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METHODS USI NG PORES Field of the invention The
invention relates to the identification of individua

wouel7estdsgles and ot her phosphat e cont ai ni ng NDPETIGBR006/004265

usi ng transnenbrane pores. In particular, the
invention relates to the sequencing of target nucleic

aci ds using transnmMETRODPUSING POREY ound of the
i nvention The current nmethod for sequenci ng DNA

i nvol ves a nunber of costly reagents such as

g*Hﬂ&qﬁgﬁg{ngg%TPs, dXTPs, priners and pol ynerase

ui res sophisticated equi pnent, which
needsTHednbentiopeelates th thy identifiaition cfdndie@asl icRdtidéY @ other
]ﬁgi method js limted to sequences of |ess than one

CPIHATRING SRQLEHES USRS SRR eMbIanp BOTCS e ML RANEF Y, the
iFPdIHOH el | {161 ;
e R SRk Pl o Gl Lo b o iobe
poresce out of the | ab. Cycle extension, polynerase
readi ng, exonucl ease sequenci ng, and DNA m cro-arrays
are nethods that have been consi dered (Brasl avsky, L,

BhckBESBAL 6f theinwintioh2003) , PNAS 100(7): 3960- 3964) .
ese_nethods have been conprehensively revi ened
( Mar zihel qurrept methdd far spdeenoing (M4 Tvolyesra nuReher oBoastiyd.

: - 0 i al. nmet ho f sequepcin
rhbnts ogh, B0t TR AR ol Bt SRR Preftuat s Ribahod
reduifes gbplastivandpquipnene widebdetly ok desat&EBy g Qeaiffldaom
the variation in the ionic current flow ng through the
terdinicians Alse, thismagthod is Linkiedda senueressiof iesaihen ong thousand

: ' al . (1996), Proc. Natl. Acad. Sci. 93:
IE%?E%@%?@?%FﬁiA second potential approach is
exonetheasquaeigenethods {aChdben GnsidereddN0R)er tdietdate cost,
Res..573: 13-40). .This nethod involves digesting the
SRR TES TSR o LAllos Seqhancirs tp ighspriacernut o the alpgaycle
S SIBR pol P 88; tgﬁﬁg,rr :
et al. %E O?Q%ﬁﬁﬁ%?ggggﬁggggggg fg??§é§gfmgnén& en aysare
methoerdsi thgtihaye beanrronsidered (Brasleaskad . nB cHebertdesl. (ROARVENAS

{ t [ ificati f. the .DNA.bef -
ESE IR, AR LBl 62 Lo aBinsb PR o
Aavié Megkesoe (F0ms i, Ryt BieonfiAERy 3exonpgiease. The

devel opnent of exonucl ease sequencing is currently

bei n@sardensiab reetipd of sequenging INA is hesediemthreadingp single
i i h e. .
SRS SEONFER By 01 IR SN, A6HSIs BN o

thefiontd duyrenhowing|eobzlelts poss aghé biwaidds aesddetl gkatihmgvicz, J.

TolEa BT oh e iSEES Ers. Refl” R34 55 33071 FB i 4¥ Dol recone
pBienBXIppfRRR | AR AR E1sE R ﬁbiﬁg )g@ﬂﬁx, RO gzgogi‘ 'M&%{ Res. 573;

through the pore. \Wen an analyte Inter
18+440i Whisgnethodrinvhivas digestingrtke DA AC bizengecléatide ea timiei(Dapprich,

3 855) Colalushr 3G 17 52 W Lol ok sftonyet o 0, N
AR, Rs. 20(BIYEE79) 480 Hhken id¥ativyiRe ddeB: of 2ebrekea®id nubitR gl ent

and duration of the current block resulting fromeach
Hawsyen dhas erpthada requisg ez difiension o8 Hiei D Adfefarh digestidryore.

T . . i.ndin vents can .reveal
R BAYE O Bloohii HoBHIDBa LY BT kAR RIS Breai By
exomarlease. il iddavelopmeppsfexbiuiiease 6équehdh g iscuiiehey beifg held
c@gni&gltgﬁdffiﬁﬁtion, and by use of nol ecul ar

bagkby e dittignity gy idppiiyimgdhe nycleatides o thesiagle melecyjar lovel as
(1999), Nature 398: 686-690; and Braha, O, J . Wbb,
et al. (2005), Chem Phvs. Chem 6 : 889-892). Sunmary
of the invention It has been surprisingly denonstrated
t hat individual nucleotides can be identified at the
single nolecule Ievel fromtheir current anplitude
when they interact with a transnenbrane pore. Hence,
stochastic sensing may be used to identify individua
nucl eoti des and to sequence nucleic acid sequences via
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a processive exonucl ease. The nethod of sequenci ng of

the invention is a rapid and sinple DNA sequenci ng
wortdtod7@8 t he single noleculge level. It is al BOT&B2006/004265

cheap net hod of sequencing because it does not

i nvol ve the use of expensive reagents, such as

theH9e 0E1BNeE By the&EA L | il -

sh}gvvs the a- Kerrpl ySin (hls\)\/lyés? allfcgll;ﬁ?ﬁi tgir%? %Zlndghgwtﬁe hucleotides

using fuarescentdahaling with lipit¢dothesdssi n (anv- bCD). A -

sagit ; \ h,the,a-henol ysin structure, . .
oo 3 o AR Rl S B o mtain
lidibitdyick hthbedrlelieik] uhdsin o id?@rarﬁpo@‘ﬂ&%k/?l e pore. When an
i nteraction o&,§am7-,bCD with a-henolysin (| 13£)7 o
Joplyth iateracts WElhe birdine st widhin dhe pose,-d changeintthe rameecusfent is

' 3 [ t | No 32:RhQs hpi_d
Fpauintlle, S0T, WiRETH L (1597 Elah e BBLPRIRSOR g paviey
Hirod Pufi €enpar ¢26€01), Matnept1Be22@230)i Mhe ketept aglehesticdf of4Re

vl -QRCD i.n the tr . chanmber. L2 ingdicates the
oDt ock ieoufng fSur GER Dindare Siep P YPHS Wewsorahe Ryelyte.
THRS8ehdyO MBEGRANE evénts cAHIE ' CTA
o SR RAE o by oot (Nt PEcBRRon! Vbt
bitstieg sitas oam bn crealve withinl thetpore biewee npprotaiy moxatioheshefiiitial
né‘lo_atﬁé%iloglrsn%ﬁ c}:lgﬁ_e;:c;f uolrlgc Btaaerl]p(%g\{lgsamé ge?rri@%se(r u(,:LI-&n, (SJ.fBrt ae,et
AePOFE)] Natlufe 380 ¥86-89@bind Brahd) Oy Wpdxbirdl 208V bELh. Phys.
aﬁd ?CIVP A - Model of nt herahept%l\prreri c aHLr(po(?? (7AHL) ,IS
Ghempas6; 889-RB2)- 1 13 has been substituted with Arg. A
nodel of am7bCD in cross-section generated in ChenDraw
Utra has been positioned nanually at van der Waal s
Stinsharcebthierinventioa Arg si de chai ns, which bl ock the

passage qf the cyclodextrin when it enters the pore
Fr omit Bas Hopm AEPEPRE AkBI SRR igdiyidusbpgcleiicies ean bre
i®figied bR 'sl L] i n
e L P0G O Al sen it
intavachwdh e dradsmembraoé perey éfenes, glochastic sewkinginay he psedrte

.separated by ~|. qf I hocycl odext.rins. have previously
FERT BBl sugiertines o0 BBt G R Ho B aea et Vi & e
eRbQFASE Seqibdie. i N an ionic interaction with the
protonated am no groups. It is possible that the

over dtqcoxkingly, the inveptienpravidenpmsthed of ddastifiving e ingjvidual

-ication 1 nt ctions between the nucl eoti de bases and
n@ﬂlg%eg@%¢lgésg )ai ns. The dCWP nol ecul e is positioned

so that t g @hestihgate ryeleuidd Witk baehsmwhbiané Ptein pore so

r ot onat ed .am nes of am/bCD and the cytosine ring
that the @tlﬂﬁmerﬁﬁéw@@ég%ﬂ?rﬁi% groups of the Arg side
chains. B r Malel / ore
t 130 mi) PHPRER FiRint f T Eusbl e bt ik P
intercticroacitperty detotnzinimgrthe tjentisy, of whd witléotidshown as a
nodel.., on thg %i t. C: Current trace after the

addi LGSR CLAPEESSt 0 the trans chamber. L2

I ndi cat es jt QQm}rD TN
bound i nsi ollga {lﬁdjeéfr'}%%%ig?l\eé.ei %%%%Ejér{?gﬁ(\t%? E%%gggfte §1tSll%
addi ti on & dBgesting avimdixaded audestidetzorhene eaBosthewsgethe
current l%é’ﬁ? %Ié%tini S robserved V\hcien dCVWP binds to the
(M 13R) 778 b CO P EX SR gaP RIS foms  dXMVP cur r ent
anpl i t udegb) doutdceng tHemaeRoBde withalRnédmBRR frod&h Bore so
inserted in a phospholipid bilayer, at +130 nV

pot ent i al thaighemycleetidewtsrpels pithdeaporen the trans
chanber. A - dGW 5 nMis added to the cis chanber.
The all points histogramof the current trace i s shown
on the right together with the structures of dGW,
dTwP (B), dAMP (C), and dCMP (D). Figure 4 shows
cyclodextrin current levels. Current trace of single
(M 13R)7 nmutant inserted in a phospholipid bilayer
with 40 nM an7- bCD present in the trans chanber at
+130 nmV. LI and LI' indicate two current |evels of the

~ o s 5 o,
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SEQ ID NO 2 shows the am no acid sequence of one

subunit of a- henpblysin. SEQ ID NO 3 shows the
weoaboyrandegot | de sequence t hat, encodes one SubuRCT/GB2006/004265

a- henolysin M | 3H. SEQII)%«) 4 shows the ami no acid

sequence of one subunit of a-henolysin ML13H SEQ ID

NO 5 shovygy i yaughe (=t S

one subun:/@1 gﬁﬁ%nnlyS|ﬁﬁ%ﬁﬁgégﬁ&ggéﬁfEpﬁfyﬁgggﬁgms

R/E iszm g E 1a®§dt1meam;£bﬁnﬁ®bpﬂemnninﬁ}gwha ic}ent:fy f thenwdlgside; and
: S e, pol ynucl eot.j,de sequen e

that enco reg%ng%e@ﬁ ?%35{8&5:1“ ﬁ?r%’i“ﬁﬂ‘ﬁ he nf%‘ﬁfel

NO 8 showsqidnee Qﬂﬂt’l’a@reﬁ? ueteﬁﬁﬁmgrtﬁ@safueﬁ&eoﬁww&c aéld

a- henDIyS|n ML13R. SEQ 9 shows the am no acid

sequence ¢hd| anbda exonuclease The sequence is one of

tri mer ., Detat g saLshg Rl SRR B RRTU o Met hod of

|dent|fy|ng anaugdkmbﬂﬁajmnucleotlde In a first

enbodi nent, the present |nvent|on relates to a nethod

of |dent|fy|ngadHOWﬁHV%PHH%W‘%%%Ieotlde conpri si ng
cont [ ein
por o o ELd Gt By Eel dEmaNel By it ADATF A ARRIEDRIL
sam&mmmg$mﬁMHgnnhfmngemﬁﬂmn@aksdn@tmhhougheqhmc@mdef

durin |nteract on and thereb term.nin
SO A DEHER (eloBbR By S SRR e, quch as
fldysPhegs. stochastic sensing of an individual

nucl eoti de. The invention can be used to differentiate
nucl eotides of simlar structure on the basis of the

if;e.ent ff cts they have on the current passing

rane protein pore. The invention

can FHisgehehowsthel @he@bBAR (VeI l‘B‘R?—FlBﬁtranQJndﬂ%taﬁls 6-amino-p-
particul ar nucleotide is present in a sanple. The
aypledertiinfarsapCR)).s 4 -Fegitts bt thronghathe vehd¢rha ysin structure position

ncentration parti cul nucl eoti de in
A3 Mgt %%@‘@03 -weratilled SEHerErRl AATIDHE oRsible

di vi dual
b0 Bk PeCDN RO IIBRAT | 0 ot her
pol ylrmgdreatl\l dhewb YiCMM detleﬁginlt de Owrhsht UA?NM@T '(M:iél%b)ad
i nvol ves ne o ate ou or, a cleotl ae
%@%ﬂ%ﬁﬁ maﬂmg 5 ﬁgﬁgﬁf@%%ﬂ 5(&1rﬂéﬁntnﬁutf*é|%mﬁ@t of
RO iR MR, BE- Sl LR oY a0 15r WBED) B (RPkans
chegbente inficass theasier leval obrasd wiin aﬁb—ﬂ(ﬂh%lndg @emirarily

least 50, at |east 100, at |east 200, at |east 500, at
ihsdsthe nenepory. Gt dCAAR 6 1B donavaddedite dwscis Fwmbexahpslows

he i ndivi l. n ti ee sted from
thegt® MR BT L AR R o BB S
(§hnggyﬂagggcmnd|V|dual nucl eoti de may however be

bonded or attached to other chemi cal groups, such as
f | uorfegweAB shoives ﬂieeﬁeractuml*c&“ﬂhe:a#hegm@wps(odﬂn)tmmmﬂg

r adi oi sot opes, n 1, 35S pes of nucl eot]j des
hepiakiSdBrilePkY 1B Broveledeida ﬁ%@mﬁﬁ g HQM%\Peansiﬁl of the

h%é&lm%hg%&—ﬁ?{?&e (QA Nn%vq‘} Mep ? P 13 has b-légr? ﬁgss%th?ed mﬁé rj%rg A

rrie usitng a rAner pore sy%?
Mbtief bf AniPCED SIGTRLRBBoP gaieeatén RACIRmBDrab SRR bed 0 a
menbrane. The nmethod is 'ty |calu¥ carried out using
p(oslyloaﬂi @amilefllb/@it aan dﬁ;ﬁﬁ p@lﬂ élstmjp@;r g Arg side chains, which

e T R PR e R

nenbrane conpri si ng a reconbi nant transnenbr ane
protein pore, (iii) an isolated, naturally-occurring
menbrane conprising a transnmenbrane protein pore
or(iv) a cell expressing a naturally-occurring or
reconbi nant transnenbrane protein pore. The nethod is
preferably carried out using an artificial nmenbrane.
The menbrane may conprise other transmenbrane and/ or
|ntranenbrane protelns as mell -as other nDIecuIes |n

N a o Y T o, o o o L,



The nethod of the invention is carried out using a
transnenbrane protein pore. A transnenbrane protein
woaE/05%68 pol ypepti de that pgrntts ions to fl e@riGBame/004265
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one side of the nenbrane to the other along an
el ectrochem cal gradient. The pore preferably perntts

e L L e e

merepmmaﬂyquma lgtoupasomttibated®y theldyRlodex@in sndod ﬁc@ﬁdﬂﬁhgf of
made u everal repeatin sub nits., The pore is
57 G WS S G i AT omeiea oy aiAs Aimipheygeseginms have

o g 8 L S o

m;apul@rat: Iirgterectrqmrwgh thegmotionatad ot g1&1hpsf Hdé bd)sfsfbﬂcf:‘that the

t on W|thth nucl e re for uyse in
A B S i G e Rt ieiSrasHp ks tupea the
lcledBiebRes hid el ArgGlRIU8ds. e P 'rﬂtﬁecu%'i‘ét;) ﬁﬁoned so that
arginine, lysine or histidine. These positi

tbh nhosphiata growp inistatts witle therpeétonathd ymirms af ad/fER randl tie

t t. l h Th
GRRR i Bl B e i O £ P e A e B he
Q@fcnt abee FHE aNiedi €Al BRPYoicH: &1 ¢ V) QJIVYH&rlefeQ ®he current

1_ﬁ)hosphate groups in the 'nucl eotide or by p-cation
qitieg Hupvgnthaiupecauhied ipaeteininanopnze, migtlestshden a7 henquiel en the

S ) BRI L S e 12
iN@sited e cERBSIEYE bb&?véﬂfwﬁéﬁeaéﬂPUf s bBhn F]y RiHi%he n%t%ggrbyD -

positively charged am no aci S typica provi
@arnt thce dfter theraelditidmofist e JBINIP abthe cpashembbR L3uhews the
accordance with the invention include, but are not

itk level thept is0hseryst ydien. CMJ? pings mlie (i k&R )7thom$ CDT¢ranplex.

r ef ion.is
b © L TGS 3R, R0 8 inded ol "ok rhe SEIRIT T e
pofe mestesd ih dehbsphalipRidilagerd st 130Rh WBtdn€i)l. 40 RS/ &% SR
of one subunit of a-henblysin is shown in SEQ

ppesept ipdhe ams qhgmbemé\pt | Thldos eddad tatthedis dmnhﬂr he ell

Rlned BSoRsYeDe aubunLLS e an.anng. achd seauenge, uhi ch

SPpOctered of HGMB/ dTMP (B dAMP EC) @nchCMPO(ﬁ))t he subuni t s in
a varjant a-henol ¥S|n may have an anino acid sequence
¢

t hat Figte dsheyws pydlogaxtgs Cusmnt lepelnoCupentTirse o6 viagle (M113R),

rRHBHIL LR Do Bl AL ROl A, Bl EODIedk AR Y s
oﬁalhBéfQ’lt Y330 104 IO iHE e ﬁﬁ%ﬁteﬁﬁieve& Bﬁftﬁ%o@éﬂg

acids, such as arginine, lysine or histidine
nagenore,laad d3reatl 1i2¢ shicomtved curtent eaels edasui:trngdl’r&n tied binding of ams-

e preferab has rin 6 or preferably 7
@ﬂiﬂ ﬁ!?‘@g?g‘)z:h egl@aera g%wasllwéshlﬁtoasmpgthmcment trace
BVASY! strigtion of
HRGes BBl 1o URERLER IBFAL L 1L PRSHHAZL Do P

t ypi Gagdry 5ghows sieglekyergaahiysis. N)sﬁowaﬁlsﬂ@e Sébtital yiis
Var i ant t ypi cal ln{il ncl ude_a positively charged am no

hisiaggem 01 sl pusrert heyebiron gdfow d5MIPn thﬁf@nw@pblttom Bughews

m}%@%?vgéﬂ%%?%%%ﬂztgérgﬁ{ HIE el iR el iR,
dANDP, dUNEP Sdrsalbil Oy M- JTRITBATY §1|erprélet 1&31&9 Zz%heﬁﬁbéfo”pr i ses

seven subunits as shown in SEQ ID NGO 6 or npst

pr ef Eigbe § showesipiulisnapus wemmn)of ARAVIE h Acshoprsitlsesursat trace
subunits as shown in SEQ ID NO 8. The variant may be a
natural |l y-occurring variant which is expressed by an
organism for instance by a Staphyl ococcus bacterium
Variants al so include nonnaturally occurring variants
produced by reconbi nant technol ogy. Over the entire

l ength of the am no acid sequence of SEQ ID NO 2, a
subunit of a variant will preferably be at |east 50%
honDIogous to that sequence based on an1no aC|d

Y o N o
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weachd/seagsience of SEQ | D NO

pol ypepti des descri bed above. An extension may be
provided at the N-term nus or Cterm nus of the am no
or pol ypepti de variGB2006/004265
or fragnment thereof. The extension may be quite short,
for exanple from1 to 10 amno acids in |ength.

Alats, YEIRY), nivfhit BsbRABIn hHIYhIBid Qiﬂ%@f +156 EnV tential is

exa e up to 50 or 100 am no acl ds. arrier tern

ﬁﬁ’ﬁlje @twage@ieﬁcg/égcmﬁmdam ‘Bhesluftes ne Eristicd Qdmnﬂ\g;l 11Pb8 0 with

PR AFRM SPa b i ehear tiams b, SwAser bt gaSiP,
NP ARSIANIE JRESRIHRH To Mie Qe &mbkE. Om&mr@&%)g&ﬁgqya@ﬁate the

cal cul at e honol ogy, for exanpl e used on

agwlitydeglistiibatiany ef prcled XHP. Bl@é&ﬂ)lyﬂwlblrmnmstdgraﬁe&@arac h
Pl L UP AST
b o2 P PR Sk BB ook Rorom B Bt ey dica

@anhﬁ&mkﬁhuﬂﬂgxpﬂulvalent resi dues or correspondi ng
sequences (typically on _their default settlngs)) for

exanpl@ad shewe Metsialistipal mathach (IweGapssiandigahuiponvgy and B
T Ay O o

iptetskctionyl iaitaedratot] end tepeeseiits theeprbldbilityalf pSeulkigon A(w be

hnol o ormation
5%?&%8 Rﬂﬂﬂ%&ﬁﬂénlnlnlh gov/). This algorithm

invol ves first identifying high scoring sequence pair
(HSPS) by |dent|fy|ng short words of lengthWin the
p3exription ®r match or satlsfy sone

oot ST iﬂ%to?v% ﬁl@?@?&?w% (i SoeEh B Bhees o9t fum

ofefRnidgkiho as the nei ghbourhood word score threshol d
(Altschul et al, supra). These initial neighbourhood
vvor d SHQ B A6} 2ashowe deksarfiimp acidi sequnice gf easubheisof @- f i nd
s.containing them The word hits are extended in
hﬁ@?ﬁ’ﬂ%rectlons al ong each sequence for as far as the
cumnul [
o e o e oD e e S hoodos gpe subunit
ofiat-hemblydieM118Ke cunul ative alignnment score falls off
by t guantity X fromits maxi mum achi evedval ue; the
cunul ﬁ%ﬂf& Sriboys die aming apid ssauanes siwneybunihof prhemolysin
h@r Ggul ation of one or nore negative-scoring residue
Ignments; or the end of either sequence is reached.
The BIEASID &lQydrshbtvattpgyddymetckos d¥\éeqlicasedhaf eteddss wna subunit
%h se S|t§¥|t£;and speed of the alignnment. The BLAST
0 defaults a word length (W of 11, the

BLOS X i X . ' f.and ni kef f .
(1005 D 8. (o TR dnn 8l BANSEE br BbERL 6 hemolysin
Mli3ghments (B) of 50, expectation (E) of 10, M5, N=4,
and a_conparison of both strands. The BLAST al gorithm

per f SERILANG: gishews tha podyriciesiide sgquerse tbatrmp@}qswe subunit

t uences; see e.g., Karlin and Altschul
O??ég%§ﬂ¥éxﬁﬂﬁ . Acad. Sd. USA 90: 5873-5787. One
meas $iRe) I Ne); 18 dhaﬁvb the hiaY hcigdeient O BleAaumt QP&Jhteﬂlm ysin

is the smallest sum probability (P(N)), which provides
MHh3Radi cation of the probablllty by which a match

b | d
chancl IR By Sl T BIHE SR Lo bR el e bepen The

sequeAtOs lbae of tegtsidesidal subligitsnat dsshblewoRriakabi ity in
conmparison of the first sequence to the second
sequence is |less than about 1, preferably |less than
about 0.1, nore preferably | ess than about 0.01, and
nost preferably | ess than about 0.001 . Pores used in
accordance with the invention may be nodified for
exanpl e by the addition of histidine residues to
assist their identification or purification or by the
addition of a signal sequence to pronote their
secretlon fron1a ceII mhere the polypeptlde does not

. T o o o
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A reconbi nant transnmenbrane pore can be produced using
standard met hods known in the art. Nucleic acid

weequaies encodi ng a pore nag be isol at ed andPCT/GB2006/004265
h

replicated using standard nmethods in the art. Nucleic
aci d sequences encoding a pore may be expressed in a
bagiled idedcriptioh ¢Ihé inthfieh St andard techni ques in the
art. The pore may be rntroduced into a cell by in situ

expression of the polypeptide froma reconbi nant

PRSI NNEE A malHEFARIESR, O vector optionally
expr elnsi fiust ehbddimemothgpesthidaverloglirelates ach theBRAWEMRS fying
enc déf a Qore may be isolated and replicated using
LRt repsids compripee sentactoy therpederiide Dk aagnsinembrane
..Orn .
e S0 AL T PROAR! A RS Tha BHEMFR the yrem
mgsml gir p plghettie peierdyriRCrhd iﬁtﬂbaoéiion_gné rezdtfyi @tqgm@img the iddiftity
i fi.ed. sequence nmay.then be incorporated into a
IR st iR THp i cabb s peEeis mriliss SHEPi e PO 0
MEEtd¥al ndMédtMECTRE iRt tecan st Ptd (ﬁﬁeﬁeﬁﬁﬁ@ nh8€otides of
nucleic acid in a conpatible host cell. Thus nucl e ¢
swilar segtenee thedasis of thy differoniceffrmis they Imavdenbilye current passing

Lt [ al ynucl eot | encoding a .,pore into.a
A S BB e PRl csG T oh Get 850 Ppsdgs dermine
wiostator Abea pattuleehdcleotiieisiredh NG 4 Ao Sthaléntiondsh also

condi tions which bring about replication of the
Reatsedfo mepurs ibe corceptgtipeotapsialaduticonde ine saowle.

cell. j it : I i.ng. o .

pol yiiie oA a8 abed:lnel WA AP Rlprionis eripels
mancktotids cAn etividual mocleotddd iaiohe bidlichws ndtisound ¢d &idthaci d

sequence ,encodi or y be cloned into suitable
RRERERARPY arafoltehont Siclsuis howbinvanes emof the

PheSHRCEB6hCHSGRIRDBE e saﬁgﬁ})mi BRRL ﬁlgaiﬁfo%ﬁ o Bhdider

operably I'inked to a control sequenc IS capabl e
nyeleptides i Ah maglividwal miueleetigrr ie $yiicallyafetwischcis siohowsdiyenc e

ost, cel ). Such expr.ession v rs can be _use
Peblifc B8R Wiher SRR S aRen it FofhcL AP tepg ol eas
200atAedst 80,200 0ist 1000 at1b@A 200) o t@stcsmgm%t $O0tESGH: 1438155000
are in a relationship permtting themto function in

nuRlePtidesn tfeon geranmtarthe mdividued nbelodtidedps dpeyedigentast farhy target
! . SR i .
eSO, DR RSALATE Br KL RS Py By it

mayderwevenblé bortied oc amehtd tol ethev dhBmiidag g0P§, Is8th as fluorescent
ggqu?nces NUI{ipIe copi.es of the sane of, di.fferent

1y F%lﬁﬁﬁé@mﬁﬁ§ BeUpHtraniagadivieefoperecgectlor 5. The types of
rRERbESS! B i Q! '

D R i p Mg AP I 5P Bisped j more
deteil bsbovearri ed out on a cell produced by introducing a

ggglf glj-g»j%i a%h&%ﬁgﬁ?%ﬁ&gﬁﬁ%%@ﬁgﬁ%@e% r??ﬁ%g)oge system in
e ilheniiagteyhain fsts felled AR AbAMA0 THEmBARY is

cell under conditi ons which bring about expression o
tymeally rarrégdcovh sping € queriifisial mesontirane ¢dmeprisonzes, naturally-

' , recombi nant, pore produced i.n thi

RLrihE B 1ol Sinbinab o RSP PAS APePiiete 21 o Pt vl
oacuirihg sehibeshel dohpridingtaresoBiaitaRasmdMBrane pidia pbRY (iRfan
,%ﬁrﬁfxanple, plasm d, virus or phage vectors provided
15peate Ratumllygrssueme eEnbraae FoRPHivRg p GABINMgMbrapy potsimpore or

for the expression of the said nucleic acid sequence

and optionally a regulator of the pronoter. The

vectors nmay contain one or nore sel ectabl e nmarker

genes, for exanple a tetracycline resistance gene.

Pronoters and ot her expression regul ation signals may

be sel-ected to be conpatible with the host cell for

whi ch the expression vector is designed. A T7, trc,

| ac, ara or XL pronoter is typically used. The host

o o o,

S "
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nucl eotides, into the barrel or channel of the pore

such that the ions or small nolecules nmay pass through
woOheo7psTe@8 The nucl eotide may, i nteract wi th thecpaB0G6r004265

any manner and at any site. "he nucl eot i de preferably

reversibly binds to the pore. The nucl eotide nore

afcell @ipréssiRyLhatinally-obt -

e PP BN AR Fansllep i protein
PPEsy efh pethodismieferadlit ¢rericheutneingen aptéficidlmafibiahe Ther e

' hrough .t he pore across, the nbr ane.
it BRE Em iR e P Rhne SRAST b Dstomse ardnnes
vl a8 otlidrenoletul 8 ah baditiod femb &ahhﬁerﬁwciﬁ@?xbtefiﬁ Yfend
throggg the pore in a manner specific for that

nucl déeiprghodefithelnygpfien is sypieallyicetriedroun iicvigrot i de wi | |
reduce the current flow ng through the pore for a
particular tinme period and to a particular extent.
Mewrlynmé experiments nmay be carried out to deternine

the effect .a ticugar,nucleotide_has on the current

f1 ow 5”%9‘??"66‘8@1?’[[0{1}%%3 st toptas doweotfiprmand aveleptideso Jthe
ndefbrimd 6 Qebrarhbll RS [ Opj i &

T R T e SR TS
vithgayentientcan he madensing mietheds khywa irpthe aftc Fomexample, lipid

leoti.de in the.sanpl e or determ whet her a
ol R e et B (T REt g bR Bof AL FIRSRd ang eiclloy@o72).
The BMURIIcS thd invbiti mﬁ%&@a&ﬁ@@&ﬁth@mgngﬁ% &g@}#&!“fohﬁgdr ROh%ny

u

is affected in a manner indicative o tic

mRiraslingé inchidings buea limjteddo.ahospholiphis, glyendipids; elidlesterol
au?éa r>1/1t1 es %?éoefpﬁ%gﬁpidrbifa & é%?%gap%rggllyg’g a&f’%gt?l lgggipﬁaggﬂ—

e carried usin

sisglycetol B phasphodheotisg.i gati ng a menbrane/ pore systemin
whi ¢ tyansnmenbrane protein pore is inserted into a
menb R%Fﬁ‘éqc{s PFRKIIHB dhe ) [ dnsering redesointo memhggnanyuch as
1iBANATa9EHS Fh | | far. St | | ng., For
e, e ARy bR en S s TR TP
seintieemtaising ellpid bitkeyansich thair diffosdshathed@pdbadyes ahdi

. ch er..into.t sections. The barrier has an aperture
SRR PhE RTS8 SPrgbiies BmeSond biria.
ATogativall,ehé beie iBYbEreea iReHEMin ik rbdiEorRRl @si;lg%the method

i ntroduci ng the nucl eotide into the chanber.
desgabedoini M- Agldere B. Baylssiuk ddni Ghem. Soch20050127%, 16602-6603.
sections of the chanber. The nethod of the invention
i nvol ves neasuring the current passing through the
Tmsmembrdnagrotelgioaet i on wi th the nucl eotide. Therefore
o conprises an electrical circuit

t he aratuys als
C apa@ﬁ%mﬁ? Ogﬁﬁ ﬁ}?’i IRYENIRA ineraged Pwigising adrasgmeinbedne prajeial
. . d r b
P2E! AR AIE A, R TR B B Lo g o

ca(rled out usl
orfrred et tho thepibedrertaieypothenabdnges dlétrodbemiehl @adigiiC The pore

clanp. The anpl e di scloses one way of carry out a
Prﬁ%f%ﬂiy B?@Hﬁ%ﬁ?&%ﬁﬁm e tm gpepele pL thganembrane to the other
db@@ﬂﬁﬂ@&ﬁkﬁ&ﬁkﬁp@%dﬁﬁ@ferab|y conpri ses a nol ecul ar

ac

aptor that facilitates the interaction between the
por elTlmppre ksctypigell ot oligomerh&hagertio prefympblyandde upas several
t 2 h hysi.cal .or. .chemi cal. properties of the
ref e B phit PR R f PleriHig Deterric Bf beptiete, The pore
typiaall ecdrhpitses barraidarhaxinel #RoEA WiicRHAbSs hig aekar ge of
the barrel or channel of the pore or specifically
interacts with or binds to the nucl eoti de thereby
facilitating its .interaction wwth the pore. The
adaptor preferably interacts with one or nore
phosphat e groups on the nucleotide or interacts with
the base in the nucleotide by p-cation interaction.
The adaptor may nediate the interacti on between the
nucl eoti de and the pore. For instance, the nucl eotide
may reversibly bind to the pore via the adaptor.
Al ternatively, the adaptor may interact with the

. — .



10

15

20

25

30

nonophosphate (GW), guanosi ne di phosphate (GDP),
guanosi ne tri phosphate (GIP), thym di ne nonophosphate

WO IMR)o57d6ky m di ne di phosphat e, (TDP), thym di nePCT/GB2006/004265

tri phosphate (TTP), uridine nophosphate (UWP),

uridi ne di phosphate (UDP), uridine triphosphate (UTP),
cyti ditRehaffenarinesiiet f iy bl L RRAS R
(COP), cytidine triphos %hﬂaét %PI(C%%@‘E@SS? WP ot
failiopshistapréioe withahPhucleotidei & prrafiosisaen aconkpbowith diee

. eoxyadenosi ne nmonophosphat d , :

T G KB SR SRR T BB Hubiisbirbing apide such as

atgihipbOlypilabehibtARE) Thede P¥¥AUEHCRArBE] ARNMORRRRRRA)Rferably
(davpP) , deoxyguanosn ne di phosphate

dGDP) ,
lerabseysanths sPRBretangH dagbrired of elempyl, (Ta@&(%znimmpwis tepically

] el L sphat e. .
f?@éf_}‘_ﬁ[}%}ﬁé g-g%ﬁ@%ﬁ@ﬁ%?err‘lgﬁ? é?%%ég%}géaﬁgleggﬁggy ?nhteractmg with the
pgemrllrﬁwg'rdlhmén dﬁmmmu Mg@dﬂaﬂw pg_um) integﬂﬁilzibn lwﬁﬂdtihe ?gs&irlzl) )the

1. pho te , oxyyridLne {riphosphate J ,
n&%&%&&@’@ Pﬁlﬁ oEe Df?aﬂ%}s E%%{l@g pEiesvi)Velehskgadanpigp agids, such as
iRines i hiffon &6

D B, | g SRR Kb Aol ARARE QR Bponnel
Hanppositiwgty clairage, amiiGvRcidris t@hdally Phevidadddyemich déthemyprde
dlaejri.tved fromthe digestion of a nucleic acid sequence

s 1_%?ﬁs'as ribonucleic acid (RNA) or deoxyribonucleic

aci d.sultdsle ports dr 136 &l £RbIFARSe itR MeAnPéiiBhndide, BliCare not
acid sequence may be contacted with the pore in a
ligndtpddpn q-hpmpkypineporing apd dmkoeidinsequence t he whol e or

part -of nucl ei.c acid, Sequencing.nuc]eic acids in
accor gﬁ%:%grvr\? th ) ugggbﬁ‘a ! \%‘Bgalilﬁ‘e 'Pelgf){yts’i‘?eorian‘%‘ﬁ’fti on
thetedH %@%@ﬁ‘@nél?siﬁ%f)& idedrdiel o@@é&ﬁ’-idéﬁ@i@al%ﬁ{lﬁ@(b ath@ric).
typically unnodi fi ed, such as when the nucleotide Is
The sequeded ofometsheurdi afeshémalysih iashed @i SEQID NG uk Regant
Alfernativel X tpe nucl eot i de Hag be nodified or . )
IHAREUBCTIORRES LR B oRaer 19Te Sidhe BFvey SHly bas eramipgacid

heokhis vaRYs Hém! (D | 20 :

Sfme%eal ing | abeSI fIP(rﬁrna)t/ﬁaggf gﬁ? Igulitlpéglaggyglgég ﬂa%sgﬁ?%ﬁng&g.
1t a3, ut) teart 7 diitht suthwitsl 6t @ edreht aShencdidiemaghelsani mainodeid

fl uorescent, | ecul e [ 0] sqtopes, e.g, 1251, 35S .
SSROT TRCTICE B B S H Nefeh i 6yt Gloupids within 3 varian
pbdeRir€ BlpidhlIph &8R4l Bubm@P e AkkdrgR! € bi ol ogi cal sanpl e.

The invention is typically carried out on a sanple

t hat A prefemedryatiant ©f ot leeinmolpsin dess@eadranore hositintlgichamed amino
aglae or, nore, nucl eotid The invention may pe carried

S.... y _Dbe
B S & LEiRHIce DERger Bistidierlsces ne thpsaaistiigeipa et fhgdarrel
onBRsRcl. dafetpold/prieferdb N AW rin bt £ Blok prgéf&ablghfgposﬁvd
i nvention ma %e carried out on a sanple t on%lrr%
charged etainpiacids ofuch agargimimn fysineur | hésidintg boated neaphesence

in.the s l.e 1$ known .o xpect ed. . .The i.nventi.on may
S N A R WA TR

pRNidedWyadch b aNar cERINIS TV Aian GHRAN Y Ahiida pHRively
organi smor_mcroorganismis typically prokaryotic or

chajed yrainp acid pesiier b1 3 9f aseh svliywitt Themera foe usd indhe invention

iR BT BN AT T Wamsotiies SPGB o downdn
SESHTRLE 4@btERAM] &Qﬁi&[ysﬁ%fM?ﬁPﬁQWf}xlfcﬂ%T is¥d sfek}fne

The sanple is preferably "a fluid sanple. e sanp

subppite a$ $hownomSEGES NO: I6antymdsk prederatly tohkerpaliysiaih1 1TRE
anpl e may be urine, | h, .saliv nucus or ammiotic
W?‘f‘ﬁpc(ﬂ’nl?ﬁltsgﬁ EVHt &‘b&%ﬁ%ﬁ%w&da S ﬁ%h@: 8 serum
Typically, the sanple is human in origin, but
alternatively it may be from anot her manmal ani mal such
as fromcomercially farmed animals such as horses,
cattle, sheep or pigs or nay alternatively be pets
such as cats or dogs. The sanple is typically
processed prior to being assayed, for exanple by
centrifugation or by passage through a nenbrane that

N g, o o o o
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buffer is Tris-HC

carried out at a pHof from7.5 to 12.0,
wao20@/05f@8m 7.7 to 10.0,

buf fer. The net hod

fromg7.8 to 9.

Is typically
from7.6 to
5,

9.0 or from8.0 to 8.5. The 'pH used is preferably
about 8.0.The nethod is typically carried out at from

140CThe vhABRGay eoah @By -looc HERED hri ANwhdGs Rpr8&deEby an
from170C to 7Q0C, from 180C to 600C, 190C to 5Q0C, " or

OFgaMR

dpransignopdnie Stepleyleaocresdacterigme f arignts alsmineludeinon-

G N

length ebihe demsndcidremopivesfISEQEID BIOE 2, asuldANRf ad/hNEht wGVP

for ribo

Pﬁ{}gﬁa&%&é i‘e%gﬁ ﬁ%ﬁe%é@g”%wi@ﬁ%%@%ha%ﬁ%ﬁon TIANO i

: f e | i 0
1@&?1%}1&)21&@8#&@%&%1%‘2 thesﬁﬂﬁﬁl@ ggﬁ?eﬂi% n?e}fbeaeﬁ 1685t 55"{‘;@? rl]eé)aat 60%,

secon odil nent,

the In ron r

ates to a

ableagid§lie atlenss 78%, at Ipest 76Ug latieast 8004 ableaui 8% at least 90% and

TR0 B O A Pl S i B

t@¥RMUEhEase seduRhcEHIBES 1D NDID6vep ded &diké

transnenbr ane

§Ruhdeh There may

protein pore so that the nucleotide

be 3t kepd S0, fpr xampie 3ideast 8%) 90Ye a8 83 Yongminkaciguidensity over a

S? ere deterninin

ioggOd grr rggl%hfotr %gmgﬁl%%ﬁg

s i

ent r

teraction and

e efietipts amino

aeidsl (‘bdyd hepedagy'Ng steps (a) to (c) at the sanme end of

the nuc] eic acgd,sequence and_t hereby determ ning the

sequéHBEogfFidisy

LA T

e of ‘a nucl

€i ¢ acl’d sequence

Stipansineayzhs ade g feamingcickseghence of SEQ ID
$106 bﬁ@,gb%r 6050 tRhs SBGHscR YL ©

InN a successi ve

swuigatihgions magybeenadepfos egameple cacttdinpolths fllaving tablee Amino

<SR S aLion o s Shel el EiorEREthETL e Sunstisg in the

tHiRBcdltheh @b RGuBstRaRd & JAsk bihat| Y- occuring or

artificial.

For i nstance,

the nethod of the second

enbodi nent may be used to verify the sequence of a

oa-o-68

y= =y f 1y I~ot+go
SGAREMATIS ¢y i
(b) and (c) of the
generally identica

cheot—de—The et
:§I%P3P° #rried out i
met hod of the seco
to the steps carr

rod—of —the—second
189$¥}o. . Steps

f r omP8TAB2006/004265

hgdr eprbodi ment are
ed out in the

met hod of the firsi
t he di scussi on abo
and in particul ar

Pelatodhehargeddi scus

seB Addve. Al of

ahad

e concerning the f

concer ni ng the nmenbr

St—erpoettrent 3
aﬁgs, appar at us,

pores, nolecular a
that may be used i

applies to the sec
nnnnn d

pa¥a'e a¥a¥a I
\SAERCATAT sy

h the first enbodi m
bnd enbodi nent. The

o

TRDPL SharBelE! €0t 1 JEb Al

5 d conditions
ent . equal 1y

HUu€Reic acid in

LN _anv
St }

VLY Gl

sanpl e

L=

-

hs di scussed above 1

nt tvniecal Ly, Ny
LAY LJHI CUAT | ] PI

B e i rst

enpbodl nent. The nme

ffod—of the second

embodi ment ey be

carried out on a sanple which contains one or nore
nucl éne cacicts amhwseidegidesce thes amimoraeithseqiérice roff SEQVIEI NO:

t he hod. of th
2GR s

SeC

gifiep

A aeebali Tok.

be carried out

hiePet 246r 44

rRBE Pk B ARRed Br g, sanpl e is known or is expected.
The nucleic acid sequence is typically anplified prior

t o b&anignis sepyancdade sidbunigs mhde
' t. P [ I T
e b el R AT S e ERE B §E

damaends oft 31Q o ANMR. Such

et 30, o, 2B pr

sequence with a processive exonucl ease to rel ease

i ndi vi dual

nucl eoti des from one end of the nucleic

aci d. Processive exonucl eases are enzynes t hat
typically latch onto one end of a nucleic acid
sequence and di gest the sequence one nucleotide at a
time fromthat end. The processive exonucl ease can

di gest the nucleic
3!

to 5 direction.

acid in the 5

to 3" direction or
The end of the nucleic acid to

whi ch the processive exonucl ease binds is typically

I

o - o
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successi vely digest single amno acids fromthe end of

pol ypepti de such that they nay be identified using
weli207/08ea68 or mance Li quid Chr ggat ogr aphy ( HPLC) PCNGB2006/004265

honol ogous net hod nay be us in the present

i nvention. The processive exonuclease is preferably

250aligdhdils MlbRGhe JudOrddagenty AR HE dg? gn(': itk gé EhitheRR b6 res.

Met hods for covalently attaching t Ive
Ao e ginentauelsrably edveprises e gote fmhingldwvmn pHSEQADAY®: 2.The

rate rocessi.ve exonucl.ease must. funct.i on
o oA SuREAE BRI Baffh SOPREE heBiigtys chprions of
SH@IRNQ: f?arClﬁhﬁne ptdtd&tﬁhaofe@tafb imad Homub)Res J&Eﬁ’ E&ﬁﬁﬁéiﬁg
exonucl ease, able rate of activity of

fﬁgaeeesqr@ertm ﬁﬁ@ﬁ@épeN P2+ ke Reretes ghastiet past Q%a:dnmenc

{ I
PRIt #Ed bR Shils o b8 1r 8PorPMos 2
pe r &Qi‘@(mdnore aﬁuﬁmacﬂdb&naiwhé sdoirhatieslyrraddaoasty a(fcfe@ 0 the
e t|d r second, fromO0.9 to

RlverRis detises SBbiorn Gienpiongracbeptoygen atihe - fagminus or
®Em
PRI Snts Al it OO NG5 ARt
f@g@@é@bﬂﬁef ekemeri¢nstonenayche quiteyshawyfob exaan;bie éwed! tnl10 amino
varia

nmp proce
aé@%nucﬁ%tglgé%teﬁwt ey @88{5@880%61%‘/% efga?xaaml? ¥p /50 or
108 ymie AS@ A BarRief SrothaneRy B Filkell B¢ anh Mﬁﬁtdcﬁﬁse I&lﬁe
activity ot processi ve exonucl eases is typlcal y pH
a@éﬁ@ﬁaéhfeéﬁﬁﬁmﬂhat their activity falls as pH is

d d t '
oSt ASRoad AT B uBled1E BRSRLSTRGITRYL 1<
ekam]xhe Zhaumeea»acme ppdr{fldlésaﬁe BESEFEF propbdny waabcshtttan%e @sed to
te t|V|ty of processjve exonucl ease
o aledorgplom o eamplatsoh Bnis ACHE POHnES iy renmRee/dA 984)
NiRlYe MiGhRERhLECHCONEHI S 935t | 918 pIVIRUF 2#1& B I}l@‘f[ealgonthms can be

detrinental effect on th activity e enz
uggddo velculatg/hapholb gyrorn lurwglpt fequerete(soth as’mdemfgzmg&:quﬁ/ateﬁt

out the t hod of con nent
SR ab P ot e [tiasaBEoT Re Aarel o tingg). o
efdtipl¢iat YeRbibed B RRZWHIES. M, {1904} J Mblgvaﬁkéfzﬁi §@@tA1ﬁ£h1hlt §F
activity. For exanple, the method of the second

e@#ﬁé@ﬂﬁéﬂﬂoHﬁvl%b%é@}l%d out at a salt concentration
f f T t t
or et SEThToh Berf i B A8 BT AL Bt thrcpgl he

Nativeal tGeater ablsmoteelnaﬂ@y Inforkiation (HgM:/ Wy . i HBE St govy).
Tﬁazég out .th g enbodi nrent of the invention. The
15t

Ogfthumin ‘é?s et ‘Eﬂtkfﬂﬁg@@oﬁw@é&%ﬁéﬁl%@aﬂdﬁs@ﬁbby
i
Bat SO 8o RIBS SRR USSR g g
smtppeﬂiﬁimﬁalmd ﬂlnsshéld (syccrb ffd\e]xdirr alrgned' héthprwedssitivesame length
cussed above w th

. th
“fa)e(?aggtéaﬁg Sequgnte, gle §éﬁ%ﬁﬁ‘§ dh ?He bourhpodayerdiseeredhrghold
(Alchies: of %ﬂptrab S?Eesé 1ﬂlﬁﬁ% BBHABEd Wogcgﬁllt&\ﬁ?tgi&edg— R

pore may be arlly hose SCUSSG
inigqtimesaarehesdo tind HSR’ condgibingithent Th¥werkhits aragxtended in

rise o or. nore other .reagents or
e T LR T E S
bergickeasedTemitéaned fahby & otdhikeinGasR §86ktioH re M when: the
gents or instrunents include one or nore of the

C%@PBW slignment soorg Bllp affbyrthe yuansitu ¥ duan de maxirows)achieved
nmeans to obtain a sanple froma subject (such as a
vessel or an instrunent conprising a needle), neans to
anplify nucl eic acid sequences, a nenbrane as defi ned
above or voltage or patch clanp apparatus. Reagents
may be present in the kit in a dry state such that a
fluid sanpl e resuspends the reagents. The kit my
al so, optionally, conprise instructions to enable the
ki t to be used |n the nethod of the |nvent|on or

o " o o
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Hept aki s( 6- deoxy- 6-am no) - b-cycl odextrin. HO >99% was

purchased from CYCLOLAB Ltd Budapest, Hungary.
wa-20Emsweguanosi ne 5° nmonophogphat e sodi um sal PCOLHE20®A04265

purchased from Acros, 2-deoxy-cytosine 5'

nonophosphat e di -sodi um salt >95% 2-deoxy-thym di ne

V'{hlué‘%@ﬁﬂxﬂﬁ

2- deoxy- ad eﬁggsﬁg(éé&ﬁ%ln%?h%%%‘? 2&5) 0 a{%cﬁ?nm]sﬂaa l?n gg%% 5o

mersracBpliNeascotng aisieBligmm e g siphetdeo fatitherosijuence & reached.

B RrSE B R AE B BB S A VR ot specd of

{89 Wigraneht g T8 BEABT SroghBeRh s adralles deoﬁQGh%t (88lofr 194
vvere Surchased fromAcros. Triznma Base Y0 WaS

scpripgimRfrhisentanikeff, anéﬁiynd@ﬁﬁ(éﬂ%a’ffea Na@l. Acad.
%3%%%:88%*%%?3@22 HeBfeais BIRE ARbeaPiloRTE) bbfoomma s

qudracdoagpdisdn ofboth geanddl dri ch. Pot assi um brom de 99. 5%
and cesi Ew gggri. 99% were purchased fraom Fl uka.

Equi p AS b 2gomtian peronms stetistical apalysis of theprmilesitym
HOREen tht e R_L " ;
L S Ay M R P B N o S
ASASOL 537 e hithTh dPnemasasusad sihiddriy m(s/ldndlliyethe BILAST algorlthm

SR e B uRE GO hch BEBpdomn oo o i

probaaliebyahivies thatdhbeBRech tRBBRAGhcid sequences would occur by
cal cul ator. Experinmental conditions Lipid bilayer

qh@mq Jios sxqgmple, 4 saqnenrefis egnsidered similar to another sequence if the

l;egtl dsﬁn'%/ ﬁrﬁgﬁ%{h Y n§ i O;%k%rgﬁ%r ﬁte hos 89%%@ %bg'xré%gb equence
1G| leasretaarabouti If, Ipw‘efabllyaesg Ghatiabpod ¢.C &hb@ﬁﬂ&i@rafblﬂ R34 tB8h ABBut
wackness fr %m ?oodf el low, Malvern PA) separating the
¢ 2ad st prslerehly lesp fep @boutfi®lei s side of the chamber
was
oo B R OO A 0SBy g ORER B Bt
thteditoreof histidivatesisluef totdsssttthen sieshﬁmtmh ec pudfieatiofloe by the

S e T U i) 5 v
Mﬁ%ﬁtﬁ@d&é@@lo@ hz&uﬁll? %ontgﬁﬂl\éacl@é @&{dfﬂ@é‘tﬁni&?‘h% de@f bl

out at +130nV, XMP eXperinents at
reRpde thmvﬂﬁ)epe@mrm @cfomsmtah@rfer aitrtchingaiitost SO spr@rt. For

Fre aI| uot.s of. nucl eot i
Sairhle o 150 B bRt Y SRR LG GpBChF Bingo
theltneﬁibra’r&omterrper ature 22.5 +/-20C unl ess stated
ot herwi se. 2. Results 2-deoxy-nucl eotide

nonop%agiﬂ«ra%%e '@h?liﬁidd’f/ﬂﬂ}/a Bivedlinglabeindbe a%@ah@g Jsbelaray be
? HEQJIQK bgll\dvllnlﬁ’ %Yo@?ﬁ%%ﬁesto%ew&%dbgﬁ%&%lg ﬂa%)éts ﬂﬂude, but
ngl e- channel recordings were carried out on the
anonat-lheiptdaopfli@epenianolkoules; dadisiontopdd, ey *A3RSyérizpmes,

any- hCD | ied rans side (Figure 2A and
aﬁ‘gi’o‘g?%psﬁgu%lﬁ%t éég%g‘tbéerﬁ/ ‘H%Iﬁ %f P& pore renai ned

er ar
R iR S e N A O R R L
Staphyldacrcud Burdus burfriaste. syiheticedigior by memmmmammm R’lﬁSD

hamber, al ds
Spbll s RUSREL BT S SR B Pt P TEs opsRriplion. Fhe

amigo! beld 3dqueBecdthEpadiRaytd mbdifieWROcRAE hbh%ﬁm?iuy%dawnng
dCWP to the cis chanmber, a third current level is
agHBe AGidHOLP inareasg thq siaifity it ecanoand C Wik the pores a2B,

D) originating fromcurrent level L2. L3 represents
the binding of dCWP to the conmplex of (M 13R)7 with
anv-bCD. Addition of dXMP at up to 300 mMMto the trans
instead of the cis side of the chanber did not lead to
any alteration of the cycl odextrin binding conductance
states (not shown). In the -experinmental conditions
descri bed above, current bl ocking events due to
cyclodextrln blndlng wer e observed mhen unnDdlfled

o o o o, o R
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wanpl7iosudes from i ndependent

t emj, ng
cPERalRlg] 0#@11% gremgdhahest gl

dTMP, . 3C for dAMP, and 3D for dCMP. Qut of the four
dXMP, dGWP bl ocks the nbst current. The current
§xperi ment s di spl BgEGBROGH04265
vari ations that originated fifom i ndi vi dual i ties of the
protei n nanopore. The average current, at +130 nmVv, for
p . 0

OMNed b Sl shohsPdhoh Aind AR BAPCADaeituithe
productibor €he pares i aise beumodified follawéarsg dther symithdticates

zed fromdifferent experinents between 0

wer elg.nortmal '
TR ERTE RHUEHR ( ML13R) 7/ an7- bCD current |evel set to
65 PAheld€esdi®} Alsd béBrodtiéddfusingdd-aBAEdNadaMin WB&h cases the
cal cul ated over 500 events from each of 3 independent
agyipe p¢idewilEbe lelisddn 19vere sTausnee . theweb N orierdation. fhiofs
. dT d a C\VP .aver aged fromthree
C|gn = E‘Sﬂ%lgﬁit herrét?g/g) 4 éorr?gﬁ?lg.sua}%rloge&gxqr rpleﬂtl@ﬁr rent |evels
At phkA Buldbert dfgideLthaidtmddvlicaiiny dre@bldiviliih $hd MParb €5 made
| evels LI/LI ' when the protein channel is unoccupied
te thegigeechains of the Rayes. coek mradificatiant imelvdarfopermmnle t he
' I G - !
rRAEHEIhnt 8930 3ERs 4 AV ENEAE0h bl Bl gl
folowedbypdtdteoncuith BaBIH, eanildination tvéth (nhthyll de)irhidea opadydation

‘{.E{EgUﬁeé{ﬁ% 'dsilﬁl is the nmain current |evel, as shown in
IHE9CHE BMYY5CFi gure 4. The binding of anv-bCD to the
NanoRYFRolBaRSt frfhshdhbEAle R cdn®é rg(thfcgﬂ 'hgﬁg @faﬁgetlrahétgods

and L2' (three |levels are observe . .
keshwnnii theTire Mualele agidstquenvestx@boding & perepnayt le¢ solatadaypdr e

i nd dent Ly of. l.evel . LI LI * .. L2
el oG o tindan i BF Spe Bt Geid Smioshancpdingpgore
e xpeeskdd in bRk térialtebst telPiisigh Aatdad fERIRRLR tHel ar@NThe

LI'" conductance | evels of the enpty nanopore with no

PREpRRE he indpdpesddnioghcelieingiiv cupressiaved the polypensisievienn a
. - N . | g .
A R R MR RO s g

pactapteeto dontrbbihe @xfresstori oisthe polypeptide. 4) . The nucl eoti de
bi ndi events sonetines vary in anplitude as a_result,
of | wANEHE B é?ﬂuepwémtdzn%maorﬁzmytb?elﬁola%eﬁ@naa%péwat@@ﬁfmg
AnlardRAetBoisiih 185t 08RG ' ' or
SL2' ag he th;XHI\% ktJi ndi ng e\f}l\gﬁgmgquimgfqﬁg%gg@%t%e?n%&alpgre
pedrnsing, organismeaish aoSaphilocicessadeny dileagenotndodag the pore

nucl eot i bi ndi event. histogram (Figure t is
TR e R ing o Rt o i frapttiedfeghos
rhey th@rﬂﬂé’ﬁlc&g)@fht@i@kd/é focBinBHaNtrefN@Ble weRIMhéasdd Qbnhihpe
bound cycl odextrin current |evel L2' described in

VEStgl r Ehegveckr guayebesised gneepliprie diefrugleinnséd inet qomenratiblechost

\ . .  ned '

L e P T

poBnnclaotidd diodiage poecintoa rglivdbes eectdtaingodudih§eiengctor into a
events off |evel L2' gFI ure 4) have been

wirdey coniliangrighiely bring about

[ : :
o P S e Ktch B et 0 a0l el
h68 deHs fursbonitpeofprdynrckohidesdinagding e pbs: &t knownin thefartladd
ha\éﬁ1 ﬁg)een re(&gv.ﬁg,l t herefore the histogram origi nates
descoibed Bampredriit lo%he separation between each peak
seenghebielc defll stBuédd@Rnbdlint pdidWeM e clbRMNiINGithigse
events fromthe recording did not yireld a conplete
expigssien vYestorofin amexprpssita (eeioguthe nd@yic agid saquense bncoditps
cycl odextrin current levels L2 and L2' shown in Figure
4 were not taken into account in the single event
anal ysis histograns, and resulting statistics reported
hereafter. 2-deoxy nucl eoti de 5 nonophosphates can be
identified fromthe anplitude of the partial block of
honohept aneri c pores forned by the transient conpl ex
(M 13RW heptakis 6 am no b-cvcl odextrin The parti al
bl ock of (M 13R)7/anv-bCD pores proved to differ in

o o N a o - s
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observed when the anv-bCD binds to the (M 13R)7

a- henol ysi nnut ant (corresponding to L2 in Figure 1).
wohi®/suegent anplitude vari ﬁ? bet ween pr ot ei nPCham@l6204265
within 5% fromone experinment to another. For this

reason, the all points anplitude histogranms were

¥alhiss An&edod fal is L

U T o e Bl R DTN D capable o providing
fai hesgprgsgion piths gediag seanengsdaidhahesticellt Suct expaession vectors

d %éﬁ’k@d"to%&fsle@é Fg&iteon. The nean and sigma (s) val ues

0 0

of the sane nucleotide were averaged fromat |east 3

| ndekrdernt “epepsbly HRkddS réfmho 6 Guttaddiitite wiRdein NEMnSponents

Cfeval ugs listed in Table 2). Table 2. Average val ues of
PRIRgf & s relainasher Pamiking thane it fometian istheininsended manner.

A SR PRSI OO T LURED o o

thasresprgetien of thedoding seceper is metiitwedwindbr @nldit#bns compatible with

¢ uclnzoii des (f)re E si nul tagﬂglouslg/ 0 gfr@ at | east 3000
UETEG PHE R M RIS SPRiES Phhe SR ot gidisrentpere gengsanay be

iMesdickd Idie R et3P0Hz | ow pass CGaussian digital filter)
and normal i sed between 0 and the cycl odextrin peak at

65 pAhgsxpression Mesdorahay den be inttvdugatdintol alsradabletokiemtli (Rus

[ s... The. peak ,val ues of each, nuc] eotj de re
RBELTERIR T OR RSB AT ) R S 3G LRl e o
nd}leitadol EseduerR@aicotihyl @ Sorelinto ag Rx plesdiSPtécist, WhRHSCiAS thet
nucl eoti des are gr esent from5 independent

VeRpE It AeEpatitie baciesial hett gakh aatl grovaing thaveosh o wagter
. f alC er|lap _of the .
o SR R R b Bu T ARl rondinaae
pateer/Altahatively) tied recdrbiasntaoee poés@dtin tHifMafoedt 9edy@itSisolated
frog; g)ll 4 1ghucl eoti des haye an overlap. The statistics
figmy the bapteriplhoshoaligndiipserigd e ApptasTgRembIRA®M one
nucl gok ivegofsAnebd f8RkhpI8 ) Ammiti! iRl gé‘&é i
nucl eot i_deofsr o%e}'t) he | eve]{) ’gpf Qszr\l/lg’rﬁg% Ogg);ha en Ctrq‘%geprowded
vathansirigin df sphicdsion; eptionflly hpsmmied footliedapension hathesid
[.11S: .nej ors. The point of intersection between the
oSl SRR old Ba il o ey B G blodhye e epiamanay
cPaintdn@ds mige Y& Bcthble Atk @ XBRSs! 1R Bkariplb R t8f-acSEline resistance
nucl eoti des), and s values for each distribution
geRfi- VERmeiers e othen axpepseipn rega afion gipinals wed vt sethsted to be
[1LTRL T robability. is given.b
oFHPEICT R ke pdi STRF SRR ERRRRIA s Ao e
lacherd mitXerprempbtey & typicallyt tisetthe nei ghboring Gaussi an
(Fi g%e 6, T@ble z The first colum_ of Table 4 is
t he nuehedceldymemly expresses dheparp ate kigh lovghoHesteelland
traFForfnh ddSWith @ WublSicMaRl sel | i '
cur(r)ent alrrpl It udg;%?asgflgen :Sé%ﬁ)g{ t%%gb*ﬁg%’g%ﬁ&%ﬁgé g?
cothpatidielwith tluc tapotssive veoter tsed ad Jransforne thebaich c Thd has cell is
itself or .another_ nucl eotide (horizontal). 3.
il el e Prefetb BuliGheridid a1 ko eal ithinde DE3 Iysogen,
forleRempRidAl ﬁﬁlﬁi ' p h& a N the .
i dent ?fi cation ’o?géil %1?33’ ﬁgy) %{)[?;@3&?%?{ {Bg%)ég%l{ﬁsd}?gaml
anh@rigerbBucinexpeess e yedocionprisay the TApesmaisr.a cheap,
rapi q, and sinple . sequengi nmet hod .at the single .
ol € EARES By & PR LS SEaE e REPITEAcaop b3 weH akein
ligwt kBtbnefto &eshieseleRO EMDORLFRHSENE brddARsHY ta.‘FtEleL%Uérﬁﬁnant
expensi ve reagents, such as fluorophores. Al points
CHIresiEras desaibed abevet flypicshprotaialigeid Shrendtogtaply systems
identify each nucleotide with an accuracy ranging from
74 to 94% (Table 4). The dwell time val ues of the XWP
and dXMP are too simlar in the conditions to further
di fferenci ate each anal yte. The statistics drawn from
the anplitude histograns can be further inproved by
conpensating for the cyclodextrin current |evels as
shown in Figure 4. The current anplitude difference
bet ween each dXMP is about 1 pA. This resolution

. T Y I T
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Lowering the tenperature to 140C or increasing it to
50C did not interfere with the detection of the

wdaxP/oxhdes However, it did n i mprove the reseCUAGB2006/004265

of the anplitude histograns.” O her a-henolysin nutants
(M 13N)7 was seen to bind an¥-bCD but no nucl eotide
ifgh@cFPIO0, METACHSRMEChe HuMCa@%@tzmaﬂh@ &Wa&@%ﬂtﬁﬁ&‘%wm

didn't yi el d detecti on whether  anv-b was add
g the GifomBRA.G sypiem: dbe é@lturailyrmugmg@rcmmbnmamﬂs’ -produced

ver Sj m I
rft g A o e B0 HBlrg B et e fop e n
a]:@df)ianmtvaﬂtthaﬂtd/eaﬁﬁn bCD but the peak separation
bet n th | eoti des was snaller than when (M
13R% ﬁ%‘gafc theinysption way eaploysnyens oh e measalesgvibed
apeve successfully identified with this nmethod, the

resol uti on bet ween each base was inferior to that of
dXMP with peak separations smaller than 1 pA for U, A

d C._The all, point t t litud
sction el e i S8 B hose of axvbe.  wi th G
di splmginelcbfig heyss to&wtédemth Qﬂ@ﬁcﬁ@%ﬁ eh@GideThhe

fol | owed by UWP, AMP h the highest current
TRGRTRRG dtéhe(@mﬂoné@ may Ibcewngl):ed tprtbe ppne.omaﬂlthvmda@ﬁhé or

W%ﬂ%am S 'ﬁ? R r?ﬁﬂa%&%n%cgﬁwg%% tﬁpﬁ‘?}%r? Bnife or the

nmmlrhm(thhﬁﬂloadsﬁﬁnmtbn&r @ (Uré eh@NEw AbfokSihe MdnMrene along an
ucose pagosphat es (glucose I P and gal actose | P).

5@%@{@0 g3digthg Thaeslertidednpiséarellx sontaetediwithni snte of the
A R A R T R P R B RE R e or e

nipnehyrehe d"e)rtexampkdoﬁs nnctotydeets doatagtedl efthahiead of thetgokewhich
.difference.is %Sﬁr veﬂwbet vveq%n XMP ang dXMP_ suggesti ng

I HS PARSIR OB RGeS Hisentfe 9f dansor gpall moleedesy Bick ap n

nhif8otd R dinf0ilk DbV ok chArXBLNAE pBfe dudl Biat féliB% @¥mall

i ndi vi dual nucl eoti de, conpr|3|ng (a) contacting the
lequisstmatepass tiought thaneteenbr ane pr otel n pore so that

t he I er act S

esa e rEAEbAf H FHASSIAM b pblkin Bl SianB0 uiat sy ity The
nut:ieomdetlﬁeaedwmva;@my b@ag Bythd bR MHainvglebii@e MR PrbioYably

of the nucl eaotid nmet hod according to claim1,

resEsRly findsdo thﬁb@rrsk@r tbﬁ chanpel afthe pove. e Pugleotifie most
PSSt WA 4y S RBREL i NPT Suh
themmmehgressthasmestboane. i n SEQ | D NO 2 or a vari ant

t her epf nmet hod according_ to claim3, wherein the
var i Z%?anih? err %etvseen&l%@?wdse%ﬂmmge the nyeleobide

affbct§ Hidl diredt Howinp @f[r@h%h ?)ofépiﬁ% A hpce%ﬁibcafof'm&&%&ftlde

adaptor that facrlita he I nteraction betwee
Fauetaoutlé, depastiahlar hneclp@tnd;e wil reducethi odtrent dlowdignirdugh the pore

erelnth daptor is a .
e er G S 88 R B B g Pyl eprimentsguay be
cireiet 00 PAURALRINRGhS Offéd Y pRRfull nhflBotRIcSS dh Mtk &lrhMBowing

wherein the individual nucleotide is a nonophosphate,

thapypghohp Ratee Reﬂsultsr ﬁ@n@gﬁm@g@ut the nethed ¢fighe Inyentiati oga test

wher ej
e%&gbhg bnuc ot I g‘g{}ﬁr{go% F%rg%ﬁgfn t‘agfm%‘?l APEFEPFRY 4R

oaiecmldemtgfytacpacticmilaimacleéﬂtt[d inehe @@ bsddigmhied @hethst £P

a) digesting.a ribonpucleic acid %?NA sequence to
PHH ‘&%’g‘@ gh%ﬂ?f@teaaat thp semelst iThe freguensy gewhish the current
according to any one of clains 1-7, wherein the

i ndi vi dual nucl eotide is a deoxyribonucleotide. 11. A

met hod according to claim 10, further conprising

before step (a) digesting a deoxyribonucleic acid

(DNA) sequence to provide the individual nucleotide.

12. A nmethod according to claim9 or 11, wherein nore
than one of the individual nucleotides of the RNA or

DNA sequence are contacted mnth the pore in a

1. i " - o M T T



10

15

20

25

30

16. A kit according to claim15, further conprising a
transnenbrane protein pore. SEQUENCE LI STI NG <110> | SI S

WO RMATdeON LI M TED <12 0> THODS USI NG PORESPE€T/&1B2006/004265

N. 95303A SER <150> GB 0523282. 2 <151> 2005-11-15 <160>

9 <170> Patentln version 3.2 <210> 1 <211> 882 <212>
Ning 4Hrdy i ; i 3 2oti
IR e i
endegyed tocdeterovngthe condcentygzoragfshat clebtideinpghSemplsp

lie Asn lie Lys Thr Gy Thr Thr Asp lie Gy Ser 1 5 10

1 5 aat act aca gta aaa aca ggt gat tta gtc act tat
Mpparams gaa aat 96 Asn Thr Thr Val Lys Thr Gy Asp Leu
Val Thr Tyr Asp Lys Gu Asn 2 0 2 5 3 0 ggc atg cac

aaa ahif Pethod mayibgrcartpd qut psiag anyyenparpies thatds swifabbeafor

: . i he lie.Asp .
R e b oSt 8 T Syt i B
iagrated dgtoaanemtanea c Ehamnethyé tmaydie caatedl@R uliag ahy sSpgayfus that
Leu Leu.Val fqi Arg. Thr_Lys Gy Thr lie Ala Gy Gn 5
i§ SHikable for stop %ﬁa S@ngsfngt 10T SEmpfsfhe appagRus eanpsse a ghamber
st t | i r -
SaprAs dr Ao Syllod o Bifrigf R e n B R o
seefzongc d he berriea hagpamansayre ingvidelathe neendrngatmmaingha pore is
a 288, Pr.g Ser ,Ala Phe. Lys Val G n.Leu Gn leu
%r oe(gseéheﬁé%le@tlge iy be kRegigd g&éﬁ@be Beredy dmﬁ?qa’(‘clnc,gtth@ at
f@leotidé i€ theaiambal THRGulbti@fhad 68 idAAuSintoAlithdsEf the two
Gnlie Ser Asp Tyr Tyr Pro Arg Asn Ser lie Asp Thr
segtéonsjof thaghamber. 105 110 atg agt act tta act tat gga

ttc ] 1.3.84 Met . Ser. T

Log Tt A8hod Bt adiyoRiba BbIAE tncBRin be el Bk thronen

thd pork2rih mtacatigpaith dee %Ize?ﬁg@ dgmeirel_@td tlh_afap%ﬁahsg gl@al_

aat gtt t att ggt  cat rr dy Lys lie y y Leu

qowr%ﬁ/a%@gcm oy5yit egpablejof applying apd mgysurirg arigeciienl signal
C t 3

ks B Bbrld ind Bétel” The Btindg fia P80 Hltusleh (3 clamp

Offarvoltege ¢lempGlhe Swthddrmpefeddly BOoESthEaRe af4 pafah claaw. The
aa gta ggc t aaa.qtg ata ttt gac aat. atg gtg aat

08 fiscldiee o WAy Oy Byp Brigh UG8 0 Pro Asn

Asn Met Val Asn 165 170 175 caa aat tgg gga cca tat

al aga %at tct tgg aac ccg gta tat ggc 576 G n Asn
?460’@15/“ "Tyr Asp Arg Asp Ser Trp Asn Pro Val Tyr

Ay t C aaa.act aga.a
ggt tc téa?‘gmég‘gm%g%o%gge%éﬁb%% 1%@9%8 @nhOIicéIE?rlgﬁ%ptﬂfeaﬁ“at
thyilitaldsthhingerdsionGeyw Sarthdpire ayd thAl riicRbadASThel @pRP Qypically

205 agc ttc ctt gaf cct aac aaa gca agt tct eta tta
hag pn eHect Qg dhe PRYSER Orﬂéﬁm?é prapgrtics pf thegopesthat improaye its
iRRFacBE whiBYhd-RibiRIde SThe %%ptgﬁgpiggigr Atkrs he Qhérgé‘ of £ barrel
gac ttc get aca gtt att act aty gat” aga aaa g€a téc
carghari2DoSbe pPrewr ApgrifitedlyAhtaratisrwitadr Bihds Shtie Madleohslp thereby

fg{igtabég itgirgergc?tif)nhéﬁh ﬁégnogg %gaaé&oprgg?abgg%tgggs %gttg one or

318 plbdbhafer i i .
o P98 e SRR ool b Bl flec

byar-catigy iafarrcton. Boeadaptor avty methatg e i8bactbn beisechiite
nLEBot-mer an%etfle ggrre. ?F in-g{a celz', XRe 1910\{60932 m'%%/r}e\;ggsribl%smﬁgche 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
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260 265 270 aaa tgg aca gat cgt tct tea gaa aga tat

aaa ate gat tgg gaa aaa 864 Lys Trp Thr Asp Arg Ser
ween07@swesr g Tyr Lys lie Asp Trp A u Lys 275 280T/Z353006/004265

gaa gaa atg aca aat taa 882 18 u Gu Met Thr Asn 290

<210> 2 <211> 293 <212> PRT <213> St aphyl ococcus

RO HRTepich o W B ora s b St of P
t]ihllrltﬁélaymfka]actL\emh Wmlnu&]eotld'qzrhAs_ﬁ)_ Lys G ghésrl §OA§5 As
ES? Yo ddpelogissdifmg §%\§!%5tﬂpérﬁﬁr9¥t wilheggremd dppethepegtre
ﬁﬁbir?e 1lﬂyct%d@,1Vochhé bﬁrﬁ oﬁlcﬁmﬁeyoﬁlgpérg ﬁﬁeﬁg’u\]_é{ff Atﬁb‘ Qda?\é?dr nay

Asn Lys™ Ser
bﬁOJOWEle@@y altawh@iato the hamﬂ@r channehof tize poﬂﬁesu tl@t fit ctaanomwe

90
orb AP sdabtotBloicald nies g BF aiird gialor, rihe QR gLPrefabibly has
Methg SBdevdhimin®erdiys. This KR, oﬂﬁﬁn&ﬁbuﬁs MlagSﬁ‘teM@i wikh rthe
Gy Asp Asp 1ie 1 0 125 Thi Ly's

de\ncomgiynafign vagy a Ang ofpes 1tHreéy qf@ogeﬂwnma @cmih in uhe u

Thr He Leu GQu Ser
c@‘ﬁtn%‘%@n %@% %gdlogghﬁﬁﬁl gﬂtﬁe ké% Lys Val Ay Trp Lys
Val HDse RiitebldsdapAsnis Mg?tlo&/adtnﬂs Thd bdaplotGs préferfBln hésiakis-6-
Trp o Tyr, As Asp Ser Trp Asn Pro Val Tyr
@WO%CE@SXT@&‘R@%'@}? Leu Phe Met Lys Thr Arg Asn
Gy Ser Met Lys Ala Ala Asp 195 200 205 Asn Phe Leu

Asp Pro Asn Lys Ala Ser Ser Leu Leu Ser Ser Ay Phe
Pidlec2itlé 220 Ser Pro Asp Phe Ala Thr Val H e Thr Met

o o T e ol L
Iﬁﬂ:ﬁsoﬁ&@ cadtie fanitalledcdirig br Rrtifftial S@r nuUHon&@ fyp Xsleﬁﬁtams a

Thr Asn Thr Lys Asp 260 265 270Lés_l
rsv@ cobese, Tpugappryl atyeast gre phaspheiperpup qnwgob@v@szmcal y

. >, 212>
oSl SR iop 680 b S CRb S e 57
dpecificalbi atdeﬁimta,aguanﬁﬁ%h?nﬁ&? tizacillahd é%&he (‘BH9 sugat B2Ppically a

<220> <221> SC feature <222> (53) ..(53), <223> nis
REntosg sugag Sulfgﬁ lesTigars gcludsplut arg et lingikad; fperikosp and deggyyribose.

Thel mRleotid€ R yMcdlfy Ariborfucleotde orocﬁeotxyﬁggr%leotlde. The nucleotide
typically contains a monophosphate, diphosphate or triphosphate.

Suitable nucleotides include, but are not limited to, adenosine monophosphate
(AMP), adenosine diphosphate (ADP), adenosine triphosphate (ATP), guanosine
monophosphate (GMP), guanosine diphosphate (GDP), guanosine triphosphate
(GTP), thymidine monophosphate (TMP), thymidine diphosphate (TDP), thymidine
triphosphate (TTP), uridine monophosphate (UMP), uridine diphosphate (UDP),
uridine triphosphate (UTP), cytidine monophosphate (CMP), cytidine diphosphate
(CDP), cytidine triphosphate (CTP), cyclic adenosine monophosphate (cAMP),
cyclic guanosine monosphosphate (cGMP), deoxyadenosine monophosphate
(dAMP), deoxyadenosine diphosphate ({ADP), deoxyadenosine triphosphate
(dATP), deoxyguanosine monophosphate (dGMP), deoxyguanosine diphosphate
(dGDP), deoxyguanosine triphosphate (dGTP), deoxythymidine monophosphate
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<221> msc_feature <222> (58) ..(59) <223>nis a, ¢
g, or t <220> <221> msc feature <222> (926)
WO 20@267668223> n is a , | or t <220> <22PET/GB2006/004265
msc_feature <222> (991) . (#491) <223>nisa, c ,
, or t <220> <221> m sc_f eature <222> (994) ..(994)

@222> ( 99?}1%“118% gl)pﬂg%l gle (ETPE ?’;h%?f}?ﬁ?’ﬁig@é@fﬁ?ﬁ’gg%giﬂp ),
dczzmmdmemoﬁqﬁtoapratﬁz@zwnd@@gyurid'(nt@ﬁ}jh)ospdme@dUDH)s a,
PO o e s

dBos eytid Bleipiospiia ?dﬂlﬁ)]a@ﬂi deoXyk9H&he li%h{i &P). The

or t <220> <22 m'sc feature <22

olepbdais peaiEEblAMS, AMP, SMPGUME AR AP or dCMP.
m SC ﬂe%c%rgggé é’éé% %%8\%](1) omg“ﬂe (%%ggélﬂg%% fgﬁlﬁc acid sequence

, or 1t < M SC_Teature

suclﬁ 4048 nUsREBacid (RIS ARox dédxyriBonuct¥ic dcidi2Ridivididd ira’cleotldes
sc_fe tur ,<222> (1052) ., (1052) <223> n is
m agn wiskis acid sequeppesaay begenipgedwith the HCUS’F) a Sequertial

7 <
P 3f9§f‘§%§%%55§?1% o or Bitgidhe bygqedaaSedincing
mpcleioacids in22CordaR2 ivithnthe secord embediaR22of the @B&Ehtion is
085) <22 , t <220> <221>
4}?@‘836% éH%Oﬂifr‘ et@gE[Q‘SQW?losn .g(logr7) <223>nisa, c,
g . OfhdmRRfde fsdggically &ﬁncfdlﬁéﬁ ‘é{l@h 55,2\31?&1 thd B9Aotide is

(1098) <223> nis a, 3
derived from the di gestion of a nucle1c aci sequence Alternatively, the nucleotide

may be modified or damaged. The nucleotide is typically methylated. The
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

1251 338, and linkers such as biotin.

fluorescent molecules, radioisotopes, e.g.
The nucleotide is typically present in any suitable biological sample. The
invention is typically carried out on a sample that is known to contain or suspected of
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
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 iz vitro 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,

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

Typically, the sample is human in origin, but alternatively it may be from another
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<220><221> m sc_feature <222> (1100) . . (1100) <223>
ni sa, c, g, ort <220> <221> m sc_feature <222>
WORMOBF7668(1104) <223> n is 3 , g, or t <PRODAEB2006/004265
<221> nisc_f eature <222> (1f10) .. (1110) <223>n is a
cC, g, or t <220> <221> m sc feature <222> (1117)

maﬁﬂri]al £)infe? gk A flotn @omm@rmal farnddd dnifi&ie gﬁch%")ﬁ'orses cattle,
msc_feature <222> (1128) ..(1128) <223> n ,

ajﬂeep BF pigs epmoy altrpatively bepdts smhus eats 22 dogy 1131)
<220> £221>
’I

m sc Lf% %aﬁ[}pée léﬁlfga qugge)sséd 13110{33%;)&25 3%5aye(l, f example by

@ntnﬁlgattonﬁ%(?@a@géﬁlrmglfa_ﬁleﬁﬁialrlé Shat 5243 dul &ﬂ@ﬁnted molecules
(1140) <223> nis a or t <220> <2

% C@Hsﬁséﬁli 8 ed blopgcelly. 1”2137 samrgqmsjoe axpgreh 1mme@1ately:upon

lgenzgl%gx; ’ﬁ%égmpfe algﬂ t?é%y%nc%ﬁ& gtg)fedfpzréé ﬂ)é 13521 %gferably below

MOC, feature <222> (1148) : (1148) <223>nis a, c,
g, or t <220> <221> m sc_f eature <222> (1151)

.(1151) <223>nis a, ¢, g, or t<220> <221>

ature <222> (1155) ..(1155) <223>nis a, c ,

@br?aq%éi%t <220> <221> mi sc feature <222> (1160)

. ( 1180 methad »f theiisveation nvoligs Ihdlheetsuﬁﬁ@@?a aﬁﬂeh?passmg

sc, feature <222> (1164), (1165) .<223> n i
fﬁ}oug&ﬂﬂ% Bars Spidmserastionaiit ok ppleotidep Buighleapyditions for
medshhiRd lonf@dRtentt though traﬁsmer?bra%é)gmo?eé% é&%? aﬁ%&ﬂ)ﬁrn in the art

m sc_feature <222> (1169)
apd digplosed in the Example. The method is carried out with a Voltage apphed

across the membrane and pore. The voltage used is typically.from +50 mV to +200
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.

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) is 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,
from 0.9 to 1.6M or from 1M 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
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 t0 9.0 or from 8.0
to 8.5. The pH used is preferably about 8.0.
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<220> <221> mi sc_feature <222> (1171) ..(1171) <223> n
isa, C g, or t <220> <221> m sc feature <222>

W()]za0775))37668(1176) <223> nis ) , or t <PRDAEB2006/004265
<221> tnisc feature <222> (1]?80) . .(1180) <223>n is a

, C, g, or t <220> <221> m sc_f eature <222> (1182)

- (118Ko mehdd s icﬁll}acamEd outSht frof 14°Cﬁ3"i@5°(f%1%11?1 5°C to
m sc_feature <2 1188) <223>n i’s a ,

P°C, Bpml&Q2@80°€2ﬁpm Iﬁ SdoﬁOéétfmne 1&‘2212»60(’@1191?9: to 50°c or

0> <
bRl L R b e fyoBledns S Bobne,
g , OThd mBﬂiGé 1s<p&8ﬂe?abﬂly Shrib®altut ¢ 15032t bi1H6)1 M KA ¥96)

<223> n is or t <220> <221> misc_feature
deppy<i emlelfytldeS(Sl mpphezzbaie,rﬁup% apdAMP, dTYIP, dgiMP and dCMP,
f 23>

eiﬁ?%g?,l f@g%’ tBHSzFe lﬁﬁ‘ﬁ%gor %uc(lélrﬁ%(sag%? Iél(é%ggpé’lﬁ 2guch as

AMPQSMP CGMP%)iUMEB> nisa, c, g, ort <220>

<221> msc_f eature <222> (1210) ..(1210) <223> nis a
g, or t <220> <221> m sc feature <222> (1214)

Mez@z@aglaﬁ)eqﬁg;?cgﬁgﬁhdle?c@czds , g, or t <220> <221>

m sc_f eature <2225 (1217) ..(1221) <223>nis a, C ,

g, om Etse&@ﬂbembtﬁzmbntmhs inveptiomiredate2@2om¢tha@ 8§ sequencing a

LR i etnus fppsips (8 cialpe ebsdtvigiaf Sieotide from
¢he,en@lof thei2rpPseqdente uling & pro®8dive Sxonadiéasef @3 3dtacting the

1231
nucfeotlde 2N1th 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. Hence, the second embodiment involves stochastic
sensing of each single nucleotide of a nucleic acid sequence in a successive manner
in order to sequence the nucleic acid. The whole or only part of the nucleic acid may
be sequenced using the method of the second embodiment. The nucleic acid can be
naturally-occuring or artificial. For instance, the method of the second embodiment
may be used to verify the sequence of a manufactured oligonucleotide. The method
of the second embodiment is typically carried out in vitro.

Steps (b) and (c) of the method of the second embodiment are generally
identical to the steps carried out in the method of the first embodiment 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
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
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<223>nis a, c g, or t <220> <221> misc_feature

<222> (1238) . (1238) <223>nisa, c, g, ort
we200ms57e21> nisc_feature <2§§> (1241) .. (1243p€Ra:332008/004265

isa, C g, or t <220> <221> nisc_f eature <222>

(1255) . (1256) <223>nis a, c, , or t <220>

Aol Seon 1 AR, bl 2Bk gé%ﬁ?%@%%@cﬁfﬂ@

1der(t11ygggl)uolﬂq 3oidnwhesegpresepce inghe sammple isd@ R ordg &}z;pected The

gat ure <22 7 267) ,<223> n
né’lcl’sc’elc(-)z}cq';1 SEYSREE 1 @fic(gill g%)hﬁgipxagr t)o l)f%§e@11%eﬁ usmg ﬁle
methdPdthe s€oddd embbéin®nt. C , ¢ , or t <220> <221>
wisc _f eature <222> (1273) ..(1273) <223>nis a, c ,
, or t <220> <221> m sc feature <222> (1282)

< isa, c, g, ort <220> <221>
ngékg’?g)é’é"t’%‘rg% é;zz (1288) ..(1288) <223> nis a , ¢

. (FhetmetR@Dof thia Eécbnmeﬁxboﬂlmufrﬁolﬁrgi Zont{cti@ e nucleic a01d
éﬁe “) <223> n is a f. <220> <221>
SRy Uhaprecessiye 9‘%“1‘2]@55)6 to rftliazg Q}dl‘@ézéswﬁlepgde& fromg one
ed of e fucRIRTd. <%@€ss%%§eﬁ&?éak@seare g&iﬁ})g]ﬁ%@plcally latch

.(1300) <223> n is :

Ogltq erteganidtod aambketcwghmqggg:agtad dtastdhe a&cgtagcecm@ matleotifigat a
atasttn

566G n He.L tn C ,
e dE e ool gt et G e UGG i e s
td 4dixadioNoa 3 Ty 5 Qidéctldd. THY enf? the Bicldiy ack€ fo HBRIth The
Thr Val Lys Thr 10 15 20 gat tta gtc act tat gat
Paeeesyaacarclgess bandy is amu@ﬁa datgemiged thrsegihGhy Chslpe bEenzyme

t_Hi L
o e e ool REart? Bl hidugoh et Sy Rune
either @id@f elieamgidlc 260 sﬂiﬁn@’rﬁaﬁ@ﬁnoﬁh? bEluSed¥Bpré®Rt biyfacilitate
t%lnglsAsanLsLeuLeuVaI 40 45 50 att aga_ aca :

ngige oA the piPeesgae exRpuctease to apagtifalagiend pﬁfhea@elegraa&ld
g@j@ tbe Arg Thr Lys Gy Thr He Ala Gy Gn Tyr Arg
Tyr

Ser G u
Any processive exonuclease enzyme may be used in the method of the

invention. The preferred enzyme for use in the method of the invention is lambda
exonuclease. The sequence of one subunit of lambda exonuclease is shown in SEQ
ID NO: 9. Three identical subunits interact to form 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
same manner and to the same extent as discussed for variants of SEQ ID NO: 2
above. A variant 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
using any of the methods discussed above for the production of transmembrane

protein pores.
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55 60 65 70 gaa ggt get aac aaa agt ggt tta gee tgg

cct tea gcc ttt aag gta 296 Gu Gy Ala Asn Lys Ser
wa29o7l8wel a Trp Pro Ser Al a,Phe Lys Val 75 80P8TH/GBagN6/004265
ttg caa eta cct gat aat gaa“gta get caa ata tct gat

tac tat 344 Gn Leu G n Leu Pro Asp Asn Qu Val Al a

G n HiR ®ethodePthE%Ecohd lenBBdBrent M okied c@&gctﬁ%ttgé ﬁ'l%lér: beid
gat aca aaa gag tat cac agt acg tta acg tac

SAﬁ‘genAQ withdhe progesaisjs exbmuciapse @ thatmhe nkilsotiies afehdigestad from

110 11 aac,
G md Rk Rcitet o 398 b @1 G0 ffer &Fm Bt g
rx‘é&&oh&&hnﬂf@bo@ﬁoe%ﬂl Asdirsttmboaimést ©f theSnidn¥iod ¥iekddls for
125 130 ctt_att ggg _gcc cag gtt tec eta ggt cat aca

qoing thisgre wellknpwaan theget. (Fey exprapley Edmamdagradatzan issised to
st
BEo g At Hhe L i Honf Bl e baRpgfte ih Fiiney
Igaabgl:;_ﬂliian@@ezd HRG BErgh Pﬁnﬂh&:e 1[%24161[ g]élrdikégo gﬁphﬁHlPISe)r A
ro.Thr s Lys . tgg aaa gtg
hemplegoys é‘%?gho@l:i}z}/i?a g@%jﬁgﬂ ESTPI%%%‘: ig¥entiogy gga cca tac
584 R n
Trp -glﬁ ﬂlif’?%esél'{?}% e):blé%%dlg% 1 {Oéfeg%g]?yclggga%{g% eﬁ%tg h%agtg “gééc
ttﬁ@gmgmgramatprcggm pat. Mathods for toaletly adtachifg theAspcedsige
Asn Pro | Tyr y n A n Leu Phe Met
eﬁyg CT‘?ée ef@‘ée aﬁ%Fveﬁg‘Bo‘é{ﬁfn gﬁ al'((Acs:t atg aaa gca gca
gat B rhfeGt GlhichdBé pfoebssPBExOBR1cHEE mﬁétgﬁlﬁ&ibn%xm%%&hod of

Met Lys Ala Ala Asp Asn Phe Leu Asp Pro Asn 200
tbﬁi%ﬁca%e@badla@m ltSéJdol@ctHé( slaveerflean the aptgmal rtatetoftaeaﬂéwe

st oRihoRAS. TEihR R vilr diE o i aRicqsg in
th@ineﬂi‘og of ¢die @gmcbaﬂbcglaﬁertte@voﬂtm di@’stlﬁraaf 6@ (BRto HIOD
r%cal% 6 Val Thr Met Asp Arg.Lys a Ser Lys

PRE ﬁwﬂn froap 0948 590 @ueéa@h%f@ @ela%eao%& 7g§a%‘099a
Ribleoti@ls pQ:@Eee%ﬂ@ ﬁf(ﬁﬁ O%at@ lbb Qu@l@&‘u&eg %ela&tcoﬁ(ﬁ gfo%%q’ﬁ\{@%%
e Tyr Leu ' H's Trp r
n@eleoiz@ﬁ ];)25 566@6@ ox: t a) %thOr Iwmdggperae@)ndaThwe apeeferably

a ttet87 Pro. Asn Trp.Lys Q
95, DA s4R D Aelsofidhs piFioodnd AchiNg rate Pr pbiessirh
cAéBudl&8e B@RiHTAn bahcldrdah Galiits WwHE. FBReRAFHHaArigad
atg aca aat taa 920 Ser Qu Arg Tyr Lys He p Tr
p@%swise@nucl@a@s veih ameduced @ptiwel 280G vity masbeused in
g%(ghgfc@ gmh@&gt ataatttata actttagccg aagctggatc
cggctgc ac naancccnaa ngnagctgan ttgnctgctg

ccccdtiegativinab Bmrbagsiae dhudleBas ¢ERpicgly QHQI‘e,@Elﬁﬁﬁgsuch that
gtttttgctg aangngnact tttccgnnan 11

gtct gng
5 R I s s T ed etk e ecnsibed orie sesend embodiment is

{ ot
SR SO 3 SRS P 0

pnefamblyt dboat illaaaaancc nnnggggggg tttcnnt nnn annnccnttn
aangggcccc 1280 .cn naa nnnt nggggn 13 <210> 4
21445556 B RO i TS e O Y Ditsallg il o250l
cﬁgc?e%ﬁ‘aﬁ@)ﬁﬁsé(se M&eﬁ 331%?11 élrﬁs)alt coﬁééntﬁagff? tygﬁgl@m a at

| ocati on st ands he. <220>
dgirigeental @tfﬁﬁcfeomthg E&tn(lty)of the( ezyzymzz :Amom wa)a#limating the rate of
r Phe

oh5RUe b SRR o Beso ¥ BBt i
cndefttafibreth¥pddds @t fahelkutividh Y f Y enZiihe 'Qvfiﬂ’loﬁt Kivedshly

Ser
affecting its activity. For example, the method of the second embodiment may be
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15 . 10 15 Asn Thr Thr Val Lys Thr Qy Asp Leu Val

Thr Tyr Asp Lys Gu Asn 20 25 30Gy Met His Lys Lys
woabo7Pawedyr Ser Phe H e Asp Asp Lys Asn H s 3BC%B2606/004265

Asn Lys Lys Leu Leu Val H e ,E\rg Thr Lys Gy Thr He

Ala Gy Gn 50 55 60 Tyr Arg Val Tyr Ser Gu Gu Qdy

SR S SER bR T30 B, el
peferby Mo B®IMI n H e Ser Asp Tyr Tyr Pro Arg Asn Ser H.
e Asp Thr Lys Gu Tyr 100 105 110 Hi's Ser Thr Leu Thr
Tyr Ay Phe Asn Ay Asn Leu Thr Gy Asp Asp 115 120

o Thr Ser Lys He Gy Gy Leu He Gy Ala G n Val
Ser Leu Gy H's 130 135 140 Thr Leu Lys Tyr Val Gn
Pro Abye third empedifirant, kheinventiodl alscSetatdrto kits thal @y b6 Bsed to

88 T in o i BT oL R B GE e o
g I
Aagergﬁlﬁg @gﬁlésﬁdédswb?wﬁ?g cgﬁfrgnV@s %rod@mﬁnél.g@ ajiwjziﬁeﬁﬁge

euaoauﬂleaﬁeAE,be zggomwavrvigwbbf@ptw 6!@ -6 cz&glﬁdwgn The

B18-3% R b SR R 8 S o
@emd-@'rﬁb&ﬁﬁleﬁﬁ 01’h%3d§t ﬁéﬁreﬁlﬁﬁﬂhﬂr ddmiprssa Hagsndpbryad pﬂdtein
e Tyr. Au Arg Val Asp Tyr 245 250 255 G .n
Pgre. Thgpmm@ebe ot %&%eﬁrsaus@yé alpg\p Wik reherpncprip the

qggg 265 270Lys Trp Thr Asp Arg Ser Ser Gu Arg Tyr
ie Asp Trp Gu Lys 275 280 285 Gu Gu Met Thr
As n 2%he K]Eﬂrﬁy aBditidgddily doRfi@ise2he or ik otBdr3maghntsi driimst@aiments

LB B A A e

S@t Wueh fehddits brbtruméRSincidd 3ie Br in%reaof th€ follo@vm% :Qbitdble
<220> <22I> msc_f eature <222> (56) (5 <223> n is

bufferts) (aquequsgrolutiong)2 Orsarsip Dhtain & earﬂ@laiﬁiwnea agtdens (8B

<22
b W e ob duhesly ity helos SRR SRR goia
seq@éndes, 22R0Mbaae A défired abewd wxe)ltsga?&aaa&ammp aﬁ&@aths

Egazg?é;tsr}nallysbeaprésent n t%e 'k1t(1)rr1 atdry<szta%tg >suc<lr12t%%t>a H?Jl?icsalfl‘lle) etrléguespends
the reagents. The kit may also, optionally, comprise instructions to enable the kit to
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

In order to bring the size of the ionic conducting path of the a-hemolysin
(M113R); 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 (am7-BCD)(Figure 1B), which has
seven amino groups in the primary positions, was used. When the cyclodextrin is
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
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<222> (994) ..(994) <223>nisa, c, g, or t <220>
<221> msc_feature <222> (998) ..(998) <223> nis a ,
WO 200709376681 t <220><221> mi sg.f eature <222> ( pODGB2006/004265
.(1001) <223> nis a, c , , or t <220> <221>
m sc_feature <222> (1003) ..(1003) <223>nis a, C ,

& 35101 1nﬁ?e%ﬁu$<]szﬁé ﬁre’&rﬁ%ﬁﬁ?ﬁ Yhdrt (Tlgt%ﬁg Zg&g%g%other in the
marsxw_dstamw pkthe 272%2;;6{ th@du@‘l the pdr@l IhlSQﬁﬁﬁO?’al'glmlﬁe ang sttugture

ﬁas’t&%él‘fi)elzéé ngllmgghgsp ‘gfro%%trg{ﬁ?m <1§%§1§dg1rgézl)igng the XMP
zinS(E{If/IPQﬁttMZI%ré 25310 BBl These(Vidide oTeddate %le'aﬁy Qetectable

, or t 0> <221> misc_feature <222> (1052)
thrqueb sy reagltigs changs imcyrrent amglituder t <220> <221>
m sc_feature <222> (1067) ..(1067) <223>nis a, cC ,
g, or t <220> <221> msc_f eature <222> (1083)
1.. (108Gteridldad methede , C , , or t <220> <221>
m sc_feature <222> é&O%g% (1085) <223> nis a,
g , of-hemeppigsmutapl 7 W@a@m@s@mwﬁwwﬁ prekusly

Y/ S [ t

AR ERRSS ab g ooty S BD,
g, or t_ <220> <221> m sc_feature <222> (1100)

. (1100) <223>nis a, c, g, or t <220> <221>

ICR6at ure <222> (1103) ..(1104) <223>nis a, c ,

, 0 Ls: > < A SC > . .o
S o SR EART Sl oy e i
Pentane was purchased from JT Baker, and hexadecane 99+% from Sigma-Aldrich.

Heptakis(6-deoxy-6-amino)-f-cyclodextrin. HCl >99% was purchased from
CYCLOLAB Ltd Budapest, Hungary. 2-deoxy-guanosine 5° monophosphate
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
guanosine 5° monophosphate di-sodium salt 97% were purchased from Acros.
Trizma Base 99.9% was purchased from Sigma-Aldrich, and concentrated HCI
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.

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
Clampfit 9.0. Plots and graphs were obtained with Microcal Origin 6.0, and

integration were run on a personal calculator.
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2. Results

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 aHL-M113R with am7-BCD applied from the trans side (Figure 2A and
2B). In the absence of am;-BCD, the pore remained permanently open (Figure 2A
and 2B, B) with a unitary current (L1) of 1455 pA (+130 mV) in 1M KCl in pH 8.0
Tris-HC1 25 mM buffer. The addition of 40 pM am7-BCD in the trans chamber
alone leads to reversible blocking events to a current level of 6545 pA (L2 in Figure
2A, B and Figure 2B, C). Upon addition of 5 uM dCMP to the cis chamber, a third
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).

In the experimental conditions described above, current blocking events due

to cyclodextrin binding were observed when unmodified B-cyclodextrin was added
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partial block of homoheptameric pores formed by (M113R),/ heptakis 6 amino B-

cyclodextrin
The partial block of the transient complex (M113R);/ 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 dJAMP, 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 0 current and the
(M113R)s/am7-BCD current level set to 65 pA.

The dwell time (1,5 ) of each dXMP was calculated over 500 events from

each of 3 independent experiments (Table 1).
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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
depending on which of L2 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 L2’
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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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
Gaussian digital filter) and normalised between 0 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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overlap between the Gaussian distribution of this nucleotide and that of its neighbors.

) C )

The point of intersection between the two Gaussians is calculated form the
respective peak positions (given by the experiment with mixed nucleotides), and o
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

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 Avead Cread
Gadded 0.88 0.12 0 0
Tadded 0.06 0.83 0.11 0
Aadded 0 0.19 0.74 0.07
Cadded 0 0 0.06 0.94
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rgsolutlon epends 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
KCl.

pH dependence
The current amplitudes are pH dependent, Tris-HCI buffer 1M KCl 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 am7-BCD (Figure 4). At pH 7.5 the heptakis 6 amino B-
cyclodextrin displays a third current level (not shown). It causes dTMP to display
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(1206) . (1206) <223>nisa, c, , or t <220>

twa 2)1;%3 MS@eﬁcﬁ@I’c}ﬂ dEffered At f(l@\%@§ Jone of %%)IS ﬁ@gﬁh? I%%f

or t <220> <221> misc f eature <
dGI\(IR 2‘1@)’[5 dhysdsading 1o aoss of resofutionorAttpH930then@eltntide blndlng

<22 ,
s e B S, (“ﬁh%ib@%mg% a5 38 riamgysit fhrs.

(1221) <223> nis a, , , or t <220> <221>
nl%‘ eature <222> (1223) . (1223) <223>nis a, c,
t eﬁmmbn“%20> <221> misc f eature <222> (1229)

. gga‘%g }ﬁsgfr%l%ﬁ b@tvéle%? ?%%\/_jgs andg}%% lseﬁ‘?é 3% Iéélz’éan W&th NaCl

o CsChr 1M kCx0eldsBater resobitiof elamné K12 Z?he(uQQBBKBr did not

21 f
allox& ul%e {%Q%aﬁ?a Qﬁﬁ’f dafferexetﬁ&%))flé%gagtga;hzﬁgglig evglgrlrclads é
.. (1256)
C% Iﬁeﬂ%&lggof;tﬁ’@@rﬁn{férﬁ%g&gﬁ%{ﬁ/ﬁggyfryﬁé Bm sc_feature
<222> (1258) ..(1260) <223>nis a, c, g, ort
<220> <2 1> H] sc_feature <222> (1262) ..(1264) <223> n
15 ratur SICE t <220> <221> nisc feature <222>

( 1261bwenﬁéﬁm@%ém§&81%?e 3 145C r incFeasing it to0°¢ dFAR Tnterfere

<221> m sc_feature
with the detection of the dXMP/XMP. However, it did not i improve the resolution of

the amplitude histograms.

Other a-hemolysin mutants

(M113N); was seen to bind am;-BCD but no nucleotide detection was
observed. (M113F); and (M113F/147K), didn’t yield detection whether am7-BCD
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),
followed 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 IM KCl.



<222> (1270) ..(1270) <223>nis a, c, g, or t

<220> <221> m sc_feature <222> (1273) ..(1273) <223> n
wo0®/057@8, g , or t <220> <321> m sc_f eat ur e P€RZB2006/004265

(1282) ..(1283) <223>nis a, c, g, or t <220>

<221> m sc_feature <222> (1288) ..(1288) <223> n is a
Meéhanisgh , Or t <220> <221> misc_f eature <222> (1291)

..(1293) <223>nis a, ¢, g, or t <220> <221>

m sc_ FhedML]BR)Aap2PCD12asEnt cofrpdoGhasak@3hownitsbiad and |

FL <220>.<221> misc f eatyre <222> 300

Cgff‘?rfg%ad? gligosE phes %?t%i Tefigose 13’ and galaclofy ég)(- a afggeﬂ@@ﬁr@lg
inetdctiompaweas drgatiaing rindloalddgidead i

56 Gn He Leu PRLAIR R cAldied mf%’é‘é@%@%‘é@ il th fifine
ripgfropn thegmer-BgP andhe aber side grmodifiad fecyclodéxtiaalods aot yield

r Thr., Thr. He d er Asn,Thr Thr, Val Lys .
o eFlps G e Res Pt S oMot B suediing tht
tRekydrb Lyl @Acup3 @0 ndeplag bdarsS 20l An/théShdigy Val Thr Tyr
Asp Lys Gu Asn Gy t Hs Lys Lys Vval 25 30 35 ttt
tat agt ttt ate gat gat aaa aat cac aat aaa aaa ctg
eta gtt 200 Phe Tyr Ser Phe H e Asp Asp Lys Asn His
Asn Lys Lys Leu Leu Val 40 45 50 att aga aca aaa ggt
ace att get ggt caa tat aga gtt tat age gaa 248 H e
Arg Thr Lys Gy Thr He Ala Ay Gn Tyr Arg Val Tyr
Ser Qu 55 60 65 70 gaa ggt get aac aaa agt ggt tta
gee tgg ect tea gee ttt aag gta 296 GQu Gy Ala Asn
Lys Ser Gy Leu Ala Trp Pro Ser Ala Phe Lys Val 75 80
85 cag ttg caa eta ect gat aat gaa gta get caa ata tet
gat tac tat 344 G n Leu An Leu Pro Asp Asn G u Val
Ala Gn He Ser Asp Tyr Tyr 90 95 100 ccg egg aat teg
att gat aca aaa gag tat aga agt acg tta acg tac 392
Pro Arg Asn Ser He Asp Thr Lys Gu Tyr Arg Ser Thr
Leu Thr Tyr 105 110 115 gga ttc aac ggt aac ctt act
ggt gat gat act agt aaa att gga ggc 440 Gy Phe Asn
Gy Asn Leu Thr Gy Asp Asp Thr Ser Lys He Gy dy
120 125 130 ctt att ggg gee cag gtt tec eta ggt cat
aca ctt aag tat gtt caa 488 Leu He Gy Ala @ n Val
Ser Leu Ay His Thr Leu Lys Tyr Val G n 135 140 145
150 ect gat ttc aaa aca att etc gag age cca act gat
aaa aaa gta ggc 536 Pro Asp Phe Lys Thr He Leu Gu
Ser Pro Thr Asp Lys Lys Val @y 155 160 165 tgg aaa
gtg ata ttt aac aat atg gtg aat caa aat tgg gga cca
tac 584 Trp Lys Val H e Phe Asn Asn Met Val Asn G n
Asn Trp Ay Pro Tyr 170 175 180 gat cga gat tct tgg
aac ccg gta tat ggc aat caa ctt ttc atg aag 632 Asp
Arg Asp Ser Trp Asn Pro Val Tyr Gy Asn G n Leu Phe
Met Lys 185 190 195 act aga aat ggt tct atg aaa gca
gca gat aac ttc ctt gat ect aac 680
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Thr Arg Asn Gy Ser Met Lys Ala Ala Asp Asn Phe Leu
Asp Pro Asn 200 205 210 aaa gca agt tec eta tta tct

woOee7ggwestt tea cca gac ttc get aca 728 Lys ArPar/@B2006/004265

Ser Leu Leu Ser Ser Qy Phe “Ser Pro Asp Phe Ala Thr215
2202252 3 0 gtt att act atg gat aga aaa gca tec
aaa caa caa aca aat ata gaip AMfkfs Val lie Thr Met Asp
Arg Lys Ala Ser Lys A n Gn Thr Asn lie Asp 235 240
245 gta ata tac gaa cga gtt cgt gat gat tac caa ttg

tt T Ar g Val
fiap Tor Aceopldr Retibile 41 Poddivabuipicte gl
t gg aaa Qo) antadal tCihuobébdide alithaAGankS8mBERe tefﬁ%re SO

Spt 872 Pro Asn Trp Lys Gy Thr Asn Thr Lys p Lys
¢ Ptﬁherﬁ\"dﬁ&tbieﬂ@tﬁf@@rmﬁ%@e2"?03: 1% tea gaa aga tat aaa

ate gat t t

Gu ag Ty EEA PR OAnRATo ARt el AR
iAterachien ag@theR DY degrmarning tie iddngitpefthgtiuceannrt aaat
ataatttata actttagccg aagctggatc 980 cggctgctac
naancccnaa ngnagctgan ttgnctgctg cccccctgac natact agea

204 0 nackemby d6caMas & aﬁﬁ‘lgl%ﬁ&&%ﬂ@ﬂn&&&&%g&élges the

aangngnact tttccgnnan 110 O tcnncccggn cccccengg
Tg@k?@tlg‘@:l’fafarsﬂﬂl‘ bindinedn thpeignog of theymaant t t an 1160
tggnncnt na ntttnnaaan cnnntaantt ngnaancccc nttttncnan
ggcnaannnn 1220 nancctttna naaaaaancc nnnggggggg

3.t t cnnt ANMehbd BERiIhE tASREY Y SF 8 Cwia &R tﬁ@%ﬁﬁ %&%@molysm as
nnnt ng n 1300 <210> 8 <211> 293 <212> PRI <

shpwpdn g%& IDsNE 8 e 8 vagagthereof1 > i sc f eature <222>

(5) ..(5) <223> The 'Xaa' at location 5 stands for

Leu, or Phe. <220> <221> m sc_feature <222> (7) ..(7)
4223> ThemetKad acakdihg eatlhion3, Avisdréindise $@1antE(M1IBR),.

Cys, Ser, Leu, or Phe. <220> <223> ML13R al pha
henDIyS|n mut ant <400> 8 G n He Leu He Xaa Thr Xaa

a Thr

#Ihr Thr A%?thﬁ@écc%ﬂ!méﬁp rQsp e?&élava %ﬁ?lmlfm% %fs% @s&mpnses
@aleﬂslm@apmmalt-lf@ﬂﬁyiss thegntvmictiGinbetTgen fﬁremuE]eetldle mdAha
]ﬁ%é) Lys Asn H's 35 40 45 Asn Lys Lys Leu Leu Val lie

Rrg Thr Lys Ay Thr He Ala Ay Gn 50 55 60 Tyr Arg

Val Tyr Ser u Gu Ay Ala Asn Lys Ser Jy Leu Ala

Trp 65 70 75 80 Pro Ser Ala Phe Lys Val Gn Leu Gn

Q.eu Pr oAﬁ@?f od pcegrding/t clainyS,g8heaein 95> mplecilavadsptor Asp

hpEf PR GRR Rl ECEIP 5 Be hen Gy Asn
Leu Thr Ay Asp Asp 115 120 125 Thr Ser Lys He Qy

Gly Leu n Val Ser Leu Gy His 130 135
7140 Thr AL‘B‘?}h‘%/ %chﬁn%ﬂ ang ghe pf grepgpeeping qlgimsTivherginghe

AR SREE ARAREISR IO 1o

175 A n Asn Trp Gy Pro Tyr Asp Arg Asp Ser Trp Asn
Pro Val r 180 185 190 eu Phe Met Lys
Shr Ar gAﬁé‘ﬁh‘g %CC% n&fé’t”ﬂ@e emf%nceh% iRy phersipghe
iRERdRRGeRULASR Rindsotas Al a Ser Ser Leu Leu Ser
Ser Ay Phe 210 215 220 Ser Pro Asp Phe Ala Thr Val H
e Thr Met Asp Arg Lys Ala Ser Lys

9. A method according to claim 8, further comprising before step (a)

digesting a ribonucleic acid (RNA) sequence to provide the individual nucleotide.
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225 230 235 240 Gn Gn Thr Asn H e Asp Val He Tyr
G u Arg Val Arg Asp Asp Tyr 245 250 255G n Leu His Trp

woho07887668r 0 Asn Trp Lys Gy ,Thr Asn Thr Lys ABOT/Z82006/004265

265 270 Lys Trp Thr Asp Arg-8er Ser Gu Arg Tyr Lys
lie Asp Trp G u Lys 275 280 285 Gu Gu Met Thr Asn

R0 <21Qem@ihsd dcordid § to %ﬂf@ne%?gl aﬁ%% & Whteff%ﬁxie 3ll1cgvidual

sequence <220> <223> da exonucl ease <
HC?OW@ISMGOW@bprlebh@ lie Leu Gn Arg Thr Gy lie
Asp Val 1 5 10 15 Arg Ala Val Gu Gn Gy Asp Asp Al a
Trp His Lys Leu Arg Leu Ay 20 25 30 Val lie Thr Al a

]Se r GI U AMabthbll Scddsdiny® clhing 16) fﬁrﬂl}éf%oﬁ 951@? %_el:_i;ér% Is:)tﬁlg (aHI S

y Lys Lys Trp Pro As ys
dFEﬁSUE%G dewéenscéele @eid) (mfa}wewnce:yspwme Groyindridual a
R Eo@ié’ Val Asn Ala Lys Ala Leu 65 70 75 80 Ala Trp
&rc ys G n Tyr Gu Asn Asp Ala Arg Thr Leu Phe Gu

Ph)é 85 90 95 Thr Ser @y Val Asn Val Thr du Serh P'ro‘lo H
He Tyr As ulOOlOSllOSerl\/btArgTr a
1%ys Ser 1@%5&&@&% @59 Setl, pdisrein yosg than pee pPthe
P
1%)@21d§%]¥nd&f/e§$t1%§ejof{f§% gﬂys %IA Jeg {1‘!3@ %Uoné%{ed@kl% @g%ore ina
spduentialempnyer Sevh thatghd gduentﬂ@tof Aeavkala oix/pdrﬂ.oﬂthE sdplnddmait be
Tyr Ser Met Trp Val Thr Arg Lys Asn Ala Trp
“%ﬁ““ﬁ}? Ala Asn 165 170 175 Tyr Asp Pro Arg Met Lys
Arg Gu dy Leu H's Tyr Val Val lie Gu 180 185 190
g Asp. Gu Lys Tyr Met Ala Ser Phe Asp Gu lie Val
1I3|fo G uUphef apwe 208lendhy anjindigidual ywlanitle Asp G u Al a
Leu Ala Gu lie Ay Phe Val Phe Ay 210 215 220 Gu
Gn Trp Arg 225
14. 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.

15.  Akit for sequencing a nucleic acid, comprising;
- a cyclodextrin; and

- a processive exonuclease.

16.  Akit according to claim 15, further comprising a transmembrane protein

pore.



