WO 2012/ 164270PCT/ GB2012/ 051191 1 COUPLI NG METHOD Fi el d of the invention
The invention relates to a new nethod of determ ning the presence, absence
or 5char awpenisiskrrs of an anal yte. The anal yte is coupl edTiaB2a128md ane.
The invention also relates to nucleic acid sequenci ng. Background of the
invention There is currently a need fqr rapid and cheap nucleic acid (e.g.
DNA or RNA) sequencing 10 teCh@Bt@@hﬁéﬂﬂﬁﬁ?ﬁ§Da w de range of
applications. Existing technol ogres are stow and expensive mainly because
they rely on anplification techniques to produce |arge volunes of nucleic
acid and_r q% e. a qh%p gquantity of specialist fluorescent chemcals for

si gnal dgﬁgg%+é%¥5£ﬂl—- Nanopor es have great potential as direct,

el ectrical biDsamsaticn fobitespeh yioR he:thad df dctvrdfini@f yhehessmm] dbsemekecul es. I n
particular, recent focus h been gi ven to nanopores_as. a potential DNA 15
sequenci %r%&lﬁtﬁrawégw “Hhsarss EPUPISRIAC & &ty F?&F-naﬁ%w vaa Oﬁ%ﬁ%sed;

" Exonucl gaseleoedidangidiging. Where bases are processively cleaved fromthe
pol ynucl eoti de by an exonucl ease and are then individually identified by

t he nanopore and al so 'Strand Sequencing', where a single DNA strand is
passed t BLQugbudd\ thOnSe@itph Nucl eotides are directly identified. Strand
Sequenci ng may | nvol ve € use of a DNA handling enzyne to control the
movement of tHeree cyatnlsigaicedbior theid and shepe nupleichaiddperlaNA or RNA)\sp@igneing

pot ent i I || i L ent flow
hhen on- SalURRLER AR LR P ARARARs LISLE ddnfoBkofe | Bu i fUAEEE o
for a cemumiybeparst 6dyofly bn mmplifNanepereiges eqirpdire birgd Wwdurassalf ptdeigiavids a
current bl ockade ,of, kno i.gnat.ure and rati The ncentration of an
anal yre SRR e BARUD o7 HEGRLY Rl e eR by w RGNt o per 25uni
time to a sinNgdmep@es Bave lgddat prasopbasali@pptleadtdl bivssnsed €t pasnidenBaqgudeagi ng,

efficient.capture of analyte fromsolution is required. For inst , in

or der  t oG TEHES A THBARR SR et [Pk S BT VBT eatsn &3 et ePRRGi ent I y
hi ghislut yeqgaelng tédhn@lb%yai Tw&htihei £t DNRNGIGICIAG hatd Wech PrEBeed OExbiilcREACT | ONS
between enzyne and polynucl eotide needs to be maximal, so that a new 30

pol ynuc! SIUFRFdNg sVisstibigesde Brosersiyslychkavesiiaan Hie pelyausleotide By amexpnugtese ef or e,

I N DNA SeRUBOHER thdividual 1§ iREARITyAH AfoPSHY Bnd d16 BALYNYIGhERIdLaVREe &5 high a
concentration as is possible so’that, as soon as an enzyne finishes

processi #aglo PNA strpad pranepsefl shrpeghthe pora vud tuskpoidesgradirasdyisgntifid Steektones a
parti cul t . 08: fjggg i DNA
becones ?%%?@@ﬁ%ﬁgéﬁgﬂk%ﬁﬁ%%?%ﬁ?%ﬁ%é%?ﬂ?'F sé%%#@?ﬁ?g%qggﬁggﬁgfﬁgg. The
mor e2@i | palpnuctvetidathppiugh thseandpoes. | onger WO 2012/ 164270PCT/ GB2012/ 051191

When a potential is applied across a nanopore, there is a drop in the current flow when an

analyte, such as a nucleotide, resides transiently in the barrel for a certain period of time.

Nanopore detection of the analyte gives a current blockade of known signature and duration.

The concentration of an analyte can then be determined by the number of blockade events per
25  unit time to a single pore.

For nanopore applications, such as DNA Sequencing, efficient capture of analyte from
solution is required. For instance, in order to give the DNA handling enzyme used in DNA
Sequencing a sufficiently high duty cycle to obtain efficient sequencing, the number of
interactions between enzyme and polynucleotide needs to be maximal, so that a new

30  polynucleotide is bound as soon as the present one is finished. Therefore, in DNA Sequencing, it
is preferred to have the polynucleotide at as high a concentration as is possible so that, as soon as
an enzyme finishes processing one, the next is readily available to be bound. This becomes a
particular problem as the concentration of polynucleotide, such as DNA, becomes limiting, e.g.

DNA from cancer cell samples for epigenetics. The more dilute the sample then the longer



2 between sequencing runs, up to the point where binding the first

pol ynucl eotide is so limting that it is unfeasible. The limts of
nanopor e weterticaatohave been estinmated for various anal pCesaB2CeptSume of a
92-nucl eotide synthetic piece of single strand DNA (ssDNA) by a protein
nanopore (henolysin) 5was determned tg be at a frequency of 3.00.2 s-1

uM 1 (Ma t ):
To720: 5) e SHRNERE a1 P BECBERL® Sh BB g o
p05|t|veﬂ@h®mge§mabkthe entrance to the henDIyS|n barrel (23.02 s-1 uM1).
-Lll-g g:;lt D}\IRI ?eaﬂ% ﬁe dl snotf %ﬁ(ﬁo’porel cfe’e”[vl 8 Oal.ln}haél? Berjeglcegtci)r%}hte(? for Val:,%ll\loﬁ.\lr%,] analytgsu I é{ g‘)lt g%; n%o 31
vol une o092-tudidotidd k;eltltmb b&be bicsadilgrage DO (csSHDNA) Ba prordirf namapcbre (hekﬂoﬂysfﬂ) om

Vi ar 0% on ARTBaRaTate & sanguisy b1 deom bt Kok Ehrerert iR BRENE bl oon

Ther ef or gcad $ui &/ SIA905@GORd 91710:5)e® ukdcoaideh@cqled ent follbyi the sdditidn ofal | short
of the step change required for tra-sensitive detectjon and delivery. 15

Summary @he ?ﬁd@saﬂmefﬁmeéﬁt the entranwe thoheamalvnsbansl @3 IG2 or Py Prgwp%réhlﬁnst rat ed
ul'tra | oW CQR&RNT A b5 Iﬁfaewaeessﬁﬂw N 86y AWt &p}upﬁ% (mm%@nea Y&rQinkR

menbrane in which the rel evant detector is presen owers b several
order s ofhafed) HecoLfing, AHTEMERHALR ch@mb@rrmlhymfeofrletqm?ihednﬁrlfﬁt tediag genonye Dkt ect ed.
The t entido: CHoh f 3 Ak pedaHN 5 gl d not have
been%p()r egli;r%:tce ém&ZlOIOn pgrgltl cu?(i @ %Qﬁg [ nv%glltgo(rﬁg}asul‘lrI Kﬁgl ngﬁﬁ1 g%%)rt an

i ncr easecipactthpicklapf batecafl S§i- rﬁ@Degsf ganedr@NA. Shyl ofdlumanierhelecblmdagni t ude
over tha r r ect n re now on
the. sans TRk ARKISEPEELRE s bl aR T SRR AP S3Rh thiBel® 00

di f fusi oreqoriedtfot titrantmtivk dstectoniand tivlvedi. mensi ons rat her than three

di mensions. This has dramatic inplications on the sanple preparation

requi renents that are of key concern for 25di agnostic devices such as

next i gensiimhiaey oShd wpRaiioy Syst ens. In addition, coupling the analyte
to a nenbrane_has added advant.ages for vari ous nanopore-enzyne sequenci ng
appl i cat i ons. THeiNYSRINE Rave SuBrispgly esretgatedmitid 19w sonsrirating pRdlde AeveRt Woduced

t he porecdiBYindBe erByBkPLKERALRAE RN 1hY rQEvahEIRRIAR S ﬂr?{sentp Mevapk iR gyt he
detecti on of 1ndividual nucl eotides. When one end of the DNA anal %,e is

| ocal i setFvarabgrders ghinagiitudethe, amsenthé pnadya FRgLECdhip Oédfﬁm baflgtastedt dha eirtwﬁgo to
L he MenbeARe meyoRhd GHaRELY nblaoiRSchRUAto IRk thiX Sech GRBRIAT Y OF per manent
bl ocking I's no [onger o serve By occupyl ng one en the DNA by coupling
it t&0the meniomarisuliat, thel igeents suproingdy wpet yeingrepsgan Smseptitvef aingleyt e
concentrati r.the e [ ens duty
oycl o, fag8%118191§ﬁ b UESOé §8fc nltgtg:d%x%p hlagﬁ ﬁ&?s?y %@%ﬁ A ISR
2012/ 164amaweeeembmm3%e Blane, then Ad @ovidi' n@ry;nt&rk@onm@mtpemsecpnm\as des a
met hod f det ex.mi ni ng the. prese abs or. charact.eri of an
onalyt e, SR PERME R SR FRGTOR R GY SPo S REREVEHe 1 by a1l owi ng
t he anal ylagati©iniphic&ioas bn Wetshmple edpeation repuiesits that atd e ko tdrcameoand t her eby
det e%% hlggqthe presence, absence or characteristics of the analyte. 5The

i o

i nve st dViGS ehe asn%tr%ee%@né?qugeﬁ%%ﬁeﬂﬁ an analyte which is a

target pol ynugl.g@itibsl@ouRBERKd SR to alh@mieaiéMal Mlcl R ahRESSH: RPbYHUC] eot i de
to a nenbrane; (b) allowng the targ}(t pol ynucl eotide to interact with a

det ect or NPEBYEFHZINE SCHENFBEBPRI§atIoNGN BY Biosuglprse §equspeing Whshiici X4 agalyte
tr ansmenRLaReLRRAM R ﬁ’(ﬁ‘g 2 become blocked permanently or temporarily, preventing the detection

of individual nucleotides. When one end of the DNA analyte is localised away from the pore,

30  for example by coupling or tethering to the membrane, surprisingly it was found that this
temporary or permanent blocking is no longer observed. By occupying one end of the DNA by
coupling it to the membrane it also acts to effectively increase the analyte concentration over the
detector and so increase the sequencing systems duty cycle. This is discussed in more detail

below.



10exonucl ease, such that the exonucl ease di gests an individual nucleotide
fromone end of the target polynucleotide; (c) allow ng the nucleotide to
i nt eract wotzhittee27pore; (d) neasuring the current passiPa@/GBuUgnohe pore
during the interaction and thereby determ ning the identity of the

nucl eotide; and 15(e) repeating steps (b) to (d) at the same end of the

target pol y”g&é %Pcflﬁf%‘é tlﬁeﬂﬁ J’n?igﬁ EB\Gldg?& Glod 'f&%efeﬁﬁmﬁ%ﬂ#@ﬁﬂ‘&%ngg alBsJér‘?ce o?r get

pol ynucl eot i guencing an ana I's atarg
pol ynuc!| durdctheistics@frpr arsiyne .comprising (af ac)upbmgmule |angytt: tea ramgenc pol (jvmltdvemg i de

t_O a ne ean%ﬁ%te to_interact (vtal aadlf:tﬁgt\ém A se% etltlearlil Ta eo a|1n¥1q %leb%ro de%tﬁlfg hnt eract
with a de present erein [2) conprises a

t r ansmenpresanes, [absreﬁce (ﬁuhhactthfa;ttlcstdsfehéarag/ea poI ynucl eoti de noves through the
pore; _and (ch neas t he. current passing through the pore as the target
pol ynucl eot i dE'“HB\FE OW WPP¥dect to the pore and thereby deternining the

sequence- of tH@ethad g{egeqmbmgu@h@p}tte dfﬁ}ChZﬁatargét1§ol§r@ﬂ’cle§@d}:&l&ﬂﬁprﬂglgan anal yte
which is a target pol ynucl eoti de co isin a transnmenbrane pore, (b) a
pol ynucl eoti de (¥ ﬁ%HPrlngH‘red%ré?trpoéfﬁadf?f)deﬁ%%@mﬂo@n&oupl e the target

pol ynucl eoti de {1 afloNBIRIARSet @Mucl@@hd@@(pﬁ%&&dﬂ%/1&1‘3@6&@1‘3%‘&@58@& tﬁé‘ anal yte
which is a target polynucleotide, conprising (a) a nenbrane, (b

plurality of tr&s r"éh‘?éeﬂp)ﬁ}e@telﬁﬁf R RO asEembrane porpRRd &1 i t y of
30p0h(y nucl eot i d@xolﬁ'ua?és@ Gul hﬁh@éxo%ﬁgeegsg)i éstpéﬂjﬁlallvicﬁﬁﬁ r?xfcleh@&e%m one end

pol ynucl eoti des coupl e nbr ane scription o e Figures
Fig. 1 shows nanf)qbotaeg@e@isnwgéoaﬂe an anal yte. A) Shows a nanopore with the

direction of 35 t)hﬁ% 1H§%h%r}1 le@&@gtghrh%rg& qt%&lpeyn%n%ey arrows. A predicted

current tracelg ore with an anal yte
transl ocati ng t fd)eugdurinhehaqpmrent phksingtthroagt tho rpomfduangthym&enmmrmdnthera)y
i ndi cat ed by arrow 1 an

arrows. A predi YEGRGE h{i]enfl yaocfgc(%[lléu%geﬂg%ﬁi%h I g\l/Jvr ;ﬁgs/vl ngmkllvmt/)vyt Lge(:g; (ragnt

changes as the a)adpphttgtstpned) s al) esthé @U@l of bR tRg&teolynucleotide and thereby
determining the sequence of the target polynucleotide;

- a method of sequencing an analyte which is a target polynucleotide, comprising:
(a) coupling the target polynucleotide to a membrane;
(b) allowing the target polynucleotide to interact with a detector present in the
20 membrane, wherein the detector comprises a transmembrane pore, such that the target

polynucleotide moves through the pore; and
(c) measuring the current passing through the pore as the target polynucleotide moves
with respect to the pore and thereby determining the sequence of the target
polynucleotide;

25 - a kit for sequencing an analyte which is a target polynucleotide comprising (a) a
transmembrane pore, (b) a polynucleotide binding protein and (¢) means to couple the target
polynucleotide to a membrane; and
- an apparatus for sequencing an analyte which is a target polynucleotide, comprising (a) a
membrane, (b) a plurality of transmembrane pores in the membrane, (¢) a plurality of

30  polynucleotide binding proteins and (d) a plurality of target polynucleotides coupled to the

membrane.

Description of the Figures

Fig. 1 shows nanopore sensing of an analyte. A) Shows a nanopore with the direction of

35  the current flow indicated by grey arrows. A predicted current trace is shown below. B) Shows a



5Fig. 2 shows a nethod for tethering DNA nanopore interactions. Sections A
and B show transient tethered ssDNA and how the current trace changes as

t he ssDNAwORaresiéazyat es t hr ough the pore. Sections C andPDTgiBIM 28152190 €
tethered ssDNA and how the current trace changes as the ssDNA is captured
by the pore. Fig. 3 shows capture of a DNA-enzyne conpl ex,

fol | oned i Lat | , t DNA
do- hybr 1 TSR ot At ol o e e P o B S G

Conpar i sodichied Weemoy 1)and therdinae ohtod thel catrent B tarth¢ gitep airows ok ptadeted( A - t op)
where the £QNGERLaLLAR3I001 MBLES!nALE LIS, I R RANOTRI AL Lange (400
nM DNA uSed and AN enzyne u§e8Y>andl€55 g g8t her & ys?en1€ - bottonm
wher e t hthr@ugbtitposd. material i s sub-nanonolar (1 nM DNA used and 5 nN

15enzynme used).. Fi g. shows inding tinmes on _top of t nanopor e

or nbn-t ot hibc? P 5 Todt R e HRRHEE Bl RO ONA Bh At Bttt <

400 nM . transient tethefel @sDIA SHOWGw Wl chirBiditiage $HahBS aOthetlsOIPNAftrahdlecar3 Mapare f or

non-t et hered anal yte (Eh@%;in t he presence DNA concentration = 400
hﬁmspab

of KF (
nM KF clReert SattiognCangd lertetBerRdi PSRN/ andaosv the geyeenfface changes g5 ¢ 7

shows KFRisiIsN AGs dabBS1 t3Nhd h§et Op of the nanopore for tethered analyte
(DNA) in the absence of 'KF (DNA concentration = 1 nM. Fig. 8 shows KF
bi ndi ng ti mestiem theps efrtyrpet HnBRBperEme spmplet.HelewrddyalispedatiopehAthei PNA he

presemnce, ff i, NA, [abi SvbriiMiokF concentration = 5 nM. KF
bind?ﬂg ﬁgé %%g?l-léﬁggﬁg&k Eggk é%g %%g an exanpl e of a Phi 29 DNA

pol ynmer ase neldg.at sdws i cppiringenénl esttp of Exarapls e fpiparison hetvedn 3BNA. The drop
in current re level ,is th I caysed by
capt ur 1 g a RIS P T ST (elfufo R ERERER FOURS
nanopor ethk digh-naneedandsgeg i myg RN A assitaad 80€ uN rrentmd wedlant €f)artetherapi dl y

changi ng between | evels 30and then finally returning. t opgen Lpor.

Cover " Ihen B TR The e Bt o BB b G iy PO NE PR Ny o
singl®e Act®messddpr ough the reader head so giving the oscillation in
current. Wien_ the duplex has been fully unzipped the target strand .

transl ocat es, FiEmeSheW RErbingiee %@W?&géhaP@_goaeﬁeé?rém&ﬁ%rﬁgref R %ﬁmm
returns e abRBcQINT ENAL cbR¥@bation =400nM). Fi g. 10 shows an exanple of a

Phi 29 DNA poy%nerase medi at ed un2|pp|qﬂ#event of 35solution dsDNA. The drop

in current frigievsp&ibinbratimenasitop of hapingreretier noa-teherdetehide (DN in
2012/ 164&5 ?geg&(c%?@gﬁbﬂi%a&nﬁa&&ﬁm i, ﬁﬁ%ﬁégfgﬁb@@;%hﬂﬁow QP! ex.

Thi s capt conp resi des on the nanopore seconds giving a
consg@nt weul-iehms| evel before rapidly changi ng between | evels and then

bet or e unzi ppt g At ERER-BRE 6, LEVLordChfabde KOHBR LR e
head so theubsrged df&KOENA katcertion =durMent .
Fig. 8 shows KF binding times on top of the nanopore for tethered analyte (DNA) in the
presence of KF (DNA concentration =1 nM, KF concentration = 5 nM). KF binding was
25  0.1-10s.
Fig. 9 shows an example of a Phi29 DNA polymerase mediated unzipping event of
transiently tethered dsSDNA. The drop in current from the open pore level is thought to be a
blockade caused by capturing a DNA:protein complex. This captured complex resides on the
nanopore for ~5 seconds giving a constant current level before rapidly changing between levels
30  and then finally returning to the open pore level. This is thought to be a pause before unzipping
is initiated and a single A moves through the reader head so giving the oscillation in current.
When the duplex has been fully unzipped the target strand translocates, the primer and
polymerase dissociate and so the current returns to the open pore level.

Fig. 10 shows an example of a Phi29 DNA polymerase mediated unzipping event of
35  solution dsDNA. The drop in current from the open pore level is thought to be a blockade



5When the dupl ex has been fully unzipped the target strand transl ocates,
the prinmer and pol ynerase di ssociate and so the current returns to the open
pore | eveWo0 2012/164278i g. 11 shows an exanpl e of event seqkemEGEROf¥BMIONE

unzi pping run for non-tethered dsDNA anal yte. The nunber of |evels observed
as well as the level and duration for these are broadly consistent with the

tet hered om
one. unzt 5o R g o HATL Bt PRl Lo NI, o BRSARER ek O e
as wel | aR schends gwelg agvdstanfrcatrend rhevbbbefderhwsilaplmngmgbdﬂ\w:embmds sndahtn with the
sol ut | Onf1(1 g@%%ﬁﬁ%‘” ?lge) openl ore)fgz%f Iﬂ? ou%ht to be a Pnguse é?%ﬁfe ulg21lp%1 l asm d map

of tetheret rance sequenctng ana genho s wer e
desig nedmﬁmmall aagentha rsmgIeQA Roies tHngtgmn eqaler hlahdiﬁso gitieg grroecil@ivadn purtamer was

15use al,l and al d a.b T reqion. foll onwed 4 abasic sites
boror { Rbeh iR Be REieah PG BrBrort B Ry i Aol SR A ot | sense
priners p&ymeMasdigdciae and b e cliréent fwlrﬂ@tsltlﬁe%beflb&@ﬂ@&I si ze. Each antisense

primer contained a 5 -cholesterol group. Fi.g. 14 shows PCR generation of
tethered stradfid defoungt agmalsafyy Sﬁfq'u@%ﬁe@@%r?ﬁleuﬁwnwmr%fr@nwx@h@e%es. gned

conpl emepr Y ahBytENTRE &%e@@ﬂ@&@@o@%d ds h@elﬁe@ﬂﬁe RENIRd dQatitfnl BEheWas. used
for all and contained a 5 -50polyT region followed by 4 abasic sites before

t he conpbr@ﬁéém@nsystqné@itbﬁwtqth@e%?merl@ie%tat| on sites for the antisense priners
wer e yari ed %g?hz%:h&gs !uPe gle%%bén?geq%%rﬂgﬁ% ofib &fzi Cﬂ?@gc @ﬂltétﬁ ge primer

contained a 5'- estero roup. To Irm resen pol yT region
t o t he 5dsIVYA tivdyts.efsenwibeaodevdly dgeored & wala tili lged tedldwitidn th@@@' are 3'

| d | | d
ool T anhlofilg cSREREL LGy BESLAEPAUT 88N HECL AR S Yioe a0a Yot o & ont
SsDNA, 235 b mg SIBNAowka plasrhid sndped netidirgestaad saqhéﬂ‘cutg%al&tes Fomsdenghe B Aand

f RecJ | t 400 bp dsDNA
oo L aREna e TS Rk R 12f B0 ANASH S Rb e CRIBENSA wit h

t he B5 - 3usegifsigillans téilfedsPECI0bbIST Retsh RYONHECheasRsicNER)befd:@the 5 contai ns
50nt ssDNA, 835 bp dsDNA onI%/ Lane 6 contains 50nt SSDNA, 835 bp dsDNA
whi ch haSORISRTMTY st dde Ry bridisakign sites dor thg apysense PrmEy WSFevariFd accRrking

exonucl epsge (NER) fradnhd@t sidd 1SRR Wt Ui iphiicP BoreMEN It fhemitldee 800 bp Phi X 174
anplified fra Iglmsnt This 800 bp sequence corresponds to the sequence

bet ween poi ntiEg114ahevSPER getrsatipn S tatheradesyanhesdpencing analytes fom pgnagpigws
unzi ppi nEN%V@Hhérsf»&é?Qhésrgt%ec?QchIQHnEIRAr%tolﬁtﬂX%@' bﬁdnﬁQDNﬁégg%%?lﬁ ‘ﬁ%§ 200 bp

sequence corresponds he sequence” bet ween 0| nts 1 and 2 e plasmd
map $howprimdiyeas35200Onelt andspoalamgdled -a¢railyilstegioh dolBOGHbY 4sbepienicebefgirdivn i n

Filg 15 Wdfed&lidy LG N9he APSHidiLab LY for IR £03ald fHALQ B! FRE0 @R 91

to the desired fragment size. Each antisense primer contained a 5’-cholesterol group. To confirm
presence of the 50polyT region to the 5° of the sense strand, fragments were digested with the 5°-
3’ single strand specific Rec]J exonuclease (NEB) and this was analysed on a gel. Lane 1 contains
25  50nt ssDNA, 235 bp dsDNA only. Lane 2 contains 50nt ssDNA, 235 bp dsDNA which has been
digested with the 5°-3” single strand specific RecJ exonuclease (NEB). Lane 3 contains 50nt
ssDNA, 400 bp dsDNA only. Lane 4 contains 50nt ssDNA, 400 bp dsDNA which has been
digested with the 5°-3’ single strand specific RecJ exonuclease (NEB). Lane 5 contains 50nt
ssDNA, 835 bp dsDNA only. Lane 6 contains 50nt ssDNA, 835 bp dsDNA which has been
30  digested with the 5°-3’ single strand specific RecJ exonuclease (NEB).
Fig. 15 shows unzipping events from the 800 bp PhiX 174 amplified fragment. This 800
bp sequence corresponds to the sequence between points 1 and 3 in the plasmid map shown.
Fig. 16 shows unzipping events from the 200 bp PhiX 174 amplified fragment. This 200
bp sequence corresponds to the sequence between points 1 and 2 in the plasmid map shown. The

35  200mer is aligned against the 800mer sequences shown in Fig. 15 with zero leading and trailing



6 gap penalties (i.e. it is free to start anywhere, but "internal" gaps are
penal i sed). As expected, the 200nmer sections align wwth the front of the
800rmer. WwO20R/g42707 shows anal yte tethering schemes foPCI@EB2d12405a19¢
nanopores. A) Shows tethering into a nodified surface (tethering in a

| ayer). B) Shows tetherlng to a I’mdlfl‘ﬁd surface 5(|nteract|on with the
surface) " i f.ace. D)
Shove. ¢ CFRT IR Ee EHASE I ] S@nbichbu - HRAR G B BpRITRG! N BhaRkl g
shows neil{oas sefc@on&ﬁcblgplwtlhghqjﬁwbloéths@ﬁ@mded pol ynucl eotides to a lipid

menbr ane. A) hether | rote Ctl ng with
dsDNA anal yt el§ %)\%ngﬂws 3 %? ol hefnég %C%?rﬁer ed’ éllalﬁ%% %180 %rghfo &

i nter act infga mdlﬁemsmfm@{tahﬁﬁﬁma dayatl)y B8 Shdss téi)heﬁlig)ﬁm rmcﬁﬂiemlg;luffadeet her ed

chem

rou acti.n i.th ds anal yt e Fig. 19.sho nmet hods
For couplTHg-EIENEE S i G UPYR GAICEBE Rb i Eyelaxsred gl e nttanbe. - A)
Shows a sumgltahéta{gheaelgld&ﬁllap&oblanﬁbm@dgﬁﬁ‘a@l n interacting with ssDNA. B)
Shows nmultiple tethered ssDNA %rotel ns interacting with a single
ssDNA. C) Shoiig 8 %Pwdméth%ﬁtﬁ%?%h%&d teaifragged pplypvtlentides Pridinidl t h ssDNA.

15Fi g. 2Q.5bRNS ﬁ? SERRBi e tafheaa asmax bqa{dldgsdrdgmqndeal:dmit@@dm& al%d[\&él ng
protein to contro h

DNA novenment roug a nanopore enp In
bi ndi ng Br drasysanylple stlsired QSPNPUNAd% ptqﬁﬁén&mwa%wh\y Smgénﬁlgﬁﬁa!nyw _
(con dsttpghd%&s aas@%dled%ﬂaﬁwd% 1ﬁt‘3&b@@) a{m@ggnatgq a dsDNA region) is

coupled to t rane using at her ed DNA bin rotein, resulting
in a concent rlagll@rshewhalnthedneﬁqt caplingengie standerbpdymiczotade ahalytsk }mlum'di eot i de

bi ndi 9 A3BLALE1D GARADLG.R1. FAN LONA BARSLYRELEGLI e IRUGIRAL dhs added

to the crs conpar an
appl i ed Siodvsag@iiplt lehdDbdssBNA Yinding ﬁrotmmtmtbladtntgy\mttﬂ‘mmngl@qm‘ﬁ@ C) shdvea 5'

| eader sec region Under the force of the applied
field thgn%ﬁ%q? gﬁpﬁi‘@t@a grﬂ‘fgln%ﬁaé’ 1%‘?@[’\'@%91\% t he bound pol ynucl eoti de
bi ndifng pr ot eFip. JWRRbREE Schtferid dpnotval BEudQ @ palydudiéceide Binginf Brdidig o

uncontrol l ed transl ocati In this process the ant| sense 25strand is
Stri ppedcqnﬁrthNﬁdnmmeg&t?ad apﬂ@d@d@dﬁﬁowwﬂ% infing RROtAR{OOHRB RS of t he

dsDNA bi paiang (RS @éSbrand. A9 bka hkyaNdonsklind Hf 4 RONN 1%@&9 @g%eyoﬁegaapitaa{ddat e
cofactors, the polynucl eotide binding protein on to pore noves

al ong t hi® TINRNepstonhis corried haha AR CBered § Wl&dmgddgqqms he pore.
Th
e_noverenfi;of, J tddﬁ@%&d&%hﬁ%&%ﬁ gpﬂh@ﬁ{eﬁﬂ)ra%"egﬁﬁdhda ARk Ric PG hdegnappl e

to 5 direction, DNA out o re agal nst t

fi el @0 bapletcirocaphide glconirglling nplsinucietitdc myhemdng sstaddasldp ltlwrm&)cfon[plmmtm vessit

t hr ough o) i ' r t. jrection of
Rohon HIE BHPP 5 k16 el SEfgfe WSO SRLE R 66

pol ynucl mmbpazte v thal rgadpr @teom(gtay reglm)mlthdillwmnﬁy@n&mthetfbrce oftheappiadopor e

Cenuey! U8 oS e e R fordh e BRIl R S F R Wbl e Riso @S I

menbr anetoysif g pardwnb hritse dirthed iR bntrdlles thidldegtidn) IIﬁth(SQiﬂ@%E’stth(aﬁﬂtQalse
enhapncenent at the nmbrane . WO 2012/ 16427QPCT/ 12/ 051191 7. surface.
pol yAlcl %apﬁdﬁestrmpﬁdgﬁdl [5? BNés %ﬁraeidldad? 81’%?65‘88?&%? Sy KRR %%‘%F&%QW is added

to the chindia® pRAA FBRLhIMMIRLE D) iInMdH#Ssch® Jflagptﬂptbd?e SRAARNEe pdBnubREGde an
applied voltage, the DNA analyte is capture @h% t he nanopore via the 5

| eader skiafing ﬁro(tqglp @%,totp@é Fl@ﬁ)})redﬁo‘qu, alopg e I@)TA gqntrols the translocation of the
DNA through the pore. The movement of the polynucleotide binding protein, along the DNA in

a3’ to 5’ direction, pulls the threaded DNA out of the pore against the applied field back to the
30  cis compartment. The last section of DNA to pass through the nanopore is the 5’-leader. The
arrow indicates the direction of DNA movement.
Fig. 21 shows a schematic of one way of using a polynucleotide binding protein to
control DNA movement through a nanopore employing a hybridised tether. A) A DNA analyte
(consisting of a ssDNA leader (grey region) attached to a dsDNA region) is coupled to the

35 membrane using a hybridised tether, resulting in a concentration enhancement at the membrane



the force of the applied field the DNAis pulled into the pore until the
bound pol ynucl eoti de 5binding protein contacts the top of the pore and
prevent s wonrzbteersdarncontrol | ed transl ocation. In this precesBaieds51191

pol ynucl eotide which is tethered to the nenbrane (dashed line) is stripped
off to be sequenced (black strand with-grey Ieader region). D) In the

pr esence of, . 2PRL,ORN LAk EoRO YIRS 09 e

top of th Ug aﬁ%re%ﬁgv%% a 881 %%g %E%ngggo%t ro:l Tg Fgg%‘aoc%ﬁdg{lﬁo th
DNA t hr oug homlmtnmt whera’hé)mwls VEtﬂre FlfOp @fverhm BQ)Uydnmh eprtlicd eolodgadthe HNIO
protein, i n inection, out
of the p%‘:}lra ag&?@“ﬁe%éheélﬁn o8t “? fhee|5d BRI HEY regmion theﬁ A d‘f)%‘%\% | ast
section ot fedLoftae padisd ﬁéid@lwghNAheanan apore pos: unti€thb bellufdadﬂgrnucwhﬁiear r ow

o8 SRS R SenBt (oBE T Hemie i rfhe Rt reled R O

t hr ough migaeRpOhE p@lgrmlc@aohm@wmcnys&éﬂhehe& efkht eleh®fanc AasifsdDNG 1@@@1&)yécﬁoff to
15(consi sting of ssSDNA (black line with the |eader sequence shown in grey)

hybri di s‘éﬂse%enae%@tmstfaé&dwwh Frepasried 19eigne\d) Ip Sheguersnes! eppepEteaitsioihe

using a fybei ha&ﬁld& gfnaﬁrg prdtaﬁ Bh Edprtgmegao@e RENG GG Ald PNAGRDBRRRIERRAS at the
menbr ane surface. A polynucleotid protein capable of controlling

DNA nov effitocatipngd ét@dDN thraeghcthe perenphg mﬁﬁmenm%th@pwn%maée bipdipge 4 bp
over hang v t he
nanopor e {REE oA AREL 4 oL ocBR mpli D B RIGRORIA St o BRI e e

the for ceppbitd fitld bagpbitted:is ¢osiritmant. DA ldstscpidn @dN A tmp@h@rmhdlmnoﬂom he
bound po t of the pore and
prevents %{%r t%ga%etg@le%fq% F(gdaQ{S% eé:g%?g%gléﬁ&%ﬁwgtppr ocess the strand
which 1s tethagexd showt hlsachmﬁmﬂlmffram m@sﬁmg d psreynulcgoﬁderhlmp@pmfein tbhe ssSDNA

strand to be uenced (black strand w r re D t he
o econc e ROLBSAIHACE! Bistane Bre PO g AT ER s T Al Arbelfn on 25
top of t (tenmﬁlg OMENDBNA @dlzﬁﬂlgmb Rech ENAcatd sqgoaice @ﬂlcs;vd ingrdyh Bytsldagatd DRDBIA t he

DNA t hrou e pore, venmrent of the poI cl eoti de bjnding protein,
al ong th@gﬁf\@a?h’?d ing)) l%ceulslgg i thememBne piing & >t ISP CHSHEFUBNA DL of the

por e agakdieénttalien aﬂﬁhdeﬁfén{ at%{edn&ﬁ%netsgrfme A@b&yﬁf@[&ﬁdéﬁlﬁdﬂﬁ profgh ¢patle
section of DNA to &Alss t hrough the nanopore I1s the 5 -1eader. The arrow

i ndi cat e8f aoREol¢ing BPAYA BavErenpRAdds@ RS cosmﬁt@entz@e@dbwgd%@w@r‘hbp et hods of
tethering gy H%qg)ﬁjn xgieb kel (ﬁé e @Ngddn{al?{e it A& BEhE Q oBI)re%CtBQB’NA

a menbrane. ' permanent |y tethered to t rane

t hi s20 nsteacftm:eectlhe(gresgnegnnbdn ﬁhh@N@‘r ébéndpabhe fopderaf dhesappliedofidihthelAMAGRNA is in
the m dd f e pr obe,
Which S!nﬁlseg t{) e pghe i thpﬂﬁ %‘3&2@%@1‘3& LRG0 (f]r%épggtté{‘n cgﬁtrélgtglth%Qép ?%hée Eéj el
strand talldtﬂ‘leveh‘etfhmiter u]B]onaoildj:dnra)mlefwomrImldes cesbéle:sﬁarrdavisclemtéﬂyerecétbhm ed to

W 20157 TenSOReh s DRAGE B b b h B SRAPREE R hEH il Shaua s

at t achedlchder aspgon@ Ml Iafihd ﬂieseﬁéd’c&mﬁproﬂ_tﬁt&e &ﬁﬁ(ﬁ@d,ltﬁkgpd’lﬁglc&ﬁtlddiﬂﬁdlﬁgipﬂ’o%gi amn),
vvhicgis us to identif thel\géob(g | ocat ed dlre Iéwgove he tether
and BeI oPeh G&P@rrewalﬁﬁ%med? £p wnﬁeﬁ.%ﬂaﬂﬁlﬁcwm BrPwndat i on
regi on ofork hehd @bM@ent &F thOifol PERRBtIdShihdIMEprloRsh, laldnj i INAG Hg @isrection in
conparison to Blh C and 1i) The probe can be tranS|entI¥( 5 tethered to
the menbfisgseonyputlyhe tharadad POH @u obie persdieainstitireanphieshiécld parkinths cxanpl e t he
region Oéorﬁﬂéﬂn{%ﬁp%etlﬁ%ec&yrp(‘;ﬂ @Nﬁ?&pés@tlﬂ&%h%&ﬂaﬂ% {sShd 5)C1@2§(f%fi T &G

m ddl e of the strand par codi ng region (dotted region), which is used
t o det ecindichigs ﬁlﬁéym’i@eOéDl\h’b@emr@nbf the microRNA, is |ocated bel ow the

m cr @RNA hybr t he
ferns In QL8 FRbbRDheal A0nal dr i aRRaRiiR, SREh O bR R Tl
i nvert eddatﬂ:tuon of ltmcmRN/g tdiameatirgre. lAdThepmbpaam sgrerhanc@ily tetHBesslcto thet i on of

the S
orymod) BaeBmat ST nem s ARG geg ol T PR AR Ry SRR s 0 1
NO 2 (amsdlla &ftey frobk. tTheaarcoBid Egish (dasied Regioad fMbe probél vaadilie ned t@fdehthfe

r
mature the probe, is located at the opposite end of the strand to the tether. Bi and ii) The probe can be

35  transiently tethered to the membrane by internal hybridisation. In this example the region of the



formof the NNN-RRK nutant of the MspA nononer. The nutant | acks the signal
sequence and includes the follow ng nutations: DOON, D91N, D93N, D 18R,
D134R anowBl8@Ke42These nutations all ow DNA transition tirCoOMGHEROINS1TIBPA

por e. SEQ I D NO 3 shows the pol ynucl eoti de sequence encodi ng one
subunit of a-henolysin20 ML11R (a-HL-R)g. SEQ ID NO 4 shows the anmino acid

sequenc e%l%fﬁ% ﬁlgﬁt@'r\ﬁfﬂgg th 1R midroRN R attachgd SRl %ﬁh% gﬁ%%otfa%dﬁ%gg@onsE Q1D

opti m se eot| de sequence encodi ng the yner
NO 6 sheiaticd egioaniwhochacisdd seidoueiy Sricgiotichie IdRkicg dirBilk apovothetciseandBEB8EQ | D

NG 7 shgws .t h don optim sed .ynucl eot.i de segue deriv fromthe
sbe8 genderroRRRA ISRl RagE B NS BN B T AN R FEERE™) P om
E. coil . inS&fdibithNaindBg dhewsn ihe ngtinm tadid Geqdantl: mbbeveanyohedkselyl enzyne
(EcoExo ]), fromE. cqil. . SEQID 9 shows,the cadgn optim sed
ol yntiol BHETHED L surthuaic o Yidistipn T4 01 o MLl ethb St Tigron p
encodes thb@rods G BYIRRISEs fol the BRZYRIRA fig loatdd inGed iddle of theSkthd. PhdNGircddings hows
the ami no acid sequence of the exonucl ease | enzyme fromE. coil. This

)f I
enzyne pEeslfritediegenprticl/is UsRdge detrethorressnce Ry BisResHag BN 4dsi des from
one st r apdef bdaH BlcnistoRANIB VA S M th@o@pog’fteaénd%'f tlﬁip'%@déltt!-) ﬁfg-tetgé}.z ynme

initiation on a strand requires a 5 overhang of gpr‘oxpmate y 4

nucl eot i BesiD) thafybpidisationgageppity GHEo2heBrpho P igverted in isthmpdingy §jQctiqn ing hows

t he ﬁ@doéb Figcgﬂ't%%q)_polynucl eoti de sequence derived fromthe recJ gene from
T. thernophilus. It encodes the RecJ enzyne from T. thernophilus
(TthRecJed). SEQ ID NO 12 shows the am no acid sequence of the RecJ enzyne

fromT. BESQ{ Hr(}thé o l]'et QB ?s%i‘n d). This enzyne perfornms processive
di gesti on—Ungme%ré?ﬁlmie—ngcl eosides fromssDNA in a 5 - 3
di rection. EnYBQrED NQ:tlisadwothe osdoa optimand pslegueildoase stjudneasicoding ticl SNt des.

SEQ I D 13 s t he codon optim sed pol ynucl eoti de sequence derived
fromth%&?@?&%ﬁd@owﬁda exo (redX) gene. It encodes the bacteriophage

| anrbds exonucdEmse NCOLQSE teRrNDio 44 BNpuwswE IR affhdidgiqderseat@penteé t he
bacteri oPhag | anbda exonucl ease. The sequence is one of three identical

subuni t sFRRE theNTANAIRE pfagt of the Mepp moppaicia nbhe pantand facks the SIERY KP4 HCocessi ve

di gesti ophdahiclius iRob 6B HuoR ©98RI BOEN abo3tks PYAGR | 1 3aR%nd E239KITHREL | on
(http://ww. neb. com nebecomm product s/ product MR262. asp). Enzyme initiation

on a strad@tipreflewd A drpyjtioneigugle hedlspA Ro¥Rr hang of approxi mately 4
nucl eoti des V\A)é@ IlgN%: SJsﬁ&pé)tﬁQ B@lglgucleotide sequence encoding one subunit of a-hemolysin-

20 MI11IR (a-HL-R).
SEQ ID NO: 4 shows the amino acid sequence of one subunit of a-HL-R.
SEQ ID NO: 5 shows the codon optimised polynucleotide sequence encoding the Phi29
DNA polymerase.
SEQ ID NO: 6 shows the amino acid sequence of the Phi29 DNA polymerase.
25 SEQ ID NO: 7 shows the codon optimised polynucleotide sequence derived from the
sbcB gene from E. coli. 1t encodes the exonuclease I enzyme (EcoExo 1) from E. coli.
SEQ ID NO: 8 shows the amino acid sequence of exonuclease I enzyme (EcoExo I) from
E. coli.
SEQ ID NO: 9 shows the codon optimised polynucleotide sequence derived from the
30 xthA gene from E. coli. It encodes the exonuclease 11l enzyme from E. coli.
SEQ ID NO: 10 shows the amino acid sequence of the exonuclease III enzyme from E.
coli. This enzyme performs distributive digestion of 5 monophosphate nucleosides from one
strand of double stranded DNA (dsDNA) in a 3’ — 5’ direction. Enzyme initiation on a strand

requires a 5° overhang of approximately 4 nucleotides.



SEQ ID NGs: 15 to 17 show the am no acid sequences of the mature forns of
the MspB, C and D nutants respectively. The nmature forns | ack the signal
sequence.wBBQ2i4NOs: 18 to 32 show the sequences used iPoTiIGRRIBMENdIes. SEQ
I D NO 33 shows the pol ynucl eoti de sequence encodi ng one subunit of a-HL-Q
20SEQ I'D NO 34 shows the amino acid sequence of one subunlt of a-HL-Q SEQ

ID NO 35 sh a- HL-
£287C. Qo DorL AR (O T iE of %ﬂﬂﬁd‘@ﬁyﬁ%@ﬁ%&% A GRUtkbmte & e
subuni t ot/ genelfroER 8 7@ QOP5 s AGHBcod2SBEQet Benixiine 83 msh ohwsmopie/up Olthkeedd eot i de
sequence ncodi ng one subunit of a- henolysin-E111N K147N (a- HL- NN;
Stoddart €t al., PNAS, 2009; 106(19): 7702-7707). SEQ ID NO 38 shows the
anmno aci d sesp@ne & 0ofl2enevsshibamninbd aofl sequicheeNtheHQ) b2y frodd7.shows t he

sequence .used . i.n e. 5 40 and. 41, .show t en s used in
et o BETgHi TR -GhalH BEVER POROTRET B Gaton of . mopotesy

under st ofgtidobiats febrh kgreAtin appl 3 Chltebits BakyrhdRitditiss bes eGarraflies s 16d§d4
nmet hods ma){ be tailored to the specific needs in the art. It is also to be
under st oB¥19°H4IS t he terminol ogy WO 2012/ 164270PCT/ GB2012/ 051191 10 used

herein is f OrSE@ﬁ) PJ'U Q@%ﬁ‘ov%fthg&ﬁlﬁﬁ bpﬂlrﬂﬂed)&flﬂdélébﬁﬁe RFRag &@f%@fr@fn thhe
i nvention on]y, i's not intended ng. In addition as

used in b%itegloﬁlrf@e ﬂaﬁn@atem)@feﬂéfﬁcge%elt wp@sd@b?)@teappmge tabda pxpguslagsef orns "a",
"an"jpand "thegig hﬂﬁkPQEsﬂi Hﬁém£ﬁ$%&ﬁ@%ng£'?ﬁ%tﬁbﬁnaﬂﬁgﬁﬂhmﬁiear'y

di ct at es ot hervvl se. Thus, for exa erence to "an anal yte"
i ncl udesexonoclense. nﬁheeseambq/tsemf; Oftbfeen@mugll subutigs et st intorrctringesTheno or

rore s ucgl dl%te %gltfé)rm% 'h e%h?; }grrogegﬁve 5lgestlgn Bf)ﬁucl j[l %lé{)%?gne W Pof cﬂBLﬂEAh s g" _pores,

referencé to or nore s sequences,
and the B’ldkectlon (http /Azlmkzwmalbbom/abbeomﬂmedmtmtmo@nﬂ/l(t%ﬂem) Epplnciaitiabmsorci t ed

[] ﬁ;lelr ", en? p Faé].pyrefﬁ%tﬂlaﬁy requ}rgsfa{ ?’ ovg'rlilgngh()ef]’ a%g%mma%e y nuc ccjiesb %nﬂ ef5er ence in

15  phosphate.
SEQ ID NOs: 15 to 17 show the amino acid sequences of the mature forms of the MspB,
C and D mutants respectively. The mature forms lack the signal sequence.
SEQ ID NOs: 18 to 32 show the sequences used in the Examples.
SEQ ID NO: 33 shows the polynucleotide sequence encoding one subunit of a-HL-Q.
20 SEQ ID NO: 34 shows the amino acid sequence of one subunit of a-HL-Q.
SEQ ID NO: 35 shows the polynucleotide sequence encoding one subunit of a-HL-
E287C-QC-D5SFLAGHS.
SEQ ID NO: 36 shows the amino acid sequence of one subunit of a-HL-E287C-QC-
DSFLAGHS6.
25 SEQ ID NO: 37 shows the polynucleotide sequence encoding one subunit of a-
hemolysin-E111N/K147N (a-HL-NN; Stoddart ez al., PNAS, 2009; 106(19): 7702-7707).
SEQ ID NO: 38 shows the amino acid sequence of one subunit of a-HL-NN.
SEQ ID NO: 39 shows the sequence used in Example 5.
SEQ ID NO: 40 and 41 show the sequences used in Example 6.
30

Detailed description of the invention

It 1s to be understood that different applications of the disclosed products and methods

may be tailored to the specific needs in the art. It is also to be understood that the terminology



Met hods of the invention The invention provides a nmethod for determ ning

t he presence, absence or characteristics of an analyte. The nethod

conpri seswoaop/iomyot he anal yte to a nenbrane and al | ow RgTIAB20EMELWIE tO
interact with a detector present in the nenbrane. The presence, absence or
15characteristics of the analyte is thegjeby deternmined. In one enbodi nent,
e o el Ao Ol R PO @g&c%{a% bilinbAoPHERRRGS A AbnEnCe of
an anal yte, conprisin coup? ana y e to a ne rane a
aIIomnngmﬁmemahéhymenm@ngnteract mnth a detector present |n t he nenbrane
and t her eby ni n I sence, of . the .a 7

di scussed abgl%e}eagdlg%‘ba 19“5 mtetﬁg S%ece&afon 13 e 0 SR et AR Xfar fot“ﬁ‘% tet ect or
| ower s Zﬂmbymseuefakhﬂeﬁbmar@&eﬂﬁgﬂbmuﬁeumhﬁtaaBUnhaaés@hﬁhmheTheqﬂnred
The thod is of. coursg advant,ageous for detec te§ are

b esont SR CHREES U PERE TERECR B r ST aa e S SR F ecence or
char act emcRitiésasodf nfoResuan adtydtérs trofeh@cdet e hbicnadudbefvo diencd @l tperek,s present
at a concentration of from about O. 001pM to about 1nM such as | ess than

0.01pM TeEE&nCE R rCipipvcid S@glsenfeﬁdﬂd&%ﬂmw SO Y SPIEPRASoPY BSEKS han 100pM
25The nethod Qf pweaﬁmgﬁ eneranu%m@ﬁrabpl@dah@ﬁslcwe@%@iﬁt@g&wmr%r 1BH§|a$é ¢ acid
sequenci ng because I scussed above, only s anmounts of purified
nucl ei ¢ BREPRY ipeipasatcd by Eifienefin teir Rdiraty. bIood The met hod preferably all ows
estipgting the sequence of, or allows sequencing of, a target

pol ynucl eotide that is present at a concentration of from about O. 001pMto
about 1nMethodedf thsinvertont han 0. 01pM | ess than 0.1pM |ess than 1pM Iess

t han | CoM or S 0.,100 n n e

he menbr ane TBIBTERBSNSHT T Pihat R BHERR ARGl BB UL EEILGS
from i nt eff énembly. ﬂmbhmﬂhdcmammmemﬁmha§&ﬂaﬁawﬂammnngmpmeamssbwmnuﬁe|s

et hod of LT RGBT IS B2 RIS FORCT Ged0a BROBTIIT T O The |

rrﬁt hosl oéhatdaenlstﬁbs?mtheeﬁalmlays BORPY ueﬁend@etdenmlaﬁu diﬂalodfmd’ﬁgaﬁdihlrf]d’i@loﬁ) @ﬁ)vgﬂ’es mor e
characteristi¢cs of an, ana yte sucn_ as a ynuc eoti de. The netho may

i nvol ve YBCEPATGTdRGTBINNShGRIFICAE qrwasenfwfg@@ anglytey compprising d2)spuptpigdhe

char act egfagfid ©% Rimbhe ﬁﬂi‘i)))’am%wm%l{ﬁé‘arﬁﬁrt@toRf?t'eﬁé@%ﬂﬁ@&ét&@or pFQEnt in the
polynucleotldes the one or nore characteristics are preferably sel ected
from 5 PPpbrEReandhegehy drerpiang te gesense Py shsenceof thaenalyei ) the identity of

the target POYMMGLERLbOS: cckbiifd it DR ACHERGRLAe LARuAAL BEUcRAbYAUELoOL | de.

(iv) the secondary structure e target po ynucl eot| et her
or ndl t hesavenebatcrp of pagrifudoth demonr ofreicklfte easlulrﬂnyTlmormhqqias Dfmurﬁfe (i) to (v)

my be d &Vgﬁt%ﬁgfog) ﬁet@&ﬁ%%??tﬁ% thaﬂagé? gtrege%'? gﬁchg)chM?Slonp Vﬁﬁ:t th&ﬁ'od The met hod

preferably conprises €es equence of or sequencing
pol ynucl pefarabdy allb®sAeagrysdeace or charackbtristianat] tid snatyantolbe datre;tnmetbwhmhe anaBue t abl e

por yner o1 e ec ot i PeomaRort S0 i ad By gy IRH RN o 5L A

phar macethah 0aps!, ledd BN O] IessantopM dreess etadhilomsN1. dr ugs, epr03|ves and
envi onnentallfolluta 15The analy%e can be an _analyte that is secreted

fronttel |l s. cdpgihad qr}él]le)fnve'tnﬁgn ésdgm rly advantageous for nucteic acid sequencing

because, as discussed above, only small amounts of purified nucleic acid can be obtained from

ented

human blood. The method preferably allows estimating the sequence of, or allows sequencing
of, a target polynucleotide that is present at a concentration of from about 0.001pM to about
InM, such as less than 0.01pM, less than 0.1pM, less than 1pM, less than 10pM or less than
30 100pM.
Coupling one end of a polynucleotide to the membrane (even temporarily) also means
that the end will be prevented from interfering with the nanopore-based sequencing process.
This is discussed in more detail below with reference to the Exonuclease Sequencing method of

the invention.



be an analyte that is present inside cells such that the anal yte nust be
extracted fromthe cells before the invention can be carried out. The
anal yte iwoppefenzEbl y an am no acid, peptide, polypepti ®@€T/GB2praoiseion or a
pol ynucl eoti de. The am no acid, peptide, polypeptide or protein can be
natural ' y-occurring or 20 non-naturallyroccurring. The pol ypeptide or
protein can iqgl ] A nunber
of different %p@%ﬁ%ﬂﬁtmdﬁ }Iélnt(tzlgtt? ?ﬂgg Q?%brgsﬁl%ﬁtgﬂgglh%s&g}eg%lﬂgﬁm%{)ﬁﬁ?rﬁe art. For
t he pur pdsawteuﬁthsrwéam amém isaeh, asiatpolysnutleotisle. Ehdmn@bd;mdymvatvetdherrmnmlgy)te can
be fTDdI fl edS bX 9”&’ PO%(IJOI'a Vaéloll‘abolre I nac%erlstlcs Otf’[ IS a?{%r o EI n, can be an
enzyne, R 0% f’u WMHT & atr wtaﬁ a?ory 25pr ot ei n,

such as polgzryucmotmtre FoTbelyﬁqdl@kldessethaaye lnernsre IcEa:rﬁcedlshbm arefaraiil e sdletddi from

it er] or bhhe bitiar 4 erirel s o By cdsetiad Heireu b AResioe i s o o

may be ase?ﬁéiic@bfﬁhle ta@g@peuyﬁuclefouagqiv) e @t @nfary Virlidase pmb mrgbt @6lynucleot1de

parasi te-derived prote i.s contacted w pare or channel,
t he pr ot @d{Vhalhetha Oﬂﬂ?tdll‘ij‘éﬁget lewwp%dedéwe@ﬁé. aay emblﬁatwg@fﬁéwambm eis
nost  pr efeddlintncd oP Ble¥diHalif Qédoﬂﬁnce&%@lhth@%v%nt%c i %eﬁfb‘d%refg’r%ly RUGHERL T des
are discussed in nore detail below A polynucleotide nmay be coupled to the
menbr anecsimafingths'scqugeredif oBsequgingra patyneeleotisle. nore i nt er medi ate points

al ongythe strand. The pol ynucl eotide can be single stranded or double
stranded as di scussed bel ow. The pol ynucl eotide may be circular. The

pol ynucl Aotlytde nmay be an apt aner, a probe which hybri di ses to mcroRNA or

m o7 ORNA 1 ook A0 MA0gue Lo Sheslor RIS NI RSO RO Req Srmets

pr obe whioad) idvyfnicialie potymend, suroblRNApolgdmerlqna@dtneorrhsages bi@res;tbwpcﬂ&st per manent |y

(Fig. 23 or transientl Fig. 2 C t he nbr ane.

't oo il BERee i Rerefr el Guib o S BT grer g BB i se
to aigonpl erYEIHeathyQQﬂaijB&J@ﬂ ﬁglyitamamg&‘fbtéaaﬁorbeam adeplagetly, @hmumea:aho t he
menbrane, The anal yte may conpl ex of m croRNA hybri d| seﬂ to a probe

wher e t hee m%@t%a%t 1%1Pr§%qnh’€ﬁlid%e”§é%'eth@é%e %‘PIYEf‘a‘P‘d%B%EX%‘ﬁ%I oy he eellso be

i denti fi gdordnBill QM Sdvbe carried oudhen the anal yte is an aptaner, the aptaner
may be coupl ed permanently or transiently to the nenbrane. The aptaner
itself may belgdapyEds Pr@feé%pmear@n@ agdlIngdiids. pHEPREAD PREUCIBLT fray hybri di se
to a co LY n adant o the
10 nmenbr lm%hg&%p]ﬁgﬁer Acwgbﬁﬁom%d)% Ir)tl&%%tgg und to a%ﬁlg%l@l ér\lcg%&%g y%e and

t he 20t i nateatpallyposerrof. dbt ec;lvpmvgdt biepratgingnae inchidy wWithint ibsysigtetic pr mpdified
presence mﬁ’B%?FJE €A A BAAFAGE ?ént f?&)%scéfr%d@c {)Q{oeénﬂn(fgc%&%gkﬁo%vn%'ﬂfehar!t

bi nds. The analyte I's presen Sul a Invention'is

t ypi cal | forabe purml;eomﬁth@mvmt@ampiseo bhaﬂderssooklmhaan/[hetaoalgtarcambelmodlﬁsdub]mmyt ed to
contain thﬁl ana ]%%1 t;he invention may be 15carried out on a sanple that
cont ai ns™6H8I BYAYF & URATyt es whose identity is unknown. Alternatively, the
i nvention mayTheerewinfchetle SiknzPme antbity] Eortn@né; @rivith factdner grdert ickylafy one or
nor e anal%t es whose presence in the sal? known o ecte The sanpl e

may be aPBiHh SHcaR c¥kigr-e Iherptokingant eo%?ﬁﬁfﬁé frigm a&ld?ﬁe{laﬁxfgafefqrﬂﬂwlﬁ% on a

sanpl e ofyt aitped if KoM QL ayt fiaet §ALiB0M ARYFRMIRRISNIL b JHRPtRsth&m The
organi smor 20 microorganismis typi cal Iy archaean, ‘prokaryotic or

eukar yot m@h andiNFyopi Tialpqutelbemazyrbgg baotens eratéia, ﬁmg/aépﬂo'temtg &mprowlnammel,sne—
animalia

un nmo I ot i st The in yent| arr fg ut in

Vitro onta SRSt oBEkTH 0 PRBA et La P RS e TSI e 1
pr ef er abloyma pfolytpbpiuﬁahmhe The sanple typically conprises a body fl ui d of
t he tient. e sampl e may be urin I h, saliva, nucu
fluid but is '{Tﬂf’éﬁf“@?"&ﬂ? ?Oﬁlpg%c grably Iaé’Qg‘ﬁuﬂgoq@ﬁ’r%ﬁ]i‘ as picleny a}cifis Ptoﬁ’Vémgg"“ o8

are discussed in more detail below. A polynucleotide may be coupled to the membrane at its 5’

end or 3’ end or at one or more intermediate points along the strand. The polynucleotide can be

single stranded or double stranded as discussed below. The polynucleotide may be circular. The

polynucleotide may be an aptamer, a probe which hybridises to microRNA or microRNA itself

35 (Wang, Y. et al, Nature Nanotechnology, 2011, 6, 668-674).



25 sanple is human in origin, but alternatively it may be from anot her
mammal ani mal such as fromcomercially farnmed animals such as horses,
cattle, sweepi2r49bgs or nay alternatively be pets suchpras/Geabe/m119000s.
Alternatively a sanple of plant origin is typically obtained froma
comrercial crop, such as a cereal, legye, fruit or vegetable, for exanple
wheat, barl ey I Rhgﬂh t oes,
ot at oes. - gr anar g apdROR AralPh it LARIRe: bR o AR Ko T

The sarrpp@‘mamptlhél:ig MObtrmsmgﬂEéng Sarphrel C)'Ifhehermmnlbmﬁ o ptabe Swfphee' is
preferab S of an bi.ol ogi cal . sanpl e incl ude
sur gi cal ﬁ%l?ﬁptﬁdyo CouPﬁnPre&@ﬁoahse en?brﬁne OY%Y% é’bndlse S Cofné’r OIr’TPI’I ver water,
and reagpslymucteotidd wahioli Bisdieyn ddaptes to couple to the mehitearealipd @aiyse hyspbecal |y

proce sed rior.to sayed, for exapple by centrifugati on 350r by
Prosabe. trbmi Henl BERRRLE onp S S ETHE plitettes S s SRR e | 3,
such as pfebdel @081ind¥D022lidéntiGdRMGIgeBAN12/ 051191 13 cells. The sanple may
be neasured |rmed| atelly upon bei ng taken. The sanpl e may al so be typically
stored prior tNhead YBrie Rt nASF e RRMET N0 bayionpled ARmanonily oRERISIAHE nay

be used Iorth@ﬁla%qﬁ@q%e%taheﬁlkselfhﬁy%etau%d t§€bﬁﬁ@&1§‘ecﬂ?@ﬂh@ﬂﬁﬁbﬁaﬁl€ ot¥ghy - known
in the art. The nenbrane is preferably an anphi | ayer. An anphiphilic

| ayer i shebridisger a espmierdciarg ne ysheoprs vhich fre @@Epé@tedéﬁéwpépstoﬁ%sphol i pids,
whi chy h A r

ol ool op by TRERARDL bR bPARPUALE AR R and IR IR BEEOT 1 ng
anphi phi I)ﬁd;teamg &ﬁrplbtalphu thgsbathidetctftior presenem nlpieaseenr Chﬁractdr(}tlksmﬁmpmtnmt he art
and i ncl Qr bl ock copol yners (Gonzal ez-Perez et al.

Langmui rﬁg%%% lﬂ@{?%ﬁ? 10450). Bl ock copol yners are pol yneric rrat erials
in which two T amiiye iSTpREMEm amaIsultalhletssrnpleafrharmreqminymp1cale5dcam@16duhem ato
create asingle nmer chain. Bl ock, copal yners al.l| y have opertles
Chat ar oDt pryE Ras oy B8 ShoRmis GaBRaHTE: SeblievEr mbntifse onol yrrer
may DRV ecdhiddiie of b ORIk RS cdnbits daebyﬂiafeSanﬁ@femOien@éﬁtWe umadiwm dual sub- 15
units do not possess. Block copol yners can be engi neered such that one of

t he nonoftsFmaiislinifiednyeationMrpphesHied quf oma sampleigropiigy the ganfigtof PRROL her
sub- uni t {;5)c AbEtERBbREh& Wlelseplenls BNV SxfREHa. I n this case, the

bl ock copolyrrer may possess anph |pR lic properties and may forma structure
that nimcs allsisamplgingsbepaviiegierd sanmple BRoiBkenciop 812y ke cAHaS O d” ¥idioBl2ock
(consi St kg OfpediNQy PP&HBP@&raEtE@frH&' aTn?Inr 2R TRYcrBb QmPﬁ ‘FH@&%M{% gd from
nore than two 20 nononer sub-unit Formnore ¢ ex arrangenents that
behad® amiceganpin e$ypidlie abpwhyprekaryrdig obeularyotic bncbbfklcalﬂsebqkatgls tscdnedhe

t abl I I I
Patur al |5 oamamre B e s G RSHE B aroll G RE i bRk B ST
nonol ay ein vivesrtr asnpldblesiecd firgh dsexaraeted émmrambr irud. mmdamplewpmkmm fleg t hat
h h bi o] ts,.  t hi L.es, | ophi | d
25aci dopHIRS. TFaT e SEUGTY FEPT 6 BETPEUUAO B QR0 T FUE RE PLERY nat ur e
of the fiyash, Qlilayeicus drtaninsotRtfTuad lghﬁg‘lﬁémna@ Hlébde plasthd otCserudl. OTpic@0Pahy mer

materjials that mmc these bi ol ogi ities by creati a triblock
pol yAer $aRC i humphia Qj’@ﬁbgﬁtl al%mg‘fe 9&}&@5%&0@&% Ieﬁﬁaaf%ﬂﬂ Y ardpmitrane .

Thi's mat girhidérciABY fanREIMAIG BRdhi 46 hEBED EANE ShdcPdt pRS bAMEy Sickatiddly Ye b&s | i pi d
bi | ayers and enconpasse a range of phase behavi ours from vesicles through
t o | ani naichepasy eriess Adematitshanhesnoefmiant prigimis hraise v ebiaeddiont dpol ymer s
hol d sevefighedVans, 3085asax %feaPI ghﬂg'ﬁﬁﬂor'vb tﬁlﬂm&%ﬂﬁé whBRCRHES, daRie

tribl ock cogol ynmer is synthesiz the exact construction can be carefully
contr ol | eao ompize\spxfe rth daons, emle%mamessmmm gy s geloper. brans, legdui red to

forni ?p& ea:ragoat gonjl Lpt eract wi th pores and ot her proteins.
c cop

Bl o ner's nay al so be constructed fromsub-units that are not
cl assed as I |Thed;a®5163nety hmttmmbadlsglca‘isermlﬁxa“ﬁlm wnebidlygicd pirofle ¢s poksabigra nay be

rede fr °Riid Isamf)(lanﬁxé)nqplgsto a non- %1olog1cal sample include surgical fluids, water such as
drinking water, sea water or river water, and reagents for laboratory tests.
The sample is typically processed prior to being assayed, for example by centrifugation

35  or by passage through a membrane that filters out unwanted molecules or cells, such as red blood



WO 2012/ 164270PCT/ GB2012/ 051191 14 hydrocar bon based nononers. The

hydr ophi | i ¢ sub-section of block copolyner can al so possess | ow protein

bi ndi ng pwoperxicexyp which allows the creation of a nenbrams&sE2hetr0si®1hi ghly
resi stant when exposed to raw biol ogical sanples. This head group unit may
al so be derived from noncl assical Iipighhead-groups. 5Triblock copolymer
menbr ane I y
conpar e t b b %rvpoegl.ﬁﬂ%%ﬁee@?%ﬁfam%%@%%?uﬁ?%?l e e R TR b

oper at i otyalcalfyestpred atiorte agay, prbferablgdeclovh@0%€ynt het i ¢ nat ure of the bl ock
copolynmers provides a platformto custom ze pol yner based nenbranes for a
w de range of applications. In a preferred enbodi nent, the invention
provi desyenisRinbod f or deternining t he 10presence, absence or
characteristics of an analg conpr|S|ng %»% coupling the analyte to a
menbrane conphREMAPLEANG MAKPored dhsspidaRee Witihs Bentioy- %&&b& RS 8 or ane
i's modi f{eelkh&wni ﬁQhé Art ah1R thdLor&RUPhicRYablPRdardiipratid IQWrng,nta%hgﬁlﬁicMﬁ}%r

interact with a etectorlgresent in the nmenbrane and t hereb et er m ni ng

t he preseéridecr smeahiemgm maﬂl&éml@qum ssh g phoprholipids. yhach h@ge BetBcussed
b
above, au{f; 6&'11%%dCf@9ﬁllﬁmﬁ5péFﬁesa T!BQ'a%ﬁgﬁHIlQhﬁ%@ulM SBMﬁbg& bf Sty

mononer su 15u ¢ nol ecu
chemi c aI bagurrngi Noedlatmrallfqumrrlmglahplseldles and anaphliphilas which tqii arrgoruﬂayteh@e

anal imow in the a?t a%gq hpcg %OF gxan&Y e%lorrf(a‘}ﬁpg)?ya nﬁm% %%Xzeﬁ?rgz et&l. bﬂang u1r The

anphlphl ISty nar e turved.

20Amphi pkaaod; ES riﬁ4h4f7r H)zlée) aBbclt yqqm@arhdrg/araad)lgmmhct matenids hayhlelswﬁmmrairhy acting

as two di nmensional fl Euds mch ?Bﬁ t|ffu5|on ra eslof aggrog'nﬁtely 10-8

cm s-1. TAMUMASARENYHAT TR HRT BT BECAHC CEa Pl e B4R l?ﬁ cally nove
Wi t hi n agopalipdtrpichll, HREBropaEics that arc coﬁhﬁ)ufwrﬁgreaﬂﬁnb@mwrgﬁteﬁﬁblﬂovaevki pi d

bi | ayer. tlpld bilayers are nodels of cell raneg and serve as excell ent

pl at f or i PIOBlf COPORAKE B2 MaveURitIe REWELICS @@hﬁﬂlﬁgers Fsmee fgmghendivigyalsubi | ayer s

25cans beyuged anQISosbéﬂs VBIBEIQCdel&%%d Gatok @fi‘gl@éeré’ﬂesﬂm RABEOIR LPIHR InbhoR¥r sub-
si ngl e-channel record Al't ernatively id blla§§rs can be used as

bi osensoltstip Xﬁé‘?@é‘t’lcl(lr?ellmp@sl@hd@ﬂé\‘ thaotha -ugft(ss ers Sy drelalic Wit in j pi d
b | O .
ITayer %0&%&[@ ThidRi gas]t) thé"é/ls kﬁogHg%éPa h&s@és‘s"a gfngbﬁﬁég o:p&%leélﬂﬁ t are

not lim to, a planar lipd , Supporte or a osone.
The i pi ﬂ>rrm|alsa'y@nreltlylt priafcs p disilygical picaheanc] T blodk dopglymer Say bebiilélde pi d

bi | i i I . i 08/ 000563
oL 2y o s LRE R L SRS AR 30 PRALLERY R, MR TGP
PCT/ BBOSMOOAAE Rulf-puil th $hretmars cWBpRO 08AQETEB4 JhanhdhayarsermpatpilonalThdppl i cat i on

No. PCT/ GB2006/ 001057 d 0Q6/ 100484 Met hods f
form ng PIPSPEBMRYEFE tg?g( {?ﬁg@ﬁcﬁaﬁpﬂgﬁ cop Fltelfi%)l e net hods a?esdl g(r:l osed

in the Exanpl&cchddbpdteliddbipaetetradthic h@ﬁi@‘ﬁmﬂaw&l@/rd%eﬁrlbg’ lipidetharirb echsafictddnt al
and_Npelleh BS&EHQC Ohbtl Aﬁadr Sc% ﬁi é972 6%§?§§§1 3%66) in which
a |'ipid MSREIATEIPIAOREY} Iere BT mpPpe 2/ e Brigret e LEFEEE
extremophiles that survive in harsh biological environments, thermophiles, halophiles and
25 acidophiles. Their stability is believed to derive from the fused nature of the final bilayer. It is
straightforward to construct block copolymer materials that mimic these biological entities by
creating a triblock polymer that has the general motif hydrophilic-hydrophobic-hydrophilic.
This material may form monomeric membranes that behave similarly to lipid bilayers and
encompasse a range of phase behaviours from vesicles through to laminar membranes.
30  Membranes formed from these triblock copolymers hold several advantages over biological lipid
membranes. Because the triblock copolymer is synthesized, the exact construction can be
carefully controlled to provide the correct chain lengths and properties required to form
membranes and to interact with pores and other proteins.
Block copolymers may also be constructed from sub-units that are not classed as lipid

35  sub-materials; for example a hydrophobic polymer may be made from siloxane or other non-



15 aqueous solution/air interface past either side of an aperture which is
perpendi cular to that interface. The lipid is nornally added to the surface
of an agueousi2leerrvr ol yte sol ution by first dissolving PCTiGB2are/ityani c
solvent and then allowing a drop of the solvent to evaporate on the surface
of the aqueous solution on either side;pf the aperture. Once the organic
sol vent e I L I r I i t he
aper tur o ar e Rk e AR S Ao} BRI AL PR Mt Lyer
i s fornmebw Pbtamdnindingyprdpdrii¢saykick alays the cicatramed a acndsancdimt apegltly resisiant a

menbrane, pr, ¢ b1 Jo i 1%@&51%&@1%8 Pl Feaboup unis magllﬁ‘% pIRLANS ﬁi%‘}n Mptal &
Muel l er TI's poBu ar because it 15 d cost-efrective and relatively

st r ai ght ¢lessivar Ichidriedadagoupk. f or m ng good quality lipid bilayers that are
suitaple for protein pore 10 insertion. O her co n nmet hods of bjl ayer
formation i nol (R RePBE MR LB PTAY B Fays e RO R raBIhg of 1 i po
sone bi | ay®lity.cothipiredivtRibigodidall Byie imchididRs, ifeexemplial rsuch Qb 61@rdtidgalapert ur e
surface (for exanple, a pipette tip) onto the surface of a test solution
that is CHPPRUYOTPHHERS alisrsyhetis faruge ofdiablack ¢analymeps HoYideral ASFEY ™t £ r st

gener at egs@imitd IRt bhi@M EradeD F@ Rl AGSrAYe M dppidafigna drop of i pid
di ssolved in 15 organic solvent to evaporate at the solution surface. The

bi | ayer is tham rdemekenipdinat, thajgrntipseroauipes msthed &g gletgraingdig r es
mechami ¢ i u IV, i,on

sur f g(?:]e. st glﬁg%?éegd;icﬁé}ggggsﬁc%{/%rn g?aqg&dgrognpgﬁ %#ng}(%)pc?%ﬁlgllgtsﬂg%[@gkﬁ n or gani c
sol vent insmappé feuprdingeditiblpck copohencapetionally whetvircthc nembudyey gedifichtoan
aqueous pegt, sglutlon ,aﬁﬂgﬁ'a'u%% SR é‘&{y? Noli er%@rx%ﬁlda éert‘éc[%lfr% QU&E, @Q the
aperture using a pal heBraSH ‘or VAR equrval ent . “Thi nni ng of Yt he sol vent

resul t s mamboneadd tberebf degermimpnglthbipteagter,. abkdmvesetharactoriplce bthe emdytal Aof t he
sol vent from the bil r.is diffi.cult, and.con uent!l vy .t he bil ayer .for ned
oo VRS O e o e Rpd i R RO G B R R eF St

el ects ochd®i cal neasurenent. Patch-clanping is conmmonly used in the study

of biological _cell pmenbranes. The ce|l 25 menbrane is clanped to .the end of
a pipette by E@mpé}';%&wan%{e%@ww cheppicHbBPdfied w&wgalgﬁf daeletver the

apert ur egouphif; dmhbafaas been adapted for producing lipid bilayers by
cl anmpi ng |1 posones which then burst to leave a lipid bilayer sealing over

t he apert ur e Bic ampbiphilisdixce mayhe 2 mopplgrerce g bilaves T9e ampliphigr &ver iand

uni I anel | I PYSQMBR gﬂ]%j- e baRhS! @f small apertures in materials
havi ng ayg{cgs}"lsﬁsu_ri‘_acee. 6llg_| p%sgé}nes can ﬁ'g formed by sonication, extrusion
or tR@ Mzaf akinpmphiiodebuinasaretypadally (201 mivbide, osscBIGAqti@AR Ywo In a

preferregd hAent -t he. | j ol j LS K deser i '

it er na CBEros AR with Ao SN Elral T B, PG T B dlar e

2009/ 07738&})or aAdvaml@geay®lcyn iypidihy sonetvithid an imehiphibic dachibkayger is f or ned
fromdried lipids. .In a nost .pref.erred enpodjnent, the ]jpi.d 35 bjlayer is
formed acr oss sy PR EhPHaH R PasHuBy oY iRt Feldenbnitr)
WO 2012/ 3@ REH B pRAOSIs1B1a dbige of experfndntdis@hdies.| Bor@karhple fipidgithytisom t wo
opposing | ayers, of lipids. The t | ayers of, |jpi.d re arranged such that
t hei ?? hy EoB RS 1T i B etise i anay & Puvic Loteathy Bt SFOBSIFHPHTEE hy dr ophobi ¢
i nterior AltdhigiRydligibilhes BeaE uBHdABRs@sols e ddtb @i rdsae@ oPWiaMae g t owar ds

t he aqueous environnment on each side of the bilayer. The bilayer nmay be

present subpstangssimblg Lirdd bjlqyﬁ; @abh%@g/slipid bilayer. Suitable lipid bilayers include, but aré
not limited to, a planar lipid bilayer, a supported bilayer or a liposome. The lipid bilayer is

preferably a planar lipid bilayer. Suitable lipid bilayers are disclosed in International
30  Application No. PCT/GB08/000563 (published as WO 2008/102121), International Application
No. PCT/GB08/004127 (published as WO 2009/077734) and International Application No.
PCT/GB2006/001057 (published as WO 2006/100484).
Methods for forming lipid bilayers are known in the art. Suitable methods are disclosed
in the Example. Lipid bilayers are commonly formed by the method of Montal and Mueller
35  (Proc. Natl. Acad. Sci. USA., 1972; 69: 3561-3566), in which a lipid monolayer is carried on



5including, but not limted to, the liquid disordered phase (fluid

| amel lar), liquid ordered phase, solid ordered phase (lanellar gel phase,
i nt erdi giwatet/gei7ophase) and pl anar bilayer crystal s (IpaFeiB2ar2/suty1gel
phase, |anellar crystalline phase). Any lipid conposition that forns

a lipid bilayer may be used. The |ipid;gonposition is chosen such that a
l'ipid bi r ability
o L0supBr T Hapo e WLl E iy B R BElpETire SHEH i HEpERRUEP RLEE. 1Y e,
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are not [imted to, naturally-occu |ng|nter aci I es
gl ycerol phiesdanping o&lipmpue bikased i eti es. Suitabl e hydrophob| c tail groups

i nclude, but "f% %d%% ‘t!l a?ertfgrgnattlgl; etﬁ%&sl{o&thl?n% tﬂé’ 9})58(:1%%21?906 exa rplé lélt é) Cp@%?

lauric acid (n: econo

pal m ti ctigaint t(lmsmﬁxadmmtmbmuamhdt) is catyemy a mom:la;d:r ohldt Adeu, ahmhpnai and
25ar achi di c osanoi ¢ rat ed drocarbon chai as.oleic
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ghytt:) iﬁﬁo)l;brgéﬁh %l{l@ﬁgi dvapdratt BEhE ?%tmélamﬁfaaegeheeﬁwet th@rtdmﬁudrﬁgenehpzfnghme- o o
oubl e bonds_in the unsaturated hydrocarbon chains can va T e ngth o

the chai RRSRHPIPFSS pESICEYEH MeARpHGhBemoniqRoN; i aprare rel%ﬁe Hipp
groups, iprthe branched hydrocarbon chains can vary. The hydrophoblc tai
groups can be linked to the 30interfacial noiety as an ether or an ester.
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materials having a glass surface.
30 Liposomes can be formed by sonication, extrusion or the Mozafari method (Colas ef al.
(2007) Micron 38:841-847).
In a preferred embodiment, the lipid bilayer is formed as described in International
Application No. PCT/GB08/004127 (published as WO 2009/077734). Advantageously in this
method, the lipid bilayer is formed from dried lipids. In a most preferred embodiment, the lipid

35  bilayer is formed across an opening as described in W02009/077734 (PCT/GB08/004127).
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The lipids can also be chemically-modified. The head group or the tail group of the
lipids may be chemically-modified. Suitable lipids whose head groups have been chemically-
modified include, but are not limited to, PEG-modified lipids, such as 1,2-Diacyl-sn-Glycero-3-
Phosphocthanolamine-N -[Methoxy(Polyethylene glycol)-2000]; functionalised PEG Lipids,

35  such as 1,2-Distearoyl-sn-Glycero-3 Phosphoethanolamine-N-[Biotinyl(Polyethylene
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Tabl & 3 Coupling

The analyte may be coupled to the membrane using any known method. If the membrane
is an amphiphilic layer, such as a lipid bilayer, the analyte is preferably coupled to the membrane
via a polypeptide present in the membrane or a hydrophobic anchor present in the membrane.
The hydrophobic anchor is preferably a lipid, fatty acid, sterol, carbon nanotube, polypeptide,

30  protein or amino acid, for example cholesterol, palmitate or tocopherol. In preferred
embodiments, the analyte is not coupled to the membrane via the detector.

The components of the membrane, such as the amphiphilic molecules or lipids, may be
chemically-modified or functionalised to facilitate coupling of the analyte to the membrane
either directly or via one or more linkers. Examples of suitable chemical modifications and

35  suitable ways of functionalising the components of the membrane are discussed in more detail



Attachnment group Type of coupling Reference Thiol Stable Yoshina-Ishii, C
and S. G Boxer (2003). "Arrays of nobile tethered vesicles on supported

| i pi d bi Is@eape/164270 Am Chem Soc 125(13): 3696-7. Bioti RCHiGH2DE/IN1190] OV,
V., R Lipowsky, et al. (2007). "Behavior of giant vesicles with anchored
DNA nol ecul es.” Biophys J 92(12): 435668 Chol estrol Transient Pfeiffer, I.

P01 pi congor Ao U ERtm69, gﬁ“@““gﬁ% BRIGGRILA9, B LROTBLE !
(eg. Li p0.a]%Ppallensttht%, atéetast)l‘VStaablaﬁ IO%naﬂ_leamgéﬁ%mu Jea®.50%Rr 190%Rawl e, et al .
covel ot o AR B B SR Rk e oo R S0,
Synt het i dirqedl yontie heoibrale asialoy bhese, euichlas ak&:r433rmfmye,lpemfsunct i onal i sed using a
modi f% ed The analyte is preferably coupled to the membrane via a linker. The analyte may be
coupled to the membrane via one or more, such as 2, 3, 4 or more, linkers. One linker may
couple more than one, such as 2, 3, 4 or more, analytes to the membrane.

The analyte may be coupled to the membrane directly at one or more points and via one
or more linkers.

10 Preferred linkers include, but are not limited to, polymers, such as polynucleotides,
polyethylene glycols (PEGs), polysaccharides and polypeptides. These linkers may be linear,
branched or circular. For instance, the linker may be a circular polynucleotide. If the analyte is
itself a polynucleotide, it may hybridize to a complementary sequence on the circular
polynucleotide linker.

15 Functionalised linkers and the ways in which they can couple molecules are known in the
art. For instance, linkers functionalised with maleimide groups will react with and attach to
cysteine residues in proteins. In the context of this invention, the protein may be present in the
membrane, may be the analyte itself or may be used to bind to the analyte. This is discussed in
more detail below.

20 Crosslinkage of analytes can be avoided using a “lock and key” arrangement. Only one
end of each linker may react together to form a longer linker and the other ends of the linker each
react with the analyte or membrane respectively. Such linkers are described in International
Application No. PCT/GB10/000132 (published as WO 2010/086602).

The use of a linker is preferred in the sequencing embodiments discussed below. If a

25  polynucleotide analyte is permanently coupled directly to the membrane, then some sequence
data will be lost as the sequencing run cannot continue to the end of the polynucleotide due to
the distance between the membrane and the detector. If a linker is used, then the polynucleotide
analyte can be processed to completion. The coupling may be permanent or stable. In other
words, the coupling may be such that the analyte remains coupled to the membrane during the

30  method. The coupling may be transient. In other words, the coupling may be such that the
analyte decouples from the membrane during the method. For certain applications, such as
aptamer detection, the transient nature of the coupling is preferred. If a permanent or stable
linker is attached directly to either the 5 or 3’ end of a polynucleotide and the linker is shorter
than the distance between the bilayer and the nanopore’s channel or the polynucleotide binding

35  protein’s active site, then some sequence data will be lost as the sequencing run cannot continue
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25  To native dsDNA, it is possible to add either a piece of ssSDNA to one or both of the ends of the
duplex, or dsDNA to one or both ends. For addition of single stranded nucleic acids to the native
DNA this can be achieved using T4 RNA ligase I as for ligation to other regions of single
stranded nucleic acids. For addition of dSDNA to native duplex DNA then ligation can be
“blunt-ended”, with complementary 3’ dA / dT tails on the native DNA and adapter respectively
30 (as is routinely done for many sample prep applications to prevent concatemer or dimer
formation) or using “sticky-ends” generated by restriction digestion of the native DNA and
ligation of compatible adapters. Then, when the duplex is melted, each single strand will have
either a 5° or 3’ modification if ssDNA was used for ligation or a modification at the 5° end, the
3’ end or both if dsDNA was used for ligation. Ifthe polynucleotide is a synthetic strand, the

35  coupling chemistry can be incorporated during the chemical synthesis of the polynucleotide. For
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25  membrane using one or more linkers, such as maleimide functionalised linkers.

In this embodiment, the analyte is typically RNA, DNA, PNA, TNA or LNA and may be
double or single stranded. This embodiment is particularly suited to genomic DNA analytes.

The binding group can be any group that interacts with single or double stranded nucleic
acids, specific nucleotide sequences within the analyte or patterns of modified nucleotides within

30  the analyte, or any other ligand that is present on the polynucleotide.

Suitable binding proteins include E. coli single stranded binding protein, PS single
stranded binding protein, T4 gp32 single stranded binding protein, the TOPO V dsDNA binding
region, human histone proteins, E. col/i HU DNA binding protein and other archaeal, prokaryotic
or eukaryotic single- or double-stranded nucleic acid binding proteins, including those listed

35  Dbelow.
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25  membrane, but the binding group may be contacted with the membrane and subsequently
contacted with the analyte.

In another aspect the analyte may be functionalised, using methods described above, so
that it can be recognised by a specific binding group. Specifically the analyte may be
functionalised with a ligand such as biotin (for binding to streptavidin), amylose (for binding to

30  maltose binding protein or a fusion protein), Ni-NTA (for binding to poly-histidine or poly-
histidine tagged proteins) or a peptides (such as an antigen),

According to a further aspect, the binding group may be used to couple polynucleotide
analyte to the membrane when the analyte has bound to a polynucleotide adapter. Specifically
the analyte binds to an adaptor which comprises a leader sequence designed to preferentially

35  thread into a detector such as a nanopore. Such a leader sequence may comprise a
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International Application WO-2011/067559.

In other preferred embodiments, the detector does not detect the analyte using fluorescent

means.
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5 180 oBBhGh R R SRS REE, BRN S CRIFAIREL SR ke, 7

aci ds w PETwaiBO12/650300 (daimdis pforisy froh&rS Rrberiva@|Appticatioh INoe6 1/44 17 I8ar

chem cal operties ar,simlar side-chain,volune, The no aci ds
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or akhs phalib&irdHhit&icAG1 HONCPISRT BAIN MS] 1RR] DOIACAH IPNBRIASv:Ahkt OMSEQ IpNOWn i n
the art and may be selected in accordance with the properties of the 20
mai n ani NO: Aé arelenepiisrthatdas fmanrigp peid scapsndserhich vappetrem it AbSER AN Gidy e
o BN X St o, ResSoL e, DL ADE
proper t i esaysfl using Ay methadkoavan ia lthephitatho instayey thehvetint map deinsertedNatp a lipid
hydr Ophoﬁilaglm en(?n"ét&nﬂ{ otﬁ%(rsappropriate subunits and its ability to oligomerise to form a pore may be
20  determined. Methods are known in the art for inserting subunits into membranes, such as lipid
bilayers. For example, subunits may be suspended in a purified form in a solution containing a
lipid bilayer such that it diffuses to the lipid bilayer and is inserted by binding to the lipid bilayer
and assembling into a functional state. Alternatively, subunits may be directly inserted into the
membrane using the “pick and place” method described in M.A. Holden, H. Bayley. J. Am.
25  Chem. Soc. 2005, 127, 6502-6503 and International Application No. PCT/GB2006/001057
(published as WO 2006/100484).
Preferred variants are disclosed in International Application No. PCT/GB2012/050301
(claiming priority from US Provisional Application No. 61/441,718). Particularly preferred
variants include, but are not limited to, those comprising the following substitution(s): L8&N;
30  L88S; L88Q; L8&T; DI0S; DI0Q; DI0Y; 1105L; 11058; Q126R; G75S; G77S; G758, G778,
L88N and Q126R; G758, G77S, L8N, DI0Q and Q126R; DI0Q and Q126R; L8EN, DI0Q and
QI126R; L88S and D90Q; L88N and D90Q; E59R; G75Q; G75N; G75S; G75T;, G77Q; G77N,
G77S; G77T, 178L; S8IN; T83N; N86S; N&6T; I187F; I87V; I87L; L8&N; LEES; LEEY; LE&F;
L88V; L88Q; L8KT; IRIF; I89V; 189L; N90S; N90Q; N9OL; N90Y; NO1S; N91Q; NI1L;
35  N9IM; NI91I; N91A; N91V; N91G; G92A; G92S; N938S; N93A; N93T; 194L; TO5V; A96R;



pol ar, hydrophobic, neutral Asn polar, hydrophilic, neutral Asp polar,
hydrophilic, charged (-) Pro hydrophobic, neutral & u polar, hydrophilic,
charged (WP 20mepybar, hydrophilic, neutral Phe aronati ®eCTeBpOWIC,
neutral Arg polar, hydrophilic, charged (+) Ay aliphatic, neutral Ser
pol ar, hydrophilic, neutral H's aromathg, polar, hydrophilic, charged (+)

Thr pol ap oY ARRNINE AoBEUIA Po7S; PISS; F99S; G100S; L101F; N102K; N102S; N102T;
S103A; S103Q; SI03N; S103G; S103T; V1041; 1105Y; 1105L; [105A; 1105Q; 1105N; 1105S;
I105T; T106F; T1061; T106V; T106S; N108P; N108S; D90Q and 1105A; D90S and G92S;
L88T and D90S; 187Q and D90S; I189Y and D90S; L8EN and I189F; LEEN and I89Y; D90S and

5 G92A; D90S and 194N; D90S and V1041; L88D and 1105K; L88N and Q126R; L8EN, D90Q
and D91R; L8EN, D90Q and DI1S; L8EN, DI0Q and 1105V; D90Q, DI3S and 1105A; NO1Y;
NI90Y and N91G; N90G and N91Y; N9O0G and N91G; I105G; N9OR; N91R; N9OR and N91R;
NIOK; N91K; N9OK and N91K; N90Q and N91G; N90G and N91Q; N90Q and N91Q; R118N;
NI1C; N9OC; NOOW; NO1W; N9OK; N91K; N9OR; N9IR; N90S and N91S; NOOY and 1105A;

10 N90G and [105A; N90Q and 1105A; N90S and 1105A; L88A and 1105A; L8&S and 1105S; LEEN
and I1105N; N90G and N93G; N90G; N93G; N90G and N91A; 1105K; 1105R; 1105V; 1105P;
1105W; L88R; L88A; L8&G; L8EN; N9OR and 1105A; N90S and 1105A; L8KA and 1105A; L88S
and 1105S; L8&N and I105N; L88C; S103C; and 1105C.
In addition to the specific mutations discussed above, the variant may include other
15  mutations. Over the entire length of the amino acid sequence of SEQ ID NO: 2, a variant will
preferably be at least 50% homologous to that sequence based on amino acid identity. More
preferably, the variant may be at least 55%, at least 60%, at lcast 65%, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90% and more preferably at least 95%, 97% or 99%
homologous based on amino acid identity to the amino acid sequence of SEQ ID NO: 2 over the
20 entire sequence. There may be at least 80%, for example at least 85%, 90% or 95%, amino acid
identity over a stretch of 100 or more, for example 125, 150, 175 or 200 or more, contiguous
amino acids (“hard homology”).
Standard methods in the art may be used to determine homology. For example the
UWGCG Package provides the BESTFIT program which can be used to calculate homology, for
25  example used on its default settings (Devereux et al (1984) Nucleic Acids Research 12, p387-
395). The PILEUP and BLAST algorithms can be used to calculate homology or line up
sequences (such as identifying equivalent residues or corresponding sequences (typically on their
default settings)), for example as described in Altschul S. F. (1993) J Mol Evol 36:290-300;
Altschul, S.F et al (1990) ] Mol Biol 215:403-10. Software for performing BLAST analyses is
30  publicly available through the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/).
SEQ ID NO: 2 is the NNN-RRK mutant of the MspA monomer. The variant may
comprise any of the mutations in the MspB, C or D monomers compared with MspA. The
mature forms of MspB, C and D are shown in SEQ ID NOs: 15 to 17. In particular, the variant

35  may comprise the following substitution present in MspB: A138P. The variant may comprise
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one or more of the following substitutions present in MspC: A96G, N102E and A138P. The
variant may comprise on¢ or more of the following mutations present in MspD: Deletion of G1,
L2V, E5Q, L8V, D13G, W21A, D22E, K47T, 149H, 168V, DI1G, A96Q, N102D, S103T,
V1041, S136K and G141A. The variant may comprise combinations of one or more of the
mutations and substitutions from Msp B, C and D.

Amino acid substitutions may be made to the amino acid sequence of SEQ ID NO: 2 in
addition to those discussed above, for exampleup to 1, 2, 3, 4, 5, 10, 20 or 30 substitutions.
Conservative substitutions replace amino acids with other amino acids of similar chemical
structure, similar chemical properties or similar side-chain volume. The amino acids introduced
may have similar polarity, hydrophilicity, hydrophobicity, basicity, acidity, neutrality or charge
to the amino acids they replace. Alternatively, the conservative substitution may introduce
another amino acid that is aromatic or aliphatic in the place of a pre-existing aromatic or
aliphatic amino acid. Conservative amino acid changes are well-known in the art and may be
selected in accordance with the properties of the 20 main amino acids as defined in Table 4
below. Where amino acids have similar polarity, this can also be determined by reference to the

hydropathy scale for amino acid side chains in Table 5.

Table 4 — Chemical properties of amino acids

Ala Met

Asn

aliphatic, hydrophobic, neutral hydrophobic, neutral

Cys polar, hydrophobic, neutral polar, hydrophilic, neutral
Asp
Glu
Phe
Gly

His

Pro
Gln
Arg

polar, hydrophilic, charged (-) hydrophobic, neutral

polar, hydrophilic, charged (-) polar, hydrophilic, neutral

aromatic, hydrophobic, neutral polar, hydrophilic, charged (+)

aliphatic, neutral Ser polar, hydrophilic, neutral

Thr

aromatic, polar, hydrophilic, polar, hydrophilic, neutral

charged (+)

Ile aliphatic, hydrophobic, neutral | Val aliphatic, hydrophobic, neutral

Lys polar, hydrophilic, charged(+) | Trp aromatic, hydrophobic, neutral

Tyr

Leu aliphatic, hydrophobic, neutral aromatic, polar, hydrophobic

Table 5 - Hydropathy scale

Side Chain Hydropathy

Ile 4.5
Val 472



Leu 3.8 Phe 2.8 Cys 2.5 Met 1.9 Ala 1.8 Ay -0.4 Thr -0.7 Ser -0.8 Trp
-0.9 Tyr -1.3 Pro -1.6 His

WO 2012/164270 PCT/GB2012/051191
28

Leu 3.8
Phe 2.8
Cys 25
Met 1.9
5 Ala 1.8
Gly -0.4
Thr -0.7
Ser -0.8
Trp -0.9
10 Tyr -1.3
Pro -1.6
His -3.2
Glu -3.5
Gln -3.5
15 Asp -3.5
Asn -3.5
Lys -3.9
Arg -4.5

20 One or more amino acid residues of the amino acid sequence of SEQ ID NO: 2 may

additionally be deleted from the polypeptides described above. Upto 1,2, 3,4, 5, 10, 20 or 30
residues may be deleted, or more.
Variants may include fragments of SEQ ID NO: 2. Such fragments retain pore forming
activity. Fragments may be at least 50, 100, 150 or 200 amino acids in length. Such fragments
25  may be used to produce the pores. A fragment preferably comprises the pore forming domain of
SEQ ID NO: 2. Fragments must include one of residues 88, 90, 91, 105, 118 and 134 of SEQ ID
NO: 2. Typically, fragments include all of residues 88, 90, 91, 105, 118 and 134 of SEQ ID NO:
2.
One or more amino acids may be alternatively or additionally added to the polypeptides
30  described above. An extension may be provided at the amino terminal or carboxy terminal ofthe
amino acid sequence of SEQ ID NO: 2 or polypeptide variant or fragment thercof. The
extension may be quite short, for example from 1 to 10 amino acids in length. Alternatively, the
extension may be longer, for example up to 50 or 100 amino acids. A carrier protein may be
fused to an amino acid sequence according to the invention. Other fusion proteins are discussed
35  in more detail below.

As discussed above, a variant is a polypeptide that has an amino acid sequence which
varies from that of SEQ ID NO: 2 and which retains its ability to form a pore. A variant
typically contains the regions of SEQ ID NO: 2 that are responsible for pore formation. The
pore forming ability of Msp, which contains a [3-barrel, is provided by B-sheets in each subunit.

40 A variant of SEQ ID NO: 2 typically comprises the regions in SEQ ID NO: 2 that form p-sheets.

One or more modifications can be made to the regions of SEQ ID NO: 2 that form (3-sheets as
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The monomer derived from Msp may be labelled with a revealing label. The revealing
label may be any suitable label which allows the pore to be detected. Suitable labels include, but
are not limited to, fluorescent molecules, radioisotopes, e.g. 1257 353, enzymes, antibodies,

15  antigens, polynucleotides and ligands such as biotin.

The monomer derived from Msp may also be produced using D-amino acids. For
instance, the monomer derived from Msp may comprise a mixture of L-amino acids and D-
amino acids. This is conventional in the art for producing such proteins or peptides.

The monomer derived from Msp contains one or more specific modifications to facilitate

20 nucleotide discrimination. The monomer derived from Msp may also contain other non-specific
modifications as long as they do not interfere with pore formation. A number of non-specific
side chain modifications are known in the art and may be made to the side chains of the
monomer derived from Msp. Such modifications include, for example, reductive alkylation of
amino acids by reaction with an aldehyde followed by reduction with NaBH4, amidination with

25  methylacetimidate or acylation with acetic anhydride.

The monomer derived from Msp can be produced using standard methods known in the
art. The monomer derived from Msp may be made synthetically or by recombinant means. For
example, the pore may be synthesised by in vitro translation and transcription (IVTT). Suitable
methods for producing pores are discussed in International Application Nos. PCT/GB09/001690

30  (published as WO 2010/004273), PCT/GB09/001679 (published as WO 2010/004265) or
PCT/GB10/000133 (published as WO 2010/086603). Methods for inserting pores into
membranes are discussed below.

For Exonuclease Sequencing, the transmembrane protein pore is preferably derived from

a-hemolysin (a-HL). The wild type a-HL pore is formed of seven identical monomers or

35  subunits (i.e. it is heptameric). The sequence of one monomer or subunit of a-hemolysin M113R
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The variant may also include modifications that facilitate any interaction with nucleotides
or facilitate orientation of a molecular adaptor as discussed below. The variant may also contain
modifications that facilitate covalent attachment of a molecular adaptor.
30 In particular, the variant preferably contains a glutamine at position 139 of SEQ ID NO:
4. The variant preferably has a cysteine at position 119, 121 or 135 of SEQ ID NO: 4. A variant
of SEQ ID NO: 4 may have the wild-type methionine reintroduced at position 113.
Preferred variants of SEQ ID NO: 4 have a methionine at position 113 (R113M), a
cysteine at position 135 (L135C) and a glutamine at position 139 (N139Q). Other preferred

35  wvariants of SEQ ID NO: 4 have a methionine at position 113 (R113M) and a glutamine at
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be det er prgaeism, ReinpaeRs bareSupipinpodes asteriam Aligmativsrieq vagiasupaiet s int o
menby @neg., K, 350 dr éc@nﬁglla YEySa baotbrilu eENpdsar 8dhvagRasad, above.

Al

The vari ant may 1 ncl uge no ?tl cdations tﬁ‘ata%am l'itate coval ent attachnent
to or i ninelhdenoremiviiho@umuglveriatappducod hicgmpinatte¢ahnoldgre Grar itarentire
preferab ri.ses o r Ve cystein i cilitate
Bt ¢ achme e SRRt RO e EO I GRE O R BRSO 2050 o 2t
may i ncl beolagany st ateqahcobeedrn anmine aod ideotstyt Mans pi@ferddly, e, valiBgt 19, 44,

' oy akeais panty et b Bbfiee o8 ek ETh o 0% A kR O

posi 15 oN8®@k, M lecadt B5%x 3tlcas? 88 aRGIm3 R prétbrabligQt Lkt NS, 47%iot D% hsinBiogeus( ABC,
T9C, N17C, 1(237C, 5239C or E287C). The variant is R}r@f erably any one of
the vari BseSORy@RIEP RHE HHY A s aHuRq dihicapgise PR 8 NG 4 aserthespiio? 001690

(publ i shedu@Re htomad BOLOPARIR), foRGhmERAPILAQBEYD 94 R WPbs% Nakin& 8eid\O
2010/ 004265) or PCT/ G810/ 000133 (publ i shed as WO 2010/ 086603) . The

variant WafitaPys aistetch ae200sinare den saarieRal. 208ci70ior aBRorangre; GopdguLEti on wi t h
nucl eoti gagoqtial ‘ﬁhﬂdlh%ﬂﬁ)ro o6 %hﬁs&d#%ar?f) &eté‘fﬁiir?ea%kﬁﬁc&%&ﬁoefe. as discussed
y a § d|?c t hat RN

bel ow. The variant may al SO contain nodifications facilitate coval ent
at t aghnent ofAmineskdsubstitutmdapiybe mad tn thyaamine edidisgquerve of SEQARNQrdether abl y

cont ai ns, g..9| 1. Ne (1 f Q1 . T i
Y Q Dol t§|;1 2P4 | 4%0 E%L[
prefer ab?@dl %élss g{géé;glg(%lgsﬁg g Jep%sf’t I né)]ipl , % I 25? ?3 %rg%é 1?1%’8&% 4. A
vari ant 66nsSE@ivd3ub@itutdbnereny hawadd daliwubsdd tlyqye. et hi oni ne rei ntroduced at
position 113. Preferred. vari ant%1 off E%nl D Ng 4 hav0§ dﬁ?lgboérfi ne at
posi ti on 113 PRATSRY Tindedridieae Bodmeanpstpiicl st AL gic ami ne at
posi t i onadddnaINIBOdctedHrbia khePobfpeptidd dSoridarabad. SUpto BB IDSN@, 2doh&ve a
met h'&oni ne..at posi t(j Pn 113 (R1 13M and a gl utam ne at
5 residues may be deleted, or more.
Variants may be fragments of SEQ ID NO: 4. Such fragments retain pore-forming
activity. Fragments may be at least 50, 100, 200 or 250 amino acids in length. A fragment
preferably comprises the pore-forming domain of SEQ ID NO: 4. Fragments typically include
residues 119, 121, 135. 113 and 139 of SEQ ID NO: 4.
30 One or more amino acids may be alternatively or additionally added to the polypeptides
described above. An extension may be provided at the amino terminus or carboxy terminus of
the amino acid sequence of SEQ ID NO: 4 or a variant or fragment therecof. The extension may
be quite short, for example from 1 to 10 amino acids in length. Alternatively, the extension may

be longer, for example up to 50 or 100 amino acids. A carrier protein may be fused to a subunit

35  or variant.



31 position 139 (N139Q . One such variant is showmn in SEQID NO 34. A
preferred transnmenbrane protein pore for use in Exonucl ease Sequenci ng
conpri seswQapi12mwe7nonomer conpri sing a variant of SEQ | PCR@B24121&viong a
met hi oni ne at position 113 (R113M, a cysteine at position 135 (L135C) and
a glutamne at position 139 (N139Q ang,(b) six nonomers each 5 conprising

a variant of I i ; and a
gl utam ne at (ﬁiolr:egrtnﬁ%%l%glé ﬁ%g@ b@aﬁ%ﬁ svlglx Oﬁg%ae&n%nrgg%%de I{%&u],g I&E%p%ﬁggerabl y
conpr i sedd¢shebedeforen e skrowinn inmay SEQOIV[deN@ th@ﬂmmo terrmﬁlﬂse)r vabwa/rttmmy‘ dbe a

For 1 not ds EFRL Sk lig Pms IS0 43y EYRURT SRR Roay PG o 0RF Al My
be 10ex pb@@ﬁtedh(brn fori eb(amplerfromebtmm amam hoiddiy langtha ctleriatinelgubheassioaaigr i chi a
col | aé @n | so i cI ud atur al. I@/ occurring. vari aﬁi E)r oduced by

r econbi P ELRRSIGHYE aéI’IP?F% nGIHETO PR A4S 4PLERLence
of SEQ I{arM@ 4, a vari ant V\A II preferably be at |east 50% honol ogous to

t hat sequence based on amino acid identit More preferably, the variant

pol ypept i de ni/diprassee apaigst vasgoh ofxEQ Jé%@@y & asop sugpnif Baldies g pingrcideast 709
at | east sofadfce dhidh&asts HSAe O@Edgﬁﬁﬁb 32Ra which I&aﬁg lts%%rﬁ@mfo%%ore

preferably at |east 95% 97% or % honol ogous based on am no acid |dent| ty
to the aririsst tpicdlyswniaeyce regiosmd SEQ NoNO44 ghpedre responsipls foe perederenten. Ther e

ety BUERE r P IEY o EEERLhERS) 90, AR5 B8, “og0 o

nor e, comﬂaugnﬂoﬂyaaant nHSEQ KA NG: 4h§p1dally®nnipoggs the reglonnih G IEANOb4 tidefoennm ned

as di scussed ab . 20Am ti be made to t he am no
aci d seqaé%@sof BBMmeoge fﬁﬁbﬂ@ﬁﬁ t:h%trL’fLO Btsﬁ?r}g’é aff; deyesed 460 P8 OF or
exanpl e hﬁBretrRodlﬁcaglonsScJan‘ﬂ)e nﬁde #0he ABioAs 013@@ WHNJ: Uk @61%1 p-SRRACEVBhE ¥

substitutions may be nmade as di scussed above. One or nore amno acid
r esi duesthefresultiag amw@reémmdtssaéqmmferrmﬁ PSEQSP®1NAnodifigaipnsidial dan ba alatytobe

del et gd m.t h scrbed bve U to 1, 2, 3, 4, 5, 10, 20
or 3 §25{rhe ﬁ”ésfe ygﬁﬁd%ﬂsﬁed%%er Sr’%lrsseeg Ari ant s may be fragnents of SEQ
| D NO. 4. SucAn vﬁﬂi@@ﬁﬁﬂ@ 1D &4Cai4rpr¢fotably fimdliden gna@tmart inpdiffchtagimtisastay be at
| east 50, /100, 200 or 250 ani no aC| ds in length. A fragnment preferably
conpri seXbsiFalions, alditgpreiplcigramihBritssEaslices Néforipopnf?e@}?e AYRING YT v

i ncl ude fo‘? 'onhIé?Q s]ai'n%lo 1re deS’éﬁ sed d3vand 139 of SEQ ID NO 4. 300ne or nore
am no acl e alternati ve y or additionally added to the pol ypeptides
descri bed aboT/IE VaAmtenayénsqurﬁenImy apst py duitdiedtiatoripheficationaes diequsicd abover
carbgxy term vari ant or
Fraghint ¢ nerediriorsly BeRERdPef fnty® BT S EFE P aeless 3Bl 27 o
10 ami noSI@deﬁ SEQ Iban@i 36 (i.Ald- Hmrmm(le(b&Dlene(Hm)emmeubmys #ewhongeQ, for
exanpl e Eﬁ to 50 or 100 am no acids. A carrier protein my be fused to a
subuni t B5YP: vaficattHL-QND 2012/ 164270PCT/ GB2012/ 051191 32 One or nore
am no acids ernatipvel d I et s peptides
descri bed abo@%eslq%ﬁ@%itgengi ongn%bfqﬁaed%p?g{s/%‘%g% angveaﬂe %n“%r%g%t er dr%’lgsjn%/es%&

car boxy ﬁemrM&pus of the am no aci d sequence of SEQ ID NO 4 or a variant or
fragpent ther X I romil to
10"t no act do v FefRb ARt EPuIR YRRy Mokl BIF ListroRbnEloERE ThA ' For
exanpl e cyn ttecmh&ﬁlcaity rilﬁ)cﬁﬁecmnrmy aay dsd atAn;Z airer 1 Tehe txpnmmmarwqyyotble pbused to a

pore or va cu d abaqv ri ant of SE is a
obun t DRt emyeatigihe S “CEGmeRat “ni T PRtk PrsmtEr Brideo | o
NO 4 anﬁnlwgé)%ttabﬁhait d8a bofeca@lbitd dicYortnfdré BEitR afeRhRentdf Y dddl@ile tb yid gal |y
contains the regions of SEQ I D NO Sthat re responsi bl e for pore

f or mat i oROTCISTHENHD AEIHOGAC rF@lZEB?FlP ‘@C%HOH B SPURRFE EHE ﬁf%ﬂoﬁé’féte{@mb‘ér rel,

i's ps®Vi 9@thbRYMdtRsdS t8raRAFink Bud6modifications are well-known in the art. The

transmembrane protein pore may be chemically modified by the attachment of any molecule.

For instance, the pore may be chemically modified by attachment of a dye or a fluorophore.



subunit. A variant of SEQID NO 4 typically conprises the regions in SEQ
IDNO 4 that form Il 3-strands. The am no acids of SEQID NGO 4 that form
fl-strandsoane/wizeussed above. One or nore nodi ficati oReTGRIDASIRde t O
the regions of SEQID NO 4 that formI3-strands as long as the resulting
variant retains its ability to forma popre. Specific nodifications that can

be made to 15 S ove.

A vari ant of %‘E%“{r% ﬁgtﬁggﬁ%e éér?a 5{3?%5%’&%50[}%{8% ﬁ%ﬁ%@%@?%ﬁ?l ons,
such as swhss 2t Dios?, 8abdi 10, ofithc orondekstis pr&rably ¢H¢mnnaily910dkfhélas ces and/ or
| oop reg '%’crhsssedAB% no acids that form a-helices and | oops are di scussed
above. eWaricant may be nodified to assist its identification or

purification lasose smb&ﬁmdntabm/teansﬂemprapaprbte@ulbcﬁe tomyppised @mb edulpmdeptbor use

Ex i b h SE D .
S A RS DR e R Pores PGBt i e huon Syl asits a1 (i e

a- HL- Q . comprise a R@IRSlal@dabloed from a- HL can be made as di scussed above with
reference to pores derived from M ?Ff 5In sone enp ment s,
t r ansmenbr ane! sraRlequlpr geinéorinaay s chéflilgﬁten‘i?éﬁcfl?léﬂlf thw%%‘%me%lﬁﬂ%ean

chem cal |nyerd@igh HétRderd e HHY aﬁ\@-ﬁleﬁﬁﬂ%ft@t 1:PW¥%h Shb&HmINE hd ﬁ@éﬁ&"@ﬁt%aﬂt@t ein
pore is preferably chem call by attachnent of a nolecule to one

y
or nore e hediogicgusstehprpisity akihgeyre aa@ thaensis endtherbyynuevdséha abilsnef or
noredys f _ I; no
I e e e AR L G
30Sui t abTbe wepteobls ahsffegantthy pigsicaltor sheohcarpuiptitientf thnsorathet inglrovek fflown i n
the art. a rane Qr C 1.C by the
{eIPac]nEﬁ gD r@eln%a@% Tﬁ’]ﬁgaaﬁ\)t& a%etngﬁ%[ ﬁlga?%eoé}gﬁre]ﬁ%?e I cﬂ% e 6&% yy

at t achnmef I nstance, em ca

nodi f i edpday oﬁ:tﬁeaﬁbatibrnhtemfst witldyrebind toahd dnalytcojhtrobyefacilithbng its interaction with the

2012/ 164270PCT/ GB2012/ 051191 33 Any nunber of the nononers in the
pore mayP¥& chemically nodified. One or nore, such as 2, 3, 4, 5, 6, 7, 8,
bor 140, of tllﬂ%tﬁwaﬁﬁﬁﬁl‘ﬁ%ﬂtﬁ tlﬁHrﬁél@étﬂhE&lalﬁ&Gﬁﬁlﬁ‘e@% Yacihdéd deedtigsofdhSadBsLd
above. In some enbodi nents, the tran rane protein por onpri ses
a nol ecuPamediats ArintsagLgn kfea%?ep.t%ﬁ()é%a@étlgeiqc‘/b gudraserfesmral {pra ﬁ%ﬁﬂes for

use in Ex@pucheastc M@np&rnﬁsténwlf&aﬂoma%p&qi@n@n e@ﬁéllsélﬂar%dﬁ@&or
The nol ecul ar adaptor may directly facilitate detection of the analyte by

medi at i nfodiftesipdrtaraeirbepecheeporrndpetiedun guelertidandipged. framthsuch

enbodi ne em stry
of the p&lZnuacEnegﬁdeﬁa{n%ﬁ‘igts lgfhahg)%d]%@r ebt% P%eggr?{gghe‘fsatﬁ% I%&%tdmﬂ)mg&e[ Ii(%'? he pore
to déd ecgueshehcmmalypf the pdteeang tlicrindipided n@tledvtcdss argma@‘@bx:lhmmws thﬁ ahiligy of the

wel | . knof%}e 't({'dett i@k Vlg%?n&q%g td?{] 1?%%%%@ ggt? ffe%pm{ gﬂ{&l gr%lhfnﬁfc%lhe

chem cal “properties roves 1ts1n Ion w
anal yt e. prﬁpmlmtﬁpmmorMyt 1aiptce/res tthmtemamymtbfthetlhmvidaatlmablemdeeh“élmvseilaptof t he

pore or seC|f|ca &]gact Wit h ind to the.apa tet E
Paci 1 1 abhngorvE ks pEREPBR I Pt flar Bistere Fap et bgro,
mol ecul athe actat i niddebtidecthérybyf ﬁellldaluhgﬂe& iterta i vaith @é p(f)ﬂ@e anal yte by
medi at i ng an |ntera ion betvveep 53 [e.a d a product, such as a.
fragfent, f or Tiednqlpyitar adaptor is pretera yc 1c molecule such as a cyclodextrin, a species
that is capable of hybridization, a DNA binder or interchelator, a peptide or peptide analogue, a
synthetic polymer, an aromatic planar molecule, a small positively-charged molecule or a small
molecule capable of hydrogen-bonding.
The adaptor may be cyclic. A cyclic adaptor preferably has the same symmetry as the
30  pore. The adaptor preferably has eight-fold symmetry if the pore is derived from Msp since Msp
typically has eight subunits around a central axis. The adaptor preferably has seven-fold
symmetry if the pore is derived from a-HL since a-HL typically has seven subunits around a
central axis. This is discussed in more detail below.

The adaptor typically interacts with the analyte via host-guest chemistry. The adaptor is

35  typically capable of interacting with a nucleotide or polynucleotide. The adaptor comprises one



processi ng of the analyte. For instance, for Exonucl ease Sequencing, the
nol ecul ar adaptor facilitates an interaction between the pore and

i ndi vi duavorolwezr7wdes di gested from the pol ynucl eot i depramaiBzoe/05k191such
enbodi ments, the presence of the adaptor inproves the host- 20guest

chem stry of the pore and the individugl nucleotides and thereby inproves
t he abil i apt or
e %OE%t%fa‘ﬁ Ot PSR P CRo RS
inprovesonmﬁwmnb@h@cﬂhommmnmmmhbﬁmndgumgumkﬁmﬂ@ye@mmﬂa@hﬂﬁmada@aptor may
alter the ¢ annel eci f caIIy

ot o act TR er B ER R Forapu A e B SR B FrBIouB R i ng
thei r i nhgfr@ghiboidiig, tvantdbeWaglr forc2S ThatioDInegattiafs éﬁﬂ&)@%léétrds&ltlﬁ fetsr anty a
cyclic nolecule such as a xplodextrln a species that is capable of

hybr i Wi z8%%BMorgCchsRiacah gioyes thafrarg ¢apah! eﬁéllma%fmg ¥t disrvglsotite Bept i de

anal ogue ol?nu%lé@ﬁ&eatrb BreRABYBEsitivA 6’1’&51%@@-'[ Tige NP Blord TheREM] Sou tBdTRld
p05|t|ve? harged nol ecul'e or a small nol ecul e capable o

hydr ogencmlﬁg Phigterarhag gl phegiuclkeaidens pelyaugleotidpmeyairpieraglygorprispiraher abl y
has th t-fold
as the gﬁspﬁst SPHARido, %ré‘@gtcbl?béﬁta%%) ﬁ%%ggﬂ&%%da &rt@[ftl?ﬂé/%%{ n H@ﬁme'ﬂ.ﬁt 0

symretry-i he pore erive ince Msp typ as e

subuni t sadgpupActnanare ptelfea{ahbl}amrspris%eri@gi@fmmino gioejse suasblay ahiag 0&@\7@1 Sfamln;b
symegry i f ot I C h seven
subunt ¢ Sehbgde ROl R FEHEY A inEhietad et RS Bobth P Eaf i,
The adappm)tonatyqbamaiolgyoupﬂneyaﬁemctmlﬂﬂnegditazeaznmhggbephﬂsphdn@gbulg;ueﬁte chem st ry.
The adapt o ically capable of interacting with a nucl eotide or

pol ynucl B¢t 6i"(&‘i ﬁ?i‘%é% tﬂ%r conprises one WD 2012/ 164270PCT/ GB2012/ 051191

34 or nore chp d@ﬁbctgbgu@ﬁng bfathe adapto€ afbidltee fre tatiRIfaG italed bWhbA-gube
anal yt e, SUChﬁﬁf t he nucl eoti de or ponnucIeotg@F@ The one or nore chem cal

groups pFhsfgt ewqeﬂfl@ra&alfmwﬁﬁhq%e a b AdrRIOr IMECTAR B SOHBT IS BB PYMIE! eot i de

by nef- caneali®@Nbrob tﬁataa@é tPASIe oSE AR WHH6APHARLE amoRicAB il BB PorchYHE OgEN
bondi ng, Van der s forces, 7c-ca %lon interactions and/or_electrostatic

forces. FHeto5BRE m?fembmmm@ﬁ%@ap opmetsshemisak erauns thas pratspradlsfofiHerastiigt i ng
wi th t he, g eqthdle aQinoPeldy Gk ﬁ&fe'vga%%rc%vﬂérﬁ i REaRY o\ﬁs RASH 441 y@}ogh&d?@r ged

The one or nore chem cal groups that are capable of interac
nucleotlm@H@mmpmhyhugmdmnmdg\hmnbrﬁh@F@%&b&yr@@npnﬁ@ax@nsmmmgmbnp@wnwhe

anm no gr n.be.a tache on or tertiary carbon

oo IR A i kT et s PR TE PR AR SR Sn it b Mt RS B s

poiicapdl bkt b eiicnitanti S it oaanan e elie (AR g A L LA
| Vv | u . |

gr oups WW@% 9%?:1%1%0?%0& 299 3 B? 95/0@]%(? é%&pifﬁepé @ﬁ%@édrggﬁh%df it Q

nucl eot i glehdpedfhibusiertthdfore TABY ERHIoR tat RESikAdsOR MErLfiot Be&wadARt pcsrevvi thin

the pore can be facilitated by host-guest chem stry between the adaptor and

t he por eandtthenygrelifioer nobeneleeflierag bapiclses one or nore 15cheni cal groups

that are Capaé%ilt%blgfaddp%rﬁn%ﬁhb e W b 18R%dQ5, c%l%&ex@ﬁﬂsn&cﬁ%&ﬁdb{'anhhe pore.
The adaptor nore preferably conprises one or nore cherica roups that are

capabl e eicuibiuelsadh¢ adgptor is preferably a cyclodextrin or a derivative thereof. T e cyclodextrin
or derivative thereof may be any of those disclosed in Eliseev, A. V., and Schneider, H-J. (1994)
J. Am. Chem. Soc. 116, 6081-6088. The adaptor is more preferably heptakis-6-amino-f3-
cyclodextrin (am;-BCD), 6-monodeoxy-6-monoamino-B-cyclodextrin (am;-BCD) or heptakis-(6-
deoxy-6-guanidino)-cyclodextrin (gus;-BCD). The guanidino group in gus-BCD has a much

30 higher pKa than the primary amines in am;-BCD and so it more positively charged. This gus-

BCD adaptor may be used to increase the dwell time of the nucleotide in the pore, to increase the
accuracy of the residual current measured, as well as to increase the base detection rate at high

temperatures or low data acquisition rates.



with one or nore amno acids in the pore via non-coval ent interactions,
such as hydrophobic interactions, hydrogen bondi ng, Van der Waal's forces,
7c-cati orowOrmbevmerons and/ or el ectrostatic forces. ThePprchaBoeosgroups
that are capable of interacting with one or nore amino acids in the 20 pore
are typically hydr oxyI s or amines. Thejhydroxyl groups can be attached to
primary, sec Yivk 9 p XY nay form
hydr ogen bon gﬁjg %dgﬁ%@?&o ésﬁ?%s Bﬁzc@éﬁ 5 n?ﬂggggﬁ%r t hat
facil it aigsort Idaall htlewatbt adaptdueiwnefembtyﬁeptpbm@ -doody- 6+mm1mn)fﬂ-1§ﬂnqmé2 or

pol ynucl got can S€ ui ta include, but are not limted
to, cycl %dfﬁ%ﬂﬁ%pm% ul o CIO%IeXtdlegam%Hﬁ%%éucuPbl turils. The adaptor is

pr ef er abl y a Myel s(lﬂlahket adaptofsrlncaudiaew tyelidesteing, hichabmprideed aigel it kindi n - or

derivati he eof an hose dj scl osed |n El i

Sohnes detierefers hG oIS St It TGS s TGt oa el Ba i BT o
nmore pr eseeﬁlaéﬁhyd fvepinpliksal borandra of thd moaiet ealex tifiitsusé@imithd BGlodextrin

6- ronodeoxy- 6- nbnoani no- 13- cycl odextrin (am -13CD) or hept aki s-(6-

deoxy- 6- gisEmididheyssedo¥tlext rin (gu7-13CD). The guani dino group in gu7-13CD
has a much 30TH&'rH$1€Juld?*§éale%x%R@adeo@§l@Mlﬁdﬂaﬂ% th fhe%@% H3EBipRe c8Ppd t nore
positively charged. This gu7-" PCD adaptor 'may be used to |ncrease the dwel |
time of ¢deleptlcptaghgdde thepordiesingomy meﬁlwd|kﬁeweasfée et Therdaptae ip taricallie

resi %’a' atGhdBRE cl{éﬁﬁ‘&‘t‘hﬁ% agtl‘(kﬁh&le@cﬁartaﬁaﬂt&% Qt?a%ﬁe({[sn?%%?eﬁfé IHRE&CH QR T at €

at high tenperatures or 6w data acqui sition rates

2012/ 164@1@@@?&@2@1@#@@@&%1}8&% 1ntr0d11¢eda0 tha cwitamit by shybistitution. Ae discussed .

3- (2-pyrioyld), n'&'m%}sp &9&%@&{1%&%@?& r&%%%' LAKELesiufe HEE ARl TEHITSEE 1 1
more detall bel ow V

hept aki SS@Qdﬁ)ixygﬁarﬁlrﬂ]OGDEacﬁthnmtw(nZthe pore may be chemically modified by attachment

dIdth 13- | od 1- 13CD t abl
Dt or 501418 B A B AR TS, o oo PLACH OGP T P acTS
t her 5 or mohau@ nelydRtchémicallysyodraéd iy attaIﬂitﬁexy oLy Bl RAGX td diit dTRYrEORIcRICH a

| i nker rr_DIe ule or. my bhe modified to conprise all or re of the nodified
sugar uninfre Eat qﬂr*rsrﬂ)ﬂ%t% Eg%%&éwfr%%Pf@&’éﬁﬁqf@’s‘blﬁ|a§%g£@d)nasb%m fhe

ol ecul aposad@aPb@01ia5d PoEEI@PIryNeeyal ently attached to the pore. The

adapt or can be coval ently attached to the pore using any nethod known in
the art. The %n@pteedeﬁ@dtfrym ¢&il, jherorreat preHaEpnaf thecadappiowithip thelbagel or| f t he
nmol ecul a i L& f
cyst ei neéh ﬁge\e;g%% %raf{{%h% Bgﬂﬁl}{lan%&x%ucdefgg?ﬂtér? ﬁg}gm anﬁbg?a%ﬂg SR i on.

di scmse@eaﬂﬁomdlﬁmmmmem Eheqberel \le parficidan, ey chmicaithe pwepazfmgffﬂy easrthae resi due

por o may BB PRSRT UGRSERAR N 2 OinAARNE OO AHBICAIP ST aBIBR 1o one

or nore, atSzh‘gfﬁilna&t gosnam 143 of SBQ IDING: e sen€yshe@t Bethe séun@s oftht Y&t ynaythee 15

nmononmer may be cheni.cal |y ITDdI nt of a Ie to one or

more cyst BYHEY 4 ROy UIuded! atord %e&%@&?ﬁ%ﬁ@ Heatﬁﬁﬁtaégﬁrc &ﬁamawf

preferabgdép@,}toatﬁgg&eto one or nore of positions 90,91 and 103 of SEQ I D NO
For pores derived froma-HL, the correct orientation of the adaptor

vv| t h?h the baTheéPacawtmfaﬁyﬁtelne s dupEmpbechareed hu mogdifispiantofdha adispint  of
adapt or fQqhde Fep{nea&centhp%asﬁ@grbhﬁst@he%gMggm%%a%ﬁﬁé drdydmdifilgRatiipns to
the pore. In particular everé subunit o he pore preferably has the

gl ut ami nehaage thosKe pbihe t8ecinds ISEGrPW What of thomerorcagiye S goup. hEhoggdntinity s of

t he pore i r nore
of the. S REYEiAf BhIbOBRCAE pPARTkARebe rolhs oL A Thog gL 7013
of SEQ | a&] wizh b dragark cymum Iamthmslmﬁ‘émmomfbefdnea hmkeemﬂtmcheddapt or to the
pore., 25The reactivi ne r.esi |cat| on
bF" T3 act acent pRltbUYdin E3h L dPul SR TR RS PR SER Y 4R

ar gi ni nethemb&tdrdttarwecbma hyiskdras daslbgbdes Indrhdtioafiangéicitioa Noka of t he cyst ei nes

cyst i nert BT iad bR GRaRo TG b BianoD GRBRbET s as ame

These mayo @065y bEACHAE 0@001 33 (piRIsBeLasSV eI 200/ 08sdogues of the pore before

a linker is attached.
In a preferred embodiment, the detector comprises a polynucleotide binding protein.

35  This allows the method of the invention to be used to sequence polynucleotides or nucleic acids.



30The nol ecule (with which the pore is chemcally nodified) nay be attached
directly to the pore or attached via a linker as disclosed in International
Appl i cat iwo 2bes164PCT/ GB09/ 001690 (publi shed as WO 2010/ @02&42)12/051191

PCT/ GB09/ 001679 (published as WD 2010/ 004265) or PCT/ GB10/ 000133 (published
as WD 2010/086603 In a preferred enbodigrent, the detector conprises a

pol yovc ey et Lot o, SRS e Bl s et o

2012/ 16427 0RCINIGE20.12¢BE kL BihagdirRahyymis| wob kdeslase, péfmereds.bel ow. Exanpl es
o RO HALSOhL 8, 00 PASLEL R LAELHS U PEBIR i MAE e €' ©
| i gases BnsCORI($teraes Clasdicatm-of Rtadiyd) vaddritiedNndeipaad-eindhgpuabinas t hose
classified tructyral  C.assif.ication. of Pratei nder the

Moo ¢ SermmiPmond T TH helk st Rading ot Rty Srolileg Mo rmgt 1 de

bi ndi ng pddrebpladesyEind REiadsyus aediibéded Iitormbwimay ap@Eidi@ N epl ace cyst ei ne
resi dues as descri ﬁed i n._ I nternational Ag | i cation No. PCT/ G810/ 000133
(publ i shBET&EB @9 HOPeEEBey. WR 91 &PEI0eY HBIYRHe PRPT U USF RBFRE prot ei n
is deri Vﬁ@tefirfi@H_brﬁ’%%%nf’%h{%ﬁdlg&&aseThﬁe%h%iﬁ'pﬂ:f&ﬁlﬂ{rf% L¥s GO IRfuERRIhdWDE

sequence shown in S ' or a variant thereof. This is discussed in
more det B SEQHP DR 6 of hEtrigst thewpt cbhistio dpepsyerliainese detell brlowdi QEeppistasicts f or
use im t i i -' : f: i I-D ,
xontis) cBgy T b ole S REHEE R oy RAR Ty ARl SR SRR
ophi | us [BEQ: BpeNDucle®y 1Hruzybzcien EophaGEQ 1B al xRl tbwak ¢ B8EMD D NO;
14) and i .ther Three | tical buni-t ) D

i nteract (’%ﬂ ﬁﬁr\% ggtarn ?%ﬁteneorxﬁ E&%&%@%@e@g Clee%vea(glﬁgr@ Ile(fs) gge%l%‘r]aégaﬁ? t%%%olf'f i ed
to faci | That elcaidabaibomintof ISEQ INENOe bt forfoine b iriradgrédxomy leche. afy vafiaithiose

15di scussed i | nt.er nati ona lication No, PCT/ @09/,001679 | i shed as
W0 bosor ety TR Gl s AT BT iR SR G B TP edab B o

prot es n aByusd i@hierfftiohHQ gpRcddos NaB PCTGBIA0187 (pdiblishdBas W, 2028/0082%65) 26,
28, 30, 32, 34, 36, 38 42, 44, 46, 48 and 50 described in

| nt er nat Pofal/ CRABOPYIAP i(Hf?%ﬁhf.d apMY eRHINI%56033 e pinkan BrRbe 4y USERYD/ 086603)

or a varjnNamis tibereed, 1di gcussedad, netdsato, lint o, natisonnlo aphé agt.h@se The
pol ynucl eoti de bi nding’ 20 protei'n ma attached ore in any manner

b to th
Bndi's pROFBIARR {riamilRERCAPTASI BN PEALE W (00 33 (pablibets WORIOIRREFEH) No.
PCT/ GB09 : I : bl i shed
s D 20107 GR B R AR o o E T e
bi ndehg protsireinay bnattaditiditd dhe por ia aty masree pivt ianefprdy eftashpbrsales@behindet ect or s
form ”Ddﬂl'te%gfﬁ%ﬁﬂ%%’i&ﬁbﬂgp%sPéjf?r‘]ﬂéd@?’cfo18@’@2@%#{%?% WO déloﬁ‘o/bﬁz?‘zé §hods of

sequenci ng o e ‘rnvention. e polynuc e binding profein nay be
at t achedP€t/GBI16/0001 3, (pbhltshadbasvOR01vas@08p be. | n Exonucl ease

Sequenci ng, the rget pol.ynucl eotide . is all d.to interacgt..with an
exonucl ease pl LT el NETRE ot pepriicBotf T unguofu P JATiEdt o att ached
to the p@ﬁrgniemlbtalﬁepﬂe&lepdrar (Sjudhmeébfoﬁd’ldrrﬁﬁ@dﬁlﬁﬂiquancirr‘l@eyﬁf&ﬁsﬁﬁitﬂﬁéiytbéﬂisi&ﬁl | yd
conprises ol ynerase in addjtjon to the 30pore.  The target pol ynucleotide
's 8P owddhe @eﬁhﬂéseqfé%que{;ﬁ%ofﬂh@nﬁwg?ﬁeEF %gelyrgﬁiﬂﬁ%blﬂww%&mﬁﬁﬁ%e,
present hhchdibo @RUREL, Bht dofdBothRlVEBEase and pore are typically not attached

toget her, but together formthe detector. o ) )
In Exonuclease Sequencing, the target polynucleotide is allowed to interact with an

exonuclease present in the detector. The exonuclease is typically attached to the pore in the
detector. In Strand Sequencing, the detector typically comprises a polymerase in addition to the
30  pore. The target polynucleotide is allowed to interact with the polymerase, such as Phi29
polmerase, present in the detector. The polymerase and pore are typically not attached together,
but together form the detector.
For Exonuclease Sequencing, the exonuclease is preferably covalently attached to the
transmembrane protein pore. The exonuclease can be covalently attached to the pore using any

35 method known in the art. The pore and protein may be chemically fused or genetically fused.



For Exonucl ease Sequenci ng, the exonuclease is preferably covalently
attached to the transnenbrane protein pore. The exonucl ease can be

coval ent I[woant2awehzd to t he pore using any 35 net hod knoraTigB2bteasarott. The
pore and protein may be chemically fused or genetically fused. WO

2012/ 164270PCT/ GB2012/ 051191 37 The poge and exonucl ease are genetically
fused RO RFRASLIHE boloeAXALERZAR: LAOLE MO SRRLYTHE £ ohhde
sequence. et c PUsi on 0 to an exonucl ease is discussed i

| nt er nat pmiwaiclequbel seqmnp@ nGédetic ﬁ@fﬁh@@ 91RO 67 Kofipalse shledumsd WO

2010/ 004265 X C d.to t cysteine

| i nkage, Fnt@%n)latlonal A(?rp ﬁca%o INJO b??ﬁﬁ%dsg@%ﬁ hﬁlSh?(garsa‘gﬁ ﬁgé@%ﬂé roduced to the
pore by su bstIEtMtemomucleE@rle sttadhed toelek Iformma quelﬁea]mhage (tlmn*ne ©r morgybtsiacs
cystejne, resi t ane e of positions 10 to 60, 136 to
139 ahd 168 Proierealy beepyaerise o dhenmse BY NG, Porsy dF‘&%ﬁS‘ 'TSOéafoéﬁ i ch have
| ow consgjuy@tcoRpridRBERE rlQiied A@Uesr mo@iof pbditigstibas 13731 & 66186 tar13|9rarﬁ@rti ons
may be tolerated. They are therefaore suitable for attachr ng an exonucl ease.
The react§8/ptly? oTheé%‘{’Seti%éalieé’é‘?Sﬁlﬂfé% logR yegiRns eviretaEs sy congriiion pEgpeshn as

descri beg,AbO¥Rs 1nd1cat1n TRt rﬁa@aruﬁg be%&n&wnégﬂoe%r%ﬁeae & hel 418 et fork Quitdde pore
or via one or nore |li ers. he exonucl easeée may be attached to the pore

usi ng thér hsf/%hrnarazarwalersenﬁer Eagfadly of BERinaresifcs Ao SAzANCHS i cation No.
PCT/ @10&9&%}&%11(&93@0}@&%@0@ WD 2010/ 086602). Alternatively, peptide

| i nkers be use Peptide |inkers are am no acid sequences. The
15| engt h, f I e%emXbmttcrLca&rrda}hlm‘tbd’rmldnccrttyyto dife roeorpepericde norgkeekersa lde

Lypical |y, d8sLE0a, BUCROR) b pofS L n BT RANG bHRgly ons of the

pore and e exonue ease rred I'nkers are stretches
of 2 to BﬁbmeﬁmnhAq@hda,tmﬁNoBPCTm}B)er/(mG1323(enblmhecharst®r20g0/9&66®é) am no aci ds.
More preferred flexihble |inkers incl d. 1 SG 2, (SG3, (SQq4, (SG5
hnd ( 56 aTiansn b s Rk e Bt gt Dkt BRbParbatRssbe The nker s, ar e
st r et£hegngh, Zexilit$@nd Bybbhascitd of the p8pt1db6m@ér aZéltypiaalg} dle@%né’d)@l@h 00t AAbES .

Mor e preferred ri (P)12 wherein IS The

li.nk | ud
det ect or "9HS ity tgr gle%gqsr%ré?re'@gf%%&ﬁfe Fpwicksase- pPa?ferr%%rﬁﬂéaprg}ldﬁBarerr ed with

a ol ecuarerstr@eé@%pﬁ tPI s aexomcr@&&% se%ﬂ@@ncﬂ&tﬁﬁﬁa‘%mﬁé gciss stk for
Exonucl ease Sequencin For Exonucl ease Sequencin e nost preferred

dect ect oPcEHf P@blgl grs Hchige 65 @er(S Gl Do A @UHEC ?s(ée)i (3p)s sxbetpifct isg@ne
coval ent fy @id 4G r?&eﬁ 1@%&(1@{% Qt?étc 8&?%%%% Pa£'4, 880 Mesbal i ve

thereof. In thrs erre pore erabl'y’ conprises one
subud@t shiowracidn ME@ Arghemicd rigé llekerelncladm)ﬁzﬂl?@@smme—ﬁ) and si x

subuni ts showp, i

preferably e\;‘@lnudc% egéggla? %ﬂs%étl(ahﬁ?ém}%ggé % Iﬁg& %])gé?cg hl\gglr?rgglr@htaher eof .
The der i matecwar a@thptOIymd@dexd)Ituchases Sprledeecairt yre useful for Exonuclease Sequencing.

hept aki s- 6- ani. nQ- cl odextrin (anv- . :

B Ponodeoy - 6 BTG BRI PP eliied SEl57 o5 POHRSFRE) & Pprg derived
30d]eoxy ﬁorglmaHLCXIb}lﬁ) exoyedi@gexdvalentf gchheElCt‘g)he ﬁswan?t(em@cﬁeaugﬂnsﬂ 0g, ah

pre ect ect or co ris ore derive rom Msp an a Phi 29
pol yfer aSEIVatfe ?fB?fe B r—‘ﬂe g;ﬁf&%%@lfgr% HoPoraPrATHIY cqralgreﬁrr@re Sugrn

prefer re&oem@glzgantm)%@h 8 GHBS eiEb 870- OB FUAIGH ) aPELIQWibuhREsHIGheEER) May be

present as an individual or single detector. Alternatively, the 35detector
may be pH2d&nB4 (. a-Hlof! dhpusnecdeiserdtioyyysompolsadcdtfioont afo/it(WBQdP nor e

det ector RO: 8) or a variant therecof. The derivative of cyclodextrin is preferably heptakis-6-amino-f3-
cyclodextrin (amy-fCD), 6-monodeoxy-6-monoamino-B-cyclodextrin (am;-BCD) or heptakis-(6-
30  deoxy-6-guanidino)-cyclodextrin (gus-fCD).
For Strand Sequencing, a preferred dectector comprises (a) a pore derived from Msp and
(b) a Phi29 polymerase. The pore and polymerase are not attached together. This preferred
embodiment is discussed in more detail below.
The detector may be present as an individual or single detector. Alternatively, the

35  detector may be present in a homologous or heterologous population of two or more detectors.



WO 2012/ 164270PCT/ GB2012/ 051191 38 Pol ynucl eot i de A pol ynucl eot i de,
such as a nucleic acid, is a macronol ecul e conprising two or nore

nucl eot i owe.20ile4370! ynucl eoti de or nucl eic acid bound byCrleB2pr2atseiom may
conprise any 5conbi nati on of any nucl eoti des. The nucl eoti des can be
naturally occurring or artificial. Theygucleotide can be oxidised or
net hyl ated. One or nore nucl eotides in the pol ynucl eoti de may be damaged.
For instance, the pol ynucleotide nay conprise a pyrimdine dinmer. Such

di mers aﬂd&ﬂ&th&ily aSSOC|ated wi t h damage by ultraviolet light and are

the primary cgus A nucl eot.i d cal | sont a| ns a

nucl eobase, anudw%ge at* aeszfs ugiglr?ea CI:Idhlgsa %ac{omm?%lue Cog%ﬁlsmﬁ ‘%? gobdse is

typi cal | yudmmdssocmlpo@nublwicb@ba&eac k¢id bowdhe byb]hﬁprail’eﬁl mat conipiisé mjz to,
purings an d| nes speci fical ni ne, .guanin m ne,
et ot D B R s B g oS et pea D et arr it DT e
sugars | ﬁ\@lddffi@e cahmie oaldsct of mEﬂhmaieﬁd Oin® or fbRARKElcatiEs HEBX Yol RREDtidI MRy be
nucl eotide is typically a ribonucl eotide or, deoxyribonucleotide. The

15nucl eofd B yITCRTANGC- RIS al I ROIEBRGT BYTIIBR upHaduchyfimers arc
triphos p%gfc@uy f@&samﬁmme% uﬁltafvfaq‘éaﬁ hQRd bReh rlrﬁéfry BaussbgiPf a

nucl eot i Nucl eotides include, but are not |imted to, adenosine
nonophosﬁlﬁlatl@nf(SAlvP) adenosi ne di phosphate (ADP), adenosine triphosphate

ATy Suanosk g RACHIRSADE! Ruh DRlcchRnonl e LR BRME G dpy.

guanosi ne tri phospha i ne nDno hat'e
di phosp h@heem(clEDBl;)se 1Sttlmylmltj/| heeereaytlph dﬁp‘&mbaei fﬁ?ﬂﬁm but drdnotdinmidopposphat e

(UVP), rL yr1 %k)%;&%ﬁ ?é CPG&PPEI pa}g'igrqlh ngnu% CBE‘?“Q&D hf&:gar(cpr yl?c}sinec)ﬁlé %gg

nmonophosp Ine”triphosp
(Cth), cgsﬁyplmllad@mssmgatm MNoplosrhates (e ANE)but @y abi lomigrdaoathoseand

h h t hat d i
G phos BB iDP) o e R R AT S (DB GO Py AT e alidey BiFanosi ne. 26
monophosphdotidd gy cdillmyagu@ﬂ@mpﬁatel idyiresibrioe tihciiihic. FRPUGHAROSHNE

tri phosphate (dGTg deoxyt hym S nonophosphate (dTMP), deoxythym di ne
di phos ph#tashqdprrsy (Héo% 9% ARy eﬁB %ri phosphate (dTTP), deoxyuridine

monophosphat ex(ddMRls 1né1§&xk51‘rtra'réjﬁd%@infilﬂe@t19§(ﬂ3ﬂ@§1§e &GM?%)) hﬁ't%g VAP | ERRine
tri phosphat e (dUTPI% deoxycyti di ne rmno}p) hosphat e ( ClVIg eox¥cyt| di ne

di phosphéipeosplptefs) %)nadea@%s@ytélphqsah%(ﬂ | pHgapTfe BoNoH §1ate

nucl eot | des gk EaipiRpRiARinp RAribh R et?é‘@ §A¥bh )

dTwP, d ‘?or‘ d%f) A &%l fstlot flg ﬁ]}a }-Q{anla sugar - an at ' east one

phosphat dygedogpdiphosphatd @m)ahmxdh@dblalmphate (MDP2 @tiging @fm@m@@ﬂﬂa@m&ﬂ 051191
uridine diphosphate (UDP), uridine triphosphate (UTP), cytidine monophosphate (CMP),

cytidine diphosphate (CDP), cytidine triphosphate (CTP), cyclic adenosine monophosphate
(cAMP), cyclic guanosine monophosphate (cGMP), deoxyadenosine monophosphate (d1AMP),
deoxyadenosine diphosphate (d{ADP), deoxyadenosine triphosphate (dATP), deoxyguanosine
25  monophosphate (AGMP), deoxyguanosine diphosphate (dGDP), deoxyguanosine triphosphate
(dGTP), deoxythymidine monophosphate (dTMP), deoxythymidine diphosphate (dTDP),
deoxythymidine triphosphate (dTTP), deoxyuridine monophosphate (dUMP), deoxyuridine
diphosphate (dUDP), deoxyuridine triphosphate (dUTP), deoxycytidine monophosphate
(dCMP), deoxycytidine diphosphate (dCDP) and deoxycytidine triphosphate (dCTP). The
30  nucleotides are preferably selected from AMP, TMP, GMP, CMP, UMP, dAMP, dTMP, dGMP
or dCMP.
A nucleotide may contain a sugar and at lcast one phosphate group (i.c. lack a

nucleobase).



39 The nucl eotides in the polynucl eotide may be attached to each ot her
in any manner. The nucl eotides are typically attached by their sugar and
phosphat evgrowpes4ze i n nucl ei ¢ aci ds. The nucl eoti des mr¢ThEB20vI3eied Vi a
t heir nucl eobases as in pyrimdine dinmers. The pol ynucl eoti de may be single
stranded or double stranded. At | east portion of the 5pol ynucleotide is

39 \
preferably doypl Iﬁgltg%%?gﬁtﬁe P@gﬁd ! Lo %&%ﬁé‘&’t&ghé&% YOG 915 fRYeNaye one

or nore priners reto an ence conprise one or nore short

regi ons wiclahtiddsl aec gpicalhydeticipol byt sigti aid phddpbatp giompy & imayclfie atitte Bane t ype
of pol yNH& lle%%t ei:sdea 7 ctorrlll?ecfe%%ef%leip 01!1 no%gslesegt iinde i dime: 1rnl81% a different type
of pol ynuccl eofil de” e polynucl e e Ean*pe PATAUE "™ 3ci d, such as

deoxyr i bonucl Bieposamuccdtiddiaydie sib@lerstrboded of évubleatiaddddRNA)eastBhy@rtion of the

pol ynucl eqti d . be .a heti ¢ nucl.eic acid known in the art, such as
bept i tle. PCTEIENG APty IS TapT Mt bl ST e 4P Ao NGBS At Tel o
aci d ( TNApre priogdeisbadBbeihere®Cind hehdNADmPFiscnB &F mSYI¥hBR rdgtorRQF oIS Wi t h
nucl eoti de side chains, The pol ynucl eoti de bound by the proteinis

y

pr ef er abftipndsdppbavgletifsadde ramet ey bebhgsamripe nyalgRtige aq thpvtareghe

pol ynucl%%I'hgfeogg)émqngybetahﬁff&glgt@erbfipglyglrl&go%gbI y double stranded, such as
15 DNA. Proteins that "bind single stranded pol ynucl eoti des nmay be used to

sequence doublte pobmzelgettic pNndasNYCINGacd sudhers delmriborcloamsad( qrs
di ss@gi akiggh.i hag| i o d | o okd the
I SSQE! aﬁﬁ(ﬂlubl@fcodcﬁl r%ﬁ%ﬂ%gd?g‘fsf)(?g\gglegﬁ(fleorﬁgy bd ang%a@g%{&?wg%bcoa{aﬁl 1&5\?/5% fihe a}t,

Strand Sequencli ng I nvention | ynucl eot | de

anal yt e sughiespdptije santianad (RN poglytool ukizic dcsl (GOUD) Brete antedaca/@NA)nough
general | I e st i 0s 3 - ln. Lmer/t |. at etup, the
Porp! at ebefitaf R ael L RA of o835 RANRIG hert DB RpH L SR TR CrREC P o)

I n any cpdggucfeotidSiauahtly Begueadia ingefcabioinylestshdansed apddNAURNAQGINGe
preferab (of0) i ses a,single stranded | eader sequence., . The | .eader sequence
Pan b abyAE v TPt fosfieBan {355 pERIEH AT eHaaar s NRIFEAGEAS such
as fns(;mdbmlt. (Préfélﬁs ﬂu;laiﬁ@kihglesgéﬂalgdli p&gﬁ&leoigﬂﬁ r@a@dill 'etds&}'ho(@fsqt?ﬁ@etzdoﬁﬂlé gf single
stranded pol ynucl eotide to a doubl e stranded pol ynucl eotide 25can be

per f or mediTanACARAN G ongy dhe dﬂu'&lﬁéﬁ%néaq? DA 18 Aryerat§daniojagelonaedhepe iddne. 1 n
addi ti onpodnA®y NRXree@. Met hod by Epicentre is suitable. The inventors have
devel oped a PCR nethod using a sense primer that, as usual contains a

conpl enent ar yIf §ctieph Seqyendiee wethpd ofghe inentiogigesed thegobrugeotiegpriyte DNA, but
was addi t.} B J

pol ymer a@gf}? l?%%)ﬁte%iﬁ%?%glq? e1§ {b(;l% n%ﬁg%@r%? ggﬁ/ﬁgﬂég 'neé%@o@fg&tr%é‘ﬁd;;§| yT

sect 2&n smadenchdr &by pd0crdemplats satubl thntemphatedraRCR tymodiystqueassdi(se. Aor mal ) |

four abagj it re.add t e} .

compl oot 2SS teTERIZHERS R RE SRS aRetehT, SESE AR phllfustoric

pol ymer agefetabiyneoextrsert siggldeyeadd bhies saqegiconThnidadeo sdqaencpohryle swdergtn wi | |

remain 5' single stranded | n each. of .t he ified.copies. WO

013! 1643 gre RS sE 1 b n tehel fitnak SRR sh iloiR B & e or et ne
net hod ofhd itﬁjtioﬁ\bé @éc'tigm; q@m@&rsabr(ij@ed prlWhlli’@é’Oﬁd@’ﬂilf dsmbR s&hﬂdem&palgnmdl@rtlia@al Kt eh
to Interact wth the detector and ngasuring the current passing .through the
por e2dur FARPePREOI T AR XU N2 o fefr?ét}l@iyr TeYBpt KgaHgn fWé?eﬁr%B%éQ&édIBPn’abs ence
or char aglelcktd &h&d by Bfcanadliydueabld MehARMNYIrehd e dRVE§RAL PAR hitBoFuinent
flows through the pore in a manner specific for 5the analyte (i.e. if a

di sti nct # 9ESTRIPIRataAs36¢ seEdn eamRIsreeniiTy peptian fosheere et e targch gy Ahr ough
the por e%enoiﬂi'cel )ﬁ@?h&‘ctv@as !aédiﬁ&ﬁtﬁ??g're'céedgélf'@/itﬁlzlrSES)ﬁoG_fle@Qlﬁﬁ)nn?h gf’év@l‘ﬁ’ tﬁ@r ough the

pore in manner specific for e analyte. Sim'larly, characteristics
of the apdiyperesedzom beicuttngtherceraplcmeitary strdng appesitethe folxdnicadont dndhagtbyt he pore

duri gg t &%t% g%%ﬁ&%@PCRt—bﬁ]&ui:@ésﬁﬁ%é%li R GERLRid S WAL YERADIRRROHE p3FAS| N9

of an ana e 1 nvention
section and the complementary priming section. These abasic sites will prevent the polymerase

from extending beyond this region and so the polyT section will remain as 5’ single stranded

DNA on each of the amplified copies.

35 Nanopore sensing




10used to differentiate anal ytes of simlar structure on the basis of the
different effects they have on the current passing through the pore. The

i nvent i orwoani2alesv0be used to nmeasure the concentrati onPofl/GB2perdSi Ul ar
anal yte in a sanple. The invention may al so be used in a sensor that
uses many or thousands of pores in bul k,sensing applications. 15The nethod
may be carri i | ﬁamg' il

| ayer or a Iielglﬂﬁtﬁtg}e aliler lﬁ{s%ssq? rlrr%?fr?lé @ﬁt?g%ﬂ%%rv éﬁ%&g%lreﬁ%g@? e |ﬂ%d§marl st
menbr aneallofheg e thedyle itsinteyget with khe detertor el roeasunirg thgcyriont passiag thirduigo it

pore, (1 PSSy AR aRlinsieRy S ENRE HE rrisBieh obH Gt BBk
por e, or theiahdlyte aTheddalyiais ipregera iftbe eurtensBew ettlrduble theipore il laenameérspetifisior

preferably carried.out using an 20 artifi.cial nbr ane ch. as, an

D roht b I ESEs G o o BPr ayerpeni BB bis ey E Hieid udtives

t r ansnenpgralerha Rkl ek id MbERMMRADERRE WedheifIdsy Bfoupk tHe pdfe iBhhehndp&sfid €s in
addition_to the pore. Suitable apparatus and conditions are. di scussed bel ow

wi th ref B 8c8elys- oailabyihestipgershporitrliornPRdePrvatt ol hrrerhet hod
of the 'ﬂ&@i@%&tﬁ@uéhﬁhé%&bGﬁliﬂg%h@ﬁ‘l'ferré&ign.om invitro. 25During the
interaction between the analyte and the pore, the analyte affects the
current flow Ty ietendemthercfsc poplres rngpara preing shetcamlyee. fide inveatiomealbyt e, For
exa”P(% €, ufkd P@&i?ﬂer%ﬂ{iaﬁé A YdrSinHal Ltchﬁgé‘ 81?31% REsiCH tfl@&'ﬂffe;ekpé’ffe@g tﬁe% Hyad, t he
pore for a particular nean tine period and to a particular extent. In other
wor ds, t the coment passing ltowighgh¢ beroudihe inhentipocen il ki wed lwondagectlor a parti cul ar
anal yt e. t r ried out to determne the effect a
parti cul %or%%%{aglé%%f@ﬁﬁggﬂ%ﬁalgﬁgn %%Plﬁ)ze;‘lt flow ng through the pore. Results
from carryi nglteutventien ney hledboisct hea senwetliat oses arang ot tstsasdmplperes anbulhen be
conpared with tIII.ose derived fromsuch a control experinent in order to

i dent i fySAP&APRRCHIOM anal yte in the sanple, deternine whether a particul ar
anal ys e i s presemthddmiie @ail ot Kingdelenidbieméheraeh@idcisan ambhighiliof t he
anal yte. The frequency at which the current flow ng through the pore is

af f ect ed!@ysf o4 2 MRRHRlRYGrhehseay PRy ROTRIARCREH 18t BBSHYRYS eThedrrthd Bised to

det er m ngplchRy GRRGEIM 18hd QPanfrti DA tm@NRhL(Such s bibgm li€layM@r a lipid
2012/ 164?905%’/ Gé2012/ 05%?91&1 4i I\/btnIlmds of( sceqtsjenci %ﬁﬂgél %uclfgol 1| des

The pr esBifye) soaprisig? RAredipow lfed ngwrhlydscyring Bpif heeych gOrapésingeRfihice of
an anal yt.e:: IhSo; I I I - F al so

o ovi des DRI hayife L B EheRO! KU, TR hEfipd 1R REEA AN BERHA

pol yAuc| evfitidencmbpod (pwihcls @opindkiphisic fyamaradmpod eibyte. Conpembiangmeywo or nor e

nucl eot i . I i . f j . includin
nmet hyl at gogﬁprgg?%fggagmglgﬁbggﬁ%ge nﬁﬁdgﬁ S%Jtr @égiﬁgﬁrﬁ%sq’ﬁ%%%ﬁ@?? %%S 1r1111ay be an;g/
of t hoseadiiittonus gedosh Gruaatdn dppamtypraed esmalitions arenlichaed beew avith Thfesecatettivods
are possi bl e because. tran nbr ane ot ei.n res can be used to 1

o Tt Er ent s e Ga g renReT BE e e e RS R B4t €ty oue

di fferentnefdects they have on the current passing through the pore.

| ndi vi dual nucl eotjdes can be identified at the single nolecule | evel from
t hei > cur r ent DU ?%Féa%%ﬁetm@vh? ARabYS & pretth%%ﬁ@%%fjfeﬁﬁéL%weebti de is

present ﬂ@wﬁn?%r@@thé Sdrt Bed mhitdt et Ifbth AlanB$te PREL cx@inpR, PRArOMG 8L de) i f
the current flows through the pore in a manner specific for the nucleotide
(i.e. ifwdlglegeithrequrigat fyyipethrough sheatos ©8 2 witipulpHacaR fEreastipdandiiias det ect ed

; | g;vir ng t pHQHRxERE 1RBIE) wordd GrESRIHENd RN Ik dilh@ld R RidistiR&ivRY&! Lot i des in
J particular analyte. Control experiments may be carried out to determine the effect a particular

30  analyte has on the current flowing through the pore. Results from carrying out the method of the
invention on a test sample can then be compared with those derived from such a control
experiment in order to identify a particular analyte in the sample, determine whether a particular
analyte is present in the sample or determine the characteristics of the analyte. The frequency at
which the current flowing through the pore is affected in a manner indicative of a particular

35  analyte can be used to determine the concentration of that analyte in the sample.



pol ynucl eoti de all ows the sequence of the polynucl eotide to be determ ned.
I n one enbodi nent, the nethod conprises (a) coupling the target

pol ynucl ew0i2de/tee27a nmenbrane; (b) allow ng the target pecCyqaBbhedsite to
interact with a detector present in the nenbrane, wherein the detector
conpri ses a transnenbrane pore and an gxonucl ease, such that 20 the
exonucl ease digests an individual nucleotide fromone end of the target
pol ynucl eot i de; (c) allomnng the nucleotide to interact with the pore; (d)
measur i nilethod 23 ,;w pw01-mough the pore during the |nteract|on and
(e ey Set TR NG PO b S BB USSR IS R
det er m nisngargligpos@qeleniie. @he pleent ﬁllvgﬁion[amb jéfw'&ieeﬁiethdés ofl slqla:ﬁclh@eﬂi analyte
enbodj ment ,. t he net hod conprise 5cou n tar ol ynucl eoti de
Lo & hondrne SrERORNTACY. Sravra s B JHICTRGT ks HEHESP JEPot  h a
det ect or mjl@%igaRt The dubRotiRIBIgne anymﬁh@de rdhst:ﬁb@edjeﬁfoe@ tuﬁﬂucﬁligni’ﬁéthfil@&da

t ransmenbr.ane protein pore, a nolecul ar adaptor that facilitates

i nt er act PEASHEANEaRagduplsPtides n fhoppbyryelepiifeansy e sy of thase disryssah above and
exonuclegigﬁﬁgMganhH%kagﬁe exonucl ease di gests an individual nucleotide
fromone end of "the target pol ynucleotide; (c) allowng the nucleotide to

i nteract wit hI'Bee MABOGHEPPRsHIbIC(hgyause BRI MCRgranh Brogi PRAT CapRS 853gOt hr ough t he
por e glur he
Pl ot HSrehte bR AR Qrl IR G el O Bl O

tar get pairentigdssog thdmghﬁid: ronerlety ddetrec iwbtirlen gart tve dendidiad nigke shgle h@letcalleget

ol y ! RIS i Bifn LSRRG, dOVRI-KER L ARBRABLS 1BERRLOSAE: B ppaRON T O
of the nucleotl es “Tna I'n a successive nner in

or der t othseoudbider tnldenduahge]t asgxafty)ﬁmpblgmialazbade)aﬁﬂha diuvénd tlals thumigh ohid des ar e
descri bed above and.b W. This, i onucl ease Se n

2015/ 1645 70BEHF IS ORI A (e dhb AT Sh e = p i bl ulootide
clolrrpu SeR: dﬁ(eat):d ﬂ@wmlgltmlgugmﬁcla baey ?uc&@ily@idﬁthﬁﬁhﬂlﬁﬁofﬁﬁb @g[&ff&ﬁ’s&ﬂﬂ@tarédﬁ) _
allowing the target polynucleotide to interact with a detector present in

t he nenbp%{wgw diows thitecanspeceidhe plvpicieat %ae t9 b¢ AREHRESr ane pore, such

that the tar gl%toné’@th}zléﬂiﬁleﬁ%b ﬁr%tuae\ésﬁpﬁéag Y 9Bupling tHRA%Est RRMAuIStERASUT | Ng
the current passin roug pore H5as the target polynucleotide noves
with respeepbrapg (b)r?glowmgéh%lwwef PRIVELsieoHd terMEiF g th héctesed pesses ibthet he t ar get
pol ynucl { r I'ng
e Far gD g o SR e p AR

pol yAUcl totketmclcascidigests ae indiidual sucthotidetrom ope elkofithg tnrgbhlwlmnbo@d@e(c‘«)v\her ein
t he dete tide

bi i g piegaf BTRLSER: B b ALP RRIH3R%, RO ASLMBR Lo ARe B BRI R 1S
the 10 npwe dmmtg thé mttdm:nbaragiaﬂletpbj/ gaieraligog thdeddanhityoufgiie tukkzotidey; endaedl a

Phe” por copsiae ol (R P S “ae Fion S ca PRt OHFe bRy BPBTie  ng

each intee a,equbm ot thirgerpabyucledtrie NMimindghet Hab&Rguebemethol bempiegel

pol ynucl eot | Hence, th t hod i nvol ve anopor e sensi ng of roportion
of RS ol hasees ﬁOIé(n‘ﬂciing‘g? SRyRUerS Qo ave etz ey ©

i ndi vi dugtdract R@B S deREGHERshNR thamE@brafd, whBRINEE détBetdROmPakesta0 Sequence the
target polynucleotide. This is Strand SequenC|n These net hods of

t he i nveH#isBmaraac prgfain WP,a?rmvle@&artaé%pu?rdhat&fqlﬂétﬁwwgtefaézﬂg%between the pore

pol ynucl gpt indes mo?é&ﬁlfeleaﬁde@ el & &oﬁ&dlé’a’ée s{?&lctﬁmﬁ'e éx'aﬁu&(%@!i }g@s@s éﬁfln&bﬁuﬂuc' eic
aci d sequences to the nenbrane | owers by several orders of nmagnitude the

amount ofiugstighfremene pluﬂeofrﬂeqqﬁarglebl@lyﬁnhbo@@n e ﬁtlmmlg teqwglcotideite hltqr@m geth

pol yrpaicl sed above.
The §%o|§8%? onlgﬁﬁwgﬁng %ggggpg %gm%@%‘ otl M%ggﬁﬁéggggggﬁced usi ng
t hi s et thodtby T¢tternpoing thsvadi@aty afeheuamlebedea ayd (ceregtdiing Beps @) tnd) &,thd faee
polynucleotl e .can b 0 east 50, at le 00, at |east 150,
e Y et 5t MR iy R Pbtee uaish M lng riaalens 8 Ths A3 | Bt 500

nucl eot i piﬂﬁndcfboh&’lgl{é’mce Tlﬁtemﬁﬁd)c}/llﬁu@llv&){ahﬁtﬁ)r@ﬁﬂmbgoﬂzﬂ}ﬁlﬁp(ﬁﬁon’mﬂ' the futtdogioés des
or 5000 or nore 5nu%Ie t.ides in. length.. ?1 @ nucl otlde an %

nat ur al | { EEERY PUCEHR P FYGEPSEve PEgReTiin QidgHosedyepes ¢ wﬁ?apﬁw 8lidised to
verigy t hﬂlmu&me@n@és afe dABATcaebiREd BElbEO muﬁllﬁp;wndaeasmsqum&lﬂg)ds are

typically carried out in vitro. The nucl eotides (either digested fromthe
target polynucleotide or present in the




pol ynucl eotide) may interact with the pore on either side of the nenbrane.
The nucl eotides may 30 interact with the pore in any manner and at any
site. As wp=owswerfoabove, the nucl eotides preferably reversidzbiz/dsird to the
pore via or in conjunction with the adaptor. The nucl eoti des nost
preferably reversibly bind to the poreyyia or in conjunction with the

SO 22 RS 6 SRR LT e e

can al so reversi arre e via or in
conj unct membxang; Kb)t dilewawm targeasolymipop@sts 1mthnadugﬁl ¢ detecpopecsagiots 35 the
membr am:"nrlem\ré\O Ze{” %116’[ € qr!cco;';nz%]s'ezs/ 0t15a%'1:s|'r191é' re, S %Jtlilitqg tap% interaction
bet ween a nuc e an8 ?% et e Rue GRS SP RS WL ur r ent

fl ow ng pchymm@btlddmOm ti@ough the pma;nmﬂ (@mslfrm(g tﬁa)crurrtehtqiasmg:ﬂhﬁmghde poi-'sor
exanp arti | eotide will reduce t rrent flow ng through
The por v Y Cach Ry RiliHse Hote e TBET G0 PR S A AP TR TGS O
ot her wopfige tat‘%?:EpélylﬂiLfc%fldéc |IQ%61EerteH{b@§ll@{&ni, he r@&lﬁ(ﬁi dompn&sqaﬁdouplﬁigltme for a
particul ar nucl eotide. Control experinents carried out to determ ne
the ef f el@fzehpyisiicleetifelp anrmtagic da ahaing Hlettﬁréetw}%ﬁﬁotrdﬁmnﬁf@w WitBdgh t he

pore. Regytd& pfrésgrmlﬁ ﬁferdénﬂﬂa&%hér&ﬁ thEdRQ ey Q(f)mfnlfs%s b HHI?SB{ehF&Pan@ 'ﬂrcﬁ‘elﬁ p&k
sanpl e can then be conpared th those derived fromsuch a control

exper i meftd 4 pvlmueléﬁtlctedﬁ@e@@rﬁiemepltefﬁéat%sean@ﬁ@éra&ﬁ, sychdhat thegueteigspyiritibeot i de.
The qug i | e/ pore
Syat T T B N o A R A e
met hods ﬁm@mgVQDbaWﬂgnﬁannmedswuhﬂmsmng%@ﬂ@nﬁn&nmg&@nwm$$bm@mgﬂﬁm%h
naturall Ml@%ﬁge%uhbgga ert§r¥1& olﬁe h%\heheibg dgt% 1-11:91 %nee of tﬁe Ea %‘[ cal ly formed
invitro € ne S are prefera rle usi hg an i sol at ed,

nat ur al | yolpacieotida g{mieasm}ﬁeamahmbmpas lvesi mgo;a)repmnang of a ﬂop@hbn efithe msddondesa

pore. The net hods are r abl reied, oyt usi.n i cial nbr ane.
e  remb e e oghigp Tea Gerar ve Fin B P ot el p ol e T
pr ot e nsomsr t8RtucA& (e et fONRCLbeS. IThisAd HirdddBrqlencinge pore.
menbrane forns a barrier to the flow of ions, nucleotldes and
pol ynucl eot i dB¥5¢ TREGARERETT SN peapicalBly suiied AoRsRAYSATIPE Ergchyer such as a

l'ipid bipay@lcicokd i ghckhd ﬁhéfé'icsao‘ﬁidl BRAISE tHeQbupHe dfﬂle%a@fcca@ia%@qd%ééa td 1he
i nvention are descri bed above. The sequenci ng nethods of the invention are

typi cal | freehiape ey severyliordess ofpreniudedheeneinh gt pRiyislstideapauiedc APt i ed out
usi ng anyon&ﬂﬂﬁﬁéﬁs% whit@tark& nghﬁ&&ltﬁei Qh bk @é’cﬁéﬁd %%hg(;ﬁle%\!éﬁng@rr apel pore

systemin a pore is present tn or inse rane. The
met hed ndycusedebeva ed out using any apparatus that is suitable for nanopore

sensing. For .gxapnlie, otnggll)’a?‘tp %%?t p%gﬂig&g(?t?d% %@%ﬁ% ithedd ¥ %'ﬂﬁ P38

aqueous solution and a
sectlonsThamﬂwhmhonmmmhasammkapbrmeﬁmnﬂcwhegﬁwMW&oﬂémbm@netE&nd@nﬁalnlng

the pore i or . ~dhe anal yt v..pe . coupl.ed to t nbrane i.n ejther of
the by sed oD of i 13t 19E90o0R % SRl iste O, ATEERARE Sriebl

car/ri ed ;ﬂwnud&bﬁ@slri]ﬂll%n@tbﬂ&g@pdl?mﬂ&sﬁcﬂd hedeilood (ﬁtr@drlﬂﬁtldlmbs AHO0O 61ﬁ1hb1@n No.
PCT/ GB08/ 000562. e _net hods of t i nventi I nval ve ne ring. the current
passihg t“rf? 8 1?#@%% epgl@ﬂ%%ﬂﬁ@ca CaREA SO RO %ac%g‘f“ﬁtﬁl@eor as
the tar ggk RS RALESS vERNAB: Wolidhcé 85PRGHARIEDSIIRAIAeotiHBETRS AEBode
apparatus al so _conprises an electrical circuit capable of applying a

pot ent i afrcArate s3tied Ay 76l ectri cal signal across the menbrane and pore.

The net hods npy IRl@leSl‘?({eg '(é?fﬂerodf%es’téﬁ'f%% e Pﬁée‘f olgh@cn&tl% oraprgééhttlﬁ% clamp. The
met hods preferably i nvolve the use of a vol e clanp.

2012/ 164p9pRCiEo@RI 0y imsadtoditithe pore on cither side of the membrane. The nucleotides may

30  interact with the pore in any manner and at any site. As discussed above, the nucleotides
preferably reversibly bind to the pore via or in conjunction with the adaptor. The nucleotides
most preferably reversibly bind to the pore via or in conjunction with the adaptor as they pass
through the pore across the membrane. The nucleotides can also reversibly bind to the barrel or
channel of the pore via or in conjunction with the adaptor as they pass through the pore across

35  the membrane.



The sequenci ng net hods of the invention involve the neasuring of a current
passi ng through the pore during interaction with the nucleotide or as the
target povonodeat’nde noves with respect to the pore. Secraiser2osnditi ons
for measuring ionic currents through transmenbrane protein pores are known
in the art and disclosed in the Exanplg; The nethod is 5typically carried

out with a v L4 age used
is typicall y%ﬁﬂ%%@@g&&%%ﬁ&%g%%ﬁ lll%ﬁ{emvo athe gglé |c§e03§%§¥§ th‘ef/l in a
range hawirregt QOng\émdghrthctpcseinmnadlef spenrfic &ﬁ@heﬂrﬂuclecsﬂenfbr ex@@pled/, - 150 nV,
from r1orir 4B BB BY B TP RGOy L hors WA % L0
nV. The palodage tdusedtidutar RELE. pmenhexr\adsrﬁy thencutragt ﬂoa\n@thﬂdmgﬂﬂ@rpdreh@ 240V and

nost referabl n the ra mv, to 240nV. 0 ncrea e
o oer T S Bt Rl bR ErBle CRIPLOPraac bt be P uEy gl " ©4°

i ncr ease&f@p@ba@@lmﬁeua&ﬂl@lhas a_rhﬁleﬁi&ﬁ@tﬁﬂ@bvﬂ@ tﬁrfatlgtomg &%eRteMﬂlﬂs ¢kl drrgmpr i ed
out in the presence of any alkali netal chloride saF the exenpl ary
appar at uQUtdhesuerbedkef t%%w@ltwfl QB adeyf samnde gndacarhe CPWP%IH%W&a &@éﬁé@%g dPtion in
the chanpgf q cE’ﬂ%cﬁ%y%pe%leﬁhh%'fdegﬁ) c(e'ﬁ:@%)ne tROR LR S AL fal ?%t fo&ﬂﬁ%)eoﬁ&e caesi um
chloride (CsCl) is typically used. KCl is preferred. salt concentration
is typically Thecsﬁmneung gicthognnay poearmedug éSlllg @MSW?WI@IHBM@%JP%@ syent flom 0. 7
to 1;¢M 4 El&% S

pr ef é(ryabfv{}{c %?nre?% I%S\Ae%% %Mf%smft dq}[wn ;HMF %Iﬂt():%%ecewrﬁer at |0§%é}ep§ 3'}5&1%%:0{9?6; si gnal
t 0 noi seusiggd melahldnwdrmmsfrlgmammﬁymtmmgldn wathevelipfls. t e rmrmarmetytpfcaléw

nucl eot i 2 fi st kgr o current

fl uctuat f&grﬁlé&nl_v(l)t\ﬁ?eorﬂeq%%ﬁg&dsﬁ%gj ?@I%%) P gﬁgéamnlgeéj%u? gi{1%%I]]f‘sl?lgnuc%eo Pde detection
i s carri eduning nnermttrdme cpm@sﬂngepm% @n ceh zypms,smgtaqabrea§rh\ﬁmmoslema@mfemlgy

pol ynucl eotlcf/iouz ﬁ d]] ssed hn nor e det ai | ¥V1 ‘ g&he nmet hods
are typi CAT4OWE Lipg %‘blarB taimet 8“%? S8 MY B‘EﬁllPréSF ChUHREEXENDI ary
apparft usnddirsetissadrab gyeind Hevddlslogier ndldpiiles@ntidition td@e pefgeous sol ution in

t he chanber. Any 25 buffer may be used in the nethod of the invention. One
sui t abl e buf f B¢ menbrpiesfoppse %‘f“fré?t ey %?%mlegrliewfop@awoea% 8 out

at a pH ftmbfaaMshr@etably 17 aﬁph%ﬁi@i@‘la@eﬁsuﬁ:l@aslé) 719(1 bii&yRM Bipf diky&@s Qiitable@sR 5. 5 tO
8.8, from6.0 to 8.7 or from : 51to 8.5 The pH used is

pr ef er abhsg imprsgrdancesyithrthe inygntipadese daseribed3pegl |y carried out at fromOC to
100G, 1 om 156l gq 80, ARG B Gre (SO LIEh ARG LT om 18C Lo 80C
19C to 70C, or fr%m 20% to 60C be carri edt out at room

t enped at ur e. Thvecausntiog sicthods lpmebfe(raanmdwucammg w apparatas that is ewpéledbur e t hat

supports; %&% %%%g &%&{lﬁrglpe'/ O%J teﬁlsln%% C(ﬁo eCIs crjesgr%t ll”ll or 1A§e ﬂl% % ﬂl%gwt ?alﬁ ve,

good nucl'éot i'Scrim e n can I ev ow sa concen ions
i f the té€hpecthodimey bsoamﬁi’(ﬁmmidg adyrapagidiut ﬂmmstsmteibtmﬁoemp(ge‘sdﬁmngomtt i on
tenperature

there are a. numher .of other strate C npl oyed
o ettt BBt B TR a0 e T A8 r B Rl 1S B gnTE
sol ut i onsepwatek ﬁlemﬁhrﬁbﬁluﬁb Bgo cRfidlist maa Baﬂrr]lhr&’llas ati gpesmltet 1ﬁbdh(ﬁ:hftﬂfé memnBiie
aCtIIty One suc Sstrate is to use the Ipl I1a r to 1 vl de two
di ffz 3 entOEIHRE REPSES 1%%@3%’ Ehy qnaly s gy Rsrpoupled EMB ’E?B?IE’eeﬁtthFra‘tdfﬂbentW(?f sal t
on the egzMem oFtidenhansera hi gher concentration on the opposite side. One

exanpl e of this approach is to use 200 MM of KO on the cis side of the
menbr ane and BEccamgrRemethady Hay be eidcdcvapieg the apperaigcdes@rdin i ons, the

conduct aﬁ@é%ne&f&hﬁ%%%h&aﬁ%n% porsshResed to be roughly equivalent to 400 nM
KC1 under nor nal nditions, and the enzyne only experiences 200 nM i f

pl aced on t hellsimcthiddef thariytchiggn lpmdscr kaubenét currof pusing fregrtherart ¢ sal t
d fl
con B(% | Ot %tfe%‘éno% 1!h8 n@{fcﬁldg ot as etg%ﬁ OgggpcﬂgﬁugfeghaMmpeg r\x?th rds !s L T1ow

of water cou e use nuc por e ection. A
simlar pdrt eEhercfan: tb@a@aﬂﬂm\atsd comprigs an plecttica circuit capable of applylng a potential

and measuring an ¢lectrical signal across the membrane and pore. The methods may be carried
out using a patch clamp or a voltage clamp. The methods preferably involve the use of a voltage

clamp.



10 osnol yte, such as sucrose, glycerol or PEG Another possibility is to
use a solution with relatively low levels of KC1 and rely on an additi onal
charge cawoyorgesyyeci es that is | ess disruptive to enzy®eTaR2012/05¥191

The target pol ynucl eotide being anal ysed can be conbi ned wi th known
protecting chem stries to protect the pgplynucleotide from being acted upon
by the bindi ekl Aoty oy £ iJeShd A hian. The
pore can then e (g&see%jl tor éﬁ%&\;fg (Jfl‘hg&%?otlﬁgét‘{engé ch ﬁl&s%j&f%u%%;b %:Sa be

achi evedtherughdre foye dising gntpladtoao)tflthwtge guaendide OMtthQauafgetnmhybmiedﬁi@edo\t@y t he
pore, bi W ilne% c[c%tt | Dord! ﬁupa,%ye con&lﬁo sfoarglleaas{:l)tpn 10n1c%0111rensf[haoI ug Vo .2008/ 1241.07)
or byusmgp ot ec P\ chem stries that are removed b h i nding protein
or enz y nﬁanmhembhﬁé ﬁroteﬁln pores@e prioxd 1|mtlt1eyart adtdielopat i@ tﬁeJE;Alfﬁp@] €rMecSathodd010 Dec
22; 13 961-7 nucl ease Se | n._one enbodi ment,

Che nbt OO SERREHE NG R BRaP G ShPalr Perbins rpbeorboT B TTEe

i nvol veStygichloy\fr&g 4@V &8 geionpol Mt@g&usa@lstpeemamlg l’nﬁ@fcangé hetw@ra lexenucl ease
enzynme. Any of the exonucl ease enz scussed used in the

met hod. hﬂﬁé seigeflitrmatlo mYy S9¢mY, 2 éo i AA0da Y - 1%8%0%9 la¥s prn%ir?én‘énd of

the targgly ﬁqipxauﬁﬁ@%éﬁéﬁdenw«gd@a@wmn FRY nfie m\frﬁverﬁohﬂvahto@qﬁemtso the
pore as discussed above. An individual nucl eotide is a si ngl e nucl eot i de.

An i ndi vilYual0hm¥} 6310 |¥ ané%@(lemm“élwwogagﬁdtse%wme pisfearhbit Mdhe 19089 eot i de or
pol yWﬁC' P PRy izbong« M%&Pgﬂe@?a&ﬁ&p he f%n%é‘&ﬂl Bivag QG’[HQ‘ 'Iﬂé/g&s%?e gne of the
phosphat e groups of a nucl eoti e| ng bound to t e sugar group of anot her
30 nucl ewricde. dissnminatipy betwa¢n diffelertotuicldetides by y powdiyluying ne inghdasdd appligdot bound
by a nchpQ%&t ge bond to anot her pol ynucl eotide of at |least 5, at |east 10,
at | east %t | east 50, at least 100, at |east 200, at |east 500, at

| east 1000 orTlatsedp&aahg b MOdnare bypaialldesriedart ueohapmlsmcebﬁmylaﬁldh\mmlalal

nucl eot i e ed froma.tar ol ynucl.eoti de, such as a DNA or
RNA St 1 oA PGP it b s e sRCal S s dEinaFefiedBa anove.
WO 2032/ It AGIPGE/ claintblt 2P Sadk k@ cifléride (KC1), bodanki el Naal@r emsyifeshidrivat
typical | t.ch onto one _end of a%c{)ol ynucl eoti de and dla%est t he

pol ynucl MdétyaWéllhwﬁegﬁl bereferred. (Thgeal songertibion iy Mémérk%hmé%e can

di gest t hempol tWMM SRIrh 08 16 M.8hN&rom (. % B7mdirbR®I @N AN oBfrohQMio NECT i ON.
The end of the p E/nucl eotide to which the exonucl ease binds is typ| cally

det er nmi n&ke &aHrce%Rj ratioa ixprsfcadbofro 29 tadd Bigh sdt concendiations s idscrshigth own
in the ag%n 15&/15“'15@9&110 egld%ﬂ f&r cubr@its gﬁ(&dﬁ@é{;ﬁﬁe Eseﬁ&et é}%r u@l@gtlc%fto hoe

pol ynucl eot | pI ca be use reven aC|I1 Itate the binding
of the e»d@mteﬁﬁld@aslesttﬂ@ laclwmmdcuﬁ Ingima: prefrent ﬂuch@atlpm ﬁmwlrecﬂt dogeentrations mayhe
met hod iy I l

exonucl egsgsleégﬁl[ﬁl %&t@ﬁggﬁﬁ&l 155 eglﬁélfgl% ?egglgc'? 8d£‘# %ﬁ\é}@%%d’g %ﬁ t he

pol ynucl sqté¢mdagablyaucledtiles. HHtls mldisomad idemtre ﬂeta:labeltm 10 of a proportion of
nucl eoti des di scussed above. thod for do s.are well, known in
The art. For - Dol SEhrTiSar it ot o St ag B dBUE 8y geot

si ngl e amipannadiidtsstd gove, e @ittt Bfpr@ehiypeRtaheus sititidnhathetch@ybdmunbe

Lgﬁ%gbﬁgf qlf%'ta?i au#as ﬁé%ﬁg{@gﬁ (ﬁ:ﬁ’tlh' P%s@ets Tt?]b}sﬁtlﬁ?%gy T(Hpkfélfféera{fhw. ch

t he exonpeihgdsae fypnally ensed sut bidpis of frymSHoawaD.ot fiem 4138 100t froml5.0 Btoe, of a
15w | d-type exonucl ease. A suitable rate of act|V|ty of the exonucl| ease in

t he met hBeMAS f@egeﬁdérﬁaéra@tq%%q%g7dﬁtg§§tqr8r§ o8- X ridpdl used b5 PideeblHgbewot i des
per secofig, fromO0.6 to 500 nucl eotides per second, 0.7 to 200 nucl eotides

per second, fromO0.8 to 100 nucl eotides per second, fromO0.9 to 50
nucl eot i des pBrc mubwhdrompitalycan@dont adrom @ Ceotl PHEs fipar! S¥eedHC. fme rate is

pref gf abl (e%% 33@0 frtyi%7o0 A0s 06 nfkggqua#a B 1985 PRIC %?%%Hldzo"é‘lt_ozéﬂ"ba%g rate

of exonuc activity cai eved in various ways r exanpl e,
vari ant exdndcheasesmwidtdut a roed tamgdrapt. ed methods aod pta&tabw tayriqueopt ter used i n
accor dan{:empera%ure tthgtesuial?ov srg%l%y?ne function, such as about 37°C.

As mentioned above, good nucleotide discrimination can be achieved at low salt
concentrations if the temperature is increased. In addition to increasing the solution temperature,

35  there are a number of other strategies that can be employed to increase the conductance of the



The Exonucl ease Sequenci ng nmet hods of the invention have additional

advant ages beyond the reduction in the anount of pol ynucl eoti de needed. The
i nvent or swhave/wstardi ed t he present ation of single straneew/diddzosi®el ution
to an Exonucl ease- Nanopore ("X- 25 Pore")/ nmenbrane system under potential.
Wien DNA analyte is introduced into thg;system the pore nay becone bl ocked
per manen 0

nucl cot 1 dugiof phfBahA e rﬁ*‘lﬁl‘fﬁﬁﬁﬁ%ﬁé@t A P P e e

pore, f oto Uex thephipel tbytycrdm pivndrwgwo dlffdn@lt n@wbmtmgns unlpsalstiongh Jovi &altwas f ound

t hat t.hl? ol Cﬂ% ﬁOIrll%le §1 ah1q1er concd 1%1?10I ncglﬁ:aolsaﬁossne Qi%le.n rqg)er of
potenti a rea 1 ng eve nz nme ncrease

30ef f ect exaenptosfaken 'apsmbachrns tofusé)B(imgM crf H@l@nshmﬁs mﬂeansfehaﬁlemhﬁnamai S00enMThi s

acts r t he bi ndj time between anal s and i ease. seguencin
P oubnob IR G LBahaT At iR RRGHBRD DR SR AR S i

cont r ol | eroagidly s§iemérs & 400&ﬂ1$1lmlamuarhoahalrt@hdrﬂml ﬁﬁﬁthdaﬁ‘zyﬁé ohlyr ough a pore.
A pol ynucl eqtide_ is a macronol ecul e conpri sing. two nor e nucleotldes The

WO 2012/ ¥8Ep ARyl plrerd rrghe dysido| @rﬂﬁ@r@ersrbé%beaeﬁtrﬂf UpE eHEPREE @l may

conpr i sec&luxloﬁpﬁ%m&ﬂoga g%leﬁrma&'e& L& tBlesore. THgs Hé%%'o%f'w%‘e% cHBY bOEscany of
t hose di scussed above. he Strand Sequenci ng net hod of the invention

typi cal | {p nudawclgotsis {nrude e@rerf@rederﬂm@n ry siptilst efifest e29 begakiewid ushe amsWierkent of
the j@r QS’stmofr?ﬁLB/sﬂHFis%%ﬂo&e CR; LIQ*PE@GA&%‘? oSRMPEES u9ef a ‘t{g{an%{hm eins are
gi ven above. ynucl e bindi ng pr8te|n S prefera
poIynuclemﬁwdekhahﬁﬂsngKéthdeqAap@dyhmmﬂebﬁgﬁanha@dpmmgtbmzyﬂs is a

pol ypept th e of interacting with and nodifying at |east one
propertya% aWﬁ%Fhﬂhéﬁgglrde The enzyne may nodify the pol ynucl eoti de by
cleaving it rﬂwﬁmganmnmudbdmmemgahﬂpﬁddmﬂ&nmnmh&dwmmkmhanpsn@mng

nucl eot i trinucl.eoti des. dify the

ol ynucl d5aiEeHy Pt e ralveshirEE FER b g foon B e EBRRERTRBAL: ti on. The
pol ?/msrcl ehidershandd 1nglge EmeZ ycrmuﬁpelshe rpﬁie daeeadnbe udsldsweal)bve ﬂ%}gﬁmbdtﬁg activity
as long as it is_capable of binding the target pol ynucl eotide. an

cont r ol | FKEIHs ThEEREH NP EYIFT Phasipppratecng srpysithal gle unpaidisgd gw@emay be
modi fi edpd;e, Hiﬁdii‘?gﬁf%oiehﬁor%ﬁmdd& eﬁ‘lCprHédtﬁbtéﬂ'ﬁalr(W’O beogisRdopRdey uGRNdi ti ons
whi ch prevent om acting as an enzyne. Such conditions are discussed in
nor e det Biofectieg GRMisieplifgat wlr%@:‘@ﬁ@wlﬂeden%wpreﬁgo@ﬁmww hstdinestosp| y
derived %59&%@48%&&%9 MbhﬁcﬁaﬁﬁﬁgzoﬁﬁﬁePﬂi qegédeahandlrng enzynme used
in the construct of e enzynme IS nore pre era erived froma nenber of
any 8 the Enzyme dassification (EC) groups 3. 1 11, 3.1.13, 3.1.14,

3.1.15, 3.1.22, 3.1.25, 3.1.26, 3.1.27, 3.1.30 and 3.1.31.
The enzyég%#égmg%kéwg$gg those disclosed in International Application No.
PCT/ GB10/ 000 1133n¢ pmbddimbredtha siciod 26&(qﬂrﬁicﬁ&&ﬁ(aﬁalyte which is Praggce polermo&ui;teres

are polynerase exo |cases nsl ocases and topgi somer ases,
cuch’ as By aEEo i e B G BT i B e T e G e S g S e
exonucl ea®audledst eibymes Giotussddabbdd hhyNEd us8) in tRXDBIGd. eialseeexbhdd@s\czw&sefsr om E.

coli (SEQ,ID cJ fro . thertno hI|US (SEQ I D NO

bact %§ i OHH%Y&B‘I\P aédﬁ‘éE@ﬂhe}eeea? @?@Se@qteo clep, %yrr}%mazaﬁ? QOVPEFB‘il}éof
Three sultiohddso @RMREd &idMBuisBEalrguence shomn |n SEQ ID NO 14 or a variant
thereof interact to forma trinmer exonuclease. The enzyne is nost

preferably det? Pdiyiduabmcioriidois primgisatugisatides é\n ingividughywelcefideiiyens Wiighisphi 29
pol ymer asg p6 Qb lafGReriiBleSRRAYE BS nﬁ"&)%e by na PR okl DEAd. & RlciRti¥abdRNt

t hereof According to one enbodi nent the po ynucl eotide binding protein is
coupl ed wwvolves dngroé thePhospbate Igeoupe i ruseondabaine ovhétoghe spgaogbimel anothanal yt e

pol YE'(S‘C' ﬁ:l%)ctléo(age aﬂr‘i’gﬁdﬂ’%‘&hafﬁ% ﬁ%ﬂ&é Ql; Eéaﬁg%ké)%ﬁfc ‘?srho? o&n*&%y%%k%&t?de%’&é@‘cbgh t he

por e. hi's enbo e ana nucl eot | be coupled to the
menbr aneanutla:r pdiiemmﬁoydmo:ﬂ a Gestdeatdeasdl gt lpus@tZQuanleasI lxe, aammynoe qmrbdaytrﬁ(ﬂﬁl eoti de

o of er aby By i FEPerO Dt he Bet B THE Burgnubt Bt Tua ubgiy
prot ei n h& bperedigesadal fonaa Bodee bolg@asteotide, such as a DNA or RNA strand. The individual

nucleotide may be any of those discussed above.



WD 2012/ 164270PCT/ GB2012/ 051191 48 A variant of SEQ ID NGs: 6, 8, 10,
12 or 14 is an enzyne that has an am no acid sequence which varies from
that of SEQ2D/M@706, 8, 10, 12 or 14 and whi ch ret ai nsPpolGBO/ S0 de
binding ability. The variant may include nodifications that facilitate

bi ndi ng of the polynucleotide and/or fagilitate its activity at high salt

concentratio gt h of
the am no aci Ogggéﬁgscﬁgo@y%%@%&nﬁmg Ontf(gn%rgf()fta%%ﬁ Hg%tgire |ag£t Wil
pref er abﬂlgeSDéleaJDIﬂnedthldS(O% hohotidggudinofrerh dtat s@qdléln@aolblabw comdersttie aci d
identity he .vari.ant 5P ep t, 55% at
east 605 RerpBiSh Heud 3 RO TOR Aot BRL O B Pl BB 020! s
85% at {Vhﬁhtthegﬂ%mmdsemm@ iptypfcel addtyrmaded o gharat clﬁﬁé’é)ofgﬂ%ﬁﬁus%%d/or

horm gous bas namn aci |det|t toth m no aci d sequence of SEQ
B NG Gt RgoesTBo R in oo fiiiten s o chgTuatE: ErETTE e at I ast
80% for pﬁ%ﬁfé&bﬁd@ﬁla}‘ %ﬁﬁllﬁ&%se@%%r@fen%%al&ﬁﬂem ‘tﬂﬁdlﬂg bittaa ttoncleate ko 2

stretch of 200 or npore, for exanple 230, 250, 270 or 280 or nore,
cont i guobRtichhrsad aEthaBolynyekGode ol ogy”). Homol ogy is determined as

descri bed abowg mdh& M%lb@!;r&llom gl ﬂJlﬁfucFeBtQi@t& 'ﬁﬁerﬁ‘ét I“Qﬂattb{é)&oﬁﬁé]éb@élﬁ‘cﬁthhtn any
of the ways 15 di scussed above with reference to SEQ I . The enzyme

may be coapdeatidps ae digetiedifren tharad9bths palynagleatids @bﬁra%bwllowme@mw is
not [#d ub{ a,elﬁolg 1&?01j cl%§t1d%L 9§$S&S§%ﬁgﬁﬁer tM'etlIlchs tf(t}eﬁio %rtf?ls g#wrﬁgwh% the

i ndi vi du eot de sequencing as t e 1's no potenti I sor in
the seri@s Far ewhmplh Binwinalogriadion iewet tat fuecesevddy digestingleypmafo dchis fipor 1@@ 20The

two st ra% ed%f%%hfgg t1d§ts %QE%BMA‘&?%%?&%EH% l?sréngtlglgﬁ Pte{fgrrﬂlsa.lngecﬁé ?n of t he DNA

t hrough o trans an 0 CIS her with or
agai nst @hroam:dgr@dy (Imlah)t IAaﬂlom(ﬂh@usfnethhé np dt ueazﬂuaﬁte@gﬁemsn\rmndnam sns for

strand seque contro transJ at i.on, of e stran
Sy augh’ ¢ He s e i el hut B s e YRl B s Sl AF oEhy
pr ogr £ssiiélype@koficRERS A ethdle Bdle siuthl ey StthaskdatclENANGBOImbRodised on the cis

side of the pore to 25feed the renminjing single strand,throu h under an
appl i ed Poreiiea VOEYGS@%S%OP:%%O%H %%tw&aPU%eoglémeééeca% drort &P 0 0% eni se, a

hel i casepddnatidssrps fdsnd, betslgetbmle%ha@ryéﬁgkcamf@ﬁm @{051(00@1%016&&95 b a simlar
manner. There are al so possibilities for seguenci n{% fﬁf i cations that
aics

require %ﬁ%ﬁom%@l Bawcleptides gali Sﬁ%qndé?ﬁléfb%ﬂ Peld e pr seenpd. Thegraongs nust
be first bynot Wth th
eflirs Prefeﬁée&%)h 100%0t B§d &ﬁédgﬁl‘x&%@kﬁé dﬁ'%f)iﬁe%x&{ S&tsﬁ{abma@‘a% &Ebﬁhé}é?f e

potentia swi t chéd back | ow n ndi ng e 30 stran pass cis
t o t 2&nsadtinity cagrbetdehicypwlrie vamals bayhdia ckample vexand ee@dclcans vrthatrédoncdy t he

current {)ﬂt%lré[pgfa%ju@l%l&f %@gls%r%% ‘dﬁéh‘? Gi9er®pn S1 NGl e strand DNA

dependen yImer ases ‘ca ecu ors 0 pull the recently
t ransl ocat ed Eler‘@doeuééma&mubmlg mbthomgiﬁ tltehﬂ!vqnm)rehaivn additamnd adlah@gesst epwi se

manner, trans.to alnst tial. Aternatively, the
ot gl ¢ stP ARG R A e8! JrePAHE R HEr. 6 HETEUAN AR DI I oni ng
down t he r353nt"mbh$ BRditigl Oftradd @b AUS h(ﬂ@tﬁdrﬂe ah Emugteaiemea@pme (“XMO
2012/ 164270P 2012/ 051191 49
Pore™) rnern rane system under potential. When DNA analyte is introduced into the system, the
pore may become blocked permanently or temporarily, preventing the detection of individual
nucleotides. When one end of the DNA analyte is localised away from the pore, for example by
coupling to the membrane, surprisingly it was found that this blocking is no longer observed. It
also increases the number of potential DNA threading events for the enzyme due to the increased

30  effective concentration of being in the same plane as the analyte. This acts to lower the binding

time between analytes and increase sequencing throughput.

Strand Sequencing
Strand Sequencing involves the controlled and stepwise translocation of polynucleotides

35  through a pore. A polynucleotide is a macromolecule comprising two or more nucleotides. The



In the nost preferred enbodi nent, Strand Sequencing is carried out using a
pore derived from Msp and a Phi 29 DNA pol ynerase. The nethod nay conpri se
(a) couplwogotdws417ar get pol ynucl eotide to a nenbrane; (PLCTAIB201203¢191 he
target polynucleotide to interact with a detector in the nenbrane, which
detector conprises a pore derived fro Msp and a Phi 29 DNA 5 pol ynerase,
such th V. I cleotide
$ 418188 H R Akt hQelotRQ ¥
throughaﬁ%gﬁ%oefge&%&(ﬁ&l? cé%e?cga‘{éslur l;?lﬁfem:cau gltrill%n péotsngbff A L%réooulg%g e pore as
the tar gmclmﬂ%mmydétmmguwedhbcrvespect to the pore and thereby
determ ni ng the nce of th nucl eoti de, ei.n
and (c) are cﬂlr rsﬁ%g&lgu%uencntl%met% a%léwg& RN & Ow%mdemde%lfﬁ?ngrret hod
My conppiosn toapnted il mengnteheofitay gekt oynnnlectidahiodgh the pare mElmhpleeof sutn

allowng 10.the targ | eqtide.to.interact thadtec orlnthe
menbr anel OWHSEF %1%?“«3%96‘5% HE %‘“gl 8Hﬁglgd’é?tf“€}é%lpf? %EH‘& 68 fi$hi 29 DNA
pol yrer apgdlisgi&hybai ﬁon@uaedtwmmﬁﬁg GOAYinteak & p@m@epﬁamm@ tapbletoie t ar get
polynucleotlde t rough the pore and a propaortion of the nucleotides in the
target pBIlies otn mﬁltfsép%l&ttlgasmewr?n?&y BB? olynieépotidy. The£8mrM1g2¥ he
current Pags Mg pbRhAUGNAL CIBQJI AW foh 1&%&1&1 Hﬁc@éoﬁ@és'&@h&&gcﬁmr&by
determ ni ncgethe séquence 0 et ynucl eoti de, wherein steps (b)
and (c) Baycdeogiges wh ap it OK/\ﬁﬂtﬂHClaOthéﬁl tﬂg@n@m m@dmaélﬁo@g p@lﬁéucwﬂée b¥\hen t he
targ p t t ﬂ% a por e
deri géed rléoﬁlEr%H 1tg)?h]!tog§gllt§?gg g%@?%ﬁc egltll dﬁ mf ?gg a@%‘%’%?g%t W t

t he Phi 28ccomndiphyereymsta aciiignast lheg aﬁotltsagmblewfamdlngehb @@ebMyttuhbotpftw e, t he
target p . de/ P ol r for W|ththe
pore andgtlc(%érzlg &%’)lﬁgé lt%%o e%e%?t %\IAh% 0233 t%?gnes a%%gélﬂi?)r(?& ycle %g?k gr ough the
por e. removd eseyiBiid levﬂﬁoﬂmqobh ured tusdeheanditfolns edict Ip&WpIﬁGi[ feahn adhingnt ages.

First, thetar?e% olﬁufjcleo ves th{egag) the pore at a rate that is
comer ci & Y V-aBt B (i Scélfﬁ‘e 4 moE ﬁ 51085 ng. The target

pol ynsicl eot i dﬂlerp@maclta&trd@mgﬂmlmgeni‘ﬁr& iPpfeCeraBly @erll Glshya tudRBIytit eflgas. t hrough
a henol ysin Secongfllt an increased current range i s observed ?s t he

pol ynucl &6tF us@%%}% WrBBGRe e TpoF ECHIPSRI I ChRE SR aIRETRE S

det er m nggive®F8meARhYer omyrdhh@m%e mﬁﬂc%m@m gr%@ﬁs' 32N 1:? 3 181so@3e1mved
when the specific pore and pol ynerase are used get er thereby increasing

the si gndlllpod héﬁ’)s3e1 tadile2, 3.1.25, 3. hd% 3p1017yﬁdc3|0é16€1|3 & lddde Frayey apdiveénimy be
sequencegeydl deR%ld i LROMbAGH RhpilBRPRONRUIEER b3 HuBliglatafly double
stranded. 30The pore may be any o e pores discusse ove. The pore nmay
conpkl se2@®i0go6mnoner s conpri si ng the sequence shown in SEQ IDNO 2 or a
variant thereg /] d- 0 mer ase and
exonucl ease ac]t(efe{/rle% el}zyﬂa %g;&%&ggs%héga@@ g lé(yl{sztg{egﬁ?eg\géasg nﬁcl eot i des
under th@pommﬁaies (soﬂdastgyoasss Slwaiﬂeganzlyhles ankdedbutray nmﬂrrkltadrto tdveeloamdes.

This is |s S e detail, bel ow, 2012/ 16 2/ 051191 50
The” b 2B B HEDIRES s 5 RhrshE O noetuio b SRR T S EHRE 5 or
a vari aanthWOphﬂus (ﬁ‘Eﬁ&Dﬁ&MlZ@ﬁmﬁf@ehQﬂﬁ@lm?dh Sxoaliclenz S (Ihato V:mhaﬁzi]rﬁn

am nQ_aci d. se e ich varies fromthat of SEQ n i C

et aths ol thia i TgEe e Pt O ARt SiNg %S@q%e@%ﬁwm %N Pgmi Ve east
one of tgrebhimRLaciRABEN & krShdteS8HcREIOhRefRE BN preRRbUAIRES frdMOr KS 1 n
all three nodes. The variant may include nodifications that facilitate

hand! i ngPli£% PR prdyyeraet ot qna@ﬂ%l%%ﬁi fipgckhi% potemgress ca@prises {Re saguchfgh sal t

concentrg}{owa%ggqbqﬁor@m\;aggﬂqﬁ@gdfre Over the entire length of the am no
aci d sequence of SEQ I 6, a varitant will preferably be at |east 40%

honol ogous toAQmahngte@uenm@%@s@dhmlmh@ﬂ@dmuimmmemtly couptpder patleciest abl vy,
the %’@r ”[Ee 1818&)5{38951{&5@ 6@?%0@8‘?? fihd ltoe%b/gtég%’/qu@feo 1&3%1 tt%ﬁo cﬁﬁm | east 60% at

| eas east east east Feast 85% at
| east QO%IEtmdatumroé tigraphlgteatioyglathe peras in ®5%mtodtbeot, tl&%ltywrmllymgdawdbas ed on

am no acid |dent the amno,acid s qf H}ﬂ over the
ant i o SBOUERERT FHRE medE P B R BB By R it o ikttt Bso6 0%
or polynucleotide and the polynucleotide binding protein may both be coupled to the membrane,
preferably by different coupling methods. The polynucleotide binding protein is preferably a
35  helicase.



95% amno acid identity over a stretch of 200 or nore, for exanple 230,
250, 270 or 280 or nore, contiguous am no acids ("hard honol ogy"). Honol ogy
i s det er mwoedi2as4zyescri bed above. 15 The variant nay di PCEGH20051 1ve

wi | d-type sequence in any of the ways di scussed above with reference to SEQ
ID NO 2. The enzyne nmay be coval ently @ttached to the pore as discussed

above. A VARt Qﬁfjsﬁ D NURL 8’,'%10 q@%@#@?s‘;ﬁé gﬂéyrﬁq)é)@gﬂﬁak leénfﬁg%glassed above

may be used |n accor e wth S pre

concent r gharwe whichypiigdtdny that fiHL TBENOL 6, ©.186M2 ot agdwaich rétsnpr ef er abl y

fﬁé t;—?g%oqﬁnu&%otlm?cﬁ%g %ﬁﬁ% gmanan : Oﬁlglélg E‘lﬁﬁa%%rs ﬁla?FaFﬁgate"‘@X&Hgaﬁgg of
pr oof - r ethd malg'nﬁdma)tlﬂeanm(femhtaenstaptl\hﬂyet high bﬂdcdn@emraecﬁreraah)’byroomr ri ed out
using.the Phi 29 DNA pol ynmerase as a polynerase. In this enbodiment, steps
(b) and FEP R carried out in the presence of free nucleotides and an
25enzyme cof agi@khesueh 1&@@{ oﬁth@a@ﬁb&iﬂi&@&{iﬁndﬁbf@ﬂ@lm\@% geto,naloynucl eot i de
t hrough t he pore agai nst £ resul ting fromtheaplled vol tage. The
target p¥itrRLKIESE F@EerPS\?é@aﬁtﬁoﬁW@@bgPW ighgpogior Gied PREMIEKIhucl oot | des

may be ofgeniy. m&&p@f‘era%wt@fvaﬁaﬁ bl@?ép‘ﬁ'dgﬁt% bBHALRPE I es 1&&%@% g€idasabove.
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In this enbodi nent, steps (b) and (c) are carried out in the absence of
free in a similar manner. There are also possibilities for sequencing applications that require strand

translocation against an applied potential, but the DNA must be first “caught” by the enzyme

under a reverse or no potential. With the potential then switched back following binding the

30  strand will pass cis to trans through the pore and be held in an extended conformation by the

current flow. The single strand DNA exonucleases or single strand DNA dependent polymerases

can act as molecular motors to pull the recently translocated single strand back through the pore

in a controlled stepwise manner, frans to cis, against the applied potential. Alternatively, the

single strand DNA dependent polymerases can act as molecular brake slowing down the

35 movement of a polynucleotide through the pore.
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Any polynucleotide described above may be sequenced. At least a portion of the
polynucleotide is preferably double stranded.
30 The pore may be any of the pores discussed above. The pore may comprise eight

monomers comprising the sequence shown in SEQ ID NO: 2 or a variant thereof.
Wild-type Phi29 DNA polymerase has polymerase and exonuclease activity. It may also

unzip double stranded polynucleotides under the correct conditions. Hence, the enzyme may

work in three modes. This is discussed in more detail below.
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The foll ow ng les illustrate the invention: le 1 -
Exonucl e@é@é@r@ééﬁj%ﬂ@ AN 21 N PRI ArRE %%I%H§tti§‘fd 10 tile OB FBFEShd
A i gonucligRti des A i gonucl eotides were purchased from either ADIBi o

or | DTDNA. Details of the exact sequences and nodifications can be found in
t he Tabl e bel & ¢fSRyypOMNGEPPABtUs B copylitions discussed above may be used in accordance

with this preferred embodiment. The salt concentration is typically from 0.15M to 0.6M. The

20  salt is preferably KCI.

The method may be carried out in one of three preferred ways based on the three modes

of the Phi29 DNA polymerase. Each way includes a method of proof-reading the sequence.
First, the method is preferably carried out using the Phi29 DNA polymerase as a polymerase. In
this embodiment, steps (b) and (c) are carried out in the presence of free nucleotides and an

25  enzyme cofactor such that the polymerase moves the target polynucleotide through the pore
against the field resulting from the applied voltage. The target polynucleotide moves in the 5’ to
3’ direction. The free nucleotides may be one or more of any of the individual nucleotides
discussed above. The enzyme cofactor is a factor that allows the Phi29 DNA polymerase to
function cither as a polymerase or an exonuclease. The enzyme cofactor is preferably a divalent

30  metal cation. The divalent metal cation is preferably Mg®", Mn**, Ca*" or Co®". The enzyme
cofactor is most preferably Mg**. The method preferably further comprises (d) removing the
free nucleotides such that the polymerase moves the target polynucleotide through the pore with
the field resulting from the applied voltage (i.e. in the 3* and 5° direction) and a proportion of the
nucleotides in the target polynucleotide interacts with the pore and (¢) measuring the current

35  passing through the pore during cach interaction and thereby proof reading the sequence of the
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target polynucleotide obtained in step (c), wherein steps (d) and (e) are also carried out with a

voltage applied across the pore.
Second, the method is preferably carried out using the Phi29 DNA polymerase as an
exonuclease. In this embodiment, wherein steps (b) and (c) are carried out in the absence of free
5 nucleotides and the presence of an enzyme cofactor such that the polymerase moves the target
polynucleotide through the pore with the field resulting from the applied voltage. The target
polynucleotide moves in the 3’ to 5° direction. The method preferably further comprises (d)
adding free nucleotides such that the polymerase moves the target polynucleotide through the
pore against the field resulting from the applied voltage (i.c. in the 5° to 3’ direction) and a
10 proportion of the nucleotides in the target polynucleotide interacts with the pore and (¢)
measuring the current passing through the pore during cach interaction and thereby proof reading
the sequence of the target polynucleotide obtained in step (c), wherein steps (d) and (e) are also
carried out with a voltage applied across the pore.
Third, the method is preferably carried out using the Phi29 DNA polymerase in
15  unzipping mode. In this embodiment, steps (b) and (c) are carried out in the absence of free
nucleotides and the absence of an enzyme cofactor such that the polymerase controls the
movement of the target polynucleotide through the pore with the field resulting from the applied
voltage (as it is unzipped). In this embodiment, the polymerase acts like a brake preventing the
target polynucleotide from moving through the pore too quickly under the influence of the
20  applied voltage. The method preferably further comprises (d) lowering the voltage applied
across the pore such that the target polynucleotide moves through the pore in the opposite
direction to that in steps (b) and (c) (i.e. as it re-anneals) and a proportion of the nucleotides in
the target polynucleotide interacts with the pore and (¢) measuring the current passing through
the pore during each interaction and thereby proof reading the sequence of the target
25  polynucleotide obtained in step (c¢), wherein steps (d) and (e) are also carried out with a voltage

applied across the pore.

Kits
The present invention also provides kits for sequencing an analyte which is a target
30  polynucleotide. The kit comprises (a) a transmembrane pore, such as a transmembrane protein
pore, (b) a polynucleotide binding protein and (c¢) means to couple the target polynucleotide to a
membrane. In a preferred embodiment, the polynucleotide binding protein is an exonuclease and
the kit further comprises a molecular adaptor that facilitates an interaction between the pore and

one or more nucleotides in the target polynucleotide. Such a kit may be used for Exonuclease
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Sequencing. In another preferred embodiment, the kit comprises the components of a

membrane, such as the phospholipids needed to form a lipid bilayer.

The means to couple the target polynucleotide to a membrane preferably comprises a
reactive group. Suitable groups include, but are not limited to, thiol, cholesterol, lipid and biotin
groups. Any of the embodiments discussed above with reference to the methods of the invention
are equally applicable to the kits of the invention.

The kits of the invention may additionally comprise one or more other reagents or
instruments which enable any of the embodiments mentioned above to be carried out. Such
reagents or instruments include one or more of the following: suitable buffer(s) (aqueous
solutions), means to obtain a sample from a subject (such as a vessel or an instrument comprising
a ncedle), means to amplify and/or express polynucleotides, 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
cnable 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.

Apparatus

The invention also provides an apparatus for sequencing an analyte which is a target
polynucleotide. The apparatus comprises (a) a membrane, (b) a plurality of transmembrane
pores in the membrane, (¢) a plurality of polynucleotide binding proteins and (d) a plurality of
target polynucleotides coupled to the membrane. The plurality of polynucleotide binding
proteins may be in the membrane. The apparatus may be any conventional apparatus for analyte
analysis, such as an array or a chip. In a preferred embodiment, the polynucleotide binding
protein is an exonuclease and the apparatus comprises a molecular adaptor that facilitates an
interaction between the pore and one or more nucleotides in the target polynucleotide. Such an
apparatus may be used for Exonuclease Sequencing. Any of'the embodiments discussed above
with reference to the methods of the invention are equally applicable to the kits of the
invention.The apparatus preferably comprises:

a sensor device that is capable of supporting the membrane and plurality of pores and
being operable to perform polynucleotide sequencing using the pores and proteins; and

at least one reservoir for holding material for performing the sequencing.

The apparatus preferably comprises:

a sensor device that is capable of supporting the membrane and plurality of pores and
being operable to perform polynucleotide sequencing using the pores and proteins;

at least one reservoir for holding material for performing the sequencing;
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a fluidics system configured to controllably supply material from the at least one

reservoir to the sensor device; and
one or more, such as a plurality, of containers for receiving respective samples, the
fluidics system being configured to supply the samples selectively from the one or more
S containers to the sensor device. The apparatus may be any of those described in International
Application No. No. PCT/GB08/004127 (published as WO 2009/077734), PCT/GB10/000789
(published as WO 2010/122293), International Application No. PCT/GB10/002206 (not yet
published) or International Application No. PCT/US99/25679 (published as WO 00/28312).
The following Examples illustrate the invention:
10

1. Example 1 — Exonuclease Sequencing

1.1 Materials and Methods

15 1.1.1 Materials and Oligonucleotides
Oligonucleotides were purchased from either ADTBio or IDTDNA. Details of the exact
sequences and modifications can be found in the Table below (SEQ ID NOs 18 to 21).

Name Modification Length Sequence SEQID Supplier
5 Internal 3 (nt) q NO: Code
TTTTTTTTTTTTITTITTTTITITTITTITITITTTTTT .
%gé; Chol-TEG - - 70 TTTTTTTTTTTTITTITTTTITITTITTITITITTTTTT 18 /ngg;o
TTTTTT
ONLA AMAAAMAAAAMAAAMMAAMAAAMAAAAA ATDBio
0682 Chol-TEG - - 70 AAAAAAAAAAAAAAAAAAAAAAAAAAAAA 19 ABS7
AAAAAAAAAAAA
ONLA CCCcceeecececeeececececeeecececececeece ATDBio
0683 Chol-TEG - - 70 CCCcceeecececeeececececeeecececececeece 20 ASB74
CCcceeeeeceeeeccee
oun| s || L | o | e
0893 Btn:ssDNA TTTTTT 60739014
ONLA Strep- TGTGTTCTATGTCTTATTCTTACTTCGTTA DT
0694 Btn'ssBNA - - 70 TTCTTGTCTCTATTCTGTTTATGTTTCTTG 21 60739013
) TTTGTTAGCA
B Bt R T
0706 TTTTTT 60692267

Recombinant Streptavidin, expressed in E. coli, was purchased from Sigma Aldrich
20 (S0677). The synthetic lipids 1,2-diphytanoyl-sn-glycero-3-phosphocholine (16:0 4ME PC) and
1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine-N-cap biotinyl (16:0 Cap Biotinyl PE) were
purchased from Avanti Polar Lipids.

1.1.2  HPLC Purification of Mono-Substituted Streptavidin
25 1 uM of 5’-biotin modified DNA was mixed with 10 uM of streptavidin in 25 mM
Tris.HCI, 400 mM KCl, 10 mM MgCI2, pH 7.5 and inubated for 30 mins at 22°C. Mono-
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20
1.2 Results

1.2.1 Single Molecule Detection of Tethered Analytes
Nanopore detection rates for single stranded DNA free in solution can be determined by
25  measuring the number of DNA translocations (events) through the nanopore per second. A DNA
translocation can be identified by a signature transient current blockade in the digital recording.
For tethered analytes the number of interactions can similarly be calculated provided the DNA is
only transiently tethered to the bilayer, such as via a cholesterol group. As the free end of the
DNA enters the nanopore it will reside in the barrel until the tethered end becomes free of the
30  bilayer and so the molecule can translocate (Fig. 2A and 2B). If the tethering is more stable then
the block will be permanent (Fig. 2C and 2D).
A 50 % mix of cholesterol modified PolyA and PolyC (ONLA0682 and ONLA0683
respectively) were assayed at 10, 100 and 1000 pM final concentration to establish the effect of
Chol-DNA on the event rate and dwell time (Table below). This was compared to the event rate

35  for free single stranded DNA.
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10 In spite of the DNA concentration being at least 100 times lower, the event rates are much higher
with cholesterol modified DNA. It is somewhat surprising that at the higher current levels (>160
mV) a significant number of DNA events are still seen with only 10 pM of DNA and these DNA
events occur at a frequency similar to 100 nM of unmodified ssDNA. It can be estimated that
tethering of the DNA improves the detection of the DNA analyte by 3-4 orders of magnitude.

15  For certain applications the transient nature of the tethering might be preferred. If a stable
tethering molecule were attached directly to either the 5’ or 3’-end of the DNA then some
sequence data will be lost as the sequencing run cannot continue to the end of the DNA, due to
the distance between the bilayer and the enzymes active site. If the tethering is more transient
then when the tethered end randomly becomes free of the bilayer then the enzyme can process

20  the DNA to completion.

1.3 Conclusions

We have demonstrated here the potential to improve the detection efficiency of a
nanopore detector for an analyte by approximately 3-4 orders of magnitude. The rapid pore
25  blocking suggests that this tethered analyte is still available for proteins both from solution and
in the bilayer (such as an enzyme or a nanopore construct respectively) and so has the potential
as either a delivery mechanism to the pore itself or to a nanopore-enzyme construct.
Various means of analyte attachment to the lipid bilayer are available and most have been
reported for the tethering of ssSDNA, as functional chemistry can be casily incorporated during
30  oligonucleotide synthesis. In the preferred means a ddNTP modified with a biotin can be
incorporated to the 3’-end of ssDNA using terminal transferase. By mixing with streptavidin the
analyte DNA can then be added to a single pore in a lipid bilayer containing 1-5 % Biotin PE
where it will become tethered. Alternatively if the sequence is known then the DNA can be

hybridised to complementary synthetic DNA already modified at one end to be lipophilic.
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of each residue. The strand is moved through the pore, causing variation to the signal. The
signal can be used to infer the sequence of the DNA strand.

One embodiment of Strand Sequencing uses a protein pore embedded in a lipid
membrane. Electrodes are placed either side of the lipid membrane in an electrolyte and a

25  potential is applied across the system. Under the potential the polynucleotide translocates the
pore. The current through the protein pore can be measured and used to recognise bascs as they
pass through the trans-membrane barrel of the pore. Typically the protein pore will be a
bacterial membrane protein, such as a porin or a toxin. Preferably the pore is a hemolysin, a
gramicidin or an MspA.

30 The rate that DNA translocates through a pore may be too fast to allow accurate
identification of each base, therefore it may be desirable to slow the translocation. One method
for slowing the translocation of a DNA strand is to use a DNA handling protein, such as a DNA
polymerase. The DNA handling protein may be attached to the pore, for example by covalent
bonding, either directly or via linker groups. Typically the DNA handling protein is attached to
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out with 400 mM KCl, 25 mM Tris.HCL, 10 uM EDTA, pH 7.5. The hemolysin mutant used
was HL-(E111N/K147N)7 (SEQ ID NO: 38).
1 uM of 5’-biotin modified DNA (StrandDNAT) was mixed with 10 uM of streptavidin
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Mono-substituted Strep:DNA conjugates were separated using an Agilent 1200 analytical LC
system comprising a binary pump, column oven maintained at 23°C, UV detector with 13 ul flow
cell, with both sample compartment and fractions maintained at 4°C. The column was an
Agilent BioMonolith QA run at 1ml min-1, and samples were separated on a gradient from 30

35 mM-1.1 M NaClin 100 mM Tris pH 8.5. Quantification of purified mono-substituted
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35 CATTCTCATGCAGGTCGTAGCC-3’ (SEQ ID NO: 23)
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One method of achieving this is to tether the DNA to the lipid membrane. As presented,
the rate of DNA insertion can be greatly increased by enhancing the interaction between DNA
and membrane. This can produce rates that are comparable to those when the DNA is free in
solution, but using 1,000 to 10,000 times less material. By using a lower concentration of DNA,

30  the concentration of enzyme used can be greatly reduced (see Fig. 4).

A suitable DNA handling protein is the Klenow Fragment (KF) (N. A. Wilson, R. Abu-
Schmays, B. Gyarfas, H. Wang, K. R. Liecberman, M. Akeson and W. B. Dunbar (2009).
Electronic Control of DNA Polymerase Binding and Unbinding to Single DNA Molecules. ACS
Nano 3, 995-1003). The Klenow fragment is a large protein fragment produced when DNA

35  polymerase I from E. coli is enzymatically cleaved by the protease subtilisin. It retains the 5'-3'
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using 1, Qtidn@fhc186ded. i Kesow ﬁsgmémh@meaﬂl 1ans§f1gUt%dﬁQS@rahd)S‘@1ﬁlelﬁﬂfgCent ration
of DNA, 30 the concentration of enzyne used reatl% reduced (see

Fig. 4).approaches byfhas eerefoppgaoligrabiptige Hmet ef lnl(?Osm%w NPRRBAN P frent  (KF)
(N. A V\ﬁgn%%}eb& %ﬂg@yﬁa dentiyarfas, H Wang, K R Lieberman, M
Akeson and . Electronic Control of DNA Pol ynerase

Bi ndi ng and UN&S%W@thedé@nrﬁgnenW hked gndyte spasangann 3bovggBig1Ho3) . The
Kl engyv f%%%bﬂl& i8in s G E6h, e%?dl ﬁ&@gffig@kf%ﬁﬂr of gle%hseﬂlﬂ\lﬁfl s?%l a)ﬁi&fr ase

| fromE. coll is enzynaticdally cleaved ase su

retains 6)1(@1rr51a¥BfpubBﬂlegbmsylrcﬁe(trefé’éﬂmAMBctMOQﬂH ffhne is3too sher5o bexeafuidbemse
act|V|ty | di tid n r r i | oses
2oL Y Ykl IR SRR DL AR AP U200 RRLg

engi neer edd.t Howermweheh ilee D AES Ritrepd 30 thediph! mewlonus Heddelimctimyintytased i s DNA
handl i ngogr @t ggn I(é?(js@al ly binds to the DNA at the interface between single
st r anded’&nd Sdb'§b randed DNA 5(priner/tenplate junction) and can
catalyse the replication of the DNA strand through the addition of

nucl eoti des. Kl eno_w fragment has been investigated for Strand Sequencing
approach 0 en found to have binding tinmes of 1-100 nms when pul | ed

on top of a NARQREBN BYtht Be.ARPHNEALIRRxGh t6h HARERYrE Rla fuVRioR 6F BM&L: t he KF
in a nenbrane tethered anal yte setup as shown above (Fig. 4). 10 When the

DNA is i fomshqarpber fielhactise eaithrrheizad DHYA tthad KEblity oRHE @018 torresisiGhiss

Fi 5 4 I n 09
gl_hlg i's ﬁ)g% %ﬁgﬁ %%%qgkg%lgﬁlgoef@ u t%la?o:a%gcos ?ééﬁdrﬁ %ggﬁlteaﬁgdnt%ﬁgfﬁggégasﬁg dL)r ation

of 100 niongwulwgll dinteyforatht tphczedflEMA mryl bealue thetbe tmbltb@shmemlecubv\mnng shen t he
DNA I s t%&dﬁ%gggff}c%’ ’_PEQ%’ ?&ﬁ nﬁlt %5935 gpf?difﬁl@f:%.ﬁ?llo 0804 Jd'rﬁ%‘?nﬂfrﬂ}%r G8RSSch0 0. 1-10

s (Fig. clus duration o he enzyne- DNA
corrpl ex nnfgatesme(ﬂ)rce h@lmdbethesupphehlfmmmdnhmet fdree thartbeKF eoporicies aasppl | ed

field act th and. Th f th t.
e st B oAkl “Fu6 B Rt s ShiaRBs B S PR A (ol R a i ns
| nt act ofbite) isef DNAecapake®, but bl A0 wsahgbNAd el ling! jrofinfte haviehdodehihgingd DNA

e due to tﬂg nmobil e |ipid nol ecul es applying an additional force on
the 1 r atige PR PHE RSAOES- as it diffuses across the |ipid menbrane. This force

negates the fpHaen dpBfdbalyofiCarRRl in@shsfrbedodtraindg Eﬁhﬁm@%&hd‘vﬂu@ 6nidpajr the
KF experiences is reduced. This seéﬁag benefits fromthe advantages that a

hi gh fi ethgnataperes Theregre manyrRossisiligerdPr eplarisedies cangsnte BYDRAINEGPE ure) , but

3 ]E ' lt lheal %dr?ﬁiﬁ)sﬁlﬁﬁ oFNA AN NG RERER A pHy Rcd1 PYBnRck QDG RitOHd A2 D% WEFIgON top
pbe possible to change the diffusion rate of the tethered molecule in the lipid bilayer, and hence,

30  the force that the DNA-enzyme complex experiences at the nanopore. In the embodiment of
exonuclease sequencing, increasing membrane fluidity may increase availability of
polynucleotide to exonuclease. Membrane fluidity can be changed by adding agents such as
cholesterol. In addition, the nature of the tethering agent could be changed to control the
diffusion rate of the tethered analyte to produce a similar effect. It is likely that tethering to a

35  large species, such as a protein would yield a slower diffusion rate compared to tethering to a



The tethering approach offers another neans for controlling enzyne

behavi our on top of the nanopore. There are many possibilities for

expl ori ngvonoe/wweateept . By varying the conposition of tRreTmBIOZ3EI910r
changi ng a physical paraneter, such as tenperature, it would be possible to
change the diffusion rate of the tethegpd nolecule in the |lipid bilayer,

and hencﬁn 1%901%8%5 QLS 1 ﬂﬁgl l%tﬂgs% %ycﬂﬁ tl?eoéﬁg% éra‘?@(\pﬁern iPRCERpRked he
nanopor e. Th & enbodi nent o exonuc ease sequencl ng, |ncrea5|ﬂg menbr ane
fIuidityWﬁhpOMHMﬂﬁmé@muvumebmi&tymmmowohyhl@ﬁémmﬂmehtﬁdénQMWdhea&Hhe
anbrane fl uidi h n ent such. as ch | esteerol . In
naa ¢ onmereReE it R R AR Ra Yo B B Rp ARE BBt ST B ERE 8RB o1 ' e
di f f usi othartat alzgﬁletohehdlﬁiré]e{peﬂerﬁ&al\YE entlctpap @thpcdleato sbitidl afe rﬁéfoépdlymd:rt is

likely that tetheri o a 35I speci es ch ..pr.ot ei.n uld yield a
s| owe d{np?'cagcin% fapp nle%mstgprga @B benf vx&th 1f1%510na force trom

2012/ 164%@?&&1@2@ 124 &k :19815&111631 um&ithls aﬁ&@ &ttb @§ntﬁdll€Hé sﬁcsndasplaéd&hﬁ)uglh thehas
been shown that the enzyne rat it is conplexed onnucIeotlde

and dr awPPtf N@%O‘ftﬁ@ #sAbpENE %nfilmao%mfé%nr ddie &Fopipriipddy thé |aap1§6;9me@%ﬁ acr oss
the nanoggi€pe thitched Hyltﬂfeedhyfuwm idrbordhd husbanal force fromanalyte

tethering will reduce the net force that the enzyne on the pore
experiences. W anticipate being able to control the rate of polymer 5
nmovepgent 3 by cpihi sk 39 Nib& dePdes b applied potential with the
d|ffu5|o g. Another potential use of this

effect is to looeenioborkhithiz} PHAdobpewmabe thhy gy nsadie cwmnoéthmtltahﬂmatiomef ase of a
DNA hand g eln T e force.applie the i tial could be
e chod. B SR gl oo i RSP 4 R MeorSnERBaoBS BRI 63 hore

St rand Se%wm}]m)rlg%l I72) Wﬁforr@&i%glbfd@%ﬁglled%\%gleﬂ#‘ﬁapII‘E]A(@Eirﬂl&Broﬁ@tﬁa b?iﬂ used
to contro the t slocation. o a Sstra thr a- I N eson et
al ., zomanoaorﬂﬁm%ﬁq pertediying A0 3. Hﬂ%@gﬂ@ymw 1 psthy gsr b@ﬂ‘&ﬁﬁ‘d@s of

cont (9l | gdioReMBEBAILIOf sirf 1 dANANSI RS jhfdEReeha 8 Mﬂ%gﬁg d{ﬂlﬁ&@ Mgemdneper t ed
using Phi 29 as a nol ecular notor, both nethods rely §%4on iits 15 action at

t he doubP®yy cidichiy o m%r&ﬁ@éuﬁmmejnﬁlﬁe@w@néhhaals&bwb@d} IPRRETIAP Gapirad.

Movenent rand that is
b 1 i DR b ) ko AR YRRl SAet e AR LOMAS LRy L A0 e

met hod whidvyeridibgsl fpm fenstyarst beangdniegogreagiie mvicallrhare amwlylblrem thedereéts sgnuerve

strand bgi, | Rgﬁ reveal nore and nore of the targets sequence
t hat mas§b$g$ﬁo%§§J %ﬁ%%i 20 3. 1Materials and Met hods As

pres2ited for single stranded DNA the tethering noiety can be varied to
generate%itrﬁgds.Hhathﬂjgggay either a transient interaction with the

bi | ayer © a ion tethering, for exanple with chol esterol of
bi ot i n: st r ept Ayprdicatct EaRald st@hded DROA, tdsia%riﬁ@ﬁlloi&ﬁé‘an% vaticdto @bilcrhre

consi dered t hat Iex anal ytes which displa tranS|ent bi ndi ng
behavi ou? raﬁ%ﬁf‘t dg@ t&@f@d@éﬂﬁ@éﬂtﬁwﬂ%w@h@ E@ HEEAH MEedPeLr4tieenabl e t he

enzyne t&ﬂkﬂhéXmuﬂ&thRh&xﬁﬂ@h&bﬁoﬁﬁ&mﬁ&ﬁ%&vﬁﬂﬁe?@&ﬁ@ B &ok 8aNA hipdlyehe
next . Conpl ementary 0s (ONLA1346 and ONLA134 65 nt and 31 nt

respllt i Valght baepnsidgeesit éﬂpl%HNAc@ﬁ}cYéﬁ‘s H@Wh&ﬁspﬂ%rap@w@éend&&b&hwemLAl346)

a chol esfngh%e &BQ%BM% foPStrand sEin@nBQ R ¥r§bf‘e>%@%%5£9@ t&ﬁﬂ_‘y%ﬂb pg a single
A at the hybri di sed t hese I gos give a duplex of 31 bp with a

34 nt 5 M@%@¢ﬁ@n&ms@emmamOﬁh@wbd@g@@n@ﬂrand can be threaded into and
captured by thg, nlﬁ@fﬂ&%f/%l\%% {1614315&134-5% MAB@W%S%%@%EIC ﬁgﬁectt&g%x? < ough

| ooki ng at the novenen e sin In the oun
t he readémqmaaﬁaoﬁmmhednaﬂmﬁmgasnﬁmi«Bﬂﬂpéﬂb;wdxmmﬁhﬂgampmemhéradhﬁnalytes

a st 56 nd | d@ Q)Etler(l:s?‘on clo?ltalsn(?n 2% s%:g e E\S’.t 35 Ely t({l Q%ese 611gos give a DNA
duplex of 31 bp with a 34 nt 5° overhang so that the target strand can be threaded into and
captured by the nanopore 5’ first. The unzipping can then be tracked by looking at the
movement of the single A, in the polyC background, through the reader head of the nanopore.
For comparison with non-tethered analytes a strand identical in sequence to the target strand was

35  designed but which lacked the cholesterol group (ONLA1049).



35desi gned but which | acked the chol esterol group (ONLA1049). WO

2012/ 164270PCT/ GB2012/ 051191 62 Si ngl e channel recordi ngs were

per f or redwobrgiese7out ant MspA- NNNRRK pore (ONLP2726) i nPCOMB2netG50191Wi t h
Phi 29 DNA pol ynerase. A single channel was obtained and the cis buffer
perfused with 10 m of fresh buffer (4g0mM KC1, 10mM HEPES pH8.0) to

m nimse the g i I NANRIK e control
section DNA \A%E@gg%&g% rf§doo p(g#gshvg%?ggé}?nﬁlk?%ﬁﬁ%%ﬁﬂtﬁW%%g t et her gg}eand

non- t et heedP2ERpeinicomhingtianesigelitiz Y BNA polymeradse A oigls ttenoel dhas abtriond andent s
(-10 ns)  wer served af.t addi ti of o] ed to be

t he dupl télﬁ cﬁﬁkﬁgreqeﬁ%segévﬁ{huﬁ%%f %ifretsﬁgu%%ggo&g%%ﬁdf@ﬁ&e }%@S rF%E@?Ong stripped
f r om t hemirgmpk sHeechycetofignglo chamelfindeh@®np ifer a Ahiisute boronscchbii DS ADNA

ol ras s .add t i s chanber to give either 10 nM or 200 nM
P T Sabel T BETS s araDR abl o i ARG it el Sal Chaspens Faptg ey R
A i gonuch@fdr deshottSiRebtion etINEAL B MIS) were observed after the addition of DNA that are
ATTCTGITTATGITTCITGITTG 15 TTAGCC- Chol

CCCCCCCCCCCCCCCACCCcCceccccececcceeeceecTt
( SEQ | D Rigrosséjo pnhadupdex RApaineAapierd EXASEATNRACAdARTE¢r SEO SHPREY.  27)

ONLAL0494:80Q K Qeble @ e A B ot C R SR RET DN RIALGTE LG TTG
TTAGCC (SEQ I D NO 28) Pol yT- 50mer _XXXX_Sense

TTTTTT T T FiF FFmpeT for ey e or 29U YT e IRt setiBTorE Y pop gethered

CTGT]'(gBGT% AITCGC (SEQ I D NO 29) Phi X 235bp
Ant i senseChol - GTTAGACCAAACCATGAAACCAACATA (SEQ I D NO 30) Phi X 400bp

Ant i senseChol - GACCGCCTCCAAACAATTTAGACA (SEQ I D NO 31) 30 Phi X 822bp

Ant i sens al - %AA TCTTTCTGATTGICCAG (SEQ I D NO 32) 3.2Results

Af ter ad?&??nélﬁle% tgﬁgelég;hi 29 DNA pol ynmerase a nunber of |ong duration events
wer e obseNtad3#é both experinents that are proposed to be capture of the

evel bef br e ERR T R R e AR T iRyt

15 TTAGCC-Chol (SEQ ID NO: 26)
ONLA1347 GGCTAACAAACAAGAAACATAAACAGAATAG (SEQ ID NO: 27)

ONLA1049
20 CCCCCCCCCCCCCCCACCCCCCCCCCCCCCCCCCCTATTCTGTTTATGTTTCTTGTTTG
TTAGCC (SEQ ID NO: 28)

PolyT-50mer XXXX Sense
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTITITTITTTXXXXGGTTGTTT
25 CTGTTGGTGCTGATATTGC (SEQ ID NO: 29)

PhiX 235bp Antisense Chol-GTTAGACCAAACCATGAAACCAACATA (SEQ ID NO:

30)

PhiX 400bp Antisense Chol-GACCGCCTCCAAACAATTTAGACA (SEQ ID NO: 31)
30 PhiX 822bp Antisense Chol- GGCAATCTCTTTCTGATTGTCCAG (SEQ ID NO: 32)

3.2 Results

After addition of the Phi29 DNA polymerase a number of long duration events were
observed in both experiments that are proposed to be capture of the DNA:protein complexes.

35  These events show a short dwell time at a constant level before oscillating between states, which



WD 2012/ 164270PCT/ GB2012/ 051191 63 are thought to occur on initiation of
unzi pping and the A beginning to nove through the reader head of the pore.
An exanplwoahizteizoi s shown in Figs. 12 and 11 for bot hpPCsr2etdsiwd (Fi g.
9) and non-tethered (Fig. 10) experinents. Analysis of all unzipping events
for both the tethered and sol uti on DNAggvents show a 5 broadly constituent
pattern - O - i r each
state an%g!t:[ }}?télgﬁntetgﬁm\?lggg it?%tha? gﬁ §f %%gjlpg%g?atgﬁ %l%eo}? ngégg%ﬁgovqﬁjo{%%m%ﬁ Elét}et her ed
and Fi g. hee@ of the pbet Heredinple of this is Thevipiodiigsi bhamif | 1t hebath dlceshard(Fig.9) not  set
as being at Otnngt gr'dagi tllafe)g %{h%gttsstrand and can be varied to the 5 of

ei t her t?ﬁel%errpfna{ee id pr i'mer Sttand or within a hai rpin. Due to the 10
requi renent fAalgsisofaizyappit®esints fat bodh thefethidial gndisatariors DNanentk bigow ainct ur e
bet ween si ngl e and doubl e styanded it is thogught thiis is nat a suitable
ort o T or SPREk v e T REY 4 DERETI ol Shsr St e A Bl BB SercRehe al Ty,
Wi | st t higretard thehicad viRidiad dwolakion Re kAchf(Big. Syl heil-icthetddrapddiss. 18T e the
attachment chemi stry can be incorporated during the chem cal synthesis of
the oli g’t?Hl?Eqdéoti de, applying it 15 to sanples derived fromgenomc DNA is

nor e chal | engiGhosifloft BFID BhdIQERAigkS sEQE bERE a@APS1 Jriteahicenu@fid $RICdah BRS
genomi c DNA is usi n%_pol%merase chain reactiTon. Here using two synthetic
gI'

ol i gonucvaisditde jr o ¢ teeniplndd orgringes pirand op fithinea hogpin. Juetto 88 of DNA can
be  gemer Al et IR el AbyBAGLiIGOPYo iR rRner UrarRRHR iR ANk oh St Rl €x wi 1 |
be tﬁo; sy&rt%gtlél{){g oﬁegeo.yBy ulsi ng Oanﬁbg)rl{tﬁ?esrerﬁase’pri]rrer t hat nasghega 5'

chol est edaiblegtrongedddéA itanhpugtt thishie nber speeblDhi anfsthicfing do®evarithis hasawt ai n a
chol est ey gl r ] ithg. The only problemw th anal yte generated by
PCRis t %Pd%glysgra{g?teﬁ%er%%ﬁ&w ended or contains a single 3 -A overhang,

nei t her of whWwalistaliegetheringahttbod works el &dhispathetintsoramdsnahap dreatthdumest r and

sequencing. .Addition of sectians.of si.ngle stranded DNA to .the 5'. of duplex
oA o nomisiee bp BedioaRE RR LR en e R P PR GapBE one
but it haamplee d&ivgh iypnefchd GicamiA andlo@lcifllchg@pl Aeohdichhedhnii@vAsticeam
reactions and 25 purification steps. A Pth met hcid‘ was devel oped using a
sense pr 'S i t he
PRRIHICEHOR Ofgsctiogs gngaiic RYiAY 1A pReP YRERIA CABAEHI SHEF YRS

start of iRt 8figRliclb@dlc PRnREs ARMMI 6f s Bithe WA REGINJITENA kah iRy oceeded
with a 50 PolyT section. To prevent the pol ynerase from extending the

conpl enegtngracds vherp reppoPy éethef grsh yitrangdde thelplex wilt bethe synahagsicofigo-eByed
PCR prodyg L Al ., i i Pol yT
cect pon Stg FkiSen QbR Qs SRESIeGo) K6, WRh BRI RELIBRA ISR )
pr evéht wHecoptiliyaehodstsrdlzompdsut tetherinye yidwn dnlyhirgblere giitbanamtd gseerathdbypdC T

section w T i ' i - r d .5l ed

coni o ikl iSO e 1hin f LADERT A NG SRR L WhiOR sR Tl BC
way of afor #otrding ittoe nBhofoeaide strand lsylicsend. | Aduiticot dfecctivet dfedsld wmnded

i ncor porati.ng . th ttach t. chem.stry .are possi bl e howeyer., such as using
tor m nat DYA B At of wud RN ettty ARER e G STONTEE A5 RAE R Phase and
AI PyS t Ocril(ﬁﬂd)uiﬁllld’ltﬁa(?dré Nighlty Riffdicnk ?)nd zﬁ%hfeﬁlﬁl(rje&‘urﬂflel@ rclo@hm@aée}cammnﬁ ng. b:-bvv]?ver ,
thi s_petho al.l OWs gen ration o et hered. ana tes In. a ormsulta or
strand s® @ﬁ‘é‘?%eﬁﬁh‘érpg[{trﬂ%h%‘w SVAPRAUSIHR ASRsg Prmer hatps AUyl qntag

I engt h, & Sorhplérherlth) 9&@idn RYtht biert BERC bargd rddion of SeM@hie DNVRBNE as86i06kHIIRIS Wer e

carried out as described above but using these genomc 5 DNA anplified
f r agment Bropgedest wish a 5@ PelyE spqrionahg pravent s nodyresyesstiony pitepdingthe and 16) .

Several WiglARk My SYARLIRE & GRRANEh: ALY POLASSE RAdpRl0 oL hen oxi ted

of their own accord, ¢ uggestirg conpl ete unzi pping o e duplex DNA. In
or der t onwhwkfae abasicadeewerabilécddeereen thatPelfTovectampnd therpgmDiimeprant eriming

Conpk(? Xe?ecii(?[{. These abasic sites will prevent the polymerase from extend beyond this region and so

the polyT section will remain as 5” single stranded DNA on each of the amplified copies (Figs.
13 and 14).

Whilst this PCR method is an efficient way of attaching the 5’ leader polyT section, other
methods for incorporating the attachment chemistry are possible however, such as using terminal

35  transferase to add to the 3’ or via T4 polynucleotide kinase and ATPyS to add a reactive thiol to



strand sequencing fromsolution then 100 nM DNA and 200 nM Phi 29 DNA
polynerase is 10 required. For the 800 bp fragnent this is equivalent to
-50 ug ofwOosDigMepzp experinment, assuming the 1 ml chanbecTwB20m®5a91used
above. Using tethered dsDNA anal ytes the sane acceptable event rate can be
satisfied and exceeded using 0.1 nM DNgyand 10 nM Phi 29 DNA pol ymerase. For
the 800 B sf fj I S B o ah R Metikod a1 fiof! AHRERITENt
assum ng TeRe L g BTl LBRUH IRk iats BohgBligh B HHAeRE iy RRER TS

St at e Sefpuenuitablp for strand heuahraw bge e delydmsitatian ed sm@@v@as‘ sch teed hfegihnlg to a
lipid me rane n ended to solid state nanopore experinents.
Nanoporeg;gcmr?o%eCd Eftf{ldliceg%oek)B ol ids state materials and utilised in a

si m | ar mannesingle chinatlagioedihgsnano pariesout Thédstrihed @abavetbut aditigd thadeigomorhias 20

been I ocu d el sewhere (WO 00/79257; .\WO 00/ 7866 C, Nat
Nanot behROR B RSETsiait oot 1 B SRR AL Lt 15 O BeBEE ol
2008 Ccty r&Q{pl%)evéﬂxéareE&’o)oserved that2s12E0E B dialko $1tni o6l itsd c&ttEelln@«iltﬁdidcaﬂd§so such as
silicon nitride offer advantages over the biological channels as the pores.

Solid stgtegeshiae eomplets vareping P thedewlex B e than 1i pi d menbranes. Nanopor es

in solid st atl%o?&&ﬁfé@érv@%’i‘a&ﬁpﬁﬁ@é E%Qltfafb f%r éa}%ﬁﬁ Ot ro'%@ﬁé‘orﬁpl&z&@%rsr‘e' f
life, unlike 25 biological nenbranes are often fornmed in situ. Recent

advancesstuind heaenging %Qfaﬁ‘éuﬁmﬂibﬁb]f(@éﬂ\é% @Hq BANDMEPYI2P BINA pely@etiagdis such as
gr aphgne [ ¢ etal.

Nat u?@ 2 8%5&%5% i 82%@ 190&5%&&&%{?9@ 0 ‘?OMQBNQ’NJ% g%ﬁ %m]: 2010 Aug
11; 10( 8) as3@hifg 2116 1 lahdlaﬁ)é)kk\eﬁurﬁ}; asatsed abovNaHsngwmeredztSD)UAAa]@lyieﬁ the same

10(8):31 e 2008,
Rapi 1 Sedganisis SRBF ARG b EAARGEREARE SRR CRAD R AP IS IMETESIOR 203
furt her pothaciaseeor ok 890bp ﬁaghattﬁnmrmmaaﬂas té S50 102 mfsieDNAtpmaajehmgt, current
bet ween two or J1or e (g}a (‘Btro es enbe (gq}d in the nanopore. As an anal yte
passes t APENGE B hIPEOEONBH S H°Ga0¥ &ns menbr ane potential), the anal yte
facilstates a tunnelling current between el ectrode. This current can be
used to det ect t heldent Jty of theanal yte (Schl oss supra; US 357,253, 434,

- IBET/ GB2012/ 051191 65 An
alternative nﬁ&e%daﬂt%e@ééiﬂ&@fr@c@d Aot or USEerhh gm&gﬁ am&m&le cth sk@be material s
as sensors (Chen et , Materials Today 3(11): 28-41). Sol i d

st at e nafitpuee toeRHe PRIPEIRAPOEIFPHIERRTS- ﬂ\lafl@m&%b%lwdmeégé@hé&%ﬁeu bed above
for lipi ﬁl EEHF&Mﬁrse inK&Ym Gl a%@f%%loﬁ%{l (;é}gs ﬁ'ﬁ?r [RIRL DG cL06R8Ss | S

t hat anpni ranes often are essentia Yy act i ng
as a2 \Aob@tnrvwﬁﬁp@nmntefdl aldegrhovict WQ 07 R5di Wﬂm/b%@ abelgkent, NatNotsahmol. 1,

while me g‘g)%gﬂﬁe r{qaécﬁloLéﬁe?&z' F\&fﬂlo?écﬁﬁdldz%o Ot 5&56)0'114@'5??0“% there

may be adv ering ar to a sur acélnas ¢ fashion,
it is deS| ratiﬂmob(mes inhve lid prade yagertads, Mhabﬁlhcmlmmm’/effamd@m%ms dverlenbr ane so

t hat | | | | i 10Th
o bor bigPeEafaR S I 6t SOUEM B nS el et s AR R Dbt ol

stat e mMeNbEbes (Fodid sthit)matdite chd Besforragiiin @@ediorwaid Bavbe 161 ghelE Mfeoﬂnltklae
natural jn eractlon of th ana te with an unnodified rrenbr such as

Si 3N&° iopl merpbrangs iy formqdyip sigh. RseHGvangesy Wil |ST31tGUS| on rate
of the aRalboydies Ak élmM&%@ateﬂléls suzh bighpiat & R ebewakh@atcunipdi fy the

surface, the anal both the surface and the anal lgt e to provide the
desired PRPEHedGo _chenko J, et al., Nature. 2010 Sep 9;467(7312):190-3; Drndi¢ M, et al., Nano

Lett. 2010 Aug 11;10(8):2915-21; and Dekker C, ef al., Nano Lett. 2010 Aug 11;10(8):3163-7).

Nanogaps in graphene have also been proposed (Postma, 2008, Rapid Sequencing of Individual

30 DNA Molecules in Graphene Nanogaps).
A further embodiment of solid state membranes is to use a tunnelling current between
two or more ¢lectrodes embedded in the nanopore. As an analyte passes through the pore
(driven by a trans membrane potential), the analyte facilitates a tunnelling current between

electrode. This current can be used to detect the identity of the analyte (Schloss supra; US
35 7,253,434; and WO 2008/092760).



15Met hods for chemcally nodifying solid state materials are well known in
the art. Solid state nanopores have al so been chemcally nodified, either
t hrough swDf2emésearhl y in sol ution or by driving the rea®CiriGB2epasi®s

t hrough t he nanopore under an applied potential (WO 2009/020682).

The first two schemes use a chemicallyggodified menbrane to produce a
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medi at edABYoush &g pay 9% fdvantagey F‘btﬁgﬁﬂ%ﬁdﬁlﬁg’t%ﬁo avaﬁa@é? ayiads Eshippdiiact i ons.
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nanopores. In this enbodi nent, the solid state nenbrane is nodified to
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A fourt hypgheRemt dact ®LPEdiENBrodiRihY hesopbR ﬁﬁ%ﬁ%?@?ed'p%tehﬁall{% a solid state
nmenbrane_as a support for a liprd bilayer (Fig In this enbodi nent,

t he det e2@W/0280%%ent is the nanopore in the solid state menbrane. This

approach has aldih&o ?SH%EI ob b a@heﬁﬁ%%ﬂ;%ﬁﬁﬂgler e B}'E])Faﬁr Oplﬁrgiiﬁg%ﬁrficg &thIepl d

menbr ane tetherlng e surface Is ren ayers
will26el fheﬁ@alﬁssemﬂnew@ﬁiy nbeeacs with dhedayer drigelf’/BeBd. which is common for

above.  the sori Lol WG AGRE LAy SRl Pl hocl b AT
bi ndi ng kaymt(&gnlﬂb) onlong thnén adkirecbold be kitahpd ® the sulhdhams ﬁx&m@gegrdqscr i bes
how hel i scu% gs ghOoIIIets erol or an alkane wou?cﬁ?e useéIIafhens%Ifac%bnsloecIiIIc%%og %uld be achieved by
using a chloro-hexadecyl-dimethylsilane (or similar) and the methods described in WO
25 2009/020682.

In the second scheme, the tethering analyte does not embed into the layer, but resides on
the surface. This could be achieved using hydrophobic as in the first scheme. In addition,
similar methods could also be envisaged where the binding of the analyte to the surface is
mediated by electrostatic, hydrogen bonding or Van der Waals interactions.

30 The third scheme is the most similar to the membranes used with protein nanopores. In
this embodiment, the solid state membrane is modified to support a lipid monolayer (Fig. 17C).
This approach has all the benefits of the examples presented above for lipid membrane tethering.
Tethering can be achieved by using a cholesterol anchor or attaching, via the lipid headgroups, or

through a receptor in the membrane. Methods for forming bilayers or monolayers on solid

35  surfaces are well known in the art (Duran RS, et al., Langmuir. 2007 Mar 13;23(6):2924-7; and
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mutant used was. MS-(G75S/G77S/L88N/DION/D91N/D93N/D118R/Q126R/D134R/E139K)8.

The DNA sequence used in this experiment was a double-stranded 400mer strand (SEQ ID NO:

39 shows the sequence of the sense strand).

30 SEQIDNO: 39 -
ITTTTTTTTTTITTTTTTITITITTITITITTTTTTITITTITITITITTGGTTGTTICTGTTGGTGCTGATAT
TGCGCTCCACTAAAGGGCCGATTGACCCGGTGGTACCTTGGTTGTTTCTGTTGGTGCTGATATTGCTTT
TGATGCCGACCCTAAATTTTTTGCCTGTTTGGTTCGCTTTGAGTCTTCTTCGGTTCCGACTACCCTCCCG
ACTGCCTATGATGTTTATCCTTTGGATGGTCGCCATGATGGTGGTTATTATACCGTCAAGGACTGTGTG

35 ACTATTGACGTCCTTCCCCGTACGCCGGGCAATAATGTTTATGTTGGTTTCATGGTTTGGTCTAACTTTA
CCGCTACTAAATGCCGCGGATTGGTTTCGCTGAATCAGGTTATTAAAGAGATTATTTGTCTCCAGCCAC
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Hel i e@sengtet rol | ed transl ocati on of tethered DNA (sense strand sequence of
SEQ I D NO 40 and short conplenentary tether strand SEQ ID NGO 41) through
a M5- 30 (Gr5S/ Gr75/ L88N DOONV D91N DO3N D118KR/ QL26R1D134R1E139K) 8 nanopore

i nsert edgksmpleler | - bl ock co-pol yner (TBCP 6-33-6, OH PMOXA- ( PEG
Iinker)-%nker) PMOXACH, Pol yner Source Product |D:
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simlar experinen hon-t et her ed DNA (exanmple 5). 69
The monolayers were formed with a solution mixture of 50 mg/ml tri-block co-polymer

(TBCP 6-33-6, OH-PMOXA-(PEG linker)-PDMS-(PEG Linker)-PMOXA-OH, Polymer Source
Product ID: P3691B-MOXZDMSMOXYZ) in oil. The nanopore (MS-
30 (G758/G77S/L8EN/DION/DIIN/DI3IN/D118R/Q126R/D134R/E139K)8) was then added to the

chip in the buffer. Reagents were only added across the top of the chip (cis side) once the chip
was formed.
The experiment were carried out with 625 mM sodium chloride, 25 mM potassium
ferricyanide, 75 mM potassium ferrocyanide, 100 mM HEPES, pH 8.0 (buffer 1). The MspA
35  mutant used was MS-(G75S/G77S/L8EN/DION/DIIN/D93N/D118R/Q126R/D134R/E139K)8.



CLAIMS 1. A nethod for determ ning the presence, absence or
characteristics of an analyte, conprising (a) coupling the analyte to a
menbr ane woao(2bp420| owi ng the analyte to interact wth &CaatBot2051P1esent
in the nmenbrane and t hereby determ ning the presence, absence or
characteristics of the analyte. 2. A ggthod according to claim1, wherein
t he menbipangy I thod
accor di ng to c g@%n?éﬁ%@ligﬂ'hs&?éel ne(?llE %qulSén‘gggdr?ge %aﬂ&&l 40{6}{%{ %NIAs@EQ 1@9
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fatty acN®P4GteroI carbon nanotube or amno acid. 6. A nethod accordi ng
to any one of the preceding clainms, wherein the analyte is coupled to the
menbrane via a linker 7. A nethod according to any one of the preceding
cl ai ns m@g@qbn«bh@ anal yte i s coupl ed transiently or pernanently to the
menbr ane, met hod according to any one of the preceding clalns
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accordin any one ,%ﬁp cedi clains, wherein the t ector
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pol yher aSeQ IDAN@® 4tet hod according to any one of clains 9 to 13, wherein the

met hod CRELGA dér%%cAAAcAC%SCTEQ%G&%T‘%‘P%@T%ﬂ%?ﬂarlr%tﬁﬁrtom‘r‘f'@ E{rlooug wth the

detector; he current passin t he pore
during the interaction and thereby determi ning the presence, absence or

characteri st '"ﬁ?e rgctnvc\);] & \9@58{19%56% Wi 5 Ughrgﬁri[ ftr?%lo%ﬁg(? gllyglgr {']%C’iﬁé/?i?@eOﬁf the
precedi ng cl al ns ereln
PMOXA-(PEG linker)-PDMS-(PEG Linker)-PMOXA-OH, Polymer Source Product ID:

20  P3691B-MOXZDMSMOXZ) in oil and nanopores pre-inserted on the chip. The chip was then
inserted into the blade and the solution manually removed by pipette and re-inserted. Next 1.5
nM DNA (sense strand sequence of SEQ ID NO: 40 and short complementary tether strand SEQ
ID NO: 41), 500 nM helicase, 10 mM MgCl, and 1 mM ATP was added to 150 ul of buffer 1.
The solution was then pipetted across the chip through the chimney in the cap and left to diffuse

25  tothe nanopore. Data was recorded for 1 hour at +120 mV, with a potential flip to 0 mV and
then -50 mV every 5 minutes, to obtain helicase controlled DNA movement through the
nanopore.

Helicase-controlled translocation of tethered DNA (sense strand sequence of SEQ ID
NO: 40 and short complementary tether strand SEQ ID NO: 41) through a MS-

30 (G75S/G77S/L8EN/DION/DI1IN/DI3N/D118R/Q126R/D134R/E139K)8 nanopore inserted in a
tri-block co-polymer (TBCP 6-33-6, OH-PMOXA-(PEG linker)-PDMS-(PEG Linker)-PMOXA-
OH, Polymer Source Product ID: P3691B-MOXZDMSMOXZ) was detected. Twelve helicase-
controlled DNA movements were detected during the course of 1, 5 minute positive cycle. The
median time between helicase-controlled DNA movements was 0.5 seconds. Therefore, by

35  tethering the DNA to the tri-block co-polymer it is possible to observe helicase-controlled DNA

movement which was not detected in a similar experiment using non-tethered DNA (example 5).



identifying the analyte. 16. A nethod according to any one of the preceding
clains, wherein the nethod is for estimating the sequence of or sequencing
a target wolzyruehwoti de. 17. A nmet hod accordi ng to cl ai mPC®/GBAhEVSLIYIL he
met hod conprises digesting a target polynucleotide to provide a fragnent
and the fragment is detected. 18. A netgod of sequencing an analyte which is
a target pol ynucl eotide, conprising: s (@) coupling the target

pol ynucl eoti de to a nenbrane; %%%‘é?lomﬁng t he target pol ynucl eotide
to interact wwth a detector present in the nenbrane, wherein the detector
conprises a trans n ore apd an _exonucl eas such.that th

exonuct else i gadrara o feiRoifna e eir s er B hentiili O o s ar ger

pol ynucl esatprdeg (a) couplingthe @lalyosioragnérhigramemld €o)talldeineahéd atabrtatotintedat thwithe

por e; d) neasyring.the current passing.through the pore during the
POt o act PSP E oyt B At G o FE T BaRE S OF et e Bt | . and
(e) repeatifhgristi®pstehalye. (d) at the sane end of the target pol ynucl eotide
and thereby determ ning the sequence of the target polynucleotide. 19.A
nmet hod of sequencing an analyte which is a target pol ynucl eoti de,
conprisifng: (a) AGRURS] RGorkie tb AhBET, RN HE TR i§ & AnpRIHAREr or 41
(b) allow ng the target polynucleotide to interact with a detector present
in the nivdsttrdayaiherein the detector conprises a transmenbrane pore, such
that the target polynucl eotide noves through the pore; and (c)
measuring the current passing through the pore as the target polynucl eotide
moves w 8.h respéoncthal scherdpgrteclamd] phavelsicimidt ercmibrinags ¢ lipd begieence of t he
target polynucl eotide. 20.A nethod according to claim 19, wherein the
met hod conpri ses: (a) coupling the target polynucleotide to a
menbr anes. A(rhgthad dcoavding td lrey dnaod dte ppakbdingichmot ivtlereinahd atabteist Wit h a
detector pr nt in the nmenbrane, .wherein the.detector conprises a
Cr aneronBHATE HOF SRS Hot YRdEP Ul BroRBG TSRSt of . such that. t he
protein controls the novenent of the target polynucl eotide through the pore
and nucl eotides in the target pol ynucleotide interact with the pore; and
(c) meastring tAeNgiRdasrerdpgdeplagn %,mmtheﬁﬁdrﬁawl%@dmféw pigelptty acid,
pol ynucl gebi, dabsPNesdt bhahiesRget to the pore and thereby determ ning the
sequence of the target polynucleotide. 21. A kit for sequencing an anal yte
which is a target pol ynucleotide conprising (a) a transnenbrane pore, (b) a
pol ynucl goti de Qi hdj i : u
Dol ynucl g.oti e tpxorﬁ%h%ehcgc?tg%n _t6' ai Bhe OF Inc FRRBEing QaffRUR& iR LATEEL

coupled to the membrane via a linker.

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

coupled transiently or permanently to the membrane.

8. A method according to any one of the preceding claims, wherein the detector detects

the analyte via electrical means.

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

comprises a transmembrane pore.

10. A method according to claim 9, wherein the transmembrane pore is a transmembrane
protein pore.
11. A method according to claim 10, wherein the transmembrane protein pore is derived

from Msp or a-hemolysin (o-HL).



22. A kit according to claim 21, wherein the pol ynucl eotide binding protein
is an exonucl ease and the kit further conprises a nol ecul ar adaptor that
facilitatwe 2are/iést7er acti on between the pore and one or mOT&BHL/EBOLIdes in
the target polynucleotide. 23.An apparatus for sequencing an anal yte which
is a target polynucleotide, conprising,§a) a menbrane, (b) a plurality of
transnenbrane pores in the nenbrane, (c§ a plurality of polynucleotide
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sensor devi ce.
determining the presence, absence or characteristics of the analyte.

15. A method according to any one of the preceding claims, wherein the method is for
identifying the analyte.
16. A method according to any one of the preceding claims, wherein the method is for

estimating the sequence of or sequencing a target polynucleotide.

17. A method according to claim 16, wherein the method comprises digesting a target

polynucleotide to provide a fragment and the fragment is detected.

18. A method of sequencing an analyte which is a target polynucleotide, comprising:

(a) coupling the target polynucleotide to a membrane;

(b) allowing the target polynucleotide to interact with a detector present in the membrane,
wherein the detector comprises a transmembrane pore and an exonuclease, such that the
exonuclease digests an individual nucleotide from one end of the target polynucleotide;

(c) allowing the nucleotide to interact with the pore;

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

(e) repeating steps (b) to (d) at the same end of the target polynucleotide and thereby

determining the sequence of the target polynucleotide.

19. A method of sequencing an analyte which is a target polynucleotide, comprising:

(a) coupling the target polynucleotide to a membrane;
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(b) allowing the target polynucleotide to interact with a detector present in the membrane,

wherein the detector comprises a transmembrane pore, such that the target polynucleotide moves
through the pore; and
(c) measuring the current passing through the pore as the target polynucleotide moves

with respect to the pore and thereby determining the sequence of the target polynucleotide.

20. A method according to claim 19, wherein the method comprises:

(a) coupling the target polynucleotide to a membrane;

(b) allowing the target polynucleotide to interact with a detector present in the membrane,
wherein the detector comprises a transmembrane pore and a polynucleotide binding protein, such
that the protein controls the movement of the target polynucleotide through the pore and
nucleotides in the target polynucleotide interact with the pore; and

(c) measuring the current passing through the pore as the target polynucleotide moves

with respect to the pore and thereby determining the sequence of the target polynucleotide.

21. A kit for sequencing an analyte which is a target polynucleotide comprising (a) a
transmembrane pore, (b) a polynucleotide binding protein and (¢) means to couple the target

polynucleotide to a membrane.

22. A kit according to claim 21, wherein the polynucleotide binding protein is an
exonuclease and the kit further comprises a molecular adaptor that facilitates an interaction

between the pore and one or more nucleotides in the target polynucleotide.

23.  An apparatus for sequencing an analyte which is a target polynucleotide, comprising (a) a
membrane, (b) a plurality of transmembrane pores in the membrane, (c) a plurality of
polynucleotide binding proteins and (d) a plurality of target polynucleotides coupled to the

membrane.

24.  An apparatus according to claim 23, wherein the analysis apparatus comprises:
a sensor device that is capable of supporting the membrane and plurality of pores and
being operable to perform polynucleotide sequencing using the pores; and

at least one reservoir for holding material for performing the sequencing.

25.  An apparatus according to claim 23 or 24, wherein the apparatus comprises:
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a sensor device that is capable of supporting the membrane and plurality of pores and

being operable to perform polynucleotide sequencing using the pores;

at least one reservoir for holding material for performing the sequencing;

a fluidics system configured to controllably supply material from the at least one
reservoir to the sensor device; and

one or more containers for receiving respective samples, the fluidics system being
configured to supply the samples selectively from the one or more containers to the sensor

device.



