1 METHODS USI NG PORES Field of the invention The invention relates to
the identification of individual nucleotides and other 5phosphate
contai ning noieties using transnenbrand pores. In particular, the
invention relates to the sequencing of target nucleic acids using
transmenbr ane pores. Background of the invention 10The current nethod
for sequenci ng DNA invol ves aMEIHQDSHSINGHARES gents such as
fluorescent ddXTPs, dXTPs, prinmers and pol ynerase. This nethod

requi res sophisticated equi prent, which needs to be operated by a
qualified Faddof diedverticrp, this nethod is limted to sequences of

| ess than one thousand nucleotides in |Length. . 15 r sequenc

met hods have begﬁewﬁgil%wéaaeﬁtﬁﬂawlé?tnlmﬁ%aﬁaé“’%@? nu@?ﬂﬁeﬁ FS}‘P %ﬁér
met hod, 5 t | e
ext ensi on @%p)ﬁ/q%‘é’rcgg% r e%}c??%gg‘&é%l( f%arf%ease se t?géhséilﬁgahﬁgﬁr 5

m cr o- ar r aysveatien retéstdshd fegtictvaneobaent noisc dadedsijBrasheuskane | .
B. Herbert, et al. (2003), PNAS 100(7): 3960-3964). These net hods
have been EBF?ﬁrehenswely reviewed (Marziali, 20 A and M Akeson
(2001), Ann. Rev. Bioned. Eng. 3: 195-223). One potenti al

met hod of sequencing DNA is based on threading a single strand of DNA
t hrough a Backpouedaddhé thyaniiétyi ng its sequence fromthe variation in

e by o g DL O NS PG, BRIV SRR Sl 2
Sci . 93: 13daéBntd Fulch3s- ﬂu%r@.;@&ﬁ adxaPRatents 9}11@12&%@%@%@%@ qmscrh@ta@@
sequenci ng (Ch E. Y. (2005), Mt at. Res. 573: 13 40) ThIS rret hod
i nvol ves dlr@l‘}‘@ﬂ; srphistiea wpweniuwhichtrieads tatbeppeiaiad tyDagiwifien

(1999), Cytomet. 3 3-16 n et al .
(19990 /SR S1ec 55 o A0 RSN fens e o SR Bbnge™ 2
rel eased nmae@tﬁdede;slengthwever t hese net hods require nodification of
t he DNA before digestion or 30 nodification of the nucleotides once
they ha¥e been (Bhassaueneingmethrdswpse bﬁﬁnec@aﬁd@ﬁéézs@dew(éemf&pﬂpnent
of exonucl r o

di fficul tyglﬂﬁglfgentl %ﬁb@%npﬁgsﬁ&%@%ghﬁﬂggt%g phﬁggg?ﬁﬁlﬁ cuI ar

| evel as 2xteh€yn, qro@mah&asaﬂn@wxbﬂn&lma;/aqaendmggaﬂﬁImﬁml&ohamgs turei ed

t0|dent|fythe nucl eotj des usin qu re cent_ | ling wi
success. methodgihathawg beencapsiderpd (g !g’l %ﬁfﬁg‘ﬂé hQ@?LM
pore in anyppEtH Rsb@eh). pngss@&ﬂe%ag hmﬁaemg&tﬁeﬁ@@éwev%émmﬂ%c

transport through the pore. When an 5anal yte interacts with a binding
site w20hi mmhéhpo%leﬁom(MéhMLﬁiMﬁlmar ¥n223)s det ect ed
(Braha, O. I a 97-505. and
Bayl ey, H. and banes?cté@t“&tfwﬁ‘f’%géﬁﬁqu%%?mﬁg%’f§as% %% DALt ent
and dur at i QRaef ot DR AGHFJuERtk rah&sdte ﬁﬁﬁdlemfggwfﬁsq@qm@a ok Peri/MRNA
can reveal the identity of the anal efre qguency of the binding
event s can thesipaiglcurigat fewing throughibe rppf%ﬂslfbmstl Wérlfﬁ duiepded Upasirmiondczs i t es

can be creat vmthlnth b y r.o | t n cal
nodi ficati g %d @ebseﬁgggk%cé%‘%%%bg (}gtg?ﬁer‘%gel(’igﬂa
L.-Q, 28. ﬁzlﬁﬁal a?bmbh 1s(e1;&ﬁﬁc)leasblaéqﬂeﬁc:139@cn@85- 89&00@)1@14@5@1{& 503,

J. Webb et al . &005 Chem Phys Chem 6: 889-892). 15 Summary_of
t he invent |1§r140) his m@tﬁmglvﬁlé’éhdlﬁeﬁ{w&tgﬁ ROIA orferstrotife pleitimp gPapprich,

i ndi vi dual n | tg th ﬁ%d vel
fromtheir J ?Ott&a%éﬁ%c'?djéggmﬁ hhg%/tgllgﬁ eraIc'([3 Iv%\nb&%!sg é[prag sma1 1‘lh‘?c'e
por e. Hencexc Rte@d@alsi)i €793 endihrg ;cﬁmylf}bﬁo ohof tloe ichbasdd fugldotidésvi dual
nucl eoti des_and to sequence nucleic acid s ﬁyences é§a 20 exonucl ease

sequenci ng. However, these gieghads rsguire gepdificasion iob Hiedy i hede 41508 Mo of
| denti Byi ng, %gf % \Glf%ar{ucf&gh&%cgﬁmy}mggbé& 191%556@91’5?9&6%1@A( g)

polynuc eot nucl eoti de bond onpri si ng:
contacting ekhlmdimsé €bhd deyeluiptitenboft axansdessb sauenqing tseiuncepdy beisg htldat

back by the difficulty in identifying the nucleotides at the single molecular level as



The invention further provides: a nethod of sequencing a target
nucl ei ¢ acid sequence, conpri sing: (a) digesting an
i ndi vi dual nucl eotide fromone end of t?he target 30sequence using a
processi ve exonucl ease; (b) contacting the nucleotide with a

transmenbr ane protein pore so that the nuc eotlg(ﬁ igteracts with the
pore; 3 (ke %w%@y tRengRe-eMveigarnhaveriedipndeHiy shsreickgriey

the int eraglglhgglug&gcén@gb?@g b ehicaisneeekre i dentity of the

nucl eot i de; repeating steps (a) to (c) at the same
end of the nucl (Sltaﬂ:hasilcckessaqgjmvohfeaphcmganmbymdler gred pnrngq sthmswletuence

of the nuclel cid; 5and a kit for uenci u i.c acid
compr si no ot oERbng And sy Rlaed e T pte s RS afi e When an
transnegbr %ﬁﬁy@:ﬁﬁﬁeﬁdcﬂ; Wik §b1n@%§l¢te%§l¥'ﬁ)ﬁleq;0r§ %Q:H%%;e' A Oonich@rrent is

invention is a rapid and sinple DNA sequencing nethod at the single
nol ecul e | defebted (Brahg, @, Bo\ﬁéalbﬁﬂe%tpl o lndm. o dielnéi 4% - 199pabBaylew

it does not.inyglye.the suc

f1 uor ophor%;s %ngs%’iﬁfnﬁf @ﬁ) gﬁ%ﬁgaﬁgﬁ %3%‘}9%[}3 SHEG dfraélﬁg\ﬁgﬂlehe
a- henol ysi Rufrdfk bldR)résullii @Rbmanch BiapindkeventGad rdvesttht ceatigtPhe addlyte.
(arn743CD). A - sagittal cut through the cc-henplysin structure,

posi tion 17Be |fr§q11mw@§ﬂ@dalb@mg ecnay eaniev ! thegpalyts ¢oncerdragion uéfﬂue@ of

ST 1558, SARH R AL RE D B R SR b LB

(M 13R)7 mﬂd&ﬁﬁatibﬂ,saﬁﬁfb@fdlsb Bfﬁiolﬁwﬁtﬁ Bddpitgas dncbtdrﬁyxer(GaIL F30. IB{ahal, bt

identifies the current of the unoccupied protein nano B - in the
presence ofl 41993M5‘Mf3\?§tﬁ$§16991@n@ #Ht OhdnBebb, gtal. |(2Qﬁ5éa@_]§élt3@éf_
current le ?j\gg g%)when anv-f3CD binds tenporarily inside the
nanopor e. IMis now added to the cis chanber. L3 shows

25 the current | evel that is observed when dCMP binds to the

tenporﬁl_ry %o | ex (l\/ﬁl1 13R) 7/ am/- 0CD. ~Figure 2B showns the
nt er act?on n (aHL) pore with

hept aki s- (6- deoxyyRvagl a%@n%glg)aﬁin@ﬂ%éd tﬂat(ﬁﬂ'iﬁd%%uc‘?é@ﬁdg% beA -
Model of the heptaneric ofe (7AHL), in which Met-113 has been

substi t ut eddemlﬁhd Arthe smg&onmﬂadét lezyfel oM ftiB@Deurrent amslswéecz\mﬁmﬁley
generated i.n Che aw Utra has been positi d manual | n der
Den s di st ieboyi A a8 aa S HePRS ShpRRER s BER e e300 o
the cycl Oded%tnhf)nm\dh@dhall hu@BdtRIEs ahd® slé@ﬁ@xcf: h@ﬂbfbh@ldtéé@iﬁlcésl de. 4 Wen
an70CD is present inside the pore, two rings of positive charge, one

ring oPOsegeenystaapmsequentitb groups contributed by the cyclodextrin,
and & second 11 0a8Y S BLBINRA010Es SALISEAL8L3EPA! AR

- 10A. Am nocycl odextri I ous een s

nucl eosi de nﬁﬂl@tﬁﬁmsmblamsot\bbﬁﬂﬁ ﬁamepq@mﬁmwebg a@uae&ida: tRnd] @nising:
interaction with the protonated an no égroug i s, possi bl e that t he
overal | stability of (@fORtactngihepuslepddeyi ﬁé@HS%Vn?TﬁE%Pﬁoéﬁﬁn pore 50

interactio ?ﬁﬁ%@au&@ﬁué}g&ggﬁﬁ]ﬂg?ﬁgt t and the Arg side chains.

The dCWP nole e I's positron e phosphate group interacts
with tB& protonated @nimesuohg treitOSEntgrdsingthrayghabe pererdungg et er act s

wi th the guanidiniu of the Arg sjide chai ns 10Curr ent
trace fromZeRFRY @rg(t%f’ Eg%t?m%‘}”@ tQ‘i’ gdPTt?sW Afithe pye ‘?O(t} Frtl fies the
current flow ngﬁ@qmﬁoﬁhﬁtﬂép GUReied protein nanopore, which is
shown as a nodel on the right - Current trace after the addition of

40 p. M anv7pCD toe the atmethsd Qﬁmqb@mng_aztai'gwhmé@iesciﬂheqmw,@nmpi‘is‘ugi
observed when anvpCD,i.s,.bound insid he nal nt trace
after the addi tion ofEiSRNREEARY O aSeRaRENENE ape eis LG REEtthe
30 sequence using a processive exonuclease;
(b) contacting the nucleotide with a transmembrane protein pore so

that the nucleotide interacts with the pore;



15 current level that is observed when dCVWP binds to the

(ML13R) 7ani7f 3CD conpl ex. Fi gure 3 shows dXMP current
anplitudes. Current trace of single (MB 13R)7 pore inserted in a
phosphol i pid bilayer, at +130 nV potential. 401. 1M anv-13CD is

present in the trans chanmber. A - dGW 5 is added to the cis
chanber. The all poi ﬁ@gn?ﬂsg@%?haﬁ%?ﬂttm@&% the Bs drEng Hswn on

the right together witd tfich 40 &bk H&Eﬁﬁmﬁ{g tg@MD ntr% WYehd Rlciect@Mnd
(©, and dCwP (D). Figure 4 s OWs CcycC extrin current |eve s
Current trace of singdeecpddiing3RpT(ayit émiat ihasant end phthe nptiesphal i pi d
bilayer with 40 p. M anv-13CD present, in the frans cha +130 nV.
LI and LI' indicate tW'*°Eth h ﬁi’/éi’@mﬁﬁlmtgﬁﬁe TSR %?’r&ﬁﬁﬁ%@g
and L2 and L2' show twp current |levels resulting fromthe binding of
anv- 25PCD to (ML 13R)7. The insert shows the anplitude histogram of
the current trace w tarkiftﬂoesqq@mng:@nwésip@nidi egnprsingie current |evel s
LI, Li', L2, and L2 i qur.e 5 shows single event analysis. A
shows a si ngI e event “anal 9s°|y(§°ﬁ IE“&’gram of the L3 current level from
all four dXMP in the_sane agpbdébiitdexdAuslondsadl si ngl e event anal ysis

hi stogram of L3 originating fromL2 only. 5 1.1M of dGwW, 30 dAMP,
dCWP, and 10 p. M of dTMP art@nml@@bﬁwepwt@h@om s chanber. Figure 6

shows mul t ane e 5 of
a si nglﬂé (M 13%@1%31{1%&3? ]tngél}ﬁ}lelg\lp (é\é% %Fh%ﬁ(f%[({)ﬁﬂgl ]51%%+130 nv
potenti al IsSq&ﬁﬁhEﬂfétlﬂﬂMﬁfﬁﬁélénﬁ@icﬁ@@&v@ &db hled@sheaphftethod 6£r is
Tris-HCL 25 MM pH 8.0 wth 1M KCL. 40 E)tMarrV 11CD is present in the
trans chanBefuengngBYA egaose B ERES noi APV ethe UeReNEXRES TGRS SYeisci s
chanber . T@% fjl‘i* ].]r gd bands illustrate the 5 anplitude distribution of
each DXWP I'splays an all point histogramfroma current trace of
8000 bi nding events. Each peak is super-inposed with the statistical

di stri tfguti gn of each SX£ Figure 7 shows the statistical
met hod - T 1 tions A and B overlap at the poi nt of
intersection |. iHg

IF-%)JS : nﬂ&v?tfhegvafféﬁ%l? Mggﬁ?qﬂﬁt dnfl g s 6 amm}pB

10i ntersection tegrated an e pro

popul at i on chclb@extden (aﬁe,rﬁ(i:]b) eAl ang@Ipmk dirowth tBe oDepe vk Btﬁittlﬁﬂe pdi&ion
Sequence Listing D NO_ 1 shows the pol ynucl eoti de
sequence t Ha3 lsefﬁdi@éféé barﬁl@ am:ﬁbmn t- sparsfillad presatirg of ams-PCD. C pGibID NO

2 shows th f t of ahenl
S0 1 b No. egi e FaP R F e ie B Thar encotes one
subuni pgof a- he'ﬁ%u\féQﬂ s%w&@ﬁMﬂ@é&@ohDAN@urﬂenﬁﬂéﬁ%fts 1@@1?@@? d

sequence of one subunit of a-henolysin ML13
shows the mtyﬁmeégﬂ indeplyspudiped brdyer a@hlé@d?e‘d dﬁed@uﬁi@nme aifrent of
a- henol ysi

NO 6 sho t i .acid
oo mmen o gt &lierprotein napongito By S R erbp ot 10 L e iR Biedyans
shows the ERMQ&CL? %ﬁ&%s%ﬂ@&ﬁ-%ﬁ?lévglaﬁbsgz%@ Aen 9RG-pRIPHALL teﬂ{éyoranly Y

a- henol ysin ML13R SEQ I'D NO shows the am no acid sequen

of one subudside thé nandjbefﬂ)l(SIStiﬂM\I‘ﬂ.ﬂ.aRI 1s3ﬁ35@dleﬂ)td\me cB chhamber. tIBEshamsno
aci d segquence of |anbda exonucl ease. The ser%gence i s one of thr ee

i dent i éal éwepéievﬁébataﬁgw‘ﬂé whepslCME bingg fo thederpparasy @anplex

descrlpplo Bﬁﬂ?mhﬂﬁéff'on Met hod of identifying an individual
nucleotlde

Figure 2B showns the nteraction of the a-hemolysin (eHL) pore with
heptakis-(6-deoxy-6-amino)-B-cyclodextrin (am;BCD) and dCMP. A - Model of the
heptameric aHL pore (7AHL), in which Met-113 has been substituted with Arg. A

30  model of am;BCD in cross-section generated in ChemDraw Ultra has been

positioned manually at van der Waals distances from the Arg side chains, which

block the passage of the cyclodextrin when it enters the pore from the trans side.



In a first enbodi nent, the present invention relates to a method of
identifying 5an individual nucleotide conprising contacting the

nucl eotide with a transmenbrane protei pore so that the nucl eotide
interacts with the pore and neasuring the current passing through the
pore during the interaction and thereby determ ning the identity of

t he nucl eotWl@ anTRED wpaerenicas e tedrons éwp mipss gbrosdtvechargei ediisiing
of an indiyj | . I ide T b I . t .

ai trerenti St pARld #Gpos QRN 8 FABBE IR o ibiond iveg |
di fferent eéfecirgininBeidehvvisoite sdparaed bent0Passiingyelhdotghs Rave
transnmenbrane protein pore. The invention can also he used to

det er mi ne RFRMSEY keen ﬁgwatoptap@ neglpesidemencabesniates gvipy the phesphate group

sanpl e. c The, | i - : tion
or B pasti CuPEN iRl oA BRISRY dipo BTt IR BRI A 1
accor dance owertahi stabgity nfarhicompleseaissnhgiced by puctienirtelection bietwbewn ittckual
nucl eotide is one which  is not hound tg a er polynucleotide hy a
nucl eot | de PHERGEdeLaRANd R A2 ﬁg‘ﬁ ahainsy Ohe 46 n’élOEeF“%H%P?ﬂﬁt&g‘ﬁﬁ ap &t
groups of ﬂﬂﬁ] i i er

nucl eot i deilh %ﬁ%ﬁ%gﬁﬂgﬁhﬁgg gﬁ@ﬁé%&%@%ﬁ@ﬁf&%ﬁ \%ff?l C ?lg not
bound by a cpueine oip detetaondvittothagoddidihimo bytnpe bt iAdg skleglgine B of at

| east 5, at_|least 10, at | east 2020, at |east 50, at |east 100, at
| east 290, Crepihiase mpa sielq (é@sltmgo%e 8t kA0 m¥aLd f%@ége%@e cEBERtdes.

For exanpl : [WeTo IRV i aRNe !
arget ol 3 e B e D R L O the
i ndi vi dual right ICeoCurcent traye iftanehverdditeo rbafiide M aim;ACDao hied:r iy dhiatder. L2
chem cal groups, such as fluorescent y, 35S. The types of nol ecul es
or chem calindigasesgbe egrmaigyehepsergd oihsd rapbSD igbeundiingde themgpepwetl? des

for identificatjion in accordance.w inyention are discussed in
mor e det af (CUganbaee e AR SN aC VB HF P BBl TR SRS

sui tabhe MREREANS/PREIsIHEEFE WReNIERIP Bindd @Qﬁmpfﬁﬂ%aﬂﬁﬂéﬁ'cﬂnﬁ%&e
is inserted into a nenbrane. The nmethod is typically carried out

using (i) an ar figureB ahowmeddMErarconpnplsiides. Lurantiradel of singlo@dEUIBR)Ng
or reconbi nant. transnmenprane.pr,otei n por (1) an.isol ated, :
nat ur al | y- PBECEIFIC gﬂ%%ﬁwﬁégwqrsﬁﬁéggm\éeé%ﬁlﬂa s RER? ane

protein po'i)?es%:r(tiih tHe Bfhs cBGhRLCH - eRlH r53h\|/1?{§ Q(%ﬁ?lrtté §H%g:i 30 °The all

conprising a transmenbrane protein pore o a cell 'expressing
a nat ur al | yeineChistoprag offthe ewresnivkaediis showan s gn eogetiet eiith thor e.  The

met hod_i s preferably carried out using an artificial nenbrane. The
menbr ad nﬁW@Bﬁ?ﬁPfé@ b HEME (Bind ity n@]daq{fnl?’lgr([}l)-ntrarrenbr ane

proteins as wel kg I Lti . r@g‘q e
protein pore. 5?%@%@%% %hﬁ?@ﬁc&gg?ﬁgﬂa%'s@Pg/r%l&é%lla?g{h%gg!féi e %}37
in vitro. kenbrtamertdhi: aphdsplaripid bitaysr avithalOriM mnt; @ A erebémvin tie tranns
and nucl eotides. The nmenbrane is preferably a lipid bilayer. Lipid

bi | ayers sghamapirat 5610 mde Ll gnd ddorngigated wougieptley ey ahihe sRo¢caniede made

usi ng et hods known,in the.art. For examl | ipidbil r. nby anes
can be T or REIPROEH REC HRENTERRTH or NBREeRl Toxfts rommling o 6 PaydineE ey
met hodz9f B I WENBRYN TRYinRSt $BHE HRMaRMitudShid@ olahPbBHLP Lh AR HSce
formed fromany nenbrane lipid including, but not limted to,

phosphol i pwdg, thgbyakelcopegendiap ol eetearront leveds bi Milirles ahdh&Reof The
lipid bilayer is_preferably forned from 1, 2-di phytanoyl - )

15sn- gl ycer o- 3- FHBEHASRMSY SIARIC CKEY BB¥SIEr & SRAVHA Sl Yentanal yisr

I nserting B%%cgg?mh%&‘%e AP Revel .aﬂjou%ﬂd@nﬁ?k?h HAYGIS-sofifibn CKARBYS
the pore may be suspended I1n a purified formin a solution contalning
a |ipid bihaygte sieahariahais Hiftoghafif afdelSorigindting ftanpild ol ayev ofGME

i nserted by bi ndi rﬁ to the lipid bilayer and assenbling into a

functi dhal dAME.cACMB, andt 1ol gdME ancpsesgatria thang/s pangiatect |y i nsert ed

Figure 6 shows simultaneous detection of dXMP. A shows the current trace



25 pore. A transnenbrane protein pore is a polypeptide that permts
ions to flow fromone side of the nenbrane to the other al ong an

el ectrochenmical gradient. The pore preflerably pernmits the nucl eotide
to flow fromone side of the nmenbrane to the other along an

el ectrochem cal] gradie The pore_is typjcally an_oligoner.
The pore i € aﬁ@gger% lﬁ%a@taabma?ﬂ%lév@rpapspmﬁa flaV‘?FgJ“ b, pagentghis

pore is pr
P o1 sen. SPPLAow BT ARRIA Lo oclBRl e e offe] ITOHEL Y RINIOH Yo gty
barrel or dhaR@400iMtdne-FODes prepint i thy tmﬂsrmanmg amofdiéhﬂsdﬂ‘hﬁlt,
faC|I|tate|nteract|on with the nucleotid ore

accor dance WP, anH dOME, arergdded t945¢ eanh@mbarrﬂ}h%ekor%@néﬁ ﬁ%ﬁﬂréte the
positively i h i I

st di pe. PRI ST o e U B R Dok g o

5| ocat ed nearrextthmeeoﬁ&@(]ﬂ ihdiog evéntd. hléachaxealeis sapereipone] witH Heseatatitalo
acids typically facili he interaction between the pore and the
nucl eot i de dbgfrrﬁ?‘ﬁ’t‘)éroé@f‘i #th the phosphate groups in the nucleotide
or by p-cation i gE a%ﬁwahwsahsﬁa?nﬁ%% 'mv& O8usBib 'd?s%wéfons %had@r e
preferably has a Ting of positively charged am no acids, suc

argi ni ne onsn'lapsatdine pnmitqfdnnalespctiamdat'léﬁban@acrf@amesmmnﬁewmﬂ ih@rpom‘t of he

barr el annel ti veI har Gl d ically
orovi o beaERon it e e dsiterds e BrobRal bR @iatnd q ¥ fee

| n accor dangtiYikd Bs lgg}ﬁﬂdtfa,\ﬁ@tl on incl ude but are not limted to,
“-henmolysin, porins and | eukocidins. The preferred pore for use in
the invention is ot-hemolysin or a variant 15 thereof The

a- henol ysi ) even i dentical subunits (heptaneric).
The sequence=of=or isgvinty Fehol ysin is shown in SEQ ID NO 2.
A variant is a lsmmmno q Sﬂ@ﬁv@thdpdl%&iboﬂﬂ@s@peﬁﬁéﬁﬁat@hcdd&@oﬁ@MﬂJﬁlmt
subunits has an am no acid sequence which varies fromthat of SEQ ID
NO 2 abd whpchemadysins pore activity. 1, 2, 3, 4, 5, 6 or 7 of the

subunits in a v n may have an a no a 20 sequence
that varies f rom@ Bé%”g%mmé act gq%eggee @L?t?ﬂ ‘FPEOﬁSﬁ hi n a
variant pomgmafygint ypi cally identical but may be different.

preferred variant of a-henolysin has one or nore positively char ged
am no acids, sudEQE NQyiBrshaws theymilynuctpotidd sagudiogdhaticoeetes dnaiaiunithe

constrictio e.b or channel. The pore preferably has a ring
of 4, 5, 6° gﬂc}tﬁ%‘?@l g’{])ﬁ&f{ positively 25charged anino acids, such as
argi ni g, |ysi n&rey IhiNgJ: 4dihbes 11l 0%1%18901@%%1}8&19@0&9@%5&5& iocghglfﬂof)ﬁ

barrel or channel.” Each amno acid in the ring 1s typl ca y provi
by each of MhHariant subunits. Variants typically include a

positively char 100 .aci Sit] n 113 of each supunit. The
pore for use in%ﬁﬂ%mét%?n?@ﬁ Hﬁ?/se&—uﬁ%ﬁ%ﬁ%}ﬁlﬁo R/P0a byt
whi ch conpr, nits as shovvnln 30 SEQ ID NO 4 or
preferably gaﬁzenngﬁ sgl?%ﬁl({ "13H) 7 whi ch conprises seven subunits as
shown in SEQ | DSEQ IIENO: 6rshsivs feaingihalliyl saqueao®bisiersubidit d3dRhémvhisih
conpri ses seven subunits as shown in SEQID NO 8. 9 The

var i ant7-5rraWUe°’Ka natural | y-occurring vari ant which is expressed by an
organi sm for o]

i ncl ude non- nat @?qa yﬁ(()jg?usﬁ)\?%ﬂ%&}’ f}ﬁl%feﬁﬂﬁ EI%(% tﬁ@en%’%%ﬁﬂ%%ur@ b

t echnol ogy of eM@indlixen BIMtIZRe | ength of the am no aci d sequence of SEQ
ID NO 2, a subunit of a variant will be at 5 | east 50% honol ogous to
t hat sequence b&FEHLDNChFishowadiechniide acidtsgquenbe ef gnestibudbofo-hemelysin
subunit pol /Pﬁglde may be at | east 55% at |east 60% at |east 65%
at least 7 | east 75% at |east 80% at |east 85% at |east 90%
and nosg pref er APYIMNG: ©@asbwd 8% anPAda6id s89nbOsDLRGAY Sx RRASRESOMThe

amno acid identity to the am no acid sequence of SEQ ID NO 2 over
sequence is one of three identical subunits that assemble into a trimer.




| LV Polar - uncharged CSTM NQ Pol ar-charged DE H K R AROVATI C
HFWY 200ne or nore am no acid residues of the am no acid sequence of
SEQID NO 2 may alternatively or additionally be deleted. Up to 1,

2, 3, 4, 5, 10, 20 or 30 residues may be del eted, or nore.

Variants ng |_ncI ude subunlts rrade of fragments of SEQ I D NO 2. Such
fragments &% serdpdion pf the inventiont v Fragnments may be at | east 50,
100, 200 or 10 250 am no acids in length. Such fragnents may be used
to produce chinmeric pores. A fragment preferably conprises the pore
formi ng dodithoddf (GEQ iRy Woind2vidual nucleMadd ants i ncl ude chineric

protein pores c r.ising fragments or portions_of SEQ I 2
Chi neri c protei iﬂngér S mffg’? ﬁg?jprlﬂ GBI elatesde ﬁ%ﬁ%ﬁ‘&l%mg
fragments @p IMIH{IQQI%CQBU@;@I‘III&S co%tacfm th@%@le@ﬁd&@ﬁﬂ BelanAALhbGhe 2
chimeric protein pore is typically formed by the fragnents or

portions ofpr@@plom fu0hatzhe nucleotld@nmemctsrmtletha@Dmcandoﬁmumnhbeurrent
alternativel addj t,i onal | ed to the es. descri
Sbove. An’ BB BRe BEe ol BedaReire Rl bERRy HrE ST E eI s
of the am REtRGILA 56! T nMéntPEhdrEFoNCnvElves stBa¥ieRinkie oy af i ant or
10 fragnment thereof. The extension may be quite short, for exanple

from1 to icligdiseuglsbede. i The Iewgttllfm cAb bep ttbﬂéfe}entxaﬁenmdg& may

be | on : arrier. protein
mmy. o 1 us s SR etanR bt QuBt e ThBRa Y Faie On R Eiihe
St andar d neirbegsa transhitentaiide groimporys €He ird enltgdredaniane Hrawed eodeterhdtie 15
exanpl e the UWGECG Package ?rOV|des t he BESTFI T program whi ch can be

used to caMdgther ar myegiapiaplar myeleetidenp Pecserfdp a samples Thefnyention ean gliys
De Th
élLéﬁgegﬁd%EL%éfg%%%g%FF%%%ﬁ%ggé%ggﬁge ﬁﬁ%ﬁ%g Fxﬁéqﬁaggﬁégy o? l'ine

up seguences (sdmhn&&uhﬂbﬂhﬂéﬂﬂﬂglamunkmbewﬁhﬁ&andmﬁmnosamnge
correspondi ng seguences. ( iC IIy on thejr_ default ettl gs)) for
20exam§§ e &Bgagé‘@r i‘getpd lvﬁé‘ﬁ% frijdegs oge w 125993 Otg’o

36: 290- 3000 AhhseMtHe by Fuckiotidl bbdd® IR hudieMide ‘r%n@lm\%ﬁ@esz&% o%gw

phosphate groups of a nucleotide being bound to the sugar group of another

nucleotide. An individual nucleotide is typically one which is not bound by a
nucleotide bond to another polynucleotide sequence of at least 5, at least 10, at least

20 20, at least 50, at least 100, at least 200, at least 500, at least 1000 or at least 5000
nucleotides. For example, the individual nucleotide has been digested from a target
polynucleotide sequence, such as a DNA or RNA strand. The individual nucleotide
may however be bonded or attached to other chemical groups, such as fluorescent
molecules or chemical groups containing radioisotopes, e.g. '*I, **S. The types of

25  nucleotides for identification in accordance with the invention are discussed in more
detail below.

The method may be carried out using any suitable membrane/pore system in
which a transmembrane protein pore is inserted into a membrane. The method is
typically carried out using (i) an artificial membrane comprising a naturally-

30  occurring or recombinant transmembrane protein pore, (i1) an isolated, naturally-
occurring membrane comprising a recombinant transmembrane protein pore, (iii) an

isolated, naturally-occurring membrane comprising a transmembrane protein pore or



Software for perform ng BLAST anal yses is publicly avail able through
the National Center for Biotechnol ogy Information

(http://ww. ncbi.nlmnih.gov/). This allgorithminvol ves first

i dentifyi ng hi gh scoring sequence pair (HSPs) by 25identifying short
wor ds of n t he quer r&ﬁ}éguence that ejther match or satisfy

sone posit ﬁ\)’ a\?ﬁ GET et HISS GEETRE RRERORPIGREERNRE D ERnGHF f ig

t he sane | ’

nei ghbour h%g%t uroﬁegnggg(?%%{?ﬁég% ﬁgﬁﬁﬁ ttél }}ﬁ%%ngtﬁ ifg‘ﬁ&lqgelﬁ)@aﬁé Tth‘Eese
initial neingnbyendweyl cowpidschithe taosmasbseedsd/domtramienbedne pgotsisant hes

to find HSP a|n| t he hits are extended in 30 both
i rect | ons "GRG TGSl dR LG Ge FapriEnEe GUIRA Bifve ai | gnent
score can be i nanRasRkbd FPtheNSeMNsh ik Npisdls MR fit i5vik. each
direction are halted when: the cunul ative alignnment score falls off
by the quantity X fromits maxi num achi eved 11 value; the cunul ative
score goesé% ero or below, due to the accunul ation of one or nore
negative-s ?f "% esi due alignments; or the end of either sequence is
reached. The BLA%E n@n@hind ﬁbﬂﬁl@@lbaﬂ‘ﬁt &f the owlofaosk 2AddgicRbAlGE Thae
sensitivity and speed of the alignnent The BLAST program uses as

defaul ts aTRrancisgreerably adfpldbﬂaxqﬁeLaouBbml@b@ Pgsenmepdoxdansee

T0015- 107 85 ANt cal bY iebs RBE melRlds ko6 R 1B PP R ledividey,
and a conpailaga mn@f;brbnmsrcaﬁ be @ntred ubing tht ASHodlog Mdritd rme Mdeﬁléﬂﬁ 9d2).

statistical_analysjs of the simlarity between twd sequences; see
e.qg., Karli ﬁle 95&Qfébmveletlw@yyw%ﬂemww%claad bidgyers ffgneﬂs Fogany

5873-5787. i1 r h m
is the smallest su pr o@j%ﬁé ﬁlyg{gtP ) ,tgi/%}?)gﬁh(ﬁ*g%f glgg&ﬁﬁa-s’ %I g"{att%lfogn
of the probkadidiktuyesblyeredti (Etﬂneéxprchm&ztyebfstpmfembtwﬁmaad fromalc2-dipfgtmeyle es
woul d cur by chanc iﬁ PE xanpl e, a sequence is considered simlar
t o anot fer SEENFEREEPIPS Wﬁ1 | est sum probability in conparison of
the first sequeng@nhéd a&@ﬁn&ﬁ?ﬁﬂﬁe%ﬁ%ﬁ%&uﬂé% Sres Fn'%émfeﬁl%ﬁalﬁ@%!&hﬂs
preferably |less than about 0.1, nore prefer | ess than about 0.01,
and nost pripidbitdyess. [Fes sxanide thpere n@amlsmpended inRppwifiadsern ima

SSart [ance sbidife bitanMEind Bt U TRgH efle? S iAT Gy nd &

purificati gikefred BY bindgad dhd li9a bdhye afid Qﬁ@hbﬁﬁgﬂﬁ@@%dcﬂoﬂdl@fﬁﬁé e their
secretion froma cell where the 20pol ypepti de does not naturally

cont ai A sueHtesatizglyethedorq maway disectkydssortgs into thy pewhiage usipg the method
pol ypeptid - i tiac tef O

For exanpl ?Sd{%g&lb%%mn%@d% tq%gzﬁ%?’e?m CHER sd 2805SQE?d6|5§5£Hr%ger to
insert the pore into the nenbrane. A pore nay be Iabelled with a
reveal ing | abel. The revealing | abel may be 25any suitabl e | abel

whi ch al | O\Zga’fsﬁ@”’&b?’?fﬂ’éfeﬂbp‘dét ected. Suitable |abels include, but
are not |initedqg HOSABE ot SRR ol GO BALARES, 51,
35S, enzynes, arﬁhl E'% nrlijc elot ?‘g%s’ogn%%?nﬁers sugﬁl%alg ‘b?%tl n.
The poB2 mpyredber tranﬂnwleiﬁamer pmtem poxeés ppadpeptilg tioat gamiisnpnstedipvaom

St aphyl ococcus. au made. synt het i caII reconbi napt neans.
For Shexanbie S et ararage bene YHenaens sucbytToreniel Sotieha b roh
transcript pé}eraﬁﬂepeﬁmtmle%uéoﬁmeﬁtﬁ@ﬁe& JR&iRY eI RYmBRInERMiHe itk t O
i ncl ude non-naturally occurring am no acids or to I ncrease the
stability @fongmaemnpdmdcal\gh@hemhe pores are 12 produced by

synt heti c neans,..such .am no,ac i ntrodu

et o he ThE patk RS Sniolieffi ¢ Pos P R e Mo fiEr afsevRal i o

or recgoobi Rgirhtifs Qbuaid Olhe %ore is preferdb®y g&ﬁﬁﬁeﬁ@(}’r Rbathebie. PLegbeed
using D-amno acids. In such cases the 5amno acids will be [inked in

reverse sedypertly domprijes @hareel N erdnapk through whighi the fansemni&aw.i onal in



known in the art. Nucleic acid sequences encoding a pore nay be

i solated and replicated using standard nmethods in the art. Nucleic
aci d sequences encoding a pore 15may beé expressed in a bacterial host
cell using standard techniques in the art. The pore nay be introduced
into a cell by i itu expression of the pol ypeptide froma

reconbi nant_ exprjg‘fz’?gﬁl EBEEH ofihe PRIGESE) BHONREES A aihaty

carri es an A adUR!ilefaoRbRIRIhe hRIERME! ol phBFortNREPASbRANGS wifiGe

pol ypeptide. Nucl el c aclid sequences encoding a pore may be 1sol ated
and repl i catedtios iypicall® cotmarneerahe we trivoe poditivd hehaagdd. anGho aods eoelh aDNA

may be extracted fr.om a pog.e-pr.oducin rgani s such, as
St aphy | ocodbaRRg YURE o FRUiGE nbhesh o8t K ERueRbIBRdy B arrsia s
usi ng PER ijnu@qvieRoine REftfittfonRitith@hatrel SPEnANB ITHe6MrRRO USRS 8y fi@Y1yt hen

be incorporated into a reconbi nant replicable vector such as a
cl oni ng vedtohtateTheinferattom hetyednghepend and theapicievtide by heemciolgvith dei d
in a conpatibl ost 25 cell. Thys nucleic acid sequepces,encodi ng a
por 6y bEHIRERE eP GRIEH S RO RaeT b eI B 00 g PEVIOLE [t o
a repli cabln@cée6ded I Thel goké HLBEANY hhHLriNE6F fdsitivilPclfir £&ArRahd Btigs, Rest as
cell, and growi ng the host cell under conditions which bring about
repl i cati odrgitineHgsipeer bstidirhdocatasd nsar thgpondrieteronidhebarfel onthdanechost
por e ard kPP o herded G s GaLE MBS B RS 5T v BaREE, ™
The nucl ei guggiitd. sequence encoding a pore may be cloned into suitable
expression vector., In an expression vector, the nucleic acid sequence
encoding a 13 puitablp gorey Sorcuse iy agsprdanss yithithadarentiondneluds, put arc not
sequence whi IS € - 0 O \VANe] f t he expression of the
W@l'n‘ﬁ&d tg’y ?E@E’hgm E)orgeﬂsl a\.ﬁdi%ﬂ}%mdﬁ{s.

codi ng seguence st*cC expression vectors can be used
to express a porme plferéEpdte TORRE @D ihvenkielis d-BE@6E/sin®ra variant .

j uxtaposition wherein the conponents 5described are in a relationship
per mi t 45 ng thererhy {Thefouhandlysinipare ib édmmed mif eenda ddendionlesuburitsdbepttameric).

sequence "g@perably |inked" tq a. coding sequence, i i d in sych a
way that e é%‘lﬂ%ﬁe Olfﬁ&b%tﬁfr@-%e@aﬂéweégb@%@rﬁs%@lﬁﬁfﬁd?erA variant
condi ti ons ;conpathle,ht thwhlg chedt {n%te WH@&%ﬁ%ubd\‘Hﬂs:th%xﬁaﬁ%' RR of

the sane or different” pore genes may be 1 ntroduced In e vector.
10The expr espicoce which orriesfyorhtikat olf 8 EQnD Wl edd iwitich mtasnsi joabhaivitgst

cell. Thus the nethod of the invention nmay be carried out on a cel|
produced by- ?rﬁt’ ﬂoéﬁ?rnﬁgo%ﬁ"ﬁ SEPURTE g i"ﬂf“%’é&f}é‘?ﬁéysé‘h BBYiAYE 41 #8108 ackh o
an exppgssi j i Lorpy ot :
bact er ?gl ﬁgﬁeﬁgﬁﬁ{vagﬁg%mﬁfnﬁ%cg?%g@' de %%ﬁﬁ&ggﬁﬁ%ﬁ%ﬁdsva&ﬁ?tch
bri ng aboutpoeexgre egsdatiy 1ddntichiduh uslydiecliffieedt. sequence encodi ng the 15

pore. Alternativel t he reconbi hant. pore produced in_ this manner nmay
be' i sol at ed 11 ors PETSACEERTIAN OrBgTolaRnas FrrBPPas v Ay sharget ABno
menbr ane. EBBSV E%MQ{ ?s]rgm?ﬁ’e B%ir{ecHrh AT chatgh AsiPet cdﬂs{rféﬁf)f? b MAadGel

vectors provi de an origin of repfication, optionally a pronoter
for the exprelssinen Wfe fonepedireblphed eting at4.db, Seqperfemblyridp@jiivebnal |y a

regul ator of th ronoter. The vectors may 20contain qne or nore

oot 481 o e RS i6h a2 dEmpre it rr}aw@w IReA8dre Bhce gene.
Pronot ers apekiQ¢eroreNPE 8RS bPBhdnBAU IRk 8RR ARBInSHEBY e ReyPRhgrt ed to
be conpatible with the host cell for which the expression vector is

desi gned. provided byogach a€ theamagantrsubiinifsy Yaoargs typgeatly pichalel apasgiedly The
host cell typically ex sses. t re,at. a.high level. Host cells 25
{r anst or oG REBIR ST LA POSEPR |02 AEEme SUBRUO AR Foiet i Tgnfor
chosen to he,eRipal b dif (M B3 1) eSSBS EREn YaRMlith & dHoRshor m
the cell. The host  cell is typically bacterial and preferably

Escher Béhi SECpID NQAdyorcaleferatily b-laen6] 133 (MY §31) mhidhosonexBepiewelC4 1

(DE3), BL21 (DE3), JML09 s( DE3), B834 (DE3), TUNER, Origanm and
subunits as shown in SEQ ID NO: 6 or most preferably a-hemolysin (M113R);

which comprises seven subunits as shown in SEQ ID NO: 8.



The nucl eotide may be contacted with the pore on either side of the
10 nenbrane. The nucl eotide may be introduced to the pore on either
side of the menbrane. The nucleotide i & preferably contacted with the
pore on a side of the nmenbrane that allows ions to enter the pore and
fl ow across the nbr.ane al.ong an el ectracheni cal qﬁilgdi ent .

e
nucl eotide is pr éﬁ%ﬁtwaé/&%aal@ﬁ‘gal WOPHIENE Vb S ﬁ’éﬁ?ﬁﬁsﬁ‘g_ Y that
al | ows t heoF&éﬁis?rQtfé)lqﬁstE&eﬁﬁ}’SasStBﬁﬁﬂ&%Pcﬁshﬁpﬁﬁﬁﬁl. t@arfallR A18ELEE fish-Of
the 15 nmenbrane. For exanple, t'hé nucleotide is contacted wth an end
of the por eambillylocewringyaniants pedeced rorenembinaht teshmotdze. €ver theshtifeons

or small | equl such as nucl eot.ides, intq the barr.el or channe

of the por FHEULH ThETTEIS SHUSE L REH Thbh dut SRy pAe8meirD g
the pore. Thet 5096 heRAbiddBudMYthitbQiaes bweabntahﬁncpmi@ideﬁtig@m&%nner and
at any site. The 20nucl’eotide préeferably reversibly binds to the

pore. The nDiitreblyi the sniumdt plwfeptidbingy bewbleastidiso, bt ieas 60%, ahisati $pbw|

or the chanpgl th I The }eotid t. preferably reversibly
bi nds to ¢ AeeErane ROSPRSRY oot SPie 2bisha 838 rt AT oBERmEan < he
por e acr os préflrablRitagi s, Dyrd 509990 Bomdlcbasbised o enieedtid fientity to the
nucl eoti de and the pore, the nucleotide 25 affects the current

fl owi ng t hedvgfhadidacqyeres qfPESY HRANGE 2 asise diefantire ssauensat There metheds .
For exappl rd i d,denoM | lo<k . e CUL i.ng
t b oughot hieopos @oriot Bl MG S50 Bo o ot CHER ARSI RHI e & ptt
extent. Cont 200 ocimpes forerRimpRERBOPES0; aAT0 be2Reimbe, ceftigioisnenihdiecids
effect a particular nugleotide has on the current flow ng through the
pore. Resulther¢ RIpleaydyi ng out the method of the invention on a test
30sanpl e can then,fg .6 agtﬁ&k-aefstnﬁgtﬂa:(aﬁgde%rthefﬁﬂilnaraef@ H§dheB oPSBOTD)
experinment in order to identify a particular nucleotide’in the sanple
or det er m MNO:\Qédrpmalepgrivilc @) 3rd, Aull, @6tor 38 sulsstipritmsenConsertahige
sanpl e, _The frequenc t ich the current.. 15 fl owi ng t hrough the
or 6. 1 45 af putst SO ey e ot Gk Friscoting b Rllohhe AE) Rkt
can be usedcii9ififik84HE BR ck NEthe QBERAD RIPIhdYrefebdly PURE 82hd B inthé he
sanpl e. Apparatus 5The nethod may be carried out using any apparatus
that is suithishtaduhomayrbesvbstyeied fey caclmetlibrane/ pore systemin which a
transmenbrane protein pore is inserted into a nenbrane. The net hod
may be carried out using any apparatus that is suitable for

st ochast i c| yensArOMRBaTcexanp| sontdd&rappar at us cpgps ipses a chanber

conpri si ng| an aqueous sol utiop and a bather that|separates the
chanber info two 10 sections.|The barrier has an|hpéfture in which
t he menbrape conprising the ppte—is—iqgrred—rHhe—fieHeqttade—ray—be
contacted With Fﬁe porg by ig.Pg@ﬁEPﬂﬂwﬁﬁ nucl epGiYE Mnt o t he
chanber. The nucl eotide may be introduced into e r of the two
sections of the chanber. The pethod of the invention involves
measuring fhe current passing|Pblaoughargét he pore| Ui ng i nteraction
wi th the npucleotide. Thereforge the apparatus al se—copprses—an

el ectrical [circuit capabl e of}applying and neaSU'Hﬂé n electrical
si gnal acr ﬁﬁﬁhpgjﬁgnbrane ang—pore. The method ITgyg Qgycarried out
using a pagjch clanp or a voltage clanp. The nethod preferably

i nvol ves the use of a patch clanp. The Exanpl e di scl oses one way of
carry out a patch clanp nethod,_ 20 Mol ecul ar adaptor The

t ransméftbr ane p&e e pamaAckhissidpewel the Ao headenes s SERE NO:

facilitate | ; | ] o] dit u L.dg. The
adapt or ty%%@ﬁl&&%@@%&%ﬁ ?@?# gn té}%&% 'yg“ﬁ)ctglq’(%’rﬂ%hg’mfdég?tow@
properti es refidieh enaydreeletenalt or mpreoves its 25 interaction with the

| eoti de. Th dapt typi [ 1 |t h he b I
Tl ot TG o B P Lit Sl Ler LR SO 05, 0L R g o
nucl eoti de gLBeIERYhRGI0rE FRMIMG bRy ILEHhA%E LAY bWt Ra438, PR, 900 She




The adaptor typically has a ring of am no groups. The adapt or
preferably has a ring of seven am no groups. This ring of am no
groups may interact with the nucleotidéin conbination with a ring of
positively charged am no acids in the constriction of the barrel or
channel of e pore..100ne sujtabl e adaptor.is cyclodextri.n. .The
cdaptor | 2gDarBgi Ik Sicd gaiamSY b g HeRIGKERF PHpLiF goiEpy

Nucl eot i de AThe B heGe@bly ddengriR¥ent e BRYinB/oHRRHf SEh 8N GTy any
nucl eoti de. The 15nucl eot’i de can be natural 'y-occuring or artificial.

A nucl eot i de t yMasiahlsyndede cimsriaprotash poisasenpasisg fragmeants oaportiense!
one phosph i e nucl eobase is typically heterocyclic. ..
ot e R AR 2. B bEReR s SRy R btk BTl porforising
speci fi sal lipagARARI PortBHRBT SEQ IDNVOH E'.eIh@B@i%idr cBdHe CYdrOS I\ @imdhe

sugar is typically a pentose sugar. Suitable sugars include, but are
not |i m t edratein porpissepienly fdaosd/py hedesnzotFie pativneof SHQ IPDsNOypi cal |y

a ribonucleotid r.deoxyribonucl eotid The nucl ide,typical
contains a nonog%%soﬁ%éc{r%, m#p#éésﬁﬁ% f%e %e)IFer?aE’ivﬁﬁ'oog 6ﬁ§1¥tlgga?lly E}ld%e&%h{ abl e
nucl eot i degolypeptitite dedtvibed@bleoveotar dxtérdsih hay bagtenidsd aethadhephnsphat
(AMP), adenosi ne di Ehosphat e _((iADP), adenosi ne triphosphate (ATP),
guanosi ne (olFEPHYS phEearimeyd seigaestiNEQ TR AN pher rolyepiye vyipsahesi ne
tri phogspha i, i ] di .

di phosg at té:[% §t§&{%§m’§ %’]yér?é S@pﬂg’s p%e}ﬁ%%? ?JEI%SO? g-%gr?%pc]f: Er?gm & RFamino
monophosphatids (dIeRyth. Wilicthatieeld] {hleestehsibe maybie)longer i fdt eaniple phasfihat e
(UTP), cyndine nonophosphate (CWVP), cyti di ne di phosphate (CDP),

cytidi ne tﬂpﬁﬁ%}%ﬁe ( eT PR pay smﬁﬁ%awwr?&%awcecmp),
cyclic guangsi-mg.ionesphesphate (cGW), deoxyadenosi ne nonophosphate
30 (dAWP), deoxy%denosi ne di phosphate (dADP), deoxyadenosi ne

tri phosphat e (dATRdarddechkydriaribsamhmaybeoaptibepletrmined@®logy. For

deox nosi ne_di GDP), .deo ine triphosphate
Lacrty 1 e Rn RRORh Tab ke dS Ty RS TRE) Pabin Jirg g vased
di phosphat @alcakNomdAISSX Yo kPl \Red bh P Qﬁﬂhﬁ%&tiﬁ%@e}veregﬁ QXYM dgH)ne
nmonophosphat e (dUMP), deoxyuri di ne di phosphate (d ), deoxyuri di ne

t ri phosphat\siclestUAeys Repsasafich? b3 a0 o dbp REsBHR rad BIAWT) algorithms can be

deoxycyti di ne, di at e CDP). and deoxycyti.dine trinphaosphate
Cacryy " et S BA Rlor By P s ISR WA e BB Al
dTMP, dGVPré&sidudShPeorfddgontind saubiies (Byichiey sethci el fauliaatings) dbgest i on
of a nucleic acid sequence such as ribonucleic acid gRNA%’ or

deoxyr PBonGEaeple aadpgribegit Atelul S-AUEI 60 T & Bvobd 29GP Al Altsehel 8ifc
aci d seque wgh the pore in a sequential manner
i n order tgpglégggor??g\d?ﬁ%ﬁ?\g%fg(%m}é'part of the nucleic acid.

Sequenci ng 10 nSefteian: fac peforin@BEdSTaanabysed i publivdy sedhbid teroaghlient
of the invention is discussed in re detail below . The

nucl eot | de?\raélové]ﬁeeéﬁnfgfcfﬁﬁi;ﬁs PN tQRANOR SR L bi P8R 60 | 5
derived fr i i . i i : ively,
the nucl eot e Ty Ba g P R g o g SRR i

typi calby ndanhfiting gort Wonds 06 ngthe'dtindee quryy bejubaisehdtetthe indtch or satisfy

revealing | abel . .The reveal i | abel e any .suit abl abel which
L e §he SR Pty Suh Bt Bet lsEre Rty fimen Wil ard giche aane 16hed
f1 uor escenty pahibitt 88quehadi PissefcPRE%o afthd neibBBdurh&RBworNdold (RkSks1d
such as biotin. The nucleotide is typically present in any

sui t abl e bilbltenfuted o/ s e Thayeanitialemglibonrhiood twopd bus fof ag seads &t out on
a sanple that. is kno t in or.suspect of ..cont aj ni.ng. one
or “more. nudt aaiTe et I s Sh T e B8 G e Bier S i B S BBine
that co0t abbgh difeetions B LeaddH ctRRhESIRS ayBP A€ tHedQiHul dte iaf ghtAKNQ¥be can
Alternatively, the invention may be carried out on a sanple to

confi rm t h&epyaenspd. yExenspns for theorasd hije ineesch dgsctigigsehgiedsdmsethien t he

cumulative alignment score falls off by the quantity X from its maximum achieved



Typically, the sanple is human in origin, but alternatively it may be
from anot her 18 manmal ani mal such as fromcomercially fanned
animal s such as horses, cattle, sheep &f pi gs or may alternatively be
pets such as cats or dogs. The sanple is typically processed

prior to bei ssaye for exanpl e by trifugation or b ssa
P ough_a HEnE: DR Goalative Plare Basah CerReRReY et S T og g o
such as re%&kﬁegat%lsl:&m Tﬂ%@dﬁ@%‘[ﬂ’%ﬁéﬁ%\/op&e%ﬁé@%ﬁ%ﬂs H&a%%éa)éhw?on

bei ng taken. The sanple may al s typically stored ptior to assay,
pr ef er abl y TﬂueIHmAS’P elgoriompiiremetess WO Thad Fedétennioé thetsensitivignanidopeed of

i nvol ves asur urrent passi hr ough .t ur.i ng
i nteracti oﬁ Enﬂgpgé%&g&@éog@gl ﬁsozl‘sec{] g%ﬁtaﬁt“(%ﬁée@ma%ﬂk thy
ionic cgrr @E@S@Mé%%ﬂgrﬁﬁt%&‘i‘g@:@aﬁk&f HEHBNIROIEEIRY PrkNAWR. Jifd he
art and disclosed in the Exanple. The nethod is carried out with a

vol t age appki- &54a89:0991 5160 ibrbgamenta ) ¢foile cxpri@tion (Eayfd Oubtss, Ns4,
typically frEcI)m +50 rn/t élrﬁq é nV. The voltage used is preferably
£ om +70° mI8 8 QTEYY T PPITEES 1o +145 M/ or from 3100 MV to
+140 nV. The volTha®l ASE gbAthat péresrailaystARAtH] andl38s GMhbelmittepxy-ri bo
nucl eoti des 5° nonophosphate, such as dAMP, dTMP, dGW and dCMP, and
+110 Vv f oPePids tHOEFBEREEesses: 2. Nbwrpaas piaeial (Ki9h Paer Mw AcagpScigvp
and UMp

metal O ot TS, PR Bk B EREEBR LAY s

salt is preés@ptsmalled bemagetebilsy (sR(lN)), idiich protides sihadhation E’Dﬂhassu um
chloride (KC1),.sodiumchloride Cl) or caesiumchloride (C5Cl) is

typical |y Rsdbilicly dichasmaich éafwevﬂ EWQ aMINocReME ESRERRSH BiRuldoceyihtal |y
fromO.1t ™
25from 0. QQ?%ME ER/IP%% %tr%%fé}l]t f&gh%ﬁg S{sng a%@%@%%%? rat f%%ﬁ?%el

pr ef er abl y selabert sdiiprobability ?ﬁhmmmis(md of hetfiygtisealehye wahe sednd sdquencet he

presen of, buffer. Int X l.ary. a atus disc ed aboye, the
buf for [P pi kseien ?‘?P%epfa%ﬂ%ﬁﬁﬁﬂng&aaﬁb%ﬁ%aﬂ THGTE PEHGABE S AFRP A00PF or
may be use@ (j]naﬁd‘lﬁlog’(ﬁ‘éf@@@bgﬂegmaﬁ RAbigpn. One suitable 30 buffer
is Tris-HCL buffer he net'hod is typically carried out at a pH of
from 7.5 to 12. @ordsrused in Beerdance. with theamventign tray b6 ngydifiedier Zxgnple by
from from. bl
about 5.0, eeldtion ot gl B Mo e B BTG BHAGEOTHER e
to 100C, f raaxidhof h 6igBfGeqidneatolfiomoe: Beiesedrétii fdif alcell WiHere theom 18C

to 60C_ 19C to 50C, or from 20C to 40C. The nethod is preferably
carri ed0oupobpeptisisriacs Rpjetarailecontaia sugt hesguenrcep lanay hofissirablerd ed out

at +130nvV

m)nophosph }oﬂﬂsﬁgﬁo%%ﬁﬂ Q% &g%ﬁj%%awﬁ 58'1?? @i_)%n‘ﬁoat pH
8.0, 1M KCExdmplefthbporeuahebd itteledto amiidshpsphataderse diteasheMre intd/P,
GW and UI\/P Met hod of sequencing nucleic acids 10In a second

enbodi nent NYREMPRGENti on rel ates to a nethod of sequencing a target
nucl ei ¢ acid sequ :%YTEE ( g i

nucl eoti de from%f) (g"ézr}]a of %%H'?gﬁhgﬁevgde}gﬁg%cég rﬂ@?ﬁég‘;’gginﬁgg‘%@’s&?
exonucPkgaseny fiojabboaba otliictyalidves thepbiedd bddetatteth Suﬂtabémbhdahrcanb but
proteln pore so.that, t nucl eotide i nteracts wth thespore;

measuri ng CHPEHHEGO; FRPLERIETHF TITPUORES i ndp t EFHE actl on
15and ther%Hﬁb@ﬁéﬁ?ﬂ?ﬂﬁ@&)tfd'@@aﬂ@ﬁ%ﬁ%cﬁfasBf?)ﬁn.r‘uc' eotide; and (d)
repeating steps (a) fo (c) at the sane end of the nucleic acid
sequence and t hdhelppredeteberisniatay ftmaspeq.vwdeciog orgaaisnuelmim aci d.
Hence, thelsza ?o d enbodi ment i nvol VES,. hoch stic ensL g é:each

si ngl e nucP&daEsH ﬁwﬁﬂffloélnl:a 85?“& 0 %l% Y THORPEFEEE5E Y € “hranner
in ordsg t@xm@em@@omﬁaﬁwém&sﬁ@a By inig-owhakiated rakpias tTiRf the
nucleic acid nmay 20 be sggpenced usi ng the nethod of the second
enbodi nent anTieadd s¢qieeceditie pern miw heanedified (o ivelede neignarraly ocewsngl .

amino acids or to increase the stability of the compound. When the pores are




above. Al of the discussion above concerning the first enbodi nent,
and in particular concerning the nenbranes, apparatus, pores,

mol ecul ar adaptors, nucleotides and cohditions that may be used in
the first enbodi ment, equally applies to the second enbodi nent. The
nucleic acid jn e second enbodi nment is. fypicall 0 present in any
bi ol ogi cal P& P@&%ﬂa‘?e&&ag%a@a S&%@I@l@cﬁm{%ﬂww odipsBdinight The
met hod of tRGIIAGRMhESREMHIR B0 g%da?ﬁéa%nb@glg%e&%ﬁfﬁem e which
contains one or nore nucl el c aci ds whose sequence I s unknown.

Al t er nat i vetopnthimant p@dnetidiod of the second enbodi nent nmay be carried

out on a sanple.to confirm,the identity. of. nucleic, aci ds,whose
Y esonce o P he T RSRS mdy e h vkl WipS o Mo Heis” have oaine
sequence i SndidPhGdd Wil BKeh i@ fhvBfsk Q6queRcdRItREICTS AUGNGEHioHS RS it

he
met hod of the second enbodi ment. 5 Processive exonucl ease The
met hod of cheventiewdn thelsoidionpraducing shahgroleostaaptptidgst he nucl ei ¢ acid

sequence with a processi.ve exanucl ease. to rel ease |.ndivi dual

nucl eot i des froﬁfgwg PeR cﬁﬂgnﬁﬁ@ﬁ%ﬁ@n%@?gyoﬁp3%g??FV@géQ@HﬁEP@§§es
are enzyneso tHeaidelhRing aF the poadsC Bud® At 06%: iﬁ@ldd@,ffo@eﬁaﬂﬁall@i c acid
sequence and di gest the sequence one nucleotide at a tine from t hat

end. The prndeiseitipns efasmige pelds by eedcdyyakylationebyeeriincwidle prej aldghydse 5
to 3" dhrecgt ' e ti . Tk 0 nucl ej c i..d to
S A L L L
t hr ough t hevithwkteadiydddeyne used and/ or using nethods known in the

art. Hydroxyl groups or cap structures at 15either end of the nucleic
aci d sequence may'CYBPEANY Hans@embrpe parefaghemrodiced Bng plepdasd meghods

i i N9 OF 1 6n B BESBShViR1GE QY Eéqgl%ﬁ@esteﬂcc?di@%é bbb 02l shde
nucl ei ¢ aci d sequence. ny processive e&xonucl ease enzynme may be
used i n t heephetieddsiof stahéard mvetinidsan theldne Nuadéie neiddeqrenyssentadingls poren

the method of .the invention is |anmbda 20 exonuc] egse. The sequence of
e Subtint R0 SRB 0% B RHE T AGHEPHIEIUREN G 2t ldg
identical suRURhT Be InftbBE@AtntbY JeAWP iR st EBSre SXRNUTAERS FpepHal AR § Of
| ambda exonucl ease are enzynes fornmed of pol ypeptide subunits which
have an anirerombiiat exmessivne enlor.chhy expiressionreatot hpiiorafly 88Qek Bn MOucidle
and whi ch retaun ﬁkﬁcgﬁﬁhve exonucl ease acti%jty. The variants may
vary from SEI'E RGPIEOTHe PRRECSIONG RS BN 9% nd to the same extent

as di scussed fomNuéRid £ Seq@bndekGhddAid¥Ql pade AROVR isatd@bh@itplipAteS 8diad! Y

conpri ses the domains responsible for binding to the nucleic acid and
for di §@st stagdardanaindsan thegel Clrempagmali RN 4 onay bre) extiacted fioghg pore-
preferably r C f v n i sal t
Pol er ance’ eneesTeifs sl & Su/BlRiB bt Phe B BleoBnIR pii8
exonucl easenayie dneplificd dsing P CI0inwsivirg: spayifiofpriiees. MEic@glslifitidseqpsaed
above for the production of transmenprane protein pores. 21

The met hod T¥ tﬁ%‘ﬁ%@é@ﬁaﬁéﬁ%@i RSRYIPIRGHI roRIEcaB IS HESOF PYY BB RIS ei ¢

aci d seque i i I i des
e di gest ShPr o ers MO IR BHL R R R ek 1 LRI B e
i dent i £5 cacelbnTlods remicic aoidsaguenk eneclirend pale may teonatedgnagoducing 4 he
first enbodipenH of . the [.nventian, N@tﬁé&;ﬂfor 5 dging his are well
known in t R&YAPFIeOHsENEGAIRG f ROTCEREATCH T BN redyfdigthe gector nto a
successi velympuas host cagl8d afWing 8% b3t Ed0MdehSorRtbn RG] MREPIH.IL
such that they may be identified using H gh Performance Liquid

Chr omat ogr agpgatidaRiChe vectéro nileogotos mag bk oetorergd Hmnuthe dostreetl h Sujsatds ent
i nvention. , The processive exonucl ease i s preferably coval entl

i tached t BoTtael BE FRRka R EREClsP A0S htadh s BRERr e D Bhatate
attachsmg bRripE®GESSIRLENNME] ease to the pore are well known in
the art. The rate at which the processive exonucl ease nust function
in the method offheReclgisasiddeerired eneding aparg piaydielojonst dwesuitdbds t he

expression vector. In an expression vector, the nucleic acid sequence encoding a



preferably about 8.0. The rate of activity of processive
exonucl eases typically falls as salt concentration rises. However,
very high salt concentrations typically3have a detrinmental effect on
the activity of the enzyme. Another way of linmiting the rate of 30the

enzynme is to _carr ut th h t he second odi e alt
Conent r at PO 1 s it HECH 5t 8 ottt REREEE VL] SorPeng o hEpibne
Wi t hout adverge le;ypraisfcﬁacctﬂmcddi%@eaheﬁ@etby thd Bt @aﬁn@&& expRBsi IR EQ6ks Of
t he second enbodi nent may carried out at a salt concentration
of from 0. 5an be 9sed tTh¥press & pasencentration is prefer ably about 1M
Kits 5In a thir odi nmen ion also.rel 0 kits t
mmy be used to 45 R Touberhly LR g A St e 8 sersind

kits arg tlaesehed @1e&ﬂh&aml@shq;pmwﬁ@meﬂgtorfuﬁd@hqnﬁfd;ﬂﬁtenaaﬁn&hﬁes
conprises a cyclodextrin, Ehpce55|ve exonucl ease and a

t r ansenbr dneonyiobsajuangsoioperatydinkge] i@cﬁe@@tdmgwsemselpﬁ &f legagasl ip such a way
hept aki s- 6+ C Iy

any of tnoltteb e R LEhabatht liriet BRRERSLYE PIROEL SR AR
enbodi nent tHh@nper &qﬁ&)behel\/ﬁlﬂt)pleEoﬁlthSMﬁe@bﬂy@e weiidd may be
reference to the first enbodi nent. The kit may additionally
conpri se ondrsuceding BHeNEForeagent s or instruments which enabl e any
of the;gnbodi ne |

Such réagent s o?th ?ﬁg{)rre %ﬁr@n‘?@t{&%mgﬁ %ér)l{eh%gfi &%g\{ﬁto afosu?[ Eblg?‘ 5 tcgﬂ' ?Hﬁs
sui t abl e 1HiEuhéthod s thedagueados maglbetchaizd)out oransll pmdumdajmnaodnmmgze

froma subject. (such as a vessel or an instrunent conprisin
%‘%Fgﬂ%%’e

needl e), n@aﬂswtaalda%?ﬁv?m? CREACING TPIE IO 4B GHITERR VeriQrelhip

defi ned ab%&o%td’@!:&ﬁﬁa%b@é bRakGIh &t 20D aﬁ@%{"d\ﬁh %he ﬁ%ﬁ&@lﬂ}rﬁiemy be
present in the kit in a dry state such tha d sanpl e resuspends
t he reagentendifitnes whith bayg ab®o exppssione thsj/nuczl@prpcld%qumgt encotlingrike t o

enabl e he Kit 20. b in.the nethod of .the inventio

ot i 451 eqis AR aRIve B Pean oo R R vy TEeraa e Taoleedt
may, opti omahl the baSERAIREt CBUGINE Hidefles intd BEbth&@! h@Mbage. Exanpl e
illustrates the invention: Exanple 25In order to bring the size of
the ionic condu@ﬂlﬁﬁgCtpﬁtmamﬁe ﬁOhGX%@Plh@hﬂn}léi YirysMr phage) vecians prgvided
Figure 1A n t t he
i anot or ot T8 iaib SoieBiBioh Farioablhs PR 1l ' RpRRu LR St

t he const r natle@mchf se@h@c@@ﬁ@opﬁdiﬁll?@pé@ﬂz\tﬁr @ﬁtﬁérpmmdt& CHhelvecteKt hay
(anv-13CD) (Fi gure 1B), which has seven am no groups in the prinmary
posi ti dfs, CORAInEPr mm%ﬁpl%%@l%y@ﬂ@aémqs. for pxamype Adetereyeling rpdstance
(Figure 1C end, PEMBAGE Qe Bﬂes 181‘?1: Ya‘%i%n%{%%ﬁ' d JURRGh ben 113
on the profein nutant, one rin en am Mo groups on one side,
and a secowrdmpatige ofithabyBost aelgfdmvnrmclgmeamem@ yaces endesidgriet A B7, stror t

di stance from each other in the aarrowest area of the passage

t hrough t h&GBFa0r f@naﬁ?fﬁ&wa‘ﬂw%? ring structure has the property
of bi ndi ng phOSﬂ*ﬂ@%st%ﬁ%ﬂﬁcaﬁ@%%%s@s%éﬁ&é at {ABRIE BYstldBRs XMP and
dXMP in the pore for 5t These bi nding €vents are clearly

det ect 3b| e tiahsfougd whleameslaiqapnbsethamg en¢adingg @ pantwilipplcheagddo bs

1. Material and t ho . a- hemol ysin nutant .(M 1 S, .

expr eased SHIVHUTE rEhe e rsrsiRaheny iade Phdas diety Thehotifs o
et al. ( Zo%eall%menﬁ ﬁ'd(ﬂrefel%blﬁga%ﬁg@@m a2 ARY LAY a A DE3 lysogen,

1, 2-di phyt anoyl - sn- gl ycer o- 3- phosphochol i ne from Avanti Pol ar” Lipids

| nc. Pent aifie ammptﬂﬁéhﬁﬂéﬂ BE2I(LE3)B&ME 09 (IARE), B2 (RE3) & UIER, Prigami

Sigma- Al dric ki s( 6- deoxy- 6-an no) - P- odextrin. HC1 >99% was
pur chased PP@%?‘%E ?@‘T_Xﬂjﬁesﬁﬁ ﬁﬁggfomm%%j7?r%8 - guanosi ne 5'
nmonophggphate 1% g&@ bR IVRSg VRIS rf@lmn% 'bﬁfﬁi éﬁf 08%y any protein

2- deoxy- cyt osi ne rmnophosphate di - sodi um sal

2- deoxy- t hyigiidi aheorsatograplophrotsph v pﬂre-smlmgmgQag&mlsH&anftan@combmant

expression as described above. Typical protein liquid chromatography systems



20 guanosi ne 5 nonophosphate di-sodiumsalt 97% were purchased from
Acros. Trizma Base 99. 9% was purchased from Si gma- Al drich, and
concentrated HCl anal ytical reagent gr&#le from Fi sher Scientific.

Pot assi um chl ori de 99% and sodi um chl oride 99. 9% were purchased from
Si gma- Al dri.ch. . P S| broni de, 99.5% and_ cesjum chl oride 99% were
e Chased Qe Al ARy Pmht Bio-Crd Socn bt MERahBid et pri
Axopat ch 2QRBiH GBI Bakdl MERE SatWRaf vy 62esrink b re%oﬁ;%fﬂﬁﬁ{}ﬁ-?r wépped
with a Digidata 1200 A/ D converter (Axon instruments). A Teflon
chanmber wagoresedy theaba insegedtiolid @ottexllyrocp@riagpr artificizd nendmaieypedse in
30C anpfit 9.0. Pl Otﬁ“\,{ﬁnd Er a(Phs were obtained with Mcrocal Oigin
6.0, and i ATELPHCE SRS BVFPEH™n a personal cal cul ator. Experi nment al
conditions 24 ThicRidhdd dfaANShnvERHN BREEMPRY AnY Sh&BEtLE HBs described

1, 2- di phyt anoyl - m gl ycer o- 3- phosphochol 1 ne by the nethod of Montal
and Muel | egb@¥972) . on 100- 150 um di aneter orifice in a 20 um

pol ycarbonate film (20 umthi ckness from Goodfell ow, Ml vern PA)
separating the trans and the cis chanber. The cis side of the chanber
Swas at gr Gureghciionbefeen tHepose shdiuddoriibe chanber was connected to

the head stage. The potential refers to the potential value of the
trans side el ectlha@ucleqtide pambe enntapbiderith topose erieither sidehthet r ans

i de, - i I dt
e, 102, BB onR ANk, 20000 Bl IBLEEH SR el agded to
exper i ment socaibraricl OFié. nulebtiéx B¢ fiamblysconeqetdtveith fhe peranar esid®odiheai ned

at pH8.0 Tris-HCl 25 mMin 1 MKCl. Fresh, aliquots_ of nycleotide
sol ut i on werEtgasthalAloygagns teepisr tlfwm'% ¥ agipps g nt?m%r%ﬁe Hegmn

tenper at ur @1edgocheiitcat %rd&mn%s?héﬁ@é&qidgti%griﬁgy c%ltﬁqaylﬁtﬁ atRle of the |

2- deoxy-nucl eoti de 5" “nonophosphat es par bl ock honmoheptarneric
pores f or meghbyyne thht 3R THie megtotikle $o PasathrnoghlBe py todiexdthémside of the

Si ngl e-channel, recqrdings were carried out on.t honmp- tanmerj.c
or s 151 nEFT o ShAREA G ERCISAEr e e 10R o PRPL I8 POTSHECE: e
(Fi gure 2AipfghaQe2B)irodert ABoBPERNGE vy QF idHs B 3B3&Pmdl&talR0fueh keMmai ned
permanent|ly open (Figure 2A and 2B, B) with a unitary current (LI) of
1455 pA (+D8dcphides] intolthe karelion chaangl of the pererdagh that thahensuf seall The
addi tion of M anv-13 i he trans chanber alone |leads to

rever si bl ean‘}%%l elsrlljgaye%a %&‘go%gg‘tée Urent 1evel of 655 pA (L2 in Figure

2A, B and Fi gur @h2Bucledtidddppninbataht tdigithebo ih iaM daMrerta@d thanycdig. The
chanber, a third 25current level is observed at 221 pA (L3 in Figure
oA, C Ahd erelertadeametersploreveisivhy bings to Brpeis fdsmnurleyiade more preferably
represents N e[lalal f i £ h

oy 130D AAaTL Ry e o AN or R LR b S L ThEBGe R A e
ci s side obrdftrablyravdegblydiindstotthd dadndl @r dayelalftier pdre anit phssththrough

cycl odextri_n bi ndi ng ﬁondu tance states (not shown). 30In the
exper i ment 1° RBHAFOFIAE F8DEMhed above, current bl ocki ng events due

to cycl odextri nRiHdigng; : MR b z trin
was added to the trgrﬁlg@%lﬁ%lg?%?ﬁ%éég In tdﬁggggdefsﬁeeﬁ%g’g%&gﬁgeﬁﬁ-gﬁ/ﬂlSR

si ngl e2haneffoste the Rbrehiolieviag thmuglf tiepber incumareret sipkcikonthatmentatiduer e
opeerved. when S (b e 200,00 MFLS, added el her opLhe ane o
chamber, blgckpdtte@manhsprfod™l to a particular extent. Control experiments may be
carried out to determine the effect a particular nucleotide has on the current flowing
through the pore. Results from carrying out the method of the invention on a test
30  sample can then be compared with those derived from such a control experiment in
order to identify a particular nucleotide in the sample or determine whether a

particular nucleotide is present in the sample. The frequency at which the current



wer e observed when m ni nrum concentrations of 300 pM dGW or dTMP were
Sadded to the cis chanber (not shown). These events are not observed
over the tinescale of the experinent aﬂ55 pM dXMP or XWMP. Addi ng
anv7-13CD in the trans chanber while rreasurl ng the current through a

wild type a-FLL sin channel to cyclodextrin bindi.ng eve

but o’ Far Eiat e RS O el A Be s e e e AR T i
dXMP to ei thebe 11t t6 dSteRhink AR ée@;Eé;ﬁﬂiﬁoﬁQPfHﬁ?ﬁucl%‘tﬂ%%%he%Hﬁb?eOt' de 5'
nonophosphate can be identified fromthe anplitude of the parti al

bl ock of honoheptaneric pores fornmed by (M 13R)7/ heptakis 6 am no
13- cycl Og@ﬁt” n 15The partial block of the transient conplex
(ML13R) 7/ €D differed in anpl i tude dependi ng on which dXMP was
added to the ci ghehaAler méybOtdrBedput AU dnlyappahiud BRi(sitahlh f6:0 t he

cis side displayed an average blocking to a current |evel of 16 pA
(Fi gure 3Aynveygatiapja r@@nbmae/amlsmt@men Whishagranymembrane Preta@eoshiswn i n

oA o abeun, Lo e, L e 0 LOREE AT W) A0
anpl i t udes igsuitablevibr stochabtiiefsi3B F@IF eﬂﬂﬁ}z‘& tRGpbefatdAMpriasicth danfber

dCwP. Qut of the four dXMP, dGW bl ocks the nost current., The current
anpl i t udes CPRBHFING dB pweEnsolBkpRdRbarE el asiengates Ssrrbavhen 59 Bios

aver agn 35eat Pont | napefllsTHabpEE Fhich 16 RLALED ARARRE e LAE

channel s difspicdy Themueledisdeatnanbe tormsctdddwith hegnde Bgintoduesg izl pA.

Therefore, to commare c rrent aces current. traces were normali zed
from di f f eMBAEOHLEIRI0 fh‘é %nkb%t &é%ﬁu‘%e%ferné%ﬁ bejngodrgd mnto either of the two
(ML13R) 7/ ag¥s{L3EEr G h&Rbe] €Vel set to 65 pA The dwel |

time (toff) of each dXWMP was cal cul ated over 500 events from 30each
of 3 i ndependenfThexpéhdditbsingFatdneingylves measﬁang thekurBagiassing theough . ns

f d MP, dAMP d d f de d
measur Ghrentls Dor NP GBS TP SHOFT (e SRR 7. 1 0. 2
10.5 0.4 GysbAs®ahlddntdal Jiedht dapnak of a@?&lng'ﬁh&&asﬁﬁg aMétedtcal Hknal

13R) 7 exhibits two current levels Li/Li" whéen th
across the membrane and pore. The method may be camed out using a patch clamp

or a voltage clamp. The method preferably involves the use of a patch clamp. The
Example discloses one way of carry out a patch clamp method.

20
Molecular adaptor

The transmembrane pore preferably comprises a molecular adaptor that

facilitates the interaction between the pore and the nucleotide. The adaptor typically
has an effect on the physical or chemical properties of the pore that improves its

25  interaction with the nucleotide. The adaptor typically alters the charge of the barrel
or channel of the pore or specifically interacts with or binds to the nucleotide thereby
facilitating its interaction with the pore. The adaptor preferably interacts with one or
more phosphate groups on the nucleotide or interacts with the base in the nucleotide
by p-cation interaction. The adaptor may mediate the interaction between the

30  nucleotide and the pore. For instance, the nucleotide may reversibly bind to the pore
via the adaptor. Alternatively, the adaptor may interact with the nucleotide in

conjunction with the pore. For instance, the nucleotide may reversibly bind to both



protein channel is unoccupied (Figure 4). The cycl odextrin adapter
can bind to the protein regardl ess of which current level Li/Li' the
protein is in. Two current |evel $6are observed when recording
the current level of the (M 13R)7 nanopore (Figure 4). LI is the

main current |evel, as sho in the insert 10 of Figure 4. The
bi ndi ng of TRAPER 15 RO aHRBOT BEeRly congrea TSl er/digne so
represent egn Y thdy ARGade wit(hBhEQedtRiee! s are observed at pH 7.5, not

shown). The binding of anm/-13CD to the protein nanopore occurs

i ndependent | y oflTheadapmt itdetredy teiversiblyt ibteradt 2vithsthe perermad maydhehafrance
| evel observed .whe mi-f3CD is hound to (ML 13R)7 and it origi nates
fom bot h EROVE A A o RSB rieh e At Pt e Bty o Ui SBBOF Bk ¢
no appas enuae@ema{t%tat@ehedﬁheh@wrfe@ef cHa@M8lofldde pRBSEIMEH WIRR 1AWY- PCD
is bound to (ML 13R)7 accounts for |ess than 15% of the conduct ance
when the cycl odé&beriaptartapically has dusugel gnsive grower TheEadapta ptgferablychas
nucl eoti de binndoigngYeever}ts sonet Ltrﬂes valr. i. N arrEI i tudetas a, e ult of
whi ch cur r SAPE BYETHBUARETLD™ {HEyIEA TR & PRy RIGAESRTH ¢ was
observed 2Queilepenointgm®haibh ithef ridgofQositielyt dharadXivniky Nddyid deyent
originates from (not shown). It leads to an increased overlap of the
nucl eot i de BRYAEtE whilembaryl ot elpnaeh (fithgpare 5) . It is possible
to anal)ze manu V. -di { .yie

bi ndi nggevent s?ﬂ edr%%uﬁgﬁg? %a%?%gb o%dr?gtrg{?gﬁ{)ea“}ed%ﬁo?nfg%\égﬁefagmﬁ%ga\%‘?{&LZ'
25descr i bedmniio-Biggtlbéexdrin Frgf€D). shows the di fference between the
singl e event analysis histogram obtained froman unnodi fied dXWP
detection current recording (Figure 5A), and the sane recordi ng where-
anal yt e bi q\q;cyégﬁg%qents stenm ng off level L2' (Figure 4) have been
renmoved. The two histograns display the sane four peaks corresponding
to dGWP, dTMP, dJdAkRetlanibfdBMRveitiven mapbe taedeo dfentifieanyditiclvetits Tl
Figure bA is larger than in 5B because the anal yte. bindjng events

st o A3 ofPCleaict cap bedatalAnesvags ot e, & ne&ﬁ'téom?%%gﬁ@wmams a
ori gi nates nﬁEI@GBJs@,Yﬁug@M%ﬂta'i leadt $he BBt QBuP T NERRIGBELE 1P Bk H§E NS
better in 5B than in 5A However, renoving these events from'the
recordi ng degraryelisyi Siwble roslepbaceinsbplapatinerendfpysaddinspaakm(Ri gur e
5B). As a reésctij%é 1 tage .cgcl odexttﬁi n. curreI?t Aevel.s Lé}Fand L2' shown in
Figure 4 wiPE WS PIREAS BRSNS RETRE VA Al ST Breneadnfmiely @

hi st ogr ams pemage figat ISuitigle sigid Bithds, ue PRt driel eafribeke and Rodadase.
nucl eoti de 5 nonophosphates can be identified fromthe anplitude of

the 180 parliieanclsptidads srienrsrdnassetide geleexyritonnegotvle- (The nuelgptdent

conmpl ex ( 7 t.aki 1.N0 13- (0} i The

parti al b:\/‘to)éﬁ% cl() R%%F%qj% IS?H?‘? ?@&%’ S%?g%%%!reoo\%%@l{ogﬂh&}t?,f er in

anpl i tude dependuitgblenusbitiies ixMdeyns adelaadinticed tbeadehssigdwanhehospiae:
di fferent | i tudes .coul d be resolved when dGW, dTMP, dAMP, and
dOVP vere AANED. 1dspHEE AipboSpBRKAABED AeRuT R FBBLRR (e (ATFhraksine

Fi gure 6A t 1 % € -1t ] Il 4
nugl eot i de?@%lﬁé%ﬁ%@xﬁ@’e@%@ %zh%ﬁf?ﬁo%g?tgﬁg?%h% gg%ellfrfiﬁ ugghia%pos ed
onto t B2 r éCoP)dyroidireantndphagphate{ TMR)ethytading Hipht sphte (TH) ahphiding e
di stribution of eac MP. ..Figure 6B sho anplitude his m of
@ current TR Bp00- e SohSuRe ol he Tk diismeraaLoBhs "
di stributi %ﬁdg@nﬁﬁle&ssﬁla@w?%?g r_ﬁé ﬁlféﬁb%s%%a}g@%@qm,'cw&lﬁe RiphbQdagm i s

superinposed with Gaussi an i butions. e Tit I's obtained from
the peak cUFPEntcytdingérigliospmtb(CEMi syckixpdenasawtmaemphésphatie{tAMP)L i on

| d th | h i ned fitti
rverag ng. CRatfe fhd Bofifrbr HoalttaREh SRR P ATk kbR e ab o
2) . From fidAMPY, dddRys1enseRd diFh@b@)ﬁ{éteMADP%‘%@a@Bndiir&ttﬁgﬁt&!;bh&QS,

25the probabilities of identification for each nucleotide was
est abl i sheddAEP hdpeticganosipsthepphosphate (AGYH edroxygewesinefliphhph8R) 7 i n

(dGDP), deoxyguanosine triphosphate (dGTP), deoxythymidine monophosphate



5 was fitted to a Gaussian distribution. The nean and sigma (a)

val ues of the same nucl eotide were averaged fromat |east 3

i ndependent experiments each containi n§71000 events (values listed in
Tabl e 2). Tabl e 2. Average val ues of the distributions of each

pet vieen 0 4REVRY GRETid b e pans (CHBE) ga g dSoiaahale (TR
a=0.54 C 2Qe@xyuﬁﬁ%eﬁﬂonophosphlﬁ?d@[\@ﬁ,a&ldxi[y%ﬂitglﬁ? E%ﬁoiﬂﬁﬁter@@mg of each

base were determ ned from éxperinments wth nucl eot i des present
si mul t aneowsdyyusiine tephasphate (FF0R), dewdyeptdinemoneplionphate @GP, n each

trace. The traces. were.filter Q0 | ow pass, 15Gaussi | it al
[ ter)  andeROFRar e BEURCE AN freS YRt aprtaR Rk TE) e o
as deschi bedciebouss biferably ANME YMIUEMPUGHVEROUANE TIEF,idRIP Sr dERE.
peak val ues of each nucleotide were averaged from 5 i ndependent
experi ments ( Tatihe ngyleotidegnaynby dergied bewak theakigrson el Lawdeinaed sequedes
where al | ugcl ' i Nt erinents.
The | ast c§ %hn% %%éggggsa%{dﬁ(ge\g ec(?ararhté3 8;( al gdg dagghg Eg%gédl?g? urd%rrlﬁ%% t he
over |l ap of fidhea GagkSiualkickickd sdqheide@ns, 1y @ntdetedgridt € porofiversageenGapA)
16.20.5 T(pA) 17.60.6 A(pA) 18.60.6 C(pA) 20.20.5 | )
manner in order to sequence the whole or part of the nucleic acid. Sequencing
10 nucleic acids in accordance with the second embodiment of the invention is
discussed in more detail below.
The nucleotide is typically unmodified, such as when the nucleotide is
derived from the digestion of a nucleic acid sequence. Alternatively, the nucleotide
may be modified or damaged. The nucleotide is typically methylated. The
15  nucleotide may be labelled with a revealing label. The revealing label may be any
suitable label which allows the nucleotide to be detected. Suitable labels include

120 33 and linkers such as biotin.

fluorescent molecules, radioisotopes, ¢.g.
The nucleotide 1s typically present in any suitable biological sample. The
invention is typically carried out on a sample that is known to contain or suspected of
20  containing one or more nucleotides. The invention may be carried out on a sample
that contains one or more nucleotides whose identity is unknown. Alternatively, the
invention may be carried out on a sample to confirm the identity of one or more
nucleotides whose presence in the sample is known or expected. The invention may
be carried out in vitro on a sample obtained from or extracted from any organism or
25  microorganism. The organism or microorganism is typically prokaryotic or
eukaryotic and typically belongs to one the five kingdoms: plantae, animalia, fungi,
monera and protista. The invention may be carried out in vifro on a sample obtained
from or extracted from any virus. The sample is preferably a fluid sample. The
sample typically comprises a body fluid of the patient. The sample may be urine,

30  lymph, saliva, mucus or ammniotic fluid but is preferably blood, plasma or serum.

Typically, the sample is human in origin, but alternatively it may be from another



5In experinments where all 4 nucleotides are present, the Gaussi ans
fromall 4 nucleotides have an overlap. The statistics were

cal cul ated for the binding signal from%®ne nucleotide to be
identified as itself or another nucleotide fromthe | evel of overlap

bet ween t he Gaussi an d| tribution of .t ucleotjide and that of its
nei ghbor s. TfRENEEMRAlSHCh 35 cerg@elelm%@f \%@Bﬁf ?ﬂ@l4%§8°@%§%ﬁ§n¥tﬁl%

cal cul ated sﬁ&?%‘rh@% ot SRRl VaY B@%Ets@@&i s QRSr@@byen by the
experiment with mixed ndcleotides), "and a values for each

di stribution (gilhe aatbylenm@pfcaﬂy pmgessf:d pnoli teibdingl assayedl ot £xhenple by

experinments e.acc r b|||t te ratln th

or o ot hetiifRgi GRS AR B R ittt S et B aeh it etfes
nei ghbos i ngr EARSSicARSs tdd K6 Ecds. mblsﬁn@)s ﬁéefsﬁfed(iﬁﬁr&émhtéﬁr a@ble 4
is the nucleotide that interacts with Snanopore, and the first

row i s whabeing taksadl ie wmplhaag else bs pymetiliygtaed peer to aspli pratieablrbelpe
4. Shows the probability of the added nucl eotide (vertical) to be

det ected as self or anot her nucl eotide (horizontal). Gead Tread
Aread Cread Gadded 0.88 0.12 0 O Taned 0.06 0.83 0.11 O Aadded 0 0. 19

0.74 0.07 Cadded 0 O 0.06
Conditions

10 The method of the invention involves the measuring of a current passing
through the pore during interaction with the nucleotide. Suitable conditions for
measuring ionic currents through transmembrane protein pores are known in the art
and disclosed in the Example. The method is carried out with a voltage applied
across the membrane and pore. The voltage used is typically from +50 mV to +200

15 mV. The voltage used is preferably from +70 mV to +150 mV, from +85 mV to
+145 mV or from +100 mV to +140 mV. The voltage used is preferably about +130
mV for deoxy-ribo nucleotides 5° monophosphate, such as dAMP, dTMP, dGMP
and dCMP, and +110 mV for ribo nucleotides 5" monophosphate, such as AMP,
TMP, GMP and UMP.

20 The method is carried out in the presence of any alkali metal chloride salt. In
the exemplary apparatus discussed above, the salt is present in the aqueous solution
in the chamber. Potassium chloride (KCl), sodium chloride (NaCl) or caesium
chloride (CsCl) 1s typically used. KCl is preferred. The salt concentration is
typically from 0.1 to 2M, from 0.3 to 1.9M, from 0.5 to 1.8M, from 0.7 to 1.7M,

25  from 0.9 to 1.6M or from IM to 1.4M. The salt concentration is preferably about
IM.

The method is typically carried out in the presence of a buffer. In the
exemplary apparatus discussed above, the buffer is present in the aqueous solution in
the chamber. Any buffer may be used in the method of the invention. One suitable

30 buffer is Tris-HCI buffer. The method is typically carried out at a pH of from 7.5 to
12.0, from 7.6 to 11.0, from 7.7 to 10.0, from 7.8 to 9.5, from 8.0 to 9.0 or from 8.0
to 8.5. The pH used is preferably about 8.0.



0.94 30 3. Concl usion The results presented indicate that
stochastic sensing is a promsing alternative for the identification
of single nucleotides. It also neans t hat exonucl ease sequenci ng can
be used as a cheap, rapi d, and sinple DNA sequencing nethod at the

ool o e gl SHRRUGLSE R ASIE S0 SRR T o

such as fl 90"@@1‘1;@1& €6°C 0 40°Oadth 710 & ROCATBmAIEC o 807, i1 9t s(AQaby Si S
met hod to i denti fy each nucleotide with an accuracy ranging from 74

to 94% ( Tafiosn 20°C w4 @wEh¢ meihed is/priefesablp fan lhé oIV regTd tafiXpPatyrce t 00

The statistice dRUIRvPiRE Eisrrle bt i CEORPoNE TRt Il Ok

i mproves bﬂe@@ﬂﬁl@@ﬁ@ﬂmﬂeé @Tlnbﬁ@hﬁyﬂiawj%rdsmMP r &TNAP) @meﬂPSana&mhpm
in Figure 4. The current _anplitude difference bet ween each dXMP is

about 1 pAandrﬁti &l 10gnoptuH &Qa Heplefbifor siho auplgaiidgs Somopaplasebae.ssugk as
follows. 1 —%}g@ %ﬂﬂ? The bi ndi ng events are voltage
dependent . %&Y ver ew bi ndi ng events are observed, suggesting
that a mni rrumfleld IS reqwred to drive the dXMP and XMP to the
binding site. At +150 and +200 n¥ the anplitudes no |longer allowto

di f f er ent | #8809 SEQUAFELINHE/EIC ACIdS) nV proved to be the best voltage
for degyy- 20 1ipbQ ;QiGH eRHbEGRNP thdRISRRASPARSS ﬁié‘ﬁ]’a ingladed
t he best resol utl?orsl ror Hl Bo nucl eé(?tﬂl 8‘92) 5' m)n%% osﬁjh;'@t]fgemniy Ea

concent r at itayget nucleic acidr: setqsertd@,lcqm-pr&lrigﬂaj gigeQirfy, an:lmdlardda]ZrMclé@ﬂldwﬁ'Dm
tested. Fromth | points 25anplitude histograns, best

oool i onoBbuCarhe RS St e e Mt B oceun s anniete: (B iU Do
The curr enhuaer&tdetwh@% traﬁsenm B0 bore 55 i MelnRIb 88 inddhdiCligt pH
7.5, 30 8 .0, and 5 were tested. At pH 8.0 and above

two curr enttherl IENGI(S) Iac@uubs @re\ﬁmcreutmmsmg fabwgh e pamﬂumglﬂw( ipfegantions) .

At pH 5th takis 6.a 1 C odxtr ays.a thir

ur Fond® e ot TRy ]S R ke SR RN e o G r BB 3Bt o
events W t lic)dit ffeaa@Rtend BPtHetdR S acdNgeq@Endshing hhdraawueltéahﬂmhgﬁler ange of
dGWP events, thus |leading to a | oss of resolution. At pH 9.5, the

nucl eot i de S@ﬁwmw thgaprleic apid. ﬁknp@rﬁlg%m%%@m@hmemﬁémié@tst%aﬂw

separation

et acon PRI Span@E iBleRiCt o iR|gq AP SRREREIn IR EI R AR,
KCl yi el dsibetdeeto seqsalcsl theauclefteati® M KGvholE e onlyeattfof i nudtledc 808 may
allow the identification of the different nuc) eotides as each, binding

event PBd 8 SHIUEBFRY using the Brekhodrofihifeseronganlimepindihgpucleic acid can be
(ML13R) 7/ a@mgﬁ?%ccﬁgng SIRAHELH EyrdeRaRdenE gwt od of th 2@1‘?& élﬂb&ﬁ‘l%ent

tenperature to ncreasing it to 50C not 1 nt ere wmth t
det ecti on ariaytHﬂ:ezsdd(Mli/elélﬁPthel-d@qmnec pfa maduﬁcmoetd dl'rgpnmleattdlee Tﬂlemﬂthﬂdl on
er a ysin nutants (mL

of the arrp ude his r.ans 5

138 7 v, CELH FP SHP ST VB hEPrER PR (P et et i on vas

obser ved. ( M 18khé %d((%ﬁé %m&lz)f @lef%’écén@/éxﬁédﬁilﬁ@ﬁtea% bQRrayet her

anv-13CD was adde not . 13K) 7 was tested in the sanme

condi t Edns idangical i ﬂqecsggp@ camq:é out in the method of the first embodlment discussed
above. All of the discussion above concerning the first embodiment, and in
particular concerning the membranes, apparatus, pores, molecular adaptors,
nucleotides and conditions that may be used in the first embodiment, equally applies
to the second embodiment. The nucleic acid in the second embodiment is typically

30  present in any biological sample as discussed above for the first embodiment.

The method of the second embodiment may be carried out on a sample which

contains one or more nucleic acids whose sequence is unknown. Alternatively the



20recording is very simlar to that of Figure 1. The nucl eotide

bi ndi ng was detected with (M 13K)7 nutant and anv-f3CD but the peak
separati on between the nucl eotides was2@mal | er than when (M 13R)7
was used. Ri bonucl eotides 5 nonophosphate 25XMP were successfully

identified w this nethod, t.he eso ut i an, bet ween eac

orort o o1 ot S e Gbodingal SEPRE AR R AR RRERE B BRI IR
U A and @enfibeofdclcpoidids xhh@b%s@ﬁaeqﬁ&ﬁ@mnpwﬁhmbwﬂ%@ iapeaed. Thd he
same order as those of dXMPs, with GV displaying the | owest current

(1 ar gest bmgelicragid seatnicesedpispll Y vpplifigdrprirrie being seduencadtising thhest
current anplif ude- L spm Oun}ﬁg&lb%&m%ﬁckl ng). The optinal voltage for XMP

identification was OnV at pH 8.0 1M KC1. 32 Mechani sm
The (ML33R) 7/ anv-f3CD transient conplex has al so shown to bind and
differenti ate gl ucose phosphat es (glucose 113 and gal actose IP). It
suggest s afEP¢eSHYe ¢XIBEIEE%I on bet ween the arginine ring on one side,

t he phosphate g @]gjq]
ot her si de. Unm;@EPn %ﬁ %%g(gel PI&%}I 8{;@9%{3$§q Z%gn%ﬁl%%&lg{ée%
Littl e dif seqencewits aq»h&xesarmiemum tXMPeaa ) chdiiiidal sudgetics lﬁgnﬁ Jm@et

t he hydroxyl ps do not play a large role in the hinding
CLAI M 1. Aeﬁégﬁgﬂa nyf ewoPéfﬁ.fﬁW%avaﬁxqwl%ea&éﬂeW@%Bxat B@I%Hy&ﬁch s

not boypd tftPordRQnY BYG hﬁ&&f&%&@&ﬂ&%@@%&& Hence QMR LS bAic at a
(a) contacting the nucleotide wth a transne ra e protein pore so

that the ntinesfpeidetiend eThepocesisive ekbmichasecanahigest the nucleic acid in(thy 5

measuring the, t.hrough the_.po urin teraction
and t her eby® Se‘f %Pﬁg%ﬁeﬁﬂa%tmt G&PQPF@@WE eé"o"’tcﬁcg@“r"l? 1175\ t hod
accor di ng tp%&&s@x»erexlmuéa@@e%sﬁasqsh@picaﬂfa@f%ma@d {h%ﬁ%h ﬁécﬁcﬁ@e ougleati de
reversibly binding to the channel he pore met hod accordi ng

to clai m | used ad/axtveingimetherds kpowa in the(arn) Hydvexdlgysips Ofoapmwwiressféven

e 8 o RltReEal e B ORI Gd cocemAN Duea Rl bl Pt o bR B IR

to SEQ I D M2 biRdibasethe@octiin®eaniublchsdanhiphiticalseend blﬁheﬂtluel@ a&ﬂquence
and retains pore activity. 4. A method according to claim3, wherein

one or nor &“YFN¢he seven subunits is M 13R 5. A nethod according to

any one of clai ng, #réces%@éﬁinﬂcl%g%eétﬂ mggn&ﬁa%%re'u%? atpéTgJeﬁa%H gt Adapt or

that facilitates tHe Tnteracti on € nuc epore
6. A nmet hod imeatioi Tige prefetiedienzime fh@s@inthé hethod| o chd iavemidans minblds a
7. A met hod accordin o

nept kL O AMG0 el odexr D (A0 DLy A TEL S sceord
a nmonophosphaie: 9. TRBORRAALE sQurfits iRBASPB S a trimer exonuclease. Variants
of lambda exonuclease are enzymes formed of polypeptide subunits which have an
amino acid sequence which varies from that of SEQ ID NO: 9 and which retain
processive exonuclease activity. The variants may vary from SEQ ID NO: 9 in the
25  same manner and to the same extent as discussed for variants of SEQ ID NO: 2
above. A vanant preferably comprises the domains responsible for binding to the
nucleic acid and for digesting the nucleic acid (catalytic domain). A variant
preferably has a reduced rate of enzyme activity and/or higher salt tolerance
compared to the wild-type enzyme. The processive exonuclease may be produced
30  using any of the methods discussed above for the production of transmembrane

protein pores.



34 8. A method according to any one of the preceding clains, wherein
t he individual nucleotide is a ribonucleotide or a

deoxyri bonucl eotide. 9. A net hod accord?hg to claim8, further
conprising before step (a) digesting a ribonucleic acid (RNA)

sequence to provide the individual nucleofide. 10.A nmethod according
Co ol m e, furtHEmaes HsohTrmPhtisRRl Yy edpalg R Ay
deoxyr i bonyghrhée *th the( 5i¥€ BkEHICRadesoRh A hlRud dheidedste i gd@l from
nucl eotide. 11. A nethod according to claim9 or 10, wherein nore than

one of t he thawidafdianucleie pedet dede it allnevsArpntgicabmno g énidedaale
tacted wi : i . ntia |anner ¢ch that i,dentit
Cot e e YA SRR odhe R AR LRl FRINERC BN RERTL

of sequencidathgahisargetll Rb@y€incthaaitd FeEeuaite Edaiiiebfida@n is used to
(a) digesting an indjvidual nucleotide fromone end of the target
sequence uSPHESHAVSYY B single anipAgelds ivm the end of polypeptide gychcibatthex i ng

the nucl eotj e%é‘{i@%&h%‘ﬁ‘gm%&g&ﬁwiﬂu% Eﬂfo%a?%rﬁﬁrbg}a@ﬁl% g he

nucl eoti de 1 rterac uri

current passimotpgohs method sy Yearsed duthe peestitdnventienact i on and t her eby
determning the_jdentity of the nucleotide; an (d)
repeating steps T@awwwwwwﬁwm@@ S?Vﬂ?%’élmﬁé‘i‘f}@ﬂéo_ﬁ‘@i d’
sequengg apdihGhsiaNe SotaH Thid 5Ay Ytadh ifci d.
13. A kit fornsequenc? g a hucl %ﬁgt%ifgf%{%nprysf %g%atﬂg%ﬁ%éxtrl n;
and a pr ocessiwckasxoribebease; welhBino@bin tha attr ansnmenbr ane protein pore.

SEQUENCE LI STI NG, <110> | | NNOVATI ON LI TED <120> MET S USI NG
pogés <130> N. 9 é‘ﬁéﬁjie gt@sﬁéwreg%%%ﬁc aseygyst nﬁ%sn@ﬁ’%@gf 9
<170> Pat emid JecHRI §hBides i§&bRAIF skt thaB3Be SAkRaT rhbAF 5 44 RPype

St aphyl ococcus aur eus ] o _ _
processive exonuclease. A suitable rate of activity of the processive exonuclease in

15  the method of the second embodiment involves digestion of from 0.5 to 1000
nucleotides per second, from 0.6 to 500 nucleotides per second, 0.7 to 200
nucleotides per second, from 0.8 to 100 nucleotides per second, from 0.9 to 50
nucleotides per second or 1 to 20 or 10 nucleotides per second. The rate is preferably
1, 10, 100, 500 or 1000 nucleotides per second. A suitable rate of processive

20  exonuclease activity can be achieved in various ways. For example, variant
processive exonucleases with a reduced optimal rate of activity may be used in
accordance with the invention.

The activity of processive exonucleases is typically pH dependent such that
their activity falls as pH is reduced. Hence, the method of the second embodiment is

25  typically carried out at a pH of from 7.5 to 8.0 or from 7.7 to 8.0. The pH used is
preferably about 8.0.

The rate of activity of processive exonucleases typically falls as salt
concentration rises. However, very high salt concentrations typically have a
detrimental effect on the activity of the enzyme. Another way of limiting the rate of

30 the enzyme is to carry out the method of the second embodiment at a salt
concentration that reduces the rate of the activity of the enzyme without adversely

affecting its activity. For example, the method of the second embodiment may be



.(879) gat att aat Asp Ile Asn 5 gta aaa aca Val Lys Thr 20 att aaa
ace ggt act aca gat att gga ago Ile Lys Thr Gy Thr Thr Asp Ile Gy
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Val Tor G yelpeREb el b, R i bodl e aSiaitisosl coszes

Thr Ay Ly sxbdineldabey/ard ytrdrgiehlbeard protélrapods.nTatychetexirings teferhbls

130135140 ca ctg aaa t t{ caa cot gat ttc aaa aca att tta ag ago
cca Thr en%ls%y%mvarﬁa e:rq% 4@% nagkheppgeessize grpnupiease ray by grysyitheseo

155155500 o g pnAgS W i o o
Met Val Asthas68ist@s@dabove with reference to the first embodiment.

The kit may additionally comprise one or more other reagents or instruments
which enable any of the embodiments of the method mentioned above to be carried
out. Such reagents or instruments include one or more of the following: suitable

15  buffer(s) (aqueous solutions), means to obtain a sample from a subject (such as a
vessel or an instrument comprising a needle), means to amplify nucleic acid
sequences, a membrane as defined above or voltage or patch clamp apparatus.
Reagents may be present in the kit in a dry state such that a fluid sample resuspends
the reagents. The kit may also, optionally, comprise instructions to enable the kit to

20 be used in the method of the invention or details regarding which patients the method

may be used for. The kit may, optionally, comprise nucleotides.

The following Example illustrates the invention:

Example

25 In order to bring the size of the ionic conducting path of the a~hemolysin
(M113R)7; mutant (Figure 1A) closer to the size of the nucleotide to be detected, the
diameter of the nanopore was reduced by fitting a cyclodextrin near the constriction
of the pore. The heptakis-6-amino-B-cyclodextrin (am;-8CD)(Figure 1B), which has
seven amino groups in the primary positions, was used. When the cyclodextrin is

30  inside the pore (Figure 1C), in conjunction with the seven arginines in position 113
on the protein mutant, one ring of seven amino groups on one side, and a second ring

of seven arginine groups are present within a short distance from each other in the
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10 Chemicals

1,2-diphytanoyl-sn-glycero-3-phosphocholine from Avanti Polar Lipids Inc.

Pentane was purchased from JT Baker, and hexadecane 99+% from Sigma-Aldrich.
Heptakis(6-deoxy-6-amino)-f-cyclodextrin. HC1 >99% was purchased from
CYCI.OLAB I.td Budapest, Hungary. 2-deoxy-guanosine 5° monophosphate

15 sodium salt 99% was purchased from Acros, 2-deoxy-cytosine 5° monophosphate
di-sodium salt >95%, 2-deoxy-thymidine 5° monophosphate di-sodium salt >97%,
and 2-deoxy-adenosine 5° monophosphate di-sodium salt >95% from Fluka.
Uridine 5° monophosphate di-sodium salt 99%, and cytosine 5 monophosphate
acid >98% were bought from Fluka. Adenosine 5 monophosphate acid 99%, and

20  guanosine 5° monophosphate di-sodium salt 97% were purchased from Acros.
Trizma Base 99.9% was purchased from Sigma-Aldrich, and concentrated HC]
analytical reagent grade from Fisher Scientific. Potassium chloride 99%, and sodium
chloride 99.9% were purchased from Sigma-Aldrich. Potassium bromide 99.5% and
cesium chloride 99% were purchased from Fluka.

25
Equipment

A patch clamp amplifier Axopatch 200B from Axon instruments was used

with a computer equipped with a Digidata 1200 A/D converter (Axon instruments).
A Teflon chamber was used. Data was collected in pClamp 9.2, and analyzed in

30  Clampfit 9.0. Plots and graphs were obtained with Microcal Origin 6.0, and
integration were run on a personal calculator.

Experimental conditions
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+130mV, XMP experiments at +110mV. All experiments reported here were
10 obtained at pH 8.0 Tris-HCI 25 mM in 1 M KCl. Fresh aliquots of nucleotide
solution were used everyday. Experiments were carried out at room temperature

22.5 4+/-2°C unless stated otherwise.

2. Results

15

2-deoxy-nucleotide 5° monophosphates partially block homoheptameric pores

formed by (M113R),/ heptakis 6 amino B-cyclodextrin

Single-channel recordings were carried out on the homo-heptameric pores

formed from oHL-M113R with am;-BCD applied from the trans side (Figure 2A and

20 2B). In the absence of am;-BCD, the pore remained permanently open (Figure 2A
and 2B, B) with a unitary current (L1) of 145+5 pA (+130 mV) in 1M KCl in pH 8.0
Tris-HCI 25 mM buffer. The addition of 40 pM am-BCD in the trans chamber
alone leads to reversible blocking events to a current level of 65+5 pA (L2 in Figure
2A, B and Figure 2B, C). Upon addition of 5 uM dCMP to the cis chamber, a third

25  current level is observed at 22+1 pA (L3 in Figure 2A, C and Figure 2B, D)
originating from current level L2. L3 represents the binding of dCMP to the
complex of (M113R}); with am;-BCD. Addition of dXMP at up to 300 uM to the
trans instead of the cis side of the chamber did not lead to any alteration of the
cyclodextrin binding conductance states (not shown).

30 In the experimental conditions described above, current blocking events due
to cyclodexirin binding were observed when unmodified -cyclodextrin was added

to the frans chamber (40 uM) in the presence of a HL-M113R single nanopore.
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In the absence of am;-BCD in the frans chamber, blocking events (<Ims)
were observed when minimum concentrations of 300 uM dGMP or dTMP were
added to the cis chamber (not shown). These events are not observed over the
timescale of the experiment at 5 uM dXMP or XMP.

Adding am7-BCD in the trans chamber while measuring the current through a
wild type o-HL single channel led to cyclodextrin binding events, but no further
alterations of the current were observed when adding dXMP to either the cis or the

trans chamber.

2-deoxy-nucleotide 5° monophosphate can be identified from the amplitude of the
partia] block of homoheptameric pores formed by (M113R);/ heptakis 6 amino -

cyclodextrin
The partial block of the transient complex (M113R)y/ am;-BCD differed in

amplitude depending on which dXMP was added to the cis chamber (Figure 3).
Addition of dGMP (5 pM) to the cis side displayed an average blocking to a current
level of 16 pA (Figure 3A). The all points amplitude histogram of the trace shown in
Figure 3A is shown to the right of the trace together with the structure of dGMP.
The other nucleotides all display different amplitudes as shown in Figure 3B for
dTMP, 3C for dAMP, and 3D for dCMP. Out of the four dXMP, dGMP blocks the
most current.

The current amplitudes from independent experiments displayed some
variations that originated from individualities of the protein nanopore. The average
current, at +130 mV, for a (M113R); is 139 pA, but some channels display currents
as high as 147 pA and as low as 131 pA. Therefore, to compare current traces
current traces were normalized from different experiments between O current and the
(M113R)7/amy-BCD current level set to 65 pA.

The dwell time (T, ) of each dXMP was calculated over 500 events from

each of 3 independent experiments (Table 1).
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<220> dGMP JdTMP JAMP dCMP

Toff (1MS) 9.8 +0.2 19.8 £0.8 7.1 0.2 10504

Cvclodextrin current levels

5 At pH 8.0, the mutant (M113R); exhibits two cwrrent levels L1/L1" when the
protein channel is unoccupied (Figure 4). The cyclodextrin adapter can bind to the
protein regardless of which current level 1.1/L.1' the protein is in.

Two current levels are observed when recording the current level of the
(MI13R); nanopore (Figure 4). L1 is the main current level, as shown in the insert
10 of Figure 4. The binding of am;-BCD to the nanopore leads to two current levels
represented by L2 and L2’ (three levels are observed at pH 7.5, not shown). The
binding of am;-BCD to the protein nanopore occurs independently of current level
L1orL1". L2 is the main conductance level observed when am;-BCD is bound to
(M113R); and it originates from both L1 and L1' conductance levels of the empty
15  nanopore with no apparent correlation. The current level L2’ observed when amy-
BCD is bound to (M113R); accounts for less than 15% of the conductance when the
cyclodextrin adapter is bound (see insert Figure 4).
The nucleotide binding events sometimes vary in amplitude as a result of
which current level L2 and L2’ they originate from. A 0.5pA shift was observed
20  depending on which of 1.2 or L2’ the dXMP binding event originates from (not
shown). It leads to an increased overlap of the nucleotide binding event histogram
(Figure 5).
It is possible to analyze manually each recording in order to remove each
analyte binding event stemming from the bound cyclodextrin current level 1.2
25  described in Figure 3. Figure 5 shows the difference between the single event
analysis histogram obtained from an unmodified dXMP detection current recording
(Figure 5A), and the same recording where analyte binding events stemming off
level L2' (Figure 4) have been removed. The two histograms display the same four

peaks corresponding to dGMP, dTMP, dAMP, and dCMP. The amplitude of the
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removing these events from the recording did not yield a complete separation of each
peak (Figure 5B). As a result, the cyclodextrin current levels L2 and L2’ shown in
Figure 4 were not taken into account in the single event analysis histograms, and

resulting statistics reported hereafter.

2-deoxy nucleotide 5° _monophosphates can be identified from the amplitude of the
partial block of homoheptameric pores formed by the transient complex (M113R)y/
heptakis 6 amino f-cyclodextrin

The partial block of (M113R);/am;-3CD pores proved to differ in amplitude
depending on which dXMP was added to the cis chamber. The different amplitudes
could be resolved when dGMP, dTMP, dAMP, and dCMP were added to the ¢is
chamber simultaneously (Figure 5).

Figure 6A shows the current amplitude for a mixed solution of all 4
nucleotides from a single experiment. Colored bands are superimposed onto the
recorded current trace in order to illustrate the amplitude distribution of each dXMP.
Figure 6B shows an amplitude histogram of a current trace of 8000 events assumed
to be the amplitude distribution generated by each nucleotide. The amplitude
histogram is superimposed with Gaussian distributions. The fit is obtained from the
peak current value given by this experiment as the distribution mean value and the o
value that was obtained from fitting and averaging the distribution of each nucleotide
independently (Table 2). From fitting the current traces with Gaussian distributions,

the probabilities of identification for each nucleotide was established.

Statistical methods

Current traces of (M113R) in the presence of amy-BCD on the frans side and
one of the analyte nucleotides on the cis side were digitally filtered at 300Hz (low
pass Gaussian filter), and an all points amplitude histogram was constructed. These
histograms display a large peak corresponding to the current amplitude that is

observed when the am-BCD binds to the (M113R); a-hemolysin
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cyclodextrin peak set at 65 pA. In the normalised histogram, the nucleotide peak

5  was fitted to a Gaussian distribution. The mean and sigma (o) values of the same

nucleotide were averaged from at least 3 independent experiments each containing

1000 events (values listed in Table 2).

Table 2. Average values of the distributions of each nucleotide from three

10 independent experiments all normalised between 0 and 65 pA.

Average
G 16.0, 0=0.64
T 17.4, 6=0.41
A 18.4, 0=0.54
C 20.0, 6=0.51

The probabilities for the reading of each base were determined from

experiments with all 4 nucleotides present simultaneously over at least 3000

nucleotide binding events in each trace. The traces were filtered (300Hz low pass

15  Gaussian digital filter) and normalised between O and the cyclodextrin peak at 65 pA

as described above for the individual nucleotide experiments. The peak values of

each nucleotide were averaged from 5 independent experiments (Table 3).
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Average
G(pA) 16.2+0.5
T(pA) 17.6+0.6
A(pA) 18.6+0.6
C(pA) 20.210.5
5 In experiments where all 4 nucleotides are present, the Gaussians from all 4

nucleotides have an overlap. The statistics were calculated for the binding signal

from one nucleotide to be identified as itself or another nucleotide from the level of

overlap between the Gaussian distribution of this nucleotide and that of its neighbors.

The point of intersection between the two Gaussians is calculated form the

10 respective peak positions (given by the experiment with mixed nucleotides), and &

values for each distribution {given by the fitting of individual nucleotide

experiments). The accuracy probability is given by integrating the area of the

Gaussian that is beyond the intercept value with the neighboring Gaussian (Figure 6,

Table 4). The first column of Table 4 is the nucleotide that interacts with the

15  nanopore, and the first row is what is read from the corresponding current amplitude.

Table 4. Shows the probability of the added nucleotide (vertical) to be detected as

itself or another nucleotide (horizontal).

Gread Tread Accad Cread
Gadded 0.88 0.12 0 0
T added 0.06 0.83 0.11 0
Aadded 0 0.19 0.74 0.07
Cadded 0 0 0.06 0.94

20

~ ~ ~ ~ ~ ~ ~ ~
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alternative for the identification of single nucleotides. It also means that exonuclease
sequencing can be used as a cheap, rapid, and simple DNA sequencing method at the
single molecule level. Exonucleas sequencing is also a cheap method of sequencing

DNA because it does not require expensive reagents, such as fluorophores.

All points histograms are a sufficient analysis method to identify each
nucleotide with an accuracy ranging from 74 to 94% (Table 4). The dwell time
values of the XMP and dXMP are too similar in the conditions to further
differenciate each analyte. The statistics drawn from the amplitude histograms can
be further improved by compensating for the cyclodextrin current levels as shown in
Figure 4. The current amplitude difference between each dXMP is about 1 pA. This

resolution depends on a number of parameters as follows.

Voltage dependence
The binding events are voltage dependent. At 50 mV, very few binding

events are observed, suggesting that a minimum field is required to drive the dXMP
and XMP to the binding site. At +150 and +200 mV the amplitudes no longer allow
to differentiate the nucleotides. +130 mV proved to be the best voltage for deoxy-
ribo nucleotides 5” monophosphate, and +110 mV yielded the best resolution for ribo

nucleotides 5” monophosphate.

Salt concentration

Tris-HCI pH 8 buffer 0.5, 1, and 2M KCl were tested. From the all points
amplitude histograms, the best resolution between the peaks was obtained at 1M
KClL

pH dependence

The current amplitudes are pH dependent, Tris-HCl buffer 1M KCI at pH 7.5,
8.0, 8.2, 8.5, 9.0, and 9.5 were tested. At pH 8.0 and above two current levels are
observed upon binding of am-BCD (Figure 4). At pH 7.5 the heptakis 6 amino [3-

cyclodextrin displays a third current level (not shown). It causes dTMP to display
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events are no longer observed. The best peak separation is obtained at pH 8.0.

Salt dependence
The resolution between dXMPs and XMPs is better with KCI than with NaCl
or CsCL. 1M KCl yields better resolution than 2M KCL The use of KBr did not

allow the identification of the different nucleotides as each binding event led to a

complete block of the transient cormplex (M113R);/am;-BCD.

Temperature dependence

Lowering the temperature to 14°C or increasing it to 50°C did not interfere
with the detection of the dXMP/XMP. However, it did not improve the resolution of

the amplitude histograms.

Other a-hemolysin mutants

(M113N)7 was seen to bind am;-BCD but no nucleotide detection was
observed. (M113F); and (M113F/147K); didn’t yield detection whether am7-pCD
was added or not. (M113K); was tested in the same conditions. In this case, the
recording is very similar to that of Figure 1. The nucleotide binding was detected
with (M113K); mutant and am;-BCD but the peak separation between the

nucleotides was smaller than when (M113R); was used.

Ribonucleotides 5° monophosphate

XMP were successfully identified with this method, the resolution between
each base was inferior to that of dXMP with peak separations smaller than 1 pA. for
U, A, and C. The all point histogram current amplitudes appear in the same order as
those of dXMPs, with GMP displaying the lowest current (largest blocking),
foliowed by UMP, AMP, and CMP with the highest current amplitude (smallest
blocking). The optimal voltage for XMP identification was found to be +110mV at
pH 8.0 1M KCL

<220>
<220>
<220>
<220>
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SC gfffedliih G glucose phosphates (glucose 1P and galactose 1P). It suggests a strong

interaction between the arginine ring on one side, the phosphate group and the amine

ring from the am;-BCD on the other side. Unmodified B-cyclodextrin does not yield

any detection. Little difference is observed between XMP and dXMP suggesting that

the hydroxyl groups do not play a large role in the binding
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253035 ttt tat agt ttt atc gat gat aaa aat cac aat aaa aaa ctg cta

gtt Phe Tyn Set Phg phdigod SMdAaRyikY SnAsdivithd rdsRotidSwhiE id:85 bbeid Mad

404550 att aga aca aaa ggt acc att got ggt caa tat aga gtt tat agc
gaa |l e Argolpnuclegtgledng muckeotide bach canpriging Tyr Arg Val Tyr Set G n

55 60 65 70 gaa ggt t _aac..aaa_agt tt.a gcc t cot._ tca gcc ftt
220 gta296 G Gy atd AbR LRIl Lf A RE il ubfhPGe b o
Lys Val 758Q8%heaaglcotige Bitdadé dithohe gat; dt gaa gta got caa ata tot

gat tac tat G n Len Gn Leu Pro Asp Asn GQu Val Ala Gn |Ile Set Asp

Tyr Tyr 9095100 cog (Ygnepserinphespireyaasseshaaughghgperatiueng thegt acg
tta acg aggritg%%i(é’f %ﬁﬁ@e@ﬁet&ﬁn@%ﬁhg ﬁ%{x%ﬁ(/%f ﬁeghu-g}/eroﬁ?@.s Set Thr Len

Thr Tyr tC aac ggt “aac c act ggt gat gat act agt aaa
att gga ggc440 Ay Pile Asn Gy Asn Len Tilt Ay Asp Asp Tilt Ser Lys

lle Ay Ay 120125130 ctt att . ggg gcc cag gtt tqQo eta ggt cat aca ctt
aag tat gt t¥2~ caa488A mghed %ccgdylge@é:?@nnhvgqef%?heﬁ%tﬁm@w mvelves the Len

Lys Tyr Vel Gefidededd8itkr@ng to the channel of the pore.

3. A method according to claim 1 or 2, wherein the pore is (a) o-hemolysin
formed of seven identical subunits as shown in SEQ ID NO: 2 or (b) a variant thereof
in which one or more of the seven subunits has at least 50% homology to SEQ ID

NO: 2 based on amino acid identity over the entire sequence and retains pore

activity.

4, A method according to claim 3, wherein one or more of the seven
subunits is M113R.

5. A method according to any one of claims 1-4, wherein the pore comprises

a molecular adaptor that facilitates the interaction between the nucleotide and the

pore.

6. A method according to claim 5, wherein the molecular adaptor is a

heptakis-6-amino-3-cyclodextrin (am;-3-CD).

7. A method according to any one of the preceding claims, wherein the

individual nucleotide is a monophosphate, diphosphate or triphosphate.



cot gat ttc aaa aca att ctc gag ago cca act gat aaa aaa gta ggc536
Pro Asp Pile Lys Thr Ile Len Qu Set Pro Thr Asp Lys Lys Val Gy
155160165 tgg aaa gtg ata ttt aac aat 249 gtg aat caa aat tgg gga cca
tac584 Trp Lys Val Ile Pile Asn Asn Met Val Asn G n Asn Trp Ay Pro
Tyr 170175180 gat cga gat tot tgg aac cog gta tat ggc aat caa ctt ttc
atg aag6328Asp Ar gAmﬁhCQeﬁccqndplg&QﬁanDe flhevpﬁrce@lgc s,lergiethepi | e

Met Lys 185190 t aga aa aaa. gat aac ttc ctt
gat cct aagggﬁa*g g?&“ ik %§9 Fﬁﬁ%fnﬁ S\ RP g%sp Asn Pile Len
Asp Pro Asn 200205210 aaa gca agt too cta tta tot tca ggg ttt tca cca

gac ttc got ace728 Lys Ala Set Set Len Len Set Set Gy Pile Set Pro
Asp Pile APa Tilt 21stiygbasordg tgclaim ftaﬁtera@mgla%m&b%mﬁa%%@b tcc

B i e R e e A S SR A T

gat tac caa ttg cat tgg act tca824 Val Ile Tyr Qu Arg Val Arg Asp
Asp Tyr Gn Leu H's Trp Thr Ser 250255260 cca aat tgg aaa ggt acc aat
act aaa gat aaa tgg aca gat cgt tct872 Pro Asn Trp Lys Ay Thr Asn
Thr Lys Asp Lys Trp Thr Asp Arg Ser 265270275 tca gaa aga tat aaa atc
gat tgg gaa aaa gaa gaa atg aca aat taa920 Ser Au Arg Tyr Lys Ille
Asp Trp A al0Lys G A n@tlund\mtoﬂih'rg Asini 28) 28819 Oompygtinghtfost stqg@et get ac

nacccct tgg tcnneceggn tggnn tttna cnn naa. t.tgtacat gt
acaaat aaat YHCEHRE 4 ?EV%%%FFgab agggSQﬁﬁFﬁaﬂﬁéﬁgagﬁgﬁlﬁéﬁga gan
ttgnct gct g,,GQeGR&E gac natactagca gnccctaacg ggtctgnggg gtttttgctg
aangngnact tttccgnnan ceccconggt gaaatccnaa nccccnaach ggngnt gnt a

ncaantttan ntttnnaaan cnnntaantt ngnaancccc nt t t t ncnan ggcnaannnn

naaaaaance ,pnngggggYa. f i KOt b MARE O ] WA Bk O SIARIO"
individual nucleotides of the RNA or DNA sequence are contacted with the pore ina
sequential manner such that the identity of the whole or part of the sequence may be

determined.

12. A method of sequencing a target nucleic acid sequence, comprising:

(a) digesting an individual nucleotide from one end of the target
sequence using a processive exonuclease;

(b) contacting the nucleotide with a transmembrane protein pore so
that the nucleotide interacts with the pore;

(c) measuring the current passing through the pore during the
interaction and thereby determining the identity of the nucleotide; and

(d) repeating steps (a) to {c) at the same end of the nucleic acid

sequence and thereby determining the sequence of the nucleic acid.

13. A kit for sequencing a nucleic acid, comprising:
- a cyclodextrin; and

- a processive exonuclease; and



<210> <211> <212> <213> <220> 4 293 PRT Artificial sequence <221>
m sc_feature <222> (5)..(5) <223> The , Xaa, at location 5
stands for Leu, or Phe. <220> 35

- a transmembrane protein pore.



<221> m sc_feature <222> (7)-(7) <223> The , Xaa, at |ocation
7 stands Phe. for Tyr, Trp, Cys, Ser, Leu, or <220> <223> ML13H
al pha henoWPSPH/6FTAEENt <400> 1/32 PCT/GB2006/004265

SEQUENCE LISTING
<110> ISIS INNOVATION LIMITED
<120> METHODS USING PORES
=130= N.95303A SER

<1l50> GB 0523282.2
<151> 2005-11-15

<l&60> 9

<170> PatentIn version 3.2

<210> 1
<211> 882
<212> DNA

<213> Staphylococcus aureus

<220
<221»> CDB
222> (L)..(879)

<400> 1

gca gat tot gat att aat att aaa acc ggt act aca gat att gga ago 48
Ala Asp Ser Asp Ile Asn Tle Lys Thr Gly Thr Thr Asp Ile Gly Ser

1 5 10 15

aat act aca gta aaa aca ggt gat tta gtec act tat gat aaa gaa aat 26
Asn Thr Thr Val Lys Thr Gly Asp Leu Val Thr Tyr Asp Lys Glu Asn
20 " 25 30

gge atg cac aaa aaa gta ttt tat agt ttt ate gat gat aaa aat cac 144
Gly Met His Lys Lys Val Phe Tyr Sexr Phe Ile Asp Asp Lys Asn His
35 40 45

aat aaa aaa ctg cta gtt att aga acg aaa ggt acc att get ggt caa 182
Asn Lys Lys Leu Leu Val Ile Arg Thr Lys Gly Thr Ile Ala Gly Gln
50 . ) 55 . &0

tat aga gtt tat agc gaa gaa ggt gct aac aaa agt ggt tta gec tgg 2490
Tyr Arg Val Tyr Ser Glu Glu Gly Ala Asn Lys Ser Gly Leu Ala Trp
65 70 75 80

cct tea goco ttt aag gta ¢ag ttg caa cta cet gat aat gaa gta got 288
Pro Ser Ala Phe Lys Val Gln Leu Gln Leu Pro Asp Asn Glu Val Ala
85 30 85

caa ata tet gat tac tat cca aga aat teg att gat aca aaa gag tat 336
Gln Ile Sexr Asp Tyr Tyr Pro Arg Asn Ser Ile Asp Thr Lys Glu Tyr
100 105 110

atg agt act tta act tat gga ttc aac ggt aat gtt act ggt gat gat 384
Met Ser Thr Leu Thr Tyr Gly Phe Asn Gly Asn Val Thr Gly Asp Asp
115 120 125

aca dgga aaa att ggc gge ctt att ggt gea aat gtt teg att ggt cat 432



4
Ser

Au
Lys
Ile
Set

Pro
Ser

Asn
Ile
Pro
Val

Ay
Len

Gnille Leu Ile Xaa Thr Xaa Ala Thr Ay Thr Thr Asp Ile Gy

151015 Asn Thr Thr Val Lys Thr Ay Asp Leu Val Thr T

Asn
Asn
Al a
Ay
Asp
Ile
Ay

Gy A

Asp
Gy
Pro
Phe

r Asp Lys
209930070868 Met  Hi s Lys Lys ValoPhe Tyr Set PheP¢T/EBHEH0043¢5
Hi s 354045 Asn Lys Lys Len Leu Val Ile Arg Thr Lys Ay Thr
Ay Gn 505560 Tyr Arg Val Tyr Ser Gn Gn Ay Ala Asn Lys
LB Al ITF pri657075B0 LRt FlectyAbe Phe VR SSevatieGily Beési G n Len
Asn % val Ala 85908%° G n Ile Set ApOTyr Tyr Pro Arg Asn

AsR T ALyS..G Tyl gp % !1_{1&% |saSerétTI1{ZaLean Thcr cT r @ ySPhe
AT Lgbﬂ@rn@ ok B i Sekn L3RS [3e:y d yiten

& Gn Val Ser Lesus Gy H's 130135440 Thr Len Lys,dyr Val Gn
Phe Lys Thr Ile Len G n Ser Pro 145150155160 Thr Asp Lys Lys
T#Y5 I3fs avmlaaR| Fhaphes Pem aAB pthbataVatt Agn ab65g0dbadi n Asrs2dT p
TH 218 JYASHRISEtY T LAS apr Blevahe Tigp AGhyMer8PHIBB490 Asn G n
Met Lys Thr Arg Asn Gy Ser Met’Lys Ala Ala Asp’5195200205

caa aat tgg gga cca tat gat aga gat tect tgg aac ccg ghta tat ggc 578
Gln Asn Trp Gly Pro Tyr Asp Arg Asp Ser Trp Asn Pro Val Tyr Gly
180 185 190

aat caa ctt tte atg aaa act aga aat ggt tct atg aaa gca gca gat 624
Asn Gln Leu Phe Met Lys Thr Arg Asn Gly Ser Met Lys Ala Ala Asp
195 200 205

aac ttc ctt gat cct aae aaa gea aght tet cta tta tet tea ggg ttt 672
Asn Phe Leu Asp Pro Asn Lys Ala Ser Ser Leu Leu Ser Ser Gly Phe
210 215 220

tca coa gac tte get aca gtt att act atg gat aga aaa gea tcc aaa 720
Ser Pro Asp Phe Ala Thr Val Ile Thr Met Asp Arg Lys Ala Ser Lys
225 230 235 240

caa caa aca aat ata gat gta ata tac gaa cga gtt cgt gat gat tac 768
Gln Gla Thr Asn Ile Asp Val Ile Tyr Glu Arg Val Arg Asp Asp Tyr :
245 250 255

caa ttg cat tgg act tea aca aat tgy aaa ggt acc aat act aza gat 816
Gln Leu His Trp Thr Ser Thr Asn Trp Lys Gly Thx Asn Thr Lys Asp
260 265 270

aaa tgg aca gat cgt tct tea gaa aga tat aaa atc gat tgg gaa aaa 864
Lys Trp Thr Asp Arg Sex Ser Glu Arg Tyr Lys Ile Asp Trp Glu Lys
2758 280 285

gaa gaa atg aca aat taa 882
Glu Glu Met Thr Asn-
290°

<210> 2

<211> 293

<212> PRT

<213> Staphylococcus aureus

<400> 2
Ala Asp Ser Asp Ile Asn Ile Lys Thr Gly Thr Thr Asp Ile Gly Ser

1 5 10 15

Asn Thr Thr Val Lys Thr @ly Asp Leu Val Thr Tyr Asp Lys Glu Asn
20 25 30



Asn Phe Len Asp Pro Asn Lys Ala Ser Ser Len Len Ser Set Gy Phe
210215220 Ser Pro Asp Phe Ala Thr Val Ile Thr Met Asp Arg Lys Al a Set
Lys 2252309930056k G n Thr Asn lle Agp Val Ile Tyr G RCEEH200604205g
Asp Asp Tyr 245250255 WD 2007/ 05766813/ 32PCT/ GB2006/ 004265 Lys Trp
Thr Asp Arg Ser Ser Qu Arg Tyr Lys Ile Asp Trp Qu Lys 275280285 QG u
G u Met THIY K&h Eredhrelhgs Val £2¢ 15vr1 00 PR I2e ABN/As02lB> dy tHi6i i al
sequence <220> €923> ML13K al phahenol ysin nut amt® <220> <221> CDS
<222>(39)..(920) <220> <221> m sc_feature <222>(53)..(53) <223> n is
a, C, 0, 8¥n Lys220%e822A>vii $8- L3t HLEL, %@,g(q%@)ne(p‘?@ gifetz N is &
C, g, or t <B20> <221> m sc_feature <222>(58)s. (59) <22 nis a, c,
g, or t <220>

Tyxr Arg Val Tyr Ser Glu Glu Gly Ala Asn Lys Ser Gly Leu Ala Tro
65 70 75 80

Pre Ser Ala Phe Lys Val Gln Leu Gln Leu Pro Asp Asn Glu Val Ala
85 80 95

Gln Ile Ser Asp Tyr Tyr Pro Arg Asn Ser Ile Asp Thr Lys Glu Tyr
100 105 110

Met Ser Thr Leu Thr Tyr Gly Phe Asn Gly Asn Val Thx Gly Asp Asp
115 120 125

Thr Gly Lys Ile Gly Gly Leu Ile Gly Ala Asa Val Ser Ile Gly His
130 135 140

Thr Leu Lys Tyr Val Gln Pro Asp Phe Lys Thr Ile Leu Glu Ser Pro
145 150 1558 160

Thx Asp Lys Lys Val Gly Trp Lys Val Ile Phe Asn Asn Met Val Asn
165 170 175

Gln Asn Trp Gly Pro Tyr Asp Arg Asp Ser Trp Asn Pro Val Tyr Gly
180 185 150

Asn Gln Leu Phe Met Lys Thr Arg Asn Gly Ser Met Lys Ala Ala Asp
195 200 205

Asn Phe Leu Asp Pro Asn Lys Ala Ser Ser Leu Leu Sexr Ser Gly Phe
210 215 220

Ser Pro Asp Phe Ala Thr Val Ile Thr Met Asp Arg Lys Ala Ser Lys
225 230 235 240

Gln Gln Thr Asn Ile Asp Val Ile Tyr Glu Arg Val Arg Asp Asp Tyr
245 250 255

Gln Leu His Trp Thr Ser Thr Asn Trp Lys Gly Thx Asn Thr Lys Asp
260 265 270



<221> m sc_feature <222>(926)..(926) <223> nis a, ¢, g, or t <220>
<221> nmisc_feature <222>(991)..(991) <223>nis a, c, g, or t <220>
<221> mi scWPSANHE6%222>(994) .. (994) £223> n is a, c, gPCHEBIOLIHES
<221> msc_feature <222>(998)..(998) <223>nis a, ¢, g, or t <221>

m sc_feature <222> (1001). 11001) <223> n is a, c, g, or t <220> <221>
m sc_feature <222> 1003) 11003) <223> n is a g, or t <220> <221>
ni sc_f eatWre’ ’ingg’i CEB 1Y Se(rlé‘i’O)Gl‘&Z’fggiﬁ P¥s gle @SPgTrPo‘F’l‘{ L¥920> <221>
msc_feature <2 >( 1014). (1014)2 223> nis a, ¢°2° g, or t <220> <221>
m sc_feature <222>(1031)..(1031) <223>nis a, ¢, g, or t

Glu Glu Met Thr Asn

290
210> 3
<211l> 1300
<212> DNA

<213> Artificial sequence

<220>
<223> MI113H alpha hemolysin mutant

<220>
<221= CDS
<222> (39}..(920)

<220>
<221> misc_£feature
222> (53)..(53)

<223> nis a, ¢, g, or t

<220=
<221l> misc_feature
«222> (56)..(56)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (58)..(59)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (926)..{926)

<223> mnis a, ¢, g, or t

<220>

<221> misc_ feature

«222> (991)..(991}

<223> mnis a, ¢, g, or t

«220>

<221l> wmisc_feature

<222> (894} ,,(994)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
«222> (998)..(998)

<223> nis a, c, g, or t

<220>
<221> misc_feature



<220>
<220>
<220>
<220>
<220>
<220>
<220>

WD 2007/ 054668PCT/ GB2006/ 004265 15/ 32 <220> <221> mi sc_f

<221> m sc_feature <222>(1041)
<221, msc_feature <222>(1052)
<22 MO HWEEST6Bt ure <222>(1067)

<221> m sc_feature <222>(1083)..

<221> msc_feature <222>(1085).

<221%% st Pkt 1FeP1222>(1087) . .

<22 1% % st et Gr &'<9925>(1097)

221> misc_feature
<222> (1003),.(1003)
«223»> mnis a, ¢, g, or t

<220>

<221> misc_feature

222> (1010)..{1010)
<223> nis a, ¢, g, or t

<220>

<221l> misc_feature

<222> (1014)..{(1014)
<223> n is a, ¢, g, or t

<220>

<221> misc feature

<222s> {1031)..(2L031)
<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (1041) .. {102a1)
<223> n is a, ¢, g, or t

<220

<221> misc_feature

<222> (1052} .,.(1052}
«223> mnis a, ¢, g, or t

<220

<221> misc_feature

<222> (1067)..{1067)
<223> nis a, ¢, g, or t

<220

221> misc feature

<222> (10832)..(1083)
<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> {108K5)}..(1085)
<223> nisa, ¢, g, or t

<220>

<221> misc_feature

<222> (1087)..(L087)
<223> nis a, o, g, or t

220>

<221> misc feature

<222» (1097} .. (1098}
<223> mnis a, ¢, g, or t

<220>

(1041)
(1052)

(35067)

(1083)

. (1085)

(1087)
(1098)

<223>
<223>
<223>
<223>
<223>
<223>
<223>

0353 335 35 35 S5

~ ~ ~ ~ ~ ~ ~



<222>(1100) . .(1100) <223>
<222>(1103)..(1104) <223>
<222>( 1110W0. 200103758 <223>
<222>(1117)..(1117) <223>
<222>(1126)..(1128) <223>

<222>(11

n

n

n

n

n

<222>( 113%FpL> ( risdfeapgs> n
<222>(1136F27 ( 1138) <5289 n
40)77 (F140) <228 FF

<222>(1143),. (1143)

221>
<2225
<223>

<220>
=221=
222>
223>

<220»
<«221>
<222
<223

<220>
<221>
<222
<223 >

<2205
<221>
<222>
<223

<220>»
<221>
222>
223>

<220>
221>
<222>
«223>

<220
221>
<2225
<223

<220
<221 >
<222>
<223

<220
<221
<222
<223>

<2205
<221>
<222
«223>

misc_feature
(11203) .. (1104)
n is a, ¢, g, or

misc_feature
{(1110)..{1110)
nisa, ¢, g, or

misc_feature
(1117) .. {1117)
n is a, ¢, g, or

misc_feature
{1128} .. {1128}
n ig &, ¢, g, or

misc_feature
(1232} .. ({1131}
nis a, ¢, g, or

misc feature
(1136) .. (1136}
n is a, ¢, g, oxr

misc_feature
{1140} ..(1140)
nis a, ¢, g, or

misc_feature
(11l43)..(1143)
nisa, ¢, g, or

misc feature
{1145} ,.{1145)
nis a, ¢, g, or

misc_feature
(1148) .. (1148)
n is a, ¢, g, or

misc_ feature
{1151} ..{1151)
nis a, ¢, g, or

nuumuununmnunmonuon
DYDY

OO0OO0O0O0O00O0OO0

g, or
g, or
&s2 Of
g, or
g, or
g, or
g, or
g, or

~ ~ ~ ~ ~ ~ ~ ~

<220>
<220>
<220>
<220>
<220>
<220>
<220>
<220>

<221>
<221>

m sc_feature
m sc feature

<22 1BCTEB0§ /26 o

<221>
<221>
<221>
<221>
<221>

m sc_feature
m sc_feature
m sc_feature
m sc_feature
m sc_feature



<223>
<223>
<223>
<223>
<221>
<221>
<221>
<221>
<221>

3.3.3.3.3.3 -5

isa c, g, or t <220> <221> misc_feature <222>(1145). (1145)
isa ¢, g, or t <220> <221> m sc_feature <222> (1148)-(1148)
|sW929Q9/UDGGS or t <220> <221> misc_feature <222% Gl.’t%‘}“ﬁf'?“ﬂ(‘sl)
isa c, g or t W 2007/057668PCT/ GB2006/ 004265 16/ 32 <220>
sc_feature <222>(1155). <223> nis a ¢, g, or t <220>
stfeat ure <222>(1160).. <223>nisa c, g, or t <220>
sc24 eat"\’lif%fgi < 64) <223>nis a ¢, g, or t <220>
SGo gatnugg 2324, <223> nis a, ¢, g, or t <220>
sc_feature

<220

<221> misc_feature

<222> (1160).. (1160}

<223 nis a, ¢, g, or ¢

<220

<221> misc_Ffeature

<222> (1164)..(1165)

<223> n is a, ¢, g, or

<220

<221> misc_ feature

<222> {1167)..(1167)

<223»> n is a, ¢, g, or

<220

<221> misc_feature

<222> (1169)..(1169)

<223> n is a, ¢, g, or

<220>

«221> misc_feature

<222> (1171).,{(%1171)

<223> n is a, ¢, g, or

<220>

<221> wmisc feature

<222> {1175)..{1176}

<223> n is a, ¢, g, or

<220

«221l> misc_feature

<222> (1180)..(1180)

<223> n is a, ¢, g, or

<220>

<221l> wmisc_feature

«222> {1182}..(1184)

<223> n is a, ©, g, or

<220>

<221> misc_feature

<222> (1188)..(1188)

<223> n is a, ¢, g, or

<220>

<221> misc_feature

<222> {11981}..(1191)

<223> n is a, ¢, g, ox

<220

<221> misc_feature

<222> (1193)..(1193)

<223> mn is a, ¢, g, or



<222>(1169)..(1169) <223>
<222>(1171)..(1171) <223>
<222>(1175 92@?@? 8<223>
<222>(1180)..(1180) <223>
<222>(1182)..(1184) <223>
<222>(1188),,.(1188) <223>
<222>(119bha, (1d9d)re5243>
<222>(1193pe2»>(41959) .. 4287 n

m sc_featdme> nisa, c, g, or t

0353 335 35 35 S5

TV uOuunuunmunuunuon

«<220>

<221> misc_feature

<222> {l201)..{1201)
<223> nis a, ¢, g, cxr t

<220>

<221> mise_ feature

<222> (1208)..(1206)
<223> mnis a, ¢, g, or t

<220>

<221> misc_feature

<222> {(1208B)..(1208)
<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222= (1210}..(1210)
<223> mnis a, ¢, g, or &

<220

<221> wuisc_feature

222> (1214)..(1214)
<223> n is a, ¢, g, or t

<220>

221> misc feature

<222> (1217)..(1221)
<223> nis a, ¢, g, or t

<220>

<221> wmisc feature

222> {(1223)..(1223)
<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222 (1229)..(1229)
<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (1231)..(1231}
<223» nis a, ¢, g, or ¢

<220

<221> misc_feature
<222> {1238})..(1238)
<223> nis a, ¢, g, or t

<220>
<221> misc_featurs
<222> (l241)..{1243)

DO ODOD

S 4,

g, or
g, or
g320r
g, or
g, or
g, or
g, or
g, or

~ ~ ~ ~ ~ ~ ~

<220>
<220>
<220>
<220>
<220>
<220>
<220>

<221> m sc_feature
<221> m sc feature
<22 1BCHEBUUH A3 e
<221> m sc_feature
<221> m sc_feature
<221> m sc_feature
<221> m sc_feature

t <220> <221>



<222>(1196)..(1196) <223>
<222>(1201 ..élZQ%? <223>
<222>( 1206Y¥ 0 200H58f8 <223>
<222>(120B)..(1208) <223>
<222>(1210) .. (1210) <223>
<222>( 1218737 ( £219)*<%25>
<222>(1217)pq. (1221) <223>

<222>( 12231 ( kd23)resdd>
<222>( 122902 ( 142295) .. (1256}

DYDY
O0O0O0O0O0O00OO0

<223» n ig a, ¢, g, or
<220

<221> misc_ feature
<222> {1258)..(1260)
<223> n is a, ¢, g, or
<220>

<221> misc_feature
«222> (1262),. (1264}
<223> n is a, ¢, g, or
«<220>

<221> misc_feature
«222> {1267)..(1267)
<223> n is a, ¢, g, or
<220

221> wisc_feature
<222> (1270).. (1270}
<223> n is a, ¢, g, or
<220>

«221> misc_feature
<222>  (1273)..{1273)
<223> mn is a, ¢, §, or
<220

<221> misc feature
<222> {1282)..(1283)
<223> =n is a, ¢, g, on
220>

<221> misc_feature
<222> (1288)..(1288)
<223> n is a, ¢, g, or
<220>

<221> misc feature
<222> (1291}.,.{1293)
<223> n i a, c, ¢, Or
220>

<221> misc feature
<222> (1295) .. (1285}
<223> nis a, ¢, g, or
<220>

«221> misc_feature
222> (1300)..(1300)
<223> n is a, ¢, g, or
<400> 3

g, or
g, or
g320fr
g, or
g, or
g, or
g, or
g, or

~ ~ ~ ~ ~ ~ ~ ~

<220>
<220>
<220>
<220>
<220>
<220>
<220>
<220>

<221>
<221>

m sc_feature
m sc feature

<22 1BCHEBROU6/004363r

<221>
<221>
<221>
<221>

<221>.

m sc_feature
m sc_feature
m sc_feature
m sc_feature
m sc_feature

gttetgttta actttaagaa gggagatata catatgag cag att ctg ata ttn acn 56



<223> nis a,
<223> n |s a,
<223> n

<222>(1241)..
<222>(1255) . .

<222>(1258).
<222>(1262) .

<222>(12783a

ggt
Gly

ttt
Phe

att
Tle
5B

gaa
Glu

cag
Gln

cog
Pro

gga
Gly

ctt
Leu
135

cct
Pro

tayg
Trp

gat
Asp

act
Thr

aaa
Lys
215

C,
C,

gat
Asp

tat

Tyr
40

aga
Arg

ggt
Gly

ttog
Leu

cgg
Arg

ttc
Phe
120

att
Ile

gat
Asp

aaa
Lys

cga
Arg

aga
Arg
200

goa
Ala

g,

§W92m6m°§m80r t <220>
(1243)
(1256)
. (1260)
. (1264)

<222>(126¥)n gbd 284)g5t283> 20, | C
g@i&%@ g9t283” 2l I8¢ e

tta
Leu
25

agt
Ser

aca
Thr

gct
Ala

caa
Gln

aat
Asn
105

agc
Asn

ggg
Gly

tte
Phe

gtg
Val

gat
Asp
185

aat

Asn

agt
Sex

or t <220>
or t <220>

<223> n
<223> n
<223> n
<223> n

Gly Thr Thr

10

gtec
val

ttt
Phe

aaa
Lys

aac
Asn

cta
Leu
90

teg
Ser

ggt
Gly

goe
Ala

aaa
Lys

ata
Ile
170

tct
Ser

ggt
Gly

teoo
Ser

act
Thr

atce
Ile

ggt
Gly

aaa
Liys
75

cct
Pro

att
Tle

aag
Asn

cag
Gln

aca
Thr
155

ttt
Phe

tgg
Trp

tct
Ser

cta
Leu

tat
Tyr

gat
Asp

acc
Thr
3]

agt
Ser

gat
Asp

gat
Asp

ekt
Leu

gtt
Val
140G

att
Ile

aac
Asn

aac
Asn

atg
Metl

tta
Ley
220

S
S
S
S

<221> m sc_feature <222>(1231)..

(1231)

<221> m sc_feature <222>(1238)..(1238)

<221>
a, c,
a, c,
C,
c,

a,
a,

g,
g,
g,
g,
ggag agé) a£

Asp Ile Gly Ser Asn

gat
Asp

gat
Agp
45

att
Tle

ggt
Gly

aat
Asn

aca
Thr

act
Thr
125

toc
Ser

cte
Leu

aat
Asn

ccy
Pro

aqd
Lys
205

tct
Ser

agad
Lys
30

aaa
Lys

get
Ala

tta
Leu

gaa
Glu

aaa
Lys
110

ggt
Gly

cta
Leu

gayg
Glu

atg
Met

gta
Val
1990

gca
Ala

tca
Ser

15

gaa
Glu

aat
Asn

ggt
Gly

goo
Ala

gta
Val
85

gag
Glu

gat
Asp

ggt
Gly

age
Ser

gtg
val
175

tat
Tyr

geca
Ala

g99
Giy

aat
Asn

cac
Hig

caa
Gln

tgg
Trp

gct
Ala

tat
Byx

gat

Asp

cat
Hig

cca
Pro
160

aat

Asn

gge
Gly

gat
Asp

ttt
Phe

ggc
Gly

aat
Asr

tat
Tyr
65

act
Pro

caa
Gln

cac
His

act
Thr

aca
Thr
145

act
Thr

caa
Gln

gat
Asn

aac
Asn

tea
Ser
225

N,

Thr

atg
Met

aaa
Lys
50

aga
Arg

teca
Ser

ata
Tle

agt
Ser

agt
Ser
130

ettt
Leu

gat
Asp

aat
Asn

caa
Gln

tte
Phe
210

cca
Pro

19/¢c_feature
or t <220> <221> msc_feature

or t <220> <221> m sc_feature
or El229Rew2Re>XaH Sigr f eat ure
or t <220>

aca
Thr

cac
Eis
35

adda
Lys

gtt
Val

gee
Ala

ket
Ser

acg
Thr
115

aaa
Lys

aag
1ys

aaa
Lys

tgg
Trp

ctt
Leu
185

ctt

Leu

gac
Asp

PCT/GB2006/004265

<221>*nisc_feature

<221> m sc feature
ada aca

Val Liys Thr
20

gaa aaa gta 152

Lys Lys Val

ctg cta gtt 200
Leu Leu Val

tat age gaa 248
Tyxr Ser Glu
70
ttt aag gta 298
Phe Lys Val
B5

gat tac tat 344
Asp Tyr Tyr

100

tta acg tac 392

Leu Thr Tyr

att gga ggc 440
Ile Gly Gly
tat gtt caa 488
Tyr Val Gln

150
aaa gta ggc 536
Lys val Gly

165

gga cca tac 584
Gly Pro Tyr
180
tte atg aag 632

Phe Met Lys

gat cct aac 680
Asp Pro Asn

tte gect aca 728
Phe ala Thr
230



<223>nis a c, g, or t <220> <221> m sc_feature <222>(1273)..(1273)
<223> nis a, ¢, g, or t <220> <221> m sc_feature <222>( 1282;..(12@3)
<223> n i sWQ20Q5®8 or t <220> <221> yyysc_feat ure <222>XGPEB3006/4042688)
<223>nis a, ¢, g, or t <220> <221> msc_feature <222>(1291)..(1293)
<223>nis a, c, g, or t <220> <221> m sc_feature <222>(1295)..(1295)
<223> n | 8ttgatl ach atgrogt agp@Esa PRItconpa cheaburaa<aR?»t4300) . . ( 11360)
<223> n i’gala,il%,'l‘h ,Meal’A P 2ufA¥s playgsr Lys Gin Gln Thr Asn Ile Asp

2007/ 05766819/ 32PCT/ 06/ 004265 gttcttfttta actttaagad*Yggagat ata

catat gag g@da#d kcablf@dadts LN c@Erbé@ Qt“talé @aé‘%@glc!a% g%aalprtcgﬁ t n;bh?gcg
acc ggt avdl ata rgatciatArgygan. Ags a3lakCHya68n Gb] RaaraCanXag, Al a Thr

Ay Thr Thr Asp Iles@y Set Asn Thrz2skin Val Lys Thr2g01520
cca aat tgg aaa ggt acc aat act aaa gat aza tgg aca gat cgt tet B72
Pro Asn Txp Lys Gly Thr Asn Thr Lys Asp Lye Trp Thr Asp Arg Ser
265 270 275
tca gaa aga tat aaa atc gat tgg gaa aaa gaa gaa atg aca aat taa 820
Ser Glu Arg Tyr Lys Ile Asp Trp Glu Lys Glu Glu Met Thr Asn
280 285 290

tgtaanttat ttgtacatgt acaastaaat ataatttata actttageeg aagetggate 280
cggetgetace naancocnaa ngnagetgan ttgnetgetg cccccctgac matactagea 1040
naccecttgg gnecctaacy ggtetgnggg gttttigetg aangngnact tttcognnan 1100
tenneceggn cocceenggt gaaatcconaa neccocnaacn ggngntgnta ncaantttan 1160
tggnnentna ntttnnaaan cnnntaantt ngnaanccce nttttnenan ggenaannnn 1220
nancetttna naaaaaancc nnnggggggy tttenntnnn annncentin aangggeocce 1280
cnnggggnaa nnntnggggn 1300
<210 4
«21i> 293
<212> PRT
<213> Artificial seguence
<220>
<221l> misc_£feature
<222> (5)..(5)
<223> The 'Xaa' at location 5 stands for Leu, or Phe.
<220>
<221> misc_feature
<222> (7}..(7)
<223> The 'Xaa' at location 7 stands for Tvyr, Trp, Cys, Ser, Leu, or

Fhe.
<220>
<223> M113H alpha hemolysin mutant
<400> 4

Gln Ile Leu Ile Xaa Thr Xaa Ala Thr Gly Thr Thr Asp Ile Gly Ser
1 5 10 15

Asn Thr Thr val Lys Thr Gly Asp Leuw Val Thr Tyr Asp Lys Glu Asn
20 25 30



ggt
Asp
ttt
Tyr
att
I'le

55606570 §

gat tta gtc act tat gat aaa gaa aat ggc atg cac aaa aaa gta Ay
Len Val Thr Tyr Asp Lys Gn Asn Ay Met His Lys Lys Val 253035
tat agWOrfq7/0a{e8 gat gat aaa aat cpgypat aaa aaa ct gPEVEBYOE/EHS
Set Phe Ile Asp Asp Lys Asn His Asn Lys Lys Len Len Val 404550
aga aca aaa ggt acc att gct ggt caa tat aga gtt tat agc gaa248
Arg Th y Thr Ile. Ala Gy Gn Tyr Arg Val Tyr Set G n
%‘é éthlﬁeIfy adts Jadh ARGt Tggbent Fae &ée f’tsggﬂ@cw% désndde ttt aag

gta296 Gn Gy Aa Asn Lys Set A% Len Ala Trp Pt Set Ala Phe Lys

Val

tac
Tyr
acg
Tyr
gga
Ay
t at
Tyr
gat
Lys
aat
Asn
t at
Tyr
aaa
Al a
tct

758085 cag ttg caa cta cct gat aat gaa gta gct caa ata tct gat
tat Gasn Les igsMdueePrvel AR ASNTHE fydahy Ad Bald 81p0fnASP Tyr
9095100 éeg egg aat tcg abt gat aca aaa gag tat aaa agt acg tta
tac Pro Arg Asn Set Ile Asp Tin Lys G n Tyr Lys Set Thr Leu Thr
10511 a.ttc aac aac ctt act ggt gat gat act agt aaa att
ggc44§”’(§f§x g%ﬁé AnE § ‘gﬁlufﬂﬁ g Aeg iyﬂsgﬁrﬂ@pf T ABeTRys e
Ay 1 0125130 ctt att ggg gcc cag gtt fcc cta ggt cat %8ca ctt aag
gtt caa488 Len Ile Ay Ala Gn Val Set Len Ay H's Thr Leu Lys
Val Gerp 3350401e150: 061 cgatLeht €1na8a @68 Rbiakt 610801 ag¢ cca act
aaa aaa gta ggc Pr& Asp Phe Lys Theolle Len GQu SebsPro Tin Asp
Lys VaI Gy 155160165 536 tgg aaa gtg ata ttt aac aat atg gtg
caa %geq S%gahsc %t%0584 Trp Lys Val Ile Phe Asn Asn Met Val

G n rp Br o’ Ty¥* £79 gt Ttydgat et S £y "Hhc ccg gta
ggc aat caa ctt ttc atg aag632 p Arg Asp Set p Asn Pro Val
@y Asn G n Len Phe Met Lys 1135190195 act aga aat ggt tct atg
gca gt gat TaadeLt Thrctyr gay rhetasmaclylhen Ag Asneld Xsoakp Met Lys
Ala Asp AsniPhe Leu Asp Pro 1A8n 200205210 aaesgca agt tcc cta tta
tca ggg ttt tca cca gac ttc gct aca

Thr Ser Lys Ile Gly Gly Leu Ile Gly Ala Gln Val Ser Leu Gly His
139 135 140

Thr Leu Lys Tyr Val Gln Pro Asp Phe Lys Thr Ile Leu Glu Ser Pro
145 150 155 160

Thr Asp Lys Lys Val Gly Trp Lys Val Ile Phe Asn Asn Met Val Asn
165 170 175

Gln Asn Trp Gly Pro Tyr Asp Arg Asp Ser Trp Asn Pro Val Tyr Gly
180 i85 190

Asn Gln Leu Phe Met Lys Thr Arg Asn Gly Ser Met Lys Ala Ala Asp
185 200 205

Asn Phe Leu Asp Pro Asn Lys Ala Ser Ser Leu Leu Ser Ser Gly Phe
230 215 220

Sexr Pro Asp Phe Ala Thr Val Ile Thr Met Asp Arg Lys Ala Ser Lys
225 230 235 240

Gln Gln Thr Asn Ile Asp Val Ile Tyr Glu Arg Val Arg Asp Asp Tyr
245 250 255

Gln Leu His Trp Thr Ser Pro Asn Trp Lys Gly Thr Asn Thr Lys Asp
250 265 270



Lys Al a
21522022
gat aga
Arg Lys
cga gtt
Val Arg
ggt acc
Thr Asn
aaa atc
Ile Asp T
cggct gct
ttgtacat
nnnt nggg
nnnggggg
tttcnntn
annnccnt
aangggcc
sequence

Set Set Len Lau Set Set Gy Phe Ser Pro Asp Phe Al a Thr

5230 WD 2007/ 05766820/ 32PCT/ GB2006/ 004265 gtt aft act at

aa¥ OFeY /B8 qaa caa caa aca aapzcata gat Val IIePGiﬂFBW@f/““AE%
Ala Set Lys Gn A@n Thr Asn Ile Asp 235240245 gta ata tac gaa
cgt gat gat tac caa ttg cat tgg act tca Val Ile Tyr Au Arg
Asp Asp Tyr G n Len His Trp Thr Ser 250255260 cca aat tgg aaa

a a t Pro_As Lys Ay
T%ﬁS f’%ﬁgg“ f/ﬁgsI ErT%% %%9 %%r%a}gy Se3FS gg 2Tf§ (?]c a aga tat
gat tgg gaa aaa gaa gaa atg aca aat taa Set G n Arg Tyr Lys
rpo Au Lys Gn Gn Met Thr Asn 280285290 tgtaanttat
aEtungEr et t%y Asenncccggn t ggrancnt na nancctttna cnnggggnaa
gt na#hccenaa gnccctaacg ccccecenggt ntttnnaaan naaaaaance
gn acaaat aaat ngnagctgan ggtctgnggg gaaatccnaa cnnntaantt
0%.p@t@atttata ttgnctgetg gtttttgectg nccccnaacn ngnaancccc
np11acCtiB@gccg cccccct gac aangngnact ggngntgnta nttttncnan
tezizaagetggat c natactagca tttccgnnan ncaantttan ggcnaannnn
Ce13> <21OificPdql] seqPph@e <213> <220> 6 293 PRT Artificial

<220
<223> M113K alpha hemolysin mutant

220>
<221> (DS
<222> (39)..(920)

<220>

<221> misc_feature

<222» {53}..(53)

<223 nisa, ¢, g, or t

<220
<221> misc_feature
<222> {56)..(56)

<223> nis a, ¢, g, or t

<220

=<221> misc_feature

<222> (58})..(59)

<223> mis a, o, g, or t

<220>
<221> misc_feature
«222> (926)..({926)

<223> n is a, ¢, g, or t

<220
<221> misc feature
<222> (891).. (991}

<223> n is a, o, g, or t

<220>
<221> misc_feature
<222> (894)..(994)

<223> nis a, ¢, g, or t

<220>
<221> misc feature
<222> {928)..(9%8)

<223> nis a, ¢, g, or t

<220>



<221> m sc_feature
Len, or Phe.

5 stands for

WO 2007057668

<221>
<222>
223>

<220>
<221
<222>
<223

<220
<221>
<222>
223>

<220>
<221>
<222
<2235

<220
<221
222>
«<223>

<220>
<221>
222>
223>

<220>
<221>
<222s
‘w223>

<220>»
<221>
<222>
223>

<220>
<221>
«222>
223>

<220>
«221>
<2225
223>

<220
<221>
222>
<223>

<220
<221>
«<222>
<223

nise_feature
{1001} .. (1001)
nis a, ¢, g, or

misc_feature
(1003) .. {(1003)
nis a, c, g, or

misc_feature
(1010} .. (1010)
nis a, ¢, g, or

misc_feature
(1014)..(1014)
nis a, ¢, g, or

misc_feature
{1031)..{1031)
nis a, ¢, g, or

misc_feature
{1041)..(1041)
nis a, e, g, or

misc feature
(1052) .. (1052)
nis a, c, g, or

misc_ feature
{1067) .. (1087)
nis a, o, g, or

misc_feature
{1083)..({1083)
nis a, ¢, g, or

misc_feature
{1085)..{1085)
nis a, ¢, g, or

misc feature
(1087)..(1087)
nisa, ¢, g, or

misc feature
(10927)..(1098)
nis a, ¢, g, or

<222> (5)..(5)

<220>

<223> The , Xaa, at | ocation

<221> m sc_feature

14/32

PCT/GB20006/004265



<222> (7)..(7)
Trp, Cys, Set,

<400> 6
dy Set 151015

<220
<221
222>
<223>

<220
<221>
<222>
223>

<220>
221>
<222>
<223>

<220>
<221>
<222
<223

220>
<221>
<222>
<223 >

<220>
221>
<222>
<223>

<220>
<221>
<222>
<223 >

220>
<221
<222
<223 >

<220>
<221
<222>
223>

<220
<221>
<222
<223>

<220>
<221>
<222
<223>

<220>
<221l
222>
<223>

<223> The ' Xaa, at

Len, or <220>

misc_feature
{1100)..(1100)
nis a, e, g, or

migc feature
(1103) .. (1104)
nis a, ¢, g, or

misc_feature
{1110)..{1110)
nis a, ¢, g, or

misc_feature
{1127} .. (1117}
nis a, e, g, or

misc_feature
(1128)..(1128)
nis a, ¢, g, or

misc_feature
{1132} ..(1131)
nis a, ¢, g, or

misc_feature
(1136) .. (1136)
nis a, ¢, g, or

misc feature
{1140).. (1120}
nis a, ¢, g, or

misc_feature
(1243)..(1143)
nis a, ¢, g, or

misc feature
{1145)..{1145)
nis a, ¢, g, or

misc_feature
(1148)..(1148)
nis a, ¢, g, oxr

misc feature
(1151)..(1181)
n is a, e, g, or

| ocati on 7 stands
<223> ML13K al pha henol

WO 280705198 Leu Il e Xaa Thr P Ala Thr Ay Tht

the. for Tyr,

gsin mut ant.
TapAgYi5Se



Asn Thr
202530

Phe
Val
Ser

Ser
Thr

Tyr

Ile
Au
Phe Lys
Set Asp

Thr
Set

Thr Val
WD 2007/ 05766821/ 32PCT/ GB2006/ 004265 Ay Met His Lys Lys Val

Lys Thr Gy Asp Leu Val Thr Tyr Asp Lys G n Asn

SeYOPRE /057668 Asp Asp
Arg Thr Lys Gy Thr
Gn Ay Ala Asn Lys
Vng Gn Leu Gn Len
YL 0 DY 1 RL0p ALG, AN
LGfbéIhr(iEXE)..(Ylj%We _ .
Lys2all en @Gsya,Gey 4edrlde Ay Ala Gn Val Ser Len Ay H's

130135140 Thr
145156285160 Thr Asp Lys Lys Val Ay Trp Lys Val |Ile Phe Asn Asn

Pro
Met
Pro
Set
Set
Ile
Asp
Thr

Val
Val
Met
Set
Thr
Val
Set

Asgg%es
T
Lgs%ﬂl

Leseoben Set Ser Gy
Met21As miAe OfdaysraAl @ Set Lys 225230235240 G n Gn Thr Asia lle
| kZe22Fyr (1Es4) -ALpedal
PrE23As TER:Lys 9d 9* Thr Asn Thr Lys Asp

<220>
221>
<222>
<223

<220
«221>
<222>
<223>

«220>
<221l>
<222>
«223>

<220
<221>
<2225
2223

<220
<221>
<222>
<223»

220>
<221l
<222>
<2Z3>

<220>
<221>
«222%
<223>

220>
<221l
<222>
<223>

<220>
221>
<222>

misc_feature
(1167)..(1167)
nis a, e, g, or

misc_feature
{1169} .. (1169)
n is a, ¢, g, or

misc_feature
(1171) .. {2171}
n is a, ¢, g, or

misc feature
{1175)..(1176)
n is a, ¢, g, or

misc feature
(1180) .. {1180)
nisg a, ¢, g, or

misc feature
{1182) .. {1184)
n is a, ¢, g, or

misc_feature
(1188)..{1188)
nis a, ¢, g, or

misc_feature
{1191)..(1191)
n is a, ¢, g, ox

misc_feature
{11l23})..(1193)

Lys Asn Hig3854045 Asn Lys RYKCBHQo/PMPES
Ile Ala Ay G n 505560 Tyr Arg Val Tyr
Set Ay Len Ala Trp 65707580 Pro Ser Al a
Pro Asp Asn G n Val Ala 859095 Gn lle
Set Ile Asp Thr Lys G n Tyr 100105110 Lys

Asn Ay Asn Leu Thr Ay Asp Asp 115120125
Len Lys Tyr Val Gn Pro Asp Phe Lys Thr Ile Leu GQu Ser
FOABEEH Asn Trp Ay Pro Tyr Asp Arg Asp Ser Trp Asn

y, 180184180  Asia G n Len Phe Met Lys Thr Arg Asn Gy
a Aa 'ASp %98200205 Asia Phe Len Asp Pro Asn Lys Al a

The 210215220 Set Pro Asp Phe Ala Thr Val
Arg Asp Asp Tyr 245250255 G n Leu His Trp



260265270 Lys Trp Thr Asp Arg Ser Ser Qu Arg Tyr Lys Ile Asp Trp Gu
Lys 275280285 A u G u Met Thr Asn 290 <210> 7 <211> 1300 <212> DNA
<213> Arti MO0a1058@§uence <220> <223>1HB43R al pha henol PET/ABRIE/AHESS
<220> <221> CDS <222>(39)..(920) <220> <221> misc_feature

<222>(53). '«(5 <223>nis a, c, g, or t <220> <221> nisc_feature
<222>(56) <{&8) RIF33 /i% &% ¢, g, or t <220> <221> misc_feature
<222>(58) ..,4R9) <223> nis a, c, g, or t <220> <221> ms_c_f eature
<222>(926)<22](,92l§3)53<gga%grg is a ¢, g, or t <220> <221> misc_feature
<222>(991)k224>991)196) . . {1196)

<223> n is a, ¢, g, or t

220>

<221> misc feature

<222> (1201) .. (1201)
<223> n is a, e, g, or t

<220>
<221> misc_feature
<222> {1206).,(1208)

<223> n is a, ¢, g, or t

<220>
<221> misc_ feature
<222> {1208).. (1208}

<223> nis a, ¢, g, or t

«220>
<221> misc_feature
<222> (1210)..{1210}

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (1214).,(1i214) .

<223> nis a, ¢, g, or t

<220
<221> misc feature
<222> {1217}..(1221)

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (1223}..(1223)

<223> nis a, ¢, g, or t

«220>
<221> misc_feature
<222> (1229).. (1229}

<223> n is a, ¢, g, or t

<220>

«221> misc feature

<222 (1231)..(1231)
<223> n is a, ¢, g, or t

<220

<221l> misc_feature

<222> (1238})..(1238)
<223> n is a, o, g, or t

<220>
<221> misc_feature



<223> n is a,
<223> n is a,

<223> n | SWQ 20E/05§68 or t
<222>(1001)..(1001) <223> n is
<223> n is
<222>(1016;?%%1G¥6}?422%5)n is

23> 191#)2<523 RTils
<222>(1031),,,(1031) <223> n is

<222>(1003) . .
<222>(1014

(1003)

C1 91
c, ¢,

<222>(1041333.( %J:)_feature

<222>
«223>»

<220
<221 >
<222>
<223

<220>
<22i>
<222>
«223>

<220>
<221>
<222
<223

220>
«22%>
z222>
<223>

220>
<221 >
<222>
<223>

<220>
<221>
<222>
<223 >

<2205
221>
<222>
<223 >

<220
<221l>
<222
<223>

<2220
<221>
<2225
2223>

«220>
<221>
<222>
223>

<400>

{1255} .. (1256)

nis a, ¢, g, oxr t

misc_feature
{1258) .. (1260)
nis a, ¢, g, or

nisc_feature
{1262} .. (1264)
nisa, ¢, g, or

misc feature
{126%7)..{1267)
nis a, ¢, g, or

nise feature
(12703 ..{1270)
nis a, ¢, g, oxr

misc_feature
(1273)..(1273)
nis a, ¢, g, or

misec_feature
{12B2)..{1283)
n is a, ¢, g, or

misc_feature
{1288} .. {1288)
nis a, ¢, g, oxr

misc_feature
(1291)..(1293)
nis a, ¢, g, or

misc_feature
(1295) .. (1295)
nis a, ¢, g, or

misc_feature
(1300)..(1300)
nis a, ¢, g, or

5

a,
a1
a1
a,
a,

O

g,
g,
g9,
g,
g,

<220> <221>gR$C_

or
or
or
or
or

feature
t <220>
<220>
<220>
<220>
<220>

~ ~ ~ ~—

or t <220> <221> misc_feature <222> (994)-(994)
or t <220> <221> m sc_feature <222>(998)..(998)

PCT/GB2006/004265

<221>
<221>
<221>
<221>
<221>

m sc_feature
m sc_feature
m sc_feature
m sc_feature
m sc_feature



<223>nis a c, g, or t <220> <221> m sc_feature <222>(1052)..(1052)
<§2§> nis a, c, g or t <220> <221> m sc_feature <222>(1067)..(1067)
<223> n | sW@20@/05gps8 or t <220> <221> g sc_feat ure <222>RA0V6B3006/0hOB3)
<223>nis a, ¢, g, or t <220> <221> m'sc_feature <222>(1085)..(1085)
<223>nis a, c, g, or t <220> <221> m sc_feature <222>(1087)..(1087)
<223> n i gttgtoettagactbratgaa2P@ngatad xamhigegf @at ste c€222%(4097)n . (1Q88)

<223>nis a, ¢, g, or t <220> <221> mi sc_%@afls @eu Ile Xaa Thr
<222>(1100)..(1100) <223> nis a, ¢, g, or ¥ <220> <2215 nmisc_feature

<222>( 110*?9n- gégl]agé)ggt act aca gat att gga age aat act aca agta aaa aca 164
Xaa Ala Thr Gly Thr Thr Asp Ile Gly Ser Asn Thr Thr val Lys Thr
10 15 20
ggt gat tta gte act tat gat aaa gaa aat gge atg cac aaa aaa gta 152
Gly Asp Leu Val Thr Tyr Asp Lys Glu Asn Gly Met His Lys Lys val
25 30 35
Ttk tat agt ttt ate gat gat aaa aat cac aat aaa aaa ctg cta gtt 200
Phe Tyr Ser Phe Ile Asp Asp Lys Asn His Asn Lys Lys Leu Leu Val
40 45 50
att aga aca aaa ggt acc att get ggt caa tat aga gtt tat age gaa 248
Ile Arg Thr iys Gly Thr Ile Ala Gly Gin Tyr Arg Val Tyr Ser Glu
55 60 €5 70
gaa ggt gct aac aaa agt ggt tta geoe tgg cct tea gece ttt aag gta 2396
Glu Gly Ala Asn Lys Ser Gly Leu Ala Trp Pro Ser Ala Phe Lys Val
75 80 85
cag ttg caa cta cct gat aat gaa gta get caa ata tot gat tac tat 344
Gln Leu Gln Leu Pro Asp Asn Glu Val Ala Gln Ile Ser Asp Tyr Tyr
20 95 100
ccg cgg aat teg att gat aca asa gag tat aaa agt acg tta acg tac 382
Pro Arg Asn Ser Ile Asp Thr Lys Glu Tyr Lys Ser Thr Leu Thr Tyr
105 110 115
gga tte aac ggt aac ctt act ggt gat gat act agt aaa att gga gge 440
Gly Phe Asn Gly Asn Leu Thr Gly Asp Asp Thr Ser Lys Ile Gly Gly
120 125 130
ctt att ggg goe cag gtt tec cta ggt cat aca ctt aag tat gtt caa 488
Leu Ile Gly Ala Gln Val Ser Leu Gly His Thr Leu Lys Tyr val Gln
135 140 145 150
cct gat ttc aaa aca att cte gag age cea act gat aaa aaa gta ggc 536
Pro Asp Phe Lys Thr Ile Leu Glu Sex Pro Thr Asp Lys Lys Val Gly
155 160 165
tgg aaa gtg ata ttt aac aat atg gtg aat caa aat tgg gga cca tac 584
Trp Lys Val Ile Phe Asn Asn Met Val Asn Gln Asn Trp Gly Pro Tyr
176 175 180
gat cga gat tet tgg aac ceg gta tat ggc aat caa ctt tte atg aag 632
AsSp Arg Asp Ser Trp Asn Pro Val Tyr Gly Bsn Gla Leu Phe Met Lys
185 150 185
act aga aat ggt tct atg aaa gea goa gat aac tke ctt gat cet aac &840
Thr Arg Asn Gly Ser Met Lys Ala Ala Asp Asn Phe Leu Asp Pro Asn
200 208 210
aaa gca agt tec cta tta tet tea ggg ttt tea cea gac ttc got aca 728

Lys Ala Sexr Ser Leu Leu Ser Ser Gly Phe Ser Pro Asp Phe Ala Thr
215 220 225 230



or t <220> <221> misc_feature <222> (1110).41110)
is a, ¢, g, or t <220> <221> m sc_feature <222>(1117)..(1117)
<223> Ti i90R0070576§8 or t <220> <221>gmosc_feature PCT/GB2006/004265
<222>(1128)..(1128) <223> nis a, ¢, g, or t <220> <221> m sc_feature
<222>(1131).(21131) <223> Ti is a, ¢, g, or tt<2§gg><z§%z>m sc_feature
< > 41138 <223> T| 1S a, , or <

m2§(2: ffaz]ig-%:@ %gg ;E z% 2‘1‘))9"%2:2’3993@ F&2 &aa@cagaatogtq gai220> J281>

<

<223> n
<223> n

is a c, g,

nmsc feat lif e 2 ﬁ%)mizgf%;’y fan §1 néphrgAE%Fl% AgR20> <221>

misc_feature <222>(1145). . (1145) <223>*i is a, ¢, g, ot
gta ata tac gaa cga gtt cgt gat gat tac caa ttg cat tgg act tea 824
Val Ile Tyr Glu Arg Val Arg Asp Asp Tyr Gln Leu His Trp Thr Ser
250 255 260

cca aat tgg aaa ggt acc aat act aaa gat aaa tgg aca gat cgt tct B72
Pro Asn Trxp Lys Gly Thr Asn Thr Lys Asp Lys Trp Thr Asp Arg Ser

265 270 275
tca gaa aga tat aaa atc gat tgg gaa aaa gaa gaa atg aca aat taa 920
Ser Glu Arg Tyr Lys Tle Asp Trp Glu Lys Glu Glu Met Thr Asn

280 285 280

tgtaanttat ttgtacatgt acaaatasat ataatttata actttagceg aagectggate 980
cggctgetac naancconaa ngnagctgan ttgnctgetg cecccotgac natactageca 1040
nacccettgg gnecectaacy ggtetgnggg gtttttgetg aangngnact tttcegnnan 1100
tenncecggn ceococeecenggt gaaatcoconaa necocmaacn ggngntgnta ncaantttan 1160
toggnnenktna ntttnnaaan cnnntaantt ngnaancece ntttincnan ggenaannnn 1220
nancctttna naaaaaance nnnggggggy tttenninnn annncentin aangggeoooc 1280
cnnggggnaa nnntnggggn 1300
«<210> &
<211> 293
«212> PRT
<213> Artificial sequence
<220>
«221> misc_feature
<222 {S).. {5}
<223> The 'Xaa' at location 5 stands for Leu, or Fhe.
<220>
<221> misc_feature
<222>= (7)..(7)
<223> The ‘'Xaa' at location 7 stands for Tyr, Trp, Cys, Ser, Leu, or

Phe.
<220
223> MI113K alphba hemolysin mutant
<400> &

Gln Ile Leu Ile Xaa Thr Xaa Ala Thr Gly Thr Thr Asp Ile Gly Ser
1 5 10 15

Asn Thr Thr Val Lys Thr Gly Asp Leu Val Thr Tyr Asp Lys Glu Asn
20 25 30



<220> <221> m sc_feature <222>(1148)..(1148) <223> nis a, ¢, g, or t
<220> <221> m sc_feature <222> (1151).41151) WO i
2007/ 057668220 FARGFLGL120061004265 <2223 n is a, c, ¢, RET/GBRIOM6S
<221> msc_feature <222>(1155)..(115 <223>nis a ¢, g, or t <220>
<221> nmisc_feature <222>(1160)..(1160) <223> Ti is a, ¢, g, or t
<220> <221> nisc_feature <222>(1164)..(1165) <§§g> nisa, ¢, g or't
<220> <22]> nisc,feature <222>(1167 1167) < > it is a ¢, g, or
t <220> 1@“@5% a4, el E‘?z?yfl'gfmﬁ(he(i%éﬁ 29pJvspAinsEEs ¢, g, of
t <220> <221> ni3c_feature <222>81171) L(1171) %5

Asn Lys Lys Leu Leu Val Ile Arg Thr Lys Gly Thr Ile Ala Gly Gln
50 55 60

Tyr Arg Val Tyr Ser Glu Glu Gly Ala Asn Lys Ser Gly Leu Ala Trp
65 70 75 80

Pro Ser Ala Phe Lys Val Gln Leu Gln Leu Pro Asp Asn Glu Val Ala
85 90 95

Gln Ile Ser Asp Tyr 'Tyr Pro Arg Asn Ser Ile Agsp Thr Lys Glu Tyr
100 105 110

Lys Ser Thr Leu Thr Tyr Gly Phe Asn Gly Asn Leu Thr Gly Asp Asp
115 120 125

Thr Ser Lys Ile Gly Gly Leu Ile Gly Ala Gln Val Ser Leu Gly His
130 135 140

Thr Leu Lys Tyr Val Gln Pro Asp Phe Lys Thr Ile Teu Glu Ser Pro
145 150 155 160

Thr Asp Lys Lys Val Gly Trp Lys Val Ile Phe Asn Asn Met val Asn
165 170 175

Gln Asn Trp Gly Pro Tyr Asp Arg Asp Ser Trp Asn Pro Val Tyr Gly
180 185 180

Asn Gln Leu Phe Met Lys Thr Arg Asa Gly Ser Met Lys Ala Ala Asp
195 200 205

Asn Phe Leu Asp Pro Asn Lys Ala Ser Ser Leu Leu Ser Ser Gly Phe
210 215 220

Sexr Pro Asp Phe Ala Thr Val Ile Thr Met Asp Arg Lys Ala Ser Lys
225 230 235 240

Gln Gln Thr Asn Ile Asp Val Ile Tyr Glu Arg Val Arg Asp Asp Tyr
245 250 255

Gln Leu His Trp Thr Ser Pro Asn Trp Lys Gly Thr Asn Thr Lys Asp



<223> Ti is a,
(1175) - (1176)

C, g, or t <220> <221> mi sc_feature

<223> n iIs a,

<222>( 1180%0 204188 <223> n

<222>(1182).
<222>(1188). .
<222>(1191).

.(1184) <223> n
(1188) <223> n
. (1191)%82223> n

<222> (1193).11193) <223> n

<222>(1196), Tégix%%s%?

i

<222>(1201

290

<210
211>

. (12098) <22
Glu Glu Met "Thr Asn
7
1300
DNA

<212>
<213>

<220>
<223>

<220
<221
<2225

<220
<221
<222>
<223>

<220
<221>
<2225
<223>

<220>
«221l>
<222>
<223

<220>
<22k>
222>
<223

<220
<221
<222>
223>

<220>
<221l>
222>
<2235

<220>
<221>
222>
<223>

Artificial seguence

C1

is
i's
is
i's
is

>nils

PO PLLPQ

or t <220>
C, ®y3por t
c, g, ort
c, g, ort
c%65y, or t
c, g, ort

!

t

st IS%I‘ aGluCArggTyro E.y

&goC, 0,

M113R alpha hemolysin mutant

Cbs
(39).. (920}

misc_Efeature
{53)..(53)
n is a, ¢, g,

misc_feature
(86) .. (56)
nis a, ¢, g,

misc_feature
{58}..(59)
nis a, ¢, g,

mizc feature
{926) ..(9286)
n is a, ¢, g,

misc_feature
{991} .. (951)
nis a, ¢, g,

migsc_ feature
(994} ..(994)
nis a, ¢, g,

misc_feature
{998} ..(998)
nis a, ¢, g,

ox

or

oxr

or

or

oxr

or

<221>
<220>
<220>
<220>
<220>
<220>

Iigga sp T

285

<222>

m sc _feature

<22 1B-HEBRO$URGSr e
<221> m sc_feature
<221> m sc_feature
XPR1> msc_feature
<221> m sc_feature
%géﬁlquc_feature



<220>
<220>
<220>
<220>
<220>
<220>
<220>
<220>
<220>

<221> m sc_feature
<221> m sc_feature
<22 1WOrk0&i0S7a@8it ur e
<221> m sc_feature
<221> m sc_feature
<221%% sc_feature

<221%23ﬁ1
<22;§ﬂ?

St

<222>(1217).

EF%:22>(1229)

<222>(1206) . .
<222>(1208) . .
<222>(1210) . 5
<222>(1214) ..

(1206)
(1208)
10)
1214)
. (1221)

<222> (1223).11223)
.(1229) <223> n is a,

<223>
<223>
<223>
<223>
<223>
<223>

0353 33535 5

s a
is a,
is a

> (1231).41231) <223> n is a,

<221> m SC__ eature <
<220>
<221> wisc_feature
<222> (1003)..(1003)
<223»> nis a, ¢, g, or t
<220>
<221> misc_feature
=222> (1010).. (1010}
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> {1034} ..(1014)
<223> n is a, ¢, g, or t
<220>
<221> misc_feature
222> {(1031)..{(1031}
<223> nis a, ¢, g, or t
=220>
<221> misc_feature
<222> (1041)..(1041)
<223> n is a, ¢, g, or t
<220>
<221> misc_feature
222> {1052)..{1052}
<223» =n is a, ¢, g, or t
«220>
<221> misc_feature
222> (1067} ..(1067)
<223> n is a, ¢, g, or t
<220>
<221> misc feature
222> {1083)..(1083)
<223> nis a, ¢, g, or t
<220
<221s misc_feature
<222> (1085} ..(1085)
<223> nis a, c, g, or t
«220>
=221> misc_feature
<222> (1087)..(1087)
<223> n is a, ¢, g, or t
<220>
<221> misc_feature
<222 {1037)..(1098)
<223> n is a, e, g, or t

7> (1238).41238) <223> n is a,

is a,

c

c, g, ort
c, g, ort
i SPGI/GB2006{00435 t
c, g, ort
c, g, ort
c, g, ort
, g, or t
c, g, ort
c, g, ort



WO 2007/ 05766827/ 32PCT/ GB2006/ 004265 <221> mi sc_feature

<222>(1241) . .

(1243) <223> n i

<222>( 1255W0 20072588 <223>

<222>(1258) . .
<222>(1262).
<222>( 1267
<222>(1270
<222>(1273

220>
<2215
<222>
<223>

<220>
221>
<222
223>

<220>
«221l>
<222>
=223>

<220>
221>
<222
<223

<220>
221>
<222
<223 >

«220>
«221l>
<222>
<223>

220>
<221
<222>
<223>

<220>
<221l»
<2225
<223

<220
<221>
<Z22>
<223>

<220
<221>
«222>
<2235

<220
«<221>
<222>

>(
<222>(1283327(

n
(1260) <223> n
.(1264) <223> n i
(1267) <223> n i
20>(1270) <223> n

£§§§§)2§g °’9r

misc_feature
(1103) .. {1104}
nis a, ¢, g, or

misc_feature
{1110)..{1110)

nils a, o, g, or t

misc_feature
(1117} ..{1117)
nis a, o, g, or

misc_feature
{1128)..(1128)
nis a, ¢, g, o

misc feature
(1131)..{31131)
nis a, ¢, g, or

misc_feature
(1136)..(1136}
nis a, ¢, g, or

misc_feature
(1140} ..(1220)
nis a, ¢, g, or

misc_£eature
(1243)..(1143)
nis a, ¢, g, or

misc feature
(1145)..(1245)
n is a, ¢, g, or

misc_feature
(1148)..(13148)
nis a, ¢, g, or

misc feature
{Li51) .. (1151)

(@)

DYDY
OO0O0O0O0O00OO0

g, or
Q#/S:Pr

or
g, or
g, or
g, or
g, or
g, or

~ ~ ~ ~ ~ ~ ~ ~

<220>
<220>
<220>
<220>
<220>
<220>
<220>

<221> m sc_feature
<22 1BCHGBO06/6HRI e
<221> m sc_feature
<221> m sc_feature
<221> m sc_feature
<221> m sc_feature
<221> m sc_feature



<220> <221> m sc_feature <222>(1288)..

<220> <221> m sc_feature <222>(1291).
<220> <221WOd0gr0sf@at ure <222>(1295) .,
<220> <221> m sc_feature <222>(1300).
WO 2007/ 057668PCT/ GL12006/ 004265 28/ 32 <400> 7 gttctgttta actttaagaa

gggagat at &823at at gép-cag Jater ¢t g ata ttn acns56 Grt Ile
gat att gga agc aat act

Thr 15 tnn, gc
acalo4 Xagzﬁ

Lys Val

ctg cta gti2260 Phe Tyr Ser
Li eu Li eus3fap ZFG

.52

gtt tat a

<220
<221
<222>
223>

<220>
<221>
<222>
<223>

<220>
<221l>
2222>
<223>

<220
<221l>
<222=
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222
<223>

<220>
<221>
<222>
<2235

220>
<221>
<222>
<223 >

220>
<221>
<222
<223

<220
221>

g acc ggt act aca
Thr Thr

Thr 101520, gat gggmtt@ljg;ts?: act
aaa gtalSZGhy Asp d.ed, alo
253035 ttt tat agt ttt

ZRr

azagd! -

nig a, ¢, g, or t

. {1160)

misc_feature
{1164) .. (1165)
n is a, ¢, g, or

misc_feature
{1167) .. {1167)
nis a, ¢, g, or

misc_feature
(1169) .. (11632)
n is a, ¢, g, or

misc_feature
{1171)..{1171)
nis a, ¢, g, or

misc_feature
{1175}.. (1176)
nis a, ¢, g, or

misc_feature
{1180) .. (1180)
nisa, o, g, or

misc_feature
{1182} .. (1182)
nis a, c, g, or

misc feature
(1188} ..(1188)
nis a, ¢, g, or

misc_feature
(1191)..(1191)
nis a, ¢, g, or

misc feature

(12
(12

s

88)
93)
95)
00)

<223>
<223>
<223>
<223>

Asp Ile Ay Set Asn Thr
tat gat aaa gaa aat ggc
Tyr Asp Lys Gu Asn vy
atc gat gat aaa aat cac
Phe Ile Asp Asp Lys Asn His
SHEak4e aga aca aaa ggt ace att got ggt caa tat aga

nis a,
nis a,

or t
or t

C1 91
c, g,

n i SPEI/GB00¢GN04045 t

nis a,

c, g, ort

Lieu Il e Xaa
aca
Thr
atg
Met
aat
Asn

gta aaa
Val Lys
cac aaa
Hi s Lys
aaa aaa
Lys Lys



Ile Arg Thr Lys Ay Thr Ile Ala Gy Gn Tyr Arg Val Tyr Ser Qu
55606570 gaa ggt gct aac aaa agt ggt tta gcc tgg cct tca goo ttt aag
gt a296 G uWRIHOTASHESRASN Lys Ser Ay LeyAl a Trp Pro Ser PEHGPHB6AUI26S
Val 758085 cag ttg caa cta cot gat aat gaa gta gct caa ata tot gat
tac tat344 Gn Lieu Gn Lieu Pro Asp Asn Au Val Ala Gn Ile Ser Asp
Tyr Tyr 96%73100‘1&62'(: S84t tcg att gat aca aaa gag tat aga agt acg
tta acg t&392 ProArgy Asn®SEr Ile Asp Thr Lys Gu Tyr Arg Set Thr
Li eu Thr Jyh.105110115 gga ttc aac ggt aac ctt act ggt gat gat act
agt aaa atdz190%1960440..@ Yy Phe Asn Ay Asn Leu Thr Gy Asp Asp Thr
Set Lys |ix2d y163g) . 1200325130 ctt att ggg gcc cag gtt too cta ggt cat
aca ctt asdp3tam gtta,caa488diteu Ile Gy Ala Gn Val Ser Lieu Ay His
Thr Lieu Lys Tyr Val G n 135140145150 cct gat ttc aaa aca att ctc gag
ago cca azzgggt ;aa eaaa,egta ggc536 Pro Asp Phe Lys Thr Ile Lieu GQu
Set Pro THj;,2 ﬁ‘lgsg_ﬁ/goygl dy 155160165 tgg aaa gtg ata ttt aac aat
atg gtg aabifaa aaty, 199,094 ¢ca tac584 Trp Lys Val |le Phe Asn Asn
Met Val Asn Gn Asn Trp Ay Pro Tyr 170175180 gat cga gat tot tgg aac
cog gta teteoggc aat caa ctt ttc atg aag632 Asp Arg Asp Set Trp Asn
Pro Val TsE2ld yigsde@ureli eu Phe Met Lys 185190195 act aga aat ggt
tot atg aZa2ycdleféd-gbi?08hc ttc ctt gat cot aac680 Thr Arg Asn Gy
Set Met LYE°A & A & ASp9ASH Phe Lieu Asp Pro Asn 200205210 WO
2007/ 057668FCT/ GB2006/ 004265 29/ 32 215220225230

<221> misc_feature

<222> (1208)..(1208)

<223> mnis a, ¢, g, or t

<220>

<221> wmisc_feature

<222> (1210)..{1210)
<223»> mn is a, ¢, g, or t

<220
<221> misc_feature
«222> (1214).. (1214}

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (1217}..(1221}

<223> n is a, ¢, g, or t

«<220>

<221> misc_feature

<222 (1223})..(1223)
<223> nis a, ¢, g, or t

<220

<221> misc_feature

222> (1229)..{1229)
<223> n is a, ¢, g, or t

<220>

<221> wmisc_feature

«222>  (1231}..(1231)
<223> nis a, ¢, g, or t

<220>
<221l> misc_feature
<222> (1238)..(1238)

<223> mnis a, ¢, g, or t

<220>



gtt att act atg gat aga aaa gca too aaa caa caa aca aat ata gat776
Val Ile Thr Met Asp Arg Lys Ala Set Lys Gn Gn Thr Asn |Ile Asp
235240245 WOROH7468c gaa cga gtt cgtyygat gat tac caa t¥el/EBI00e/RY2%ct
tcaB824 Val Ile Tyr Au Arg Val Arg Asp Asp Tyr G n Leu His Trp Thr
Set 250255260 cca aat tgg aaa ggt acc aat act aaa gat aaa tgg aca gat
cgt tot87Z%pfo™ thﬁ"‘?ﬁ_ey Ay Thr Asn Thr Lys Asp Lys Trp Thr Asp
Arg Set 2 ?0 7 ;ﬂpacﬁ (%%Q tat aaa atc gat tgg gaa aaa gaa gaa atg
aca aat taad20 Set AU Afg Tyr Lys Ile Asp Trp Gu Lys Gu G u Mt
Tin Asn 2802285290 tgtaanttat ttgtacatgt acaaataaat ataatttata

act tt agccgzaagotiggai=e@8@ cggct gct ac naancccnaa ngnagctgan ttgnctgctg
cccccct gad2hat détsgcaliG4D naccccttgg gnccctaacg ggtct gnggg
gtttttgctgdandnghdcet °4 € ¥ghnan 1100 tcnncccggn ccccecenggt

gaaat ccnag,pccccnaacn ggngntgnta ncaantttan 1160 tggnncntna
ntttnnaaan,ennnt gantt,. ngnaancccc nttttncnan ggcnaannnn 1220

nancct tt n@-paaaagsdCc(PRRYYYYYgg tttcnnt nnn annncenttn aangggcccce
1280 cnnggggnaa DHRLNggggnrl800 <210> <211> <212> <213> <220> 8 293

PRT Artificial sequence <221> m sc_feature
<220>
<221> wmisc_ featurs
<222» (1262)..{1264)
<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (1267)..(1267)

<223> =n is a, ¢, g, or t

<220>
«221> wmisc_feature
<222> (1270)..{1r270)

<223> nis a, ¢, g, or t

<220

<221> mwisc feature

<222 (1273)..(1273)
«223>» n is a, ¢, g, or t

<220>

<221> misc_feature
<222> {1282}..(1283)
<223> n ils a, ¢, g, or t

<220>

<221> wmisc_feature

222> (1288)..({1288}
«223> n is a, c, g, or t

<220>
<221> misc_feature
<222> (1291} ..(1293)

<«223> n is a, ¢, g, ox t

<220>
<221> misc_feature
«222> (1295)..(1295)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (1300)..(1300)

<223> nis a, ¢, g, or t



<222> (5)..(5) <223> The , Xaa, at location 5 stands for Leu, or
Phe. <220> <221> m sc_feature <222> (7)..(7)
WO 2007/057668 PCT/GB2006/004265
28/32
<400> 7
gttctgttta actttaagaa gggagatata catatgag cag att ctg ata ttn acn 56
Gln Ile Leu Ile Xaa Thr
1 5
tnn gecg acc ggt act aca gat atbt gga age aat act aca gta aaa aca 104
Xaa Ala Thr Gly Thr Thr Asp Ile Gly Ser Asn Thr Thr Val Lys Thr
10 15 20
ggt gat tta gtc act tat gat aaa gaa aat ggc atg cac aaa aaa gta 152
Gly Asp Leu Val Thr Tyr Asp Lys Glu Asn Gly Met His Lys Lys Val
25 30 35
ttt tat agt ttt atc gat gat aaa aat cac aat aaa aaa ctg cta gtt 200
Phe Tyr Ser Phe Ile Asp Asp Lys Asn His Asn Lys Lys Leu Leu Val
49 45 50
att aga aca aaa ggt acc att gct ggt caa tat aga gtt tat age gaa 248
Ile Arg Thr Lys Gly Thr Ile Ala Giy Gln Tyr Arg Val Tyr Ser Glu
55 60 65 70
gaa ggt gct aac aaa agt ggt tta gec tgg cot tca goe ttt aag gta 296
Glu Gly Ala Asn Lys Ser Gly Leu Ala Trp Pro Ser Ala Phe Lys Val
75 80 85
cag ttg caa cta cet gat aat gaa gta gct caa ata tot gat tac tat 344
@ln Leu Gln Leu Pro Asp Asn Glu Val Ala Gln Ile Ser Asp Tyr Tyr
90 95 100
ccg cgg aat teg att gat aca aaa gayg tat aga agt acg tta acg tac 392
Pro Arg Asn Sexr Ile Asp Thr Lys Glu Tyr Arg Ser Thr Leu Thr Tyx
105 110 115
gga ttc aac ggt aac ctt act ggt gat gat act agt aaa att gga ggc 440
Gly Phe Asn Gly Asn Leu Thr Gly Asp Asp Thr Ser Lys Ile Gly Gly
120 125 130
ctt att ggg gee cag gtt tee cta ggt cat aca ctt aag tat gtt caa 488
Leu Ile @ly Ala Glin Val Ser Leu Gly His Thr Leu Lys Tyr Val Gln
135 140 145 150
cct gat tic aaa aca att cte gag age ceca ack gat aaa aaa gta ggo 536
Pro Asp Phe Lys Thr Ile Leu Glu Ser Pro Thr Asp Lys Lys Val Gly
155 160 165
tgg aaa gtg ata ttt aac aabt atg gtg aat caa aat tgg gga cea tac 584
Trp Lys Val Ile Phe Asn Asn Met Val Asn Gln Asn Trp Gly Pro Tyr
170 175 180
gat cga gat tct tgyg aac ccg gta tat gge aat caa ctt tte atg aag G32
Asp Arg Asp Ser Trp Asn Pro Val Tyr Gly Asn Gln Leu Phe Met Lys
185 190 185
act aga aat ggt tet atg aaa geca geoca gat aac ttc ctt gat cct aac 680
Thr Arg Asn Gly Ser Met Lys Ala Ala Asp Asn Phe Leu Asp Pro Asn
200 205 210
aaa gca agt tee cta tta tct tea ggg ttt tea ceca gac tte get aca 728
Lys Ala Ser Ser Leu Leu Ser Ser Gly Phe Ser Pro Asp Phe Ala Thx



<223> The ,Xa.a., at location 7 stands Phe. for Tyr, Trp, Cys, Set,
Leu, or <220> <223> ML13R al pha henvol ysi n nmut ant <400> 8
Gn ||l e LeWORPE/OXHES Thr Xaa Al a Thr

ézThr Thr Asp || eP@I/GBHAE/004265

151015 WO 2007/ 057668PCT/ GB2006/ 004 30/ 32 202530 Gy Met Hi s Lys

Lys Val Phe Tyr Ser Phe Ile Asp Asp Lys Asn H s 354045
215 220 225 230
gtt att act atg gat aga aaa geca tce aaa caa caa aca aat ata gat 776
Val TIle Thr Met Asp Arg Lys Ala Ser Lys Gln Gln Thr Asn Tle Asp
235 240 245
gta ata tac gaa cga gtt cgt gat gat tac caa tkg cat tgg act tca 824
Val Ile Tyr Glu Arg Val Arg Asp Asp Tyr Gln Leu His Trp Thr Ser
250 255 260
cea aat tgg aaa ggt acc aat act aaa gat aaa tgg aca gat cgt tet B72
Pro Asn Trp Lys Gly Thr Asn Thr Lys Asp Lys Trp Thr Asp Arg Ser
265 270 275
tea gaa aga tat aaa atc gat tgg gaa aaa gaa gaa atg aca aat taa 9290
Ser Glu Arg Tyr Lys Ile Asp Trp Glu Lys Glu Glu Met Thr Asn
280 285 280

tgtaanttat ttgtacatgt acaaataaat ataatttata actttagccg aagctggate 280
cggebgetac naancocenaa ngnagctgan ttgnetgetg cecccoctgac natactagea 1040
nacccettgg gncocctaacg ggtetgnggyg ghttttgety aangngmact tttecegnnan 1100
teonncegggn ccoccoenggt gaaatconaa ncocconaacn ggngntgnta ncaantttan 1160
tggnnentna antttnnaaan cnnntaantt ngnaanccce nttttneonan ggonaannnn 1220
nancctttna nazaaaance nnnggggggg tttenntnan annncenttn aangggceccco 1280
canggggnaa nnnktnggggn 1300
<210> B8
<211l=> 293
<212> PRT
<213> Artificial sequence
<220>
<221> misc_ feature
<222> (5}..(5)
<223» The 'Xaa' at location % stands for Leu, or The.
<220>
<221> misc feature
«222> (7)..(7)
<223> The 'Xaa' at location 7 stands for Tyr, Trp, Cys, Ser, lLeu, or

Phe.
<220>
<223> M113R alpha hemolysin mutant
«<400> 8

Gln Ile Leu Ile Xaa Thr Xaa Ala Thr Gly Thr Thr Asp Ile Gly Ser

1

5

10

15

Asn Thr Thr Val Lys Thr Gly Asp Leu Val Thr Tyr Asp Lys Glu Asn



Asn

Lys Lys Len Leu Val Ile Arg Thr Lys Gy Thr Ile Ala Ay Gn

505560 Tyr My Val Tyr Set Gn Gu Ay Ala Asn Lys Set Ay Leu Ala Trp
65707580 PV 28¥105768 Phe Lys Val G n 424 G n Leu Pro AsPF-TASR20GAPR43|

Al a
Gn
Ay
Ser
Ile
Ile
Asp
Arg
Lys
Thr
Asn

859095 G n Ile Set Asp Tyr Tyr Pro Arg Asn Set Ile Asp Thr Lys

Tyr 100105110 Arg Set Thr Leu Thr Tyr Gy Phe Asn Ay Asn Leu Thr
Asp Asp 115120185 Thr Ser Lys 14%¢ Ay Ay Len I$® Ay Ala Gn Val
Len Ay Hi s 130135140 Thr Leu Lys Tyr Val Gn Pro Asp Phe Lys Thr

Lo 8 B P TN B e D B, U,

Set Trp Asn Pro VaI Tyr Ay 180185190 Asn G n Len Phe Met Lys Thr
Asn Gy Set Met Lys Ala Ala Asp 195200205 Asn Phe Len Asp Pro Asn
Al a Sem Ses LiverieueheuSEil Set AGhyriRhey<? 0P 15220 eSela Pro cAsp Phe Al a
Val Ile ¥hr Met Asp My Ly8 Ala Ser Lys 228230235240 G n G n Thr
Ile Asp Val Ile Tyr Gn Arg Val Arg Asp Asp Tyr 245250255 WO

2007 574 ILRECH SROOBLONI K05, U Ko 3T T §I%0 Sor @t

Arg

Tyr Lys Ile Asp Trp GI u Lys 275280285 Au Gu I\/bt Thr Asn 290

Pro Ser Ala Phe Lys Val Gln Leu Gln Leu Pro Asp Asn Glu Vval Ala
85 20 95

Gln Ile Ser Asp Tyr Tyr Pro Arg Asn Ser Ile Asp Thr Lys Glu Tvr
100 105 11¢

Arg Ser Thr Leu Thr Tyr Gly Phe Asn Gly Asn Leu Thr Gly Asp Asp
115 120 125

Thr Ser Lys Ile Gly Gly Leu Ile Gly Ala Gln Val Sexr Leu Gly His
130 135 140

Thr Leu Lys Tyxr Val Gln Pro Asp Phe Lys Thr Ile Leun Glu Sex Pro
145 150 155 160

Thr Asp bLys Lys Val Gly Trp Lys Val Ile Phe Asn Asn Met Val Asn
165 170 178

Gln Asn Trp Gly Pro Tyr Asp Arg Asp Ser Trp Asn Pro Val Tyr Gly
180 185 120

2sn Gln Leu Phe Met Lys Thr Arg Asn Gly Ser Met Lys Ala Ala Asp
125 200 205

Asn Phe Leu Asp Pro Asn Lys Ala Ser Sexr Leu Leun Ser Ser Gly Phe
210 215 220

Ser Pro Asp Phe Ala Thr Val TIle Thr Met Asp Arg liys Ala Ser Lys
225 230 235 240

Gln Gln Thr Asn Ile Asp Val Tie Tyr Glu Axg Val Arg Asp Asp Tyv
245 250 255



<210> 9 <211> 228 <212> PRT <213> Artificial sequence <220> <223>
Lanbda exonucl ease <400> 9 Set His Met Thr Pro Asp Ile lle Leu Gn

Arg
Trp
Asn
Lys
Val

Tyr
Asn
Thr
Au

Thr G YO12p@/08%88 Val 151015 Arg Alg/dal G u G n Gy PSHCREe/MS
H's Lys Leu Arg Leu Ay 202530 Vval Ile Thr Ala Ser Au Val His
Val Ile Ala Lys Pro Arg Ser 354045 Ay Lys Lys Trp Pro Asp Met

Met Sei 54 BEhdepi BrTher Pew AserB055661AThr @se Val LGy sésThr dy
Ala Pro du Val?®Asn Ala Lys Al &%eu 65707580 A& Trp Ay Lys Gn
G u Asn Asp Ala Arg Thr Leu Phe d u Phe 859095 Thr Set Ay Val

Val Tiys Gl reeasprag k& kLe clyafr Yzl o r Met Arg
Al a Qﬁ}rs Se%J alP§ 0 ngI y Leu z@ys ‘ée?”ﬁ?% gly ggggﬂr%lé%gél %5 Gy Leu
Leu Lys Cys Pro Phe Thr Set Arg Asp Phe Met Lys Phe 130135140 WO

2007/ 05766832/ 32PCT/ GB2006/ 004265 145150155160 G n Tyr Ser Met Trp

Val

Met
Lys
Lys

Thr A% %&Mﬁgﬁhﬁd%nﬂp Tyr Phe Ala Asn 165170175 Tyr Asp Pro Arg
Lys Arg U Ay Leu H's Tyr val Val Ile Gu 180185190 Arg Asp G u
Tyr Met Ala Ser Phe Asp Qu Ile Val Pro G u Phe 195200205 Ile Qu
Met Aspold w Ala Leu Ala Qu Ile Ay Phe Val Phe Gy

«211l> 228
<212> PRT
<213> Artificial sequence

<220
<223> TLambda exonuclease

<400> 8
Ser His Met Thr Pro Asp Tle Ile Leu Gln Arg Thr Gly Ile Asp Val

1 5 10 15

Arg Ala Val Glu @ln Gly Asp Asp Ala Trp His Lys Leu Arg Leu Gly
20 25 30

Val Ile Thr Ala Ser Glu Val His Asn Val Ile Ala Lys Pro Arg Ser
35 40 45

Gly Lys Lys Trp Pro Asp Met Lys Met Ser Tyr Phe His Thr Leu Len
50 55 o0

Ala Glu Val Cys Thr Gly Val Ala Pro Glu Val Asn Ala Lys Ala Leu
&5 70 75 80

Ala Trp Gly Lys Gln Tyr Glu Asn Asp Ala Arg Thr Leu Phe Glu Phe
85 20 S5

Thr Ser Gly Val Asn Val Thr Glu Ser Pro Ile Ile Tyr Arg Asp Glu
100 105 110

Ser Met Arg Thr ala Cys Ser Pro Asp Gly Leu Cys Ser Asp Gly Asn
115 120 125

Gly Leu Glu Leu Lys Cys Pro Phe Thr Ser Arg Asp Phe Met Lys Phe
130 135 140

Arg Leu Gly Gly Phe Glu Ala Ile Lys Ser Ala Tyr Met Ala Gln Val



210215220 Au G n Trp Arg 225

5 PCT/GB2006/004263
WO 2007/057668 32/32

145 150 155 160

Gin Tyr Sex Met Trp Val Thr Arg Lys Asn Ala Trp Tyr Phe Ala Asn
165 i70 175

Tyr Asp Pro Arg Met Lys Axrg Glu Gly Leu His Tyr val val Ile Glu
180 185 180

Arg Asp Glu Lys Tyr Met Ala Ser Phe Asp Glu Ile Val Pro Glu Phs
195 200 205

Ile Glu Lys Met Asp Glu Ala Leu Ala Glu Ile Gly Phe Val Phe Gly
210 215 220

Glu Gln Trp Aryg
225



