is exposed to UV irradiation in a STRATALI NKER
We claif)- Cf osslinker (Stratagene). [00295] cDNA probes are

made from mRNA tenpl ates. Five mcrograns of nRNA is

mxed wwth 1 ng random prinmer (Life Technol ogi es),
I.A mftn&yfﬁg %ongo lZlng%oflo asn egizeysmurg| Stg gt G 134 1y%91§%¥%%'3é4 ﬁoiynuelec;lgll?ig complex,
the methpcl gtmmtsmgrmb\bmlﬁg BY0 sEEADINA adiycmuhw@lss)f sysdiemspd hn in@rface between the
two poéE(iﬂenR{ P§ ? %aﬁh%@m@ns@%@ zés rz‘iléonvis %IQE’%UE ]rgoqg}?mr by-monomer
passagg Bom anea@xehe)tbe @ired pool ofibydy et patynd@ectidé aira tmaez piogidmg.an enzyme having

o 80 LSRR Ay 5y B R B coni
comprigfRAfirshpdlyreclpotole @nd & secamipobydudisotidd, iv\éubnemsa mhagma dieipolynucleotide
compleI edo%[)lg kgﬁadd %g%%éﬁklh fife rst%ol n&?e%{l&dtﬁ hew%n%es a moiety that is

I ncor por a nuc renoved UusSi
mcomﬂaﬁaﬂBE@Jme@cSDoIMwhmar@t mrmdU@Agﬁres)hhde&w:immmx into one of the two

oo F 2 85 v R Ao A LARCLA L DU ATAE e e oot
therebyBirgitiag i jirst palarjyy;aeversofg thepotentiaiddfemnceofiistaene, [IBRBY dEating a second
polarit%g%rgll%lg% Zt at;}%[eng% %ﬁkeée?@% %) %etcgn?l:%{n#]qu 6r%§£ m%tﬁrsg %olg:ntlgh he{f‘rew ctontrollmg the
binding gftthezen2yme (p3he3BBIallpdehble- smMCEE)]SﬂymNebwe domplegsubstrat e

is incubated in hybridization buffer at 65 C for at

| east 2 hours, the buffer is replaced wwth 10 m of
2. Thefmegtgdd of clhiimel fuubmcainpiismg thdrges obesurinyf theelequiaubatentdrtween the two
pools; %;em%gsnegﬁﬁg %%%A‘(?ahg%ézi\)a ?tall%X(g gt \}\%'Sfﬁrﬁ ém%:re}h{) H rfs{ peo'iﬂnt)g/was induced with
the eleunchcuriencrab@ Sbtaged atsthertmmgtemecmmindmdth@ﬁs; palgpity wasdfdurid.

sodi um phosphate, 1% SDS, 1 nM EDTA at 65 C. To detect

signal produced by a radi ol abel ed probe hybridi zed on
3. Theanatiexdiof elpi 1 furthersoingtisizg the i;tg)se)f(pgggnﬂng the electrical current between the two

pools; g) H%F@é [e\{p% I'IB égugfcég )?Zug 8{)&'}@5 %Q?ewﬁég‘aarﬁgﬁﬁhrataqola?& as mduced with

the eleanall garest \SIDIBtOWamed gtAargersinaem Phar maci a Bi ot ech). To
detect signals produced by a fluorescent probe
hybri di zed on a mcroarray, the substrate is exam ned
4. Thebyettodnf daial 1 vbeean theimoiay implyqtechﬁmdn thﬁggmp carsestm:g)d)ﬂ ageeptdtd nucleic

acid, a%xg mcinhal é%)flp a(%gjore ceergrgec%{engfengrﬁr e‘? yr\'%tg ?id f%ﬁ eroude isomer.

l\/bI ecul es con‘pl errent ary to the pol ynucl eot| de, or a
are used 0 te decr ease,
5. The m %%gefclalénne i Xr%)lp éhseseinz me 1 eﬁ:%eg grﬁmﬁée egrOlfp consisting o?{)NA polymerase,
RNA polymgcasm erhcbomaledsfs emnmjeass |mgL\ figasenDiNaed) iratih DINA glpaisidas8Okinase,

hos hata mF ase ziicet a%g%r+ 0S me“:she same procedure is used
PROSPARI T ger or ?ragments or their derivatives

(for exanpl e, peptlde nucl ei ¢ aci ds, PNAs).
A i gonucl eoti des are designed using OLI GO 4.06 primer
anal ysis software (National Biosciences) and SEQ ID
NOs: 1-163. To inhibit transcription by preventing a
transcription factor binding to a pronoter, a

- conpl enmentary ol igonucl eotideygis designed to bind to
the nost unique 5 sequence, nost preferably between
about 500 to 10 nucl eoti des



before the initiation codon of the open reading frane.
To inhibit translation, a conplenentary
upl eotide is deS|gned to prevent ribos
wogilog%f’zﬁg to the nmRNA encodi ng the mamal i an p?g?létllsr%oosmo4467
Exanpl e XLII: Production of Specific Antibodies
[00298] A conjugate conprising a conpl ex of
6. Thegxﬁcj,rtllyopilé)glalgﬁng % %rthgr clomggsrl%r tﬂe Qgps o'% gIIO\e'lld{I]]éf:F &lE Joerrg §ent that ipitiates
enzymel sadidity; @tiodmmg tnereagemetoohe pnabimnipssmgﬂthb pdzimnhc@su@roemplex and
otocol s bel ow. Rabbits are
mCubﬁPﬁﬁé’I?O%g%f%%hll?%l tﬁmp@pgture] ex in conplete Freund' s
adj uvant . Innunlzatlons are repeated at intervals
7. The rpe%o%%ff I:lg fm és gv\;\gr%g:notﬂg{ggéest 1S rseﬁéé%q fr%matgnlf* %Wéonsﬁgr{g%rf ]aor
dﬂﬂwﬂamhmmpmamﬁmsmhaoare dr awn and tested for anti peptide
activity. Testing involves binding the peptide to
pl astic, blocking with 1% bovi ne serum al bum n,
8. Therrgalgidiofiglaim T, lwhembiah¢ deryriteeudeotideis itnadycediimtb the patl prigr to introducing
ﬂwcoﬁMéflradlo i odi nated goat anti-rabbit IgG Methods
known in the art are used to determ ne anti body
titer and the anount of conplex formation. Exanple
| I n I i n $es Mn?* ca?t
9. The?htlétlo'g (())If é%‘ﬁ“?fgg‘ﬂ% 2{% & to??s sef%Et Egrﬁ ltlretggouﬁdargslé%%g ¥h , Mn**, Ca™,
ATP, oDy NaDIPEahd Sedermsylmcta@nmnt s t her eof are |labeled with
32P-dCTP, Cy3-dCTP, or Cy5- dCTP (Anershan1Pharnacia
Bi otech), or with BIODI PY or FITC (Ml ecul ar Probes,
10. ThEmegborbof OR)m 11 elspat thenedinm iSelaittictly yondudtyeconj ugat e
conprising a conplex of polynucleotide and a bi ndi ng
protein thereof can be | abeled wth radi onucl ei de or
11. Thé netbodeafctamh [P rvdieesn the mediamiiea aghecoasmdutdat e nol ecul es
or conpounds previously arranged on a substrate are
i ncubated in the presence of | abel ed pol ynucl eoti de or
12. A pwhtéérrdete@tmge)ﬁndingmﬁ laalbzisouwownuhpoundsa ntéidb'vimnfmising B triiveed-signal
semlcondlpc%r Xfﬁyea a?l%ztﬁslt grge e?ercggcs lemic (a:)léeg t%m elec Sracgle{n% [‘lgyer? g?@érgsﬂlf%g
sermcdndlb(dr mawtihlcWhéreid |tlwatm$omqnetor lﬁlaterldi) fu’ntﬂxern@mpnses tamnifaex modifier, wherein
the eleﬁé)cgaml%a? pa,Pfer d(%ﬁr?esésé%Yurzgit)f ?fg orrléiﬁ sCt(l)lf;] 8121’3 es cc%nl“?palﬁgxg rellt h%rﬁber and a neck and
whereip meymmﬁeeoitthdelraes q:;r btaeuzmwah e mgwhidation compasitloato€the mixed-signal
semlcondlglt({r waMaEj wehef:?m mﬁortlo of %‘b%ﬁgéeo’éf’l“%%s ét(:f‘)Otmegr]% Olqer(p n ﬁ'ﬁgﬁetal isin
electroanctcommhrhcaapm wéb tlatmaetztlhmtnomwnpoummdalpvmwmms oaﬁm‘: further comprises a
thin ﬁlm t Fthlnufﬁlteaf%w P of sc%l\r/]egnk gpSt de%l:e € O?ﬁq{l%neecgg%otggo}éfﬁcg t%e th}n ft'llm further
cmnmmmghbeenmymméﬁmmmwﬁhmenngmmﬁathmtechn|ques and
nmet hods known in the art can be applied in nunerous
specific nodalities by one skilled in the art and in
13. THeideNite abtlairh €2 @B ein ithetdompowntls rk Biogsleompoundent i on
descri bed herein. Therefore, it is to be understood
that the invention can be practiced other than as
14. Tiededicfdf chalnh ¥3 ebgein iteatblgtat tompolits agheleaedifean tieréuprtonsisting of

de trtlv estrictive.
ponu Bt R P Bomermisl £, PPy e bS Bt Hfases.
skill in the art upon review ng the above description.
The scope of the invention should, therefore, be
determined with reference to tshe appended cl ai s,
al ong



with the full scope of equivalents to which such
claims are entitled. W claim 1. A nmethod for
woERM/[Ald7 ng binding of an enzyme to a partialdefysro0s004467
doubl e- stranded pol ynucl eoti de conpl ex, the nethod
conprising: providing two separate, adjacent pools of
a nedium and an interface between the two pools, the
phosphap tse%rr{‘@r%? sps%%@cﬁeecrﬁc%ggn&merases tr%t%rgigéesonetg gsgéﬁteageé%aﬁes \ivgases and
Wawsthe ot her pool of onIy one polynucleotrde at a tine;
provi di ng an enzynme having binding activity to a
partially doubl e-stranded pol ynucl eoti de conpl ex;
15. Thedemicedif nlgina 1 Hwherein tesomicdeluctonpitenal Goitispn dioxide.a fi r st
pol ynucl eoti de and a second pol ynucl eoti de, wherein a
portion of the polynucl eotide conplex is
16. Theldaylzk of dhimal2dedreimthe swhee mpdifi¢rhea fiydrgbrbpol ynucl eot i de
further conprises a noiety that is inconpatible with
t he second pol ynucl eoti de; introducing the
17. Th@d}dvycn vttlaot i2dehecimibk extallizét@nenmepsition ikselevwed fromltig; group consisting of
zyme into one of the pools; applying
md@l§° g‘?i ? %Hﬁtg?ence bet ween the two pools, thereby
creatrng a first polarrty, reversrng the potentia
r f reby creating a second
18. Thgb V'cg FH&% 2 He;e% thgk’ﬁgl lso]tlvéent ial difference a second
trne to create the first polarrty, thereby control l'ing
of, the ar
19. The devg:? opg Plgan h rem hg n(hu%{lﬁ hos bllayei The et hod
of cIa|n11 further conpr|S|ng the steps of neasuri ng
rr.ent
20. Ther&gvrce o?% amtt E?wh?rgm tthre Ocl:’lglFe 1s\eletwee algetétron?éanggl}tglz 1rr]1 esrcfe at the
flrst tlne the first polarlty was induced with the
21. Th%ldgcéegof ﬁalm Q{J P"Fler?lil:l rtt}éat%nége i gt@veeﬂr\l\ggtﬂtl 52 él.ta‘l ilhrgizg.rl].ﬁ e
met hod of claim1 further conprising the steps of
asuring.t | ectrical current bet
2. gt or Bl A v i s B EBFER iR g L 48 WBE ned
at the first tinme the first polarity was induced with
the. electrical current value obtarned at a later tine.
23. Thgdevieg Q?H%Ft’h‘&d” hsreitiha Pore 15 AHRAIPETH MPIE froi ety i s
sel ect ed fronrthe group conS|st|ng of a peptide
cl ei acr , fl wor e cent
26. THE st G e P DTPeA T Qs sesiot) TR R BUR soggiting of an fon
channdl, S@il8Eoside chahi€l, Mpdphi@cchafnet; ladigar dansheteriaRyiapec ERRYENR tiafsmembrane
selgcte from t he group consi sting of DNA pol ymer ase,
FNRCAOIyTHEPAEe, endonucl ease, exonucl ease, DNA |igase,
DNase, uracil-DNA gl ycosi dase, kinase, phosphatase,

nmet h S | ase, .and ribosqones. 6. The nethod of
25. Th@ldﬁ‘f %"/ﬁo? g‘U‘P ?ﬁgﬁéﬁ‘a fhsrhidegigs! mRiscws 8 Sshegeisiovi di ng at
| east one reagent that initiates enzyne actrvrty,
i ntroducj nhg the reagent to the conpri si ng
26. Ttﬁ&erﬁrtf %\5? i yoerew iy Rk apsHre ishe gee rtwgtn? A éndp%'arl "ht'ze
SU|tabIe tenperature. 7. The nethod of claim®6,
rein the reagent is selected fromthe group
21. Tr@(ﬁ'ﬁ‘é?es‘tf Cﬁlj“ &9 Wﬁerﬁl'é PBeyROrAFBRIES BOeivEen abry ?ﬂS‘f“dlf't Brsizeg.
The nmethod of claim 7, wherein the deoxyribonucl eoti de
is introduced into the pool prior to introducing the
cofactor. 9. The nmethod of clg m7, wherein the
cofactor is selected fromthe group consisting of
My2+, WMh2+, Ca2+, ATP, NAD+, NADP+, and
S- adenosyl net hi oni ne.

receptqhniR



10. The nmethod of claim1l, wherein the nmediumis

el ectrically conductive. 11. The nethod of claim 10,
wOoMsE Plafyt he nediumis an aqueous sol ution. 13c1Aus2008/004467

devi ce for detecting binding of at |east two

conpounds, the device conprising a m xed-signa

sem conductor wafer, at |east one el ectrochem ca

0 hen1ca | aver. co )
25. Tog et £ SRR Trob ¥ R BRI B alvig e

mat eri al further conprlses a surface nDdlfler wherein
lectra ayer defi h it
29. A met%fx?cé%ont ﬁuelg g]rnlgyg 8¥esryeél ertog nlénucle% en%lnlg v%ltz%fegeeﬁtéac control, the
methodbashltiigen e:peatddlmmohaxﬁbmmsbcmtm obthe f:mzxyms bg dxelpotyahalemde the method
neta on_compositio m.xed- s

compngnn%qnlg 8tﬁ uct rov1 Itwo Seﬁﬂg{r@ e(? Eri]Celét cha Ol%ers COMDEISing 4 mgcrhlg an mterface
betweelnshepbvu glgaad)ew mhmaarfmft laalv;ng\meaneclrso ﬂh@nﬂﬁtedlas loSlllD‘n sequentlal monomer-

el ectroni n.wt
by- mou(]:omer Basseige ?ror’nqms Si fl tge chtarlllnehtotthe trans ?EI ?1‘; % ?hagrbel of onl LQne
polynua]ebtl'dle lstra‘nldlana tlmheprctvh:img a‘ml dnpyriiedraning) gmamg activity for a polynucleotide;

..sol vent - able seal of .the orifice, -
prov1d1tnFI p{oﬁected cixlyh Qong ﬁotlde rovuﬁm&b ﬁolyn%gleotlde blr{(]ihné cgrgp%ung, providing a
polynuf:luottdh eompl Bl$1n ostiqnaif Ghe@ bmtcluoede cbﬁxpleilrsedodalvistrmded and a portion

rv@p o p _
is smgl% 59 anlgi]e ed. dnstm%anegl t%l%gcl;laneu\c/:f%g{g cPeu]B%El'e)ia info bl %\%\ﬁlg I}vgoa énha{nﬁers applying a
potentlbll di)ﬂf@gice hétwmmmmdﬁarabe@ shetebe trez{hng fa dimat bdﬂentg,rtbcuﬁrst polarity causing

: Q ucl e |d S
the sm%ﬁ (S)téaf)] djlplo%foa Sof 91 8¥ln gléc(l:ec de I ahspgse tl%/ ng&the dc%al’mel to the trans-side;
introdlpmgttema:tedkiewasxbsmph:osquhmb aeessme hyadmbeﬂ; mgeducing the enzyme into the

aduct as 0 sSes nsf es ases,
same cgaml%eiilaa%vélgg ﬁ-1e en%ténéezt Bﬂ%d? tlg golénualeitge a?lﬁ)wnfé prot¥ct?
deoxynrﬂoallldlnoﬂiae mﬁbendecb the phl@nmlm mdnwtlm the’reibcamahturrest througicthe channel
device o -
thereb}éde?e,rc Cgethe l])“ladllpg o thtla enzngI an rtg% %ro egpecil' c%ef)?y q)ﬂg'ucle de to the o;%olynucleotlde,
introdweIngithe prB'n\Miemde hintling commcﬂlhdl inzathé mher@bﬂpmo thambens;&'iecreasmg the
cted f I o consi sti n I cke

potennalecll erence a g] : I'h%r ﬁ;lcrt%gng aﬁﬁzcong é)vl%n al ow1

, £ fiieret ; C L?ﬁ)(g)g]ucleotlde binding
compouirﬂslb(bmd td ﬂle smglt:airandsd soljmneleotldizgcve'fdn@ tdemtﬁmakﬁlffcrbmenhereby creating
1 erein t S S i d Di [,

a third Pplartty reversing t(tt;\fé p%t?nua, élktjerellc‘f co%1 9 mg nl;]eas ring fhe eu Xlgal current through
the chanedlwb@ebyats@otingC ;ﬁl)@ﬂde(ﬂldﬁahonenorsIpDBnuCZeandéﬂlSWndi emh@:«mzyrhe and the
protect%éng%og}riqo%%c\f@ogﬁe rer%)ﬁ%tpng éi\g/}l; Qe o?FheIé‘% s:? rﬁnlte ?r@)ﬁeg the bhn%lng of the
enzymerd the podynuslefi@ieween about 1.25 and 1.5 nn1|n size. 23.

The device of claim 12 wherein the pore is a

bi ol ogi cal nol ecul e. 24. The device of claim 23
30. Thatwetted of ¢lhien 29i fohl@ag coraprising| tiecstdpe of rBeaS\&ing(tfﬁeeﬂiecfr'rcalmutrhle between the

u conS|s of .an n_.channel l. e0si

two chgrﬂlgerr]% é?mpann% he £ télcagﬁgrrr]er]ng lvalueac%éalljnegl Ft : grﬁ,gtlme ﬁw g’lrst golanty was
induced wnaptelelbcmhamneém valu¢ olarisnienibe ame theae®pd ome tl&rfuistapolanty was induced.

nucl ear pore. 25. The device of claim 23 wherein the

bi ol ogi cal nol ecule is a-henolysin. 26. The device of
31. Thelngithod bf vikier 29 farthen eorppn‘sim gajuestdpsl Df&ne’taSurbgttwmtra:bmutrenﬂ bbtween the

two chf”lrﬁgersp S?mpaélaéﬁ}e étrl-C%l CBlg%n? que ohgame abt%%?rs [h\MPirSt Holanty was
induce8 witB t1i2@lectfiad cdeatit &ﬂu@ébmhauama R#rwmerein t he por e

aperture is between about 1 and 2 nmin size. 29. A

met hod for controlling binding of an enzyne to a

pol ynucl eoti de usi ng voltage feedback control, the



met hod resulting in repeated capture of and
di ssoci ation of the enzyne by the pol ynucl eoti de, the
onprising the steps of: providing t Cﬁﬁﬁé
‘anﬁnggH? chanbers conprising a nmedium an |m?)r ac biBassr
between the two chanbers, the interface having a
channel so dinensioned as to all ow sequentia
nonomner by- nononer passage fromthe ds-side of the
channel to the trans-side of the channel of only one
32. Thp olethod of dotni Qevtsteirethel ptaynualebtidm;indplgwtndbmg iseleetad §rom the group
consmtmlg o% nrgol1I%|or|;]ucci:llero]gcé)etcce(‘{:I }{3 )éte Xo Fuie gloL e%FJtl egéép%ge nuclei dc acid, a locked
nuclelcpxoidymmivamed dl&“—ldolldﬂ:l R mmltpwnsb;mepr ovi ding a
pol ynucl eoti de conpl ex, wherein a portion of the
pol ynucl eoti de conpl ex i s doubl e-stranded and a
33. Thparethiodnf ¢lamsX9ndlewimsthe enzghme js stlattedftlons ihe graupgonsisting of DNA
polymeDraseylﬂ\lTl& Bglglthergg énnt%gmc € seI né?técgegge %E\JtAV\ngse a?ehﬁgg?bﬁfx glycosidase,
kinase q:haapbmss,, m¢thbease,tayetylla®aandngpoamfel rst polarit y, t he first
pol arity causing the single stranded portion of the
pol ynucl eotide to transpose through the channel to the
34. The mered of deém A9rfuntted conmiging e sf@po@fqmtv@djng at least one reagent that initiates
enzym‘%:I ?]c%)\g ey:i InRr%Huc IﬁGt% Ie%%enl totthe Cﬁ‘g'g?ﬁfﬁ gc?r’r(?pr%h OWIeP%) Jn{lﬂgotﬁg l(’:Ic():m I’]g( and
incubating thé dxelmbcr at henpalagammffemm wenairedih envely mg a¢tivey pr ot ect ed
deoxyri bonucl eotide to bind to the polynucl eoti de;
nmeasuring the electrical current through the channe
35. The lerheb pf detedt wigeib ke réngerdiisygeofictor.ne enzynme and t he
prot ect ed deoxyri bonucl eotide to the pol ynucl eoti de;
i ntroduci ng the pol ynucl eoti de-bi ndi ng conpound into
36. Thehethotl b&elaiof 35t heereimech&ntbeis selecttddropaibe pgyup bamsisting of Mg, Mn™,
2 t I, ffer e At Sitime, thereby creating a
Aglg)cfgng g%?‘lg# o a Pos%nmekhl?"he pol ynucl eot i de- bi ndi ng
conpound to blnd to t he S|ngle stranded

37. Th? &J c a?r% I2 Whege%y tt%ﬁ%le(glgm Se(!t)r[lcaﬁ)n ct:c;n uctl(\j/!:f ference,
ere Crea ol arl reversi ng t he

potentlal dlfference a second time; measuring the
| ect | rrent hro h.the channel. thereby
38. The g t%%({?f%ga'm%go\fhfﬁebr& & BEt" gm HG9ESr mﬁdllﬁrgl ynucl eoti de
bound to the enzyne and the protected

39. Thc,%j %gﬁéc[)g)‘b g %:rleﬁmghet [%g e n%ogydﬁl)S%{uc?eﬁndeog ;;)prges %gig(? tibonucleotide
selectep Gomnbicgrewgt dodﬁstmg of dAhe daaPHOLP, aCTR, | EMRRBdUTH. t her
conprising the steps of measuring the electrica
current between the two chanbers; conparing the
40. Theinembd ofeddim G mherain thearleapeniGbteddcred droat thd greud ¢ansitingioffed ATP, ddGTP,
r arity was induced with the electrica
ddTTP 1&%? Jgﬁﬁg obtained at the tine the second tine the
flrst polarity was induced. 31. The method of claim29

furt t
o1 tthod B ot Pt AR BT o UG- ERtRIEPE Sl faptepycontol. e
method f&ﬁlll@igﬁﬁtdehtﬁlf@in g wrséq&ﬂﬁce\bﬂh galymieteatidecthe adethiol €orhprisiig the steps of:

me the first was. i nduced with th

provido £ fepiraf P EtE DR SRHEBIPB PRIy PPk bepyes g swo chambers
the intekfa€e Ma@inlg@dh@inelGb dintBnziBnadlae fedllowisk@iential monomer-by-monomer passage from

pol ynucl eot i de- bi ndi ng conpound is selected fromthe

group consisting of an oligonycl eotide conpl ementary

to the polynucl eotide, a peptide nucleic acid, a

| ocked nucleic acid, a derivatized nucleotide, and a

nucl eoti de isoner. 33. The nethod of claim 29 wherein

the enzyne is selected fromthe group consisting of

DNA pol ynmerase, RNA pol ynerase, endonucl ease,

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

gl ycosi dase, ki nase, phosphatase, nethyl ase,

acetyl ase, and ri bosone.



34. The nethod of claim29 further conprising the

steps of providing at | east one reagent that initiates
“Kﬁﬂﬁ%EﬁHﬁCtiVity i ntroduci ng the reagent to th&G,s2008/004467

chanber conprising the pol ynucl eoti de conpl ex; é

i ncubating the chanber at a tenperature suff|C|ent to

mai nt ai n enzyne activity. 35. The nethod of cIain134

the cis- Vs\‘illae ofe th%%ha | [o tﬁgtercrz]r%s 51dse o?]ghe c{|annello¥ onl%f)ne &02}' u{[e otllae tstﬁand at a time;

erei he "co Fom

providigg e zgine Bavirtg bringlirgf acMgB/-rfpr d\,{lm’kyhpclé_?aiﬂd* préviding ANgrotected
deoxyr%nucféoﬁ%en pw?ldlan%eanr{)% h u l‘[er% gl ulnrrhlchlgg cornpourt]dr Ipaogfrdr}e{%hao[%ly%fucleotide complex,
whereig @ poiticd ofuke padBhuciEdiele gempledis dbubid-arandedAnd ah@tien 1 sinple-stranded;
1ntr0du£;é1g V\l}e]z é)olé/nuc?eioﬁggy tlleex Cl{r;r% ém%(gfl 69&?’?6'&%“3’8? %?p?ydneg %o?enff‘alrglfference
betweea ttutewa( ylnantb@nutdjéreb»t drebging e Fisc padatity, nl@rﬁrtttpelagtyojaqnsm g the single stranded
portion 48 e'Pﬁ é/nucgeio?] ide &i) t?an%osecéll- oggfl-rt\IEChaQnCT E) the traris sncfe] 1tngoduc1ng the protected

deoxyribehetsboade lfltooh‘ﬂ talve cgamh@p IMMMlmthfnglzyrhe nh(bﬁﬁ@san@dﬁﬂ?oer allowing the
enzym%fjo-ll-)TP’to glgggPhuc?eoqd hJTwm% 3 gfotec{rg ¢ Qog(gnlf)]o%{lclgcgr&t IEoobl ci ghe

€0 e usin
Polynuﬁle@ﬂﬂbanéasnmgtﬂnaﬁlqcutmbcurremhludughelstﬂhtnnnghernby dzbentmg thie blgdmg of the

enzyme an% tf?e p%'t%l&f %e%;(%r?)og I%Péile to oef}nlo a'gtrx]cééo 1§\% qrgrté)glgc?ré% tge polynucleotide-

bnndlngmnanomﬁmmhmmmw mempmtmmhcgs deqrexding the patential tidfefeaceea first time,
the, t nt ace havi
thereby ﬂEa\(vg%F secon opo\fu?'l nys Iaf;f%“él fch’e p%lsn ’elotu?e blncP %cotmpovr% to bind to the single-
strandetdtpnkynmleobgre nayaGing nhemmsazg differenod, hEreay sre&m@ea tiofd gdheeity; reversing the
potennal qaf? renc O COIHF [11’1:’1 [ %%s ‘?’mdﬁle e[ectnca(:f curre%p tﬂgxuﬁh Ihe cpanXel tlﬂereby detecting a
nuc e strand a I e,

polynuhlamd!a gl.obe m:h podynadtaotide byuntl o thaeminy ambthemt)tedled deoxynbonucleonde
repeatiﬁ%?né:,?ﬂ% P ? stg [0 grg%ye(%np SiiA n%t‘hé E’lﬁ(ﬁ‘l %lofqg d‘nzylme R R poq)lfnrlllgle&ide.

polynucleotlde conplex mhereln a portion of the

42. Tl%gnl} rc])}(il) ?# (ﬁzg}nlsﬁﬁfulﬁhen??n%gnsg% élgeos eﬁf : osbéu?nﬁ]d ?l%eheZer(]:gicg‘l current between the

two chpobeyn vahgohg the elBonmpzilexrremnt/IhueOJbemmﬂ at theﬁtsmmne:maﬁmMamy was
mduceé‘ %ﬁlﬁ%he ﬁ:ctrltc %Bref‘mt vﬁue c%lttglr]:e ?trtllc gmg te\élg %Qd E rtne the}lf\ﬁst p?lantg was induced.

ereby creating a T TIirs ar i
polarlty cau5|ng the single stranded portlon of the
ol ot| o trans hro h the c o the
43. Tl'{g rma alm lgaaa%m%ns%lg%e sEe s fu etasud'mg the e‘ff1 Glcal current between the

two chaielm:xy mdmnug khe (etecnﬂieal icttrent t/zhua: ®amed atrherDsr time it ficdl palanitg was
X aIIOMAng the enzyne
'“mme%wngﬁﬁg%Fgc?ﬁgn grﬁﬁ t%%% g%amr f™Swi ng the protect ed
deoxyrlbonucleotlde to bind to the pol ynucl eoti de;
. T PR P o TR ok P R i AR T B the rou
consnsqﬂfg(mhc aC(blEgdnLdJﬁi@Xyd’ ctdnrquncelnaqttbde pblyniidi@tifo b pepticdk @adléicacsid, a locked
ntroduci n n ebi ndlng conmpound into
"UCle'Cta\%'d ¢ ﬁwm?“ "'t'%ed??wé 'f?ge@t 1S9 EEr easi ng t he
potential difference a flrst tlne thereby creating a
second polarity; allow ng the pol ynucl eoti de-bi ndi ng
conmpound to bind to the singlestranded pol ynucl eoti de;
reversing the potential difference, thereby creating a
third polarity; reversing the potential difference a
second tine; neasuring the elgctrical current through
the channel, thereby detecting a pol ynucl eoti de al one
or a pol ynucl eotide bound to the enzyne and the
prot ect ed deoxyri bonucl eoti de; repeating any one of
the steps, thereby controlling the binding of the
enzyme to the pol ynucl eoti de.



42. The nethod of claim4 1 further conprising the
steps of neasuring the electrical current between the
wd Wes/Pgbers; conparing the electrical currefeoyddb®/004467
obtained at the first time the first polarity was
i nduced with the electrical current val ue obtained at
the tine the second tine the first polarity was
45. Thlerr]nde g (cj)f clzéili% AH w e{em &1e el%zyﬁt% ésssﬁ‘?“‘% fr?qlI the éroug tc?ns%:sgitg of DNA
polymmnerm pbiemmenertdbmxctm clvandkass DN@olrgasm DiNgset, tvecil-DNA glycosidase,
kinase ShEGhIbE AherRHLE Sb, AL e BRLgIned at the First time
the’P (ﬂ ’% e nauced with the el ectrical
current value obtalned at a later tine. 44. The nethod
46. The me?hog op?:lzlursnjzl Sl\éwghreec Snénrslenﬁ] s}(apé'l gtj cp?c?v%cll%at?ea{s‘]ldone %agent that initiates
enzyme)hqugum irctodwtingttbe cagrpl enmartthampert:ommrhmgphﬂ gdmo(clemtde d@ypplex; and
ncuva RN EPBE! ElpRil o TR bB Fedlgnar s,
The nmet hod of claim4 1 wherein the enzyne is selected
ro st ol ynerase, RNA
4. The "Temoa gi%!% %hggeﬁ%}% :the ré%’%gme':sxaogr;tgﬁgg\logase DNA | i gase,
DNase uraci | - DNA gly003|dase ki nase, phosphatase
48, The meméld %? qm]mur t Hbe{elzrrgg §1e c? agt,orn |s se?%c?e%%{om tge 6rfou%con51st g of RI& Mn*
Ca™, AT&’aBIADQneAIDle*agﬂrﬂ adeh@tylmemlctmx&t es enzyne activity;
i ntroduci ng the reagent to the chanber conprising the
pol ynucl eoti de conpl ex; and incubating the chanber at
49. Thambbopeiciindé veefdin he erdiutnos ¢taitmitaby condndiyere activity.
47. The nmet hod of claim46, wherein the reagent is a
cofactor. 48. The nethod of claim47, wherein the
50. The mtthod oficlais 4$.eVlectiede frediomtihan gpaupmedinsi sti ng of
My2+, Mn2+, Ca2+, ATP, NAD+, NADP+, and
S- adenosyl net hi oni ne. 49. The nethod of claim 41,
51. Thevimethed of cldive 4Mémmth6preﬂeﬁed delogyalbbyuckotidiiotripyiges a deoxyrib@ucleotide

N D U T

prot ect ed deoxyri bonucl eoti de conprises a

s2. Thg I BRORS AL dSn Sl SR ek LI mE, 8,008, GRS P K AFP aacTr
ddTTPyeddwPdamaifddeiTRi m 46 wherein the reagent is sel ected

fromthe group consisting of ddATP, ddGIP, ddTTP,

ddCTP, and ddUTP. 53. A finite state machine, the
53. Afinifd ste @hchine, thefihitenseatcagbine sompristigsisand rrunadhsmbdiactne¢csed by an

nected.by an el ectri,cal ni cat i ans, the ..
etrr G SOV e a0 S TR g et By MR i oMrising at teas
one po€eOdtPhdngélNgheidin the @6ite o tlenfXx0 isshaped albsniee havmg‘kﬁmeﬂlsi’bnt higtable for

ore or chann i s shape zed dj nensi

Passagg‘éiatpaﬁpgr frspne % aé’a'am%@E 5%5‘ sﬂé k’etwﬁ%‘a‘ s %1“ BTy ﬁ*’d“sbers’ and
means@idt dek@idk theufrere betwaat the eifaddnie eis chamtbetshe trans

chanbers, and neans for detecting the current between

the cis and the trans chanbers. 54. The finite state
54. THeamhe ﬂﬁg ﬁﬁctﬁtﬁe&if a3 53, \Ahﬁi;::ﬁi'btﬁe lhgﬂ‘llﬁtmompfiigk Hb@rﬁ);ﬁh dl‘mhcil ﬁzﬁfngal

un Vi n rophobi ¢ domai n and a hydrophilic

h“““%Bﬁgg Hrah? and gF?Wrgg'E "%t e machi ne of claimb53

wher ei n the thin filmconprises a phospholipid. 56.

The finite state machine of claim53 wherein the pore

or channel accommodates a subgfantial portion of the

pol yner .



57. The finite state machine of claim53 wherein the
pore or channel has biological activity.

WO 2008/124107 PCT/US2008/004467

55. The finite state machine 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 finite state machine of claim 53 wherein the pore or channel has biological activity.
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