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Formati on of Layers of Anphiphilic Ml ecules In one
aspect, the present invention relates to the formation
we@bobaysss of anphi philic nol ecul es such as | ipCTGB2008/004127
bilayers. It is particularly concerned with the
formation of HiGh.HAk T IMrs RNETRipRlke M BI1EE OF
applications requiring neasurenment of el ectrica
silgat sspedttthe presenighvedibeyr ielates fo the fsinetiopiof {ayers of arepbanhplice
molechhe@ gilc% a8 "118{3%% efs ft?sr hﬂ:gﬁrl g Q&Qﬁﬁ‘ ﬁu'e ‘f"orﬁﬁpgﬁ (ﬁgughc?fuahty layers
sensor-or drug reenin ap Icatirons. In on
suitatpafor appluharonaspeung mcttsunemem(mﬁ cleetried smlatlhwalpphugh étgrmﬁ sensitivity,
arr
for C){I_anB{C s}/ng QTIh f?%coaé)lggs a%X gtr(‘)(ghag)ticns 2N ll;%‘l!)gggsggg{ (ﬁ'ﬁ%‘ %C?é%hlng
apphqanemsemtone pmﬁnﬂmspece itast @scamEdivith applldamrrmnmk)ymg agrays of layers of
amphg:%lﬁCt ! ?Chl ré'?rvelé%grs% e %Hg()g)?l%[%gsgﬁliagf)&%agg Xla rfpr%é)r%serﬁ nﬁxﬁntlon relates to
the peﬁﬁﬁmﬁﬁcb af arf dddctrudd prgvidedl ih biteaéss popéx@inple foraondictseelsitog
g di scovery applications has | ong been
rmymg@§$ JeatEdre M Sonever there are many technica

C hplel RGBS férushiY SR BrotdinsdeMRbRNintthnt [dh dise6VeRpipdBYations has
to fully realise the potential. There is a wealth of
long beep appi¢qiated. Haweer %refarqmq,né(gic al ghzalea%ﬂs fQ-oyercome 1n developing this

techn8IBRY RAGINERalise e JolRGtidl OPHeR: 195 wdlihor UREAHIB Bh ubify Mibrésdéht and
nmeasur enent of electrical signals to rec@%nlse

optice] gaproaches, byt thy faeus 96 thisglocypeny gonthejaeagrement Rh¢lefiacal genals to
recog{nﬁygﬁalﬁés iRABRtLBRE! i ¢ mol ecul es may be used as the
ayer separating two vol unes of aqueous solution. The
| alyx@me pes pEteehnidie aflixsnolpmpbiphitie moldsuleswmanbe ysed scthelape separating
two \/'\1 a%gf?oug E(ﬁgt?dnn eslayep lse":s‘irs{s % f}ow & cw&lt lb@c}/v@é%ﬁlg volumes. A
Y e passage of |0NnsS across I ayer,
memlwhmeqhotm is smﬁedl adb ths layer te bdestivély allovethg passagd of ®os mosb&he layer,
el ectr es in t [
whlc}blrs gecorded 48 an elec%ntkgl S e%@%%e%c%?%? el%%xq%%] eg%tsrﬁg QIHﬁneQ o aql-.m)%s
solution.riBhepraencs oﬂzetaeget zmdlyb:yn@hh@s ‘t/herfg)wt dfa eons asdjistdatntted by observing the
resul iR mahd b eierE o) o s Bl Bt B b T R Y By et s
biosed@i eCdetdchibe anndhy, tThe lajérds ilﬁéﬁwhtlals:ompomﬁﬁﬂ’ Ifl’tel sitlgle molecule biosensor

f th i, ngl
e B s B T B P B0 B S i s
as a SR d@Send SBdoalilly e Thyfe solat®thp FIOWEIf fon¥\bétbenahié Sold@fespthe electrical
sensing_elenment. Secondly the | ayer isolates the flow
resisigoe 05 e 1436t SUSEFE R thy omnant coptrputign of fopicigw indl yptgR dgfhrough

the nfefnbiaR€ plofHEsS iRBRYH! Willtndoh@ble lO& tﬁ@{fg}ﬂﬁgﬁlla‘gw thiuk Wi detection of
~of ionic flowin the systemis t hrough the nenbrane
singlpprgted] ghagtelsi nt erest, with negligible flow through the

bi A%X&:ﬁﬁc Jpg hSitidn is %lﬁgtléjs%ﬁs@r%t {Vﬁa'e g'fe n2inB&H of niehBLa8E Proteins is kept
channel s. specific application is stochastic

smalls eypiseigbetwigrarl @nd b, pthipidhe behavieuriof asiaglp protedt melesue gearbe

moni [P%f lI'hxs Hémo @Jvlesy m{% MG 3n %acﬂ'ggec}tﬁ: c‘ﬁlaﬁ‘ n@ér Jn%ﬁ‘ and hence gives
avil our O a Ssing eprotelnrmecueca %

rlchenmfnrtnamcecthanTa‘btsk mh@mergl Newvem ﬂt@rtnﬂtelsmll owraagsahvolved, typically a

fe:wpI L fr% u1re Cclsnésno i i ?P%rroaﬁﬁl%rgraaa I lﬁr re51s nce %}bﬁl@% c\éﬁy?‘ %]trléag FEQ and for

sometdpplicatiadsl one o twekders dfwagniade highey) @dlshfﬁcmnﬁednmpﬂ, sensitivity to

T T T e —

the caritions aid exparticarequired lisit it uste Irsaddftionalylabotsteryheagiives are laborious

nd sufficien I ri IV
and tgne-consummg an% atre r?ot g'gsilily sc%ﬁllblesf(? ngf] tdenslt;:l erays which are desirable for any

commercial biosensor. Furthermore, the fragility of single bilayer membranes means that anti-

vibration tables are often employed in the laboratory.
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measure the currents. Wiile the requirenents for
stochasti c sensing have been net in the | aboratory,
W@ b@9oTITeH t i ons and expertise required |imt iRGI/GB2008/004127
In addition, the | aboratory nethods are |aborious and
ti me-consum ng and are not @asily scalable to
hi gh-density arrays, which are desirable for any
C RYYRY OF BlckRbAREAIRIng tdohifiRe FoFT5idhing 10%rd dragtphiphiYic Rlolecules such
singl e hilayer nmenbranes means that .antivibration
as lipid hildyess vall be viewpd-enpl oyed in the | aboratory. By way of

bagia %ﬁﬂds fé‘»i‘fo?&dn?%lah@r%?tmc%' ﬁﬁldfb@lﬁ e?s%@?ql%gmhﬁbﬁ%%ﬁ rﬁést notably
anphi phil'ic nol ecules such [ qy layers w |

mcludrr@\fplévdelulaygéwwm (et Montsl &Mueﬂlerrmthfgi) pipeipping, pamtmg, patch
°lampﬁ%d Lafatedhn, {nu‘g]oﬁet%o d&ES are known in the art, nost

t
tably 1nc dbllayerforrmtlon(eg
VBt prebend, the el @‘rromt: hioglp ,lontqhgm@l {piapigrisapen miresegrch jabs sh

perfor%qlféel 4 érll n{%ldteﬁgﬁjag\é\%ip% edq)llg €rs (gr tlg)p 1% fne%hn&sefh af r%%t‘hf)&tare used either

for the;:daix(rj afg)ileye'r ﬁmmhtmn d>rrfoxr tgg %@ll; Eellilshmals shagman be famaeld (ag ilmQOOGQ)
Tip-i RUSE A8 hiNE" oaedis e Eror gt R Lo Bp i dsdied s

they chrDbefainhedrin a ﬁlﬂvélofred shnk, ghich &xhaighite be ardostatittat th€ afiviteof some
f rrre%a(eg 10-100GWN . Tip-dip bilayers and bilayers
prOtC“FFi@ﬁﬁ‘ tch-cl anpi ng of giant unilanellar |iposomes are

alrao msthudbEdo@sl & BRIGProb. Q\IaftIOA%dS&l NUSA. swémarsz 556113566) is
manner, which is thought tq be inportant for th

populag g p st‘ﬁf mlvggﬂéelﬁv&yeﬁuﬁlgemﬁ@ maethofljpd fqrf@tqg(geoq)ﬂuahty folded lipid
bllayemﬂftéyle &r %ﬂdf%ld pore l(’lPCE’lQﬁl inNAtidh a ii@Fhonodser is bfed bl Shter/air
9, 3561-3566) is popular as a cost-effective and
mterche Pagt pither idesafren P@W‘lfedfl RencambrABE WBiFh &F PerRSREFHEY te Betinterface.
TyplcQHIa{hE til¥ld thﬂgdjto tfxepéupfagy df %éeaﬁﬁeoﬁy éltecﬁgllﬁe JOWUOH % HR issolving it in
pore insertion, in which Ipld nonol ayer is carried

an orgemic sHeenivatdeqn/ ofwhichng et dbé/eé testvapdrath e ths suréace pf thpaqueous :

r . .
solutl(?'lg&eetrltﬁéglede Q)ﬁ_y < é?F]]E? %c%mé ?}.{é'ﬁljlug SQQ%P%S géfﬁtéga{o#et&, {hla U tution/air
interfasey fraphy siodllyt heved gpi @ui}i;)ml pesitertbdrytde obtbé egtertore upil 4 bilagdr is formed.
The teghﬂc’ciiﬁ rgcllulr?? tlh%grgsetnge %f\o/ aal'gr g ob‘?’cocl)l %Pﬁ}ééds% 2 gcgtgeag;lent\‘\%l)ea‘t‘igg to the
apertugcjiefdees Tlmﬂ»runary) functipnenif tﬂeenydxspldmo(ﬁﬂ ib tmefompar dnnnles regloa detween

the il a0 SR PacF e b e BBy BopSERORR 6T sbiiher gves a distance

typicallpW&twpastt andi2t fpet. si de of the aperture until a bil ayer

is.formed, .  The.techni requi res the sence of

hi‘dﬁ‘ g‘ﬂh‘&%?"&“&‘i fP”%\%lﬁP F‘gﬂ‘%é% o (e apprETe ?Héﬁf @@a’t‘ P‘ﬁ&“etta’) onto the
surfack B2 RREOIHEEhEUE Ead6hg 2 hshoRYdrORTiyidf Agyet the Bpi@imohB@yer is first

hydr ophobic qi] is to form an annul us region between

gener%t??eat Ehe| sglpHen/ainipter fage byrapROBE RidroRy ‘\K/Hé‘ﬂéhsﬁﬂ@di ip giegnic Solvent
applicdRSHRL 81Etich sk, mrmaw SRhEOmRSy nfecklinRhPRERton to move the

typically between 1 and 25 nm Ti p-di pping bil ayer
aperturginteit eifhespliopsurfasechi ng the aperture surface (e.g.

a PB{' pﬁﬁtE@blfa&Hl tﬁ)erﬁrgp I)ihgmﬂﬂgsfoﬁfggl QIrga% (f s@ﬁént?&zlp?hé@cﬁrectly to the

I's carfying a nonol ayer of 11 pi Again‘the lipid
apemm; mhicay%wbmsrged ndhe guenus testesdlution.tThe lipidIsolutionis spread thinly over the
0
e 50 BTG o R Lol o
bﬂay@bllioafyw cpmpletq:ecmcﬁ\@t oisbe svjventefiodnathe badyenis difficulioand conspquesntly the
bxlayetr BeméPs lesg‘l Lt a(?blcle Q&do n/rlooréa'I %mgef prtor?eedu%glg }'Intezla.sgr%m%rliltr face.
Patch-clamping is commonly used in the study of biological cell membranes, whereby the cell

membrane is clamped to the end of a pipette by suction and a patch of the membrane becomes
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For painted bilayers, the drop of lipid dissolved in
organic solvent is applied directly to the aperture,
waoR00477734 subnmer ged i n the agueous test sol utiPCT/GBRE@®8/004127

lipid solution is spread thinly over the aperture

using a paint brush or equivalent. Thinning of the

solvent results in formation of a lipid bilayer,

wever t erm t - :

stachf 2 B spGRRP P e oo Qo A A o1 FLbE oy clamping
liposofues w’e:dh trsn blErStSo o lqn@blthyncspdmngowgehqcﬁp@me dfithe pigette. This

. Ime rement.. Patch-cla
requirey sg%ye %{{E B oﬁzlarglgf)so&né: ndqg%%ﬂrs)ré%glg W}léﬁ&%{% M %lgi%lsurfaced
materi@BNOr ane i s clanped to the end of a plpette by suctlon
menbr ane beconesa
xRt Smnfe et e e DR AREL Rt F S o) Fgheles are
submddkdday & Fes&b&ﬂbf&@dxbb’ar&ﬁd’i’[ﬁoﬁ@ﬂmgﬂm mas1ipit acdimiuhhes ntnm&iolayer at

to leave a lipid bilayer sealing.over the a yre of
the il Ygergnigeitee svch i ahe e P 8 B TR G g  formed

the infe}fRRLRARSn ABY. the fabrication of small apertures in
glass surfaced materials. \Water-in-oil droplet

? it anroldisse sBiGHoTBReS thedblaNar MRS RESR PR i RRPIFRAS efintroduced to

the blﬁ%%ﬁﬁ bg IR §olﬁ§1€n SR ERRGEDu Hhdioh %@%é{&'l &f veficles containing the
hydrocarbon oil containing |ipid. The [ip

proteip,co byrireghaaisaliyriransnesinglity & bileyarfer @qampkﬁméhe enf pEd praedevice
Suduggﬁggﬁgggﬁ@@fn the two sanpl es are brought into
ct

ayer is fornmed at the interface between
t Hiehare have tay grodt effhsrecantly bninereass thegatee! biayebiorraafion upiagmicro

fabrlc%t?cie nSgen?er tre‘r?}lnﬁ%lgﬂgavg %t‘%%ng)'tercl eLs%Ptﬁzﬁ]lg llh.[}#i{tlg'%gg gdat‘@sygax%s for folded

"3 om CcO ron1t e aqueous
lipid lﬁlab/m iQuher tdomiflues mohldo bllayelsﬁonhae@n owrliisnbstrgtes bredirectly on electrode

surfa%f el N elt?% coyaleql?ct{]ahmen"t—ll | y51c gng‘%rpty ng it to the

r-exanpl e on e-en probe devi ce such
asA aai’gqu@fontom ppthd devacks thha&re eapable of prefonminp e@thastid endigg form a

ey R et AT AT B3RS iy BRI R T
date Adst BIVE t&teRmsaRithed bh YoteDmBihodsaif dpdrafe foinsitidAbtoraytitiagthe
for folded lipid hilayers. Oher

hn| ues includ
emerging tgghaplogiss wawraﬁabaﬁat%ﬁ? Binae ﬁ%é&%? Pét&awi}“%ﬁy of
addre€aBle kéRGle. surfaces, through either covalent attachnent
or physi cal adsorptlon A | arge propartion of th
dedn eagplenfuzakiet dapBlanas ligid byjayer BeeRsHE et BEth 5§F‘FE -fluidic system”,

Lab G‘rﬁﬂ* gA)nﬂ)fof@':S rQO@4 b-lel'é'i‘xy Qh aptubtSAaQ istrésldivg Richk alksiliGon substrate,
[ipid | ayers techni que or the painted bilayer

follow@dfxm sgfece trr—@in@@ttt@ envpupediaG bilaygrfeapation progess aftheieh dis disclosed
rate o@ﬁ%@éssﬂ%ﬁgg%oﬂ‘fah@rpﬁ@ LEA TSy (Rb BRLdE 95‘?1? or on utilising

e energi ng technologies In mcro tabrication to
mi Anereretaibexatmplededisalesedin &aodls,qneqtab ‘éﬁlmxmp%ﬂlr@ teghniggue for the

forma?%rq OF grﬁ? flalqlp OdebDI%?JrSS in rﬁAQro t%a g\%ﬁ{f 829}. 8%4 2007. Herein the

ayer re O
devmmfabhOatéd ﬁmd poiy(meﬂiybmthacﬂyiﬂﬁ) Gmtpns M)d,xstlﬁﬂ’@qﬁe@pﬁs chiafbes. Problems

with @]Ig FcipE(ging (ﬁﬁg%yg Foirr%{t}ro% are %%gute&l {oet cg gﬁecutqg n rnrgovntlg tpe excess

hydrphétitlnagaaltffom the hpytere, dndnatkled by uspnignazmlsd ofuit éxpugine tlag the
di scl gsed rate of Succeﬁ%?gﬂ bil ayer formation is very

bilayerJormatige,Prgesss 9ria fie presr Tecent exanmple is
di ‘skd RsREs dfboth@astisoart aleind@uzuki etAl. lareboftDEiniaturised Vendichs @f a

for the
standard painted bilayer technique with two distinct fluidic chambers separated by a septum
containing an aperture across which the bilayer is formed, one chamber being filled before the other.

This presents a number of difficulties for scaling up the system to a large number of individually
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formation of artificial lipid bilayers in
m crosystens", Langnmuir, (23), 8277-8284, 2007. Herein
wae b@giensLe fabricated from pol ynet hyl met hacr yPEr/€B2008/004127
contains two distinct aqueous chanbers. Problens with
the reproducibility of bilayer formation are
attributed to the difficulty in renoving the excess
addreég%% Qﬁg&p 'a§ a s?éf;ﬂeq;f e aQ&QOLMaﬂgég bHEBe a ﬁfmnét @ﬁzlﬁll‘tﬁgwﬁly no
alr exposure to aid the bil
electnf:aj |0rm>tuc @mlppt@a‘e'st@ antyoothel clpntbbe Sgndéson pledtorgated 2 dvﬁee with three fluid
chamb%resv%a% \Smtgf plgl%ehﬂ Ségsd by ro%h ?inch@ d yélglkéult% sc%ha to ﬂﬁfe numbers
M Al arur| se vérs ns o standard painte
of bildyerk.c8peuki eead. hnemoeaddmstshhxs pobldndly msiog a hydnpphobic phetrdsestdayer to

createmﬁ@h %tfﬁl% E%/r}lber t%é’l n# ont %u.re I(():oﬂ X 1C nggogﬁ'gtgg.ﬁh C{ageis Fct is difficult
to conb&Iftﬁé’ fow hﬁsohttxbﬁ Bcros‘Eh]hﬁapﬁrluﬁ'S eomtzning intenfder andfthe use of small volumes
djffjculties for scalin the s
cxposi R FAbTS R tEPOPBR AP PO AU EBEBE BT 49 Bt o T appte.he
need fo£R8 IndBRIaIquédue clabeR Usr cadhttilagdr neabhatladarge shinfpld voliime must be
chanber with no electrical -or ionic connectivity to

used tg fl} all theechagbeSivher . Sandi son et al. created a device

WiAn exbirp16 81 Bibdthsbr ABACHIRING a s@PERedMPidbiBOBAE Als@osed in US-5,234,566.
fluidics, an ap{%roach whi ch woul d be difficult

t
The desigs|igcapacifiver feaisd ipehanngkrespondiye prsanalyis theibinding g this analyte
cause§ d éh@gge iR t}@%gﬁr?gsocehﬁmlﬁ oPhORh @MY, M thd isSnd¥dEORR ARiefectrical
hot of esi st | ayer to create smal[ aqueous chanbers on
response pf ¢ membranpeapacitancec b surpeit g ligidibdeyeattiere ispsed rgonolayer of
alkan&t%?o? moieL Essondd %ofld Giltdoad, WnfRPtdvRies § Hﬁffglldqw Jn@ﬁ’nbwléy‘apto self-
I oss ture cont ai ni ng I nt erface an use
assembre ostmaTllns momlms camiposerite ion ghannetniush ag gremigpiimwhich are used as the
sensmg e?em%F tdf ?Ae C}%‘éig% Q}e/ glgﬁgn@to% ﬁ'gs Iﬁétﬂ geu %efeﬂ g%gtetg &rgét% Egenlg:éerdshpld
bilayek omto emdhcttddh ayﬁuce toeiagvspardiaothex nlmn’og@e prtgyhse Howeveneherapptoach has

o o8 e Pt e e B aPACRRERE or P BRGRlfPle ipidbiwer
typically 8€1he sier ofi1nhiSe 30123 thickSdines fdreontsiu Iemc&1gh #one ammﬁotm ¥ direcAcurrent

meas%?éqenﬂ folg g&h‘%? geer{?g l?ggxgo g[%&*%\ﬂ)g% ect[?crg)a ; S%P?taﬂg aff ter’ghere%q)llayer
systerbsﬁd'has‘éh@wpp&ﬁs Fhedobdinglvd Br[}&heanﬁl@ﬁhl thlihtsonl sh ameﬁﬁtllﬂi@dlrﬂdnta
the electrical response of.

ane c
measuemet FHEOE UBIHdo PYShrEreshe 1gyie Fep?fttwa F%&‘? lcrah bt i Hils the
sensiiVRp @t &Y @évief al kane-thi ol nol ecul es on a gold
el ectrode, which provides a scaffold for a Ij
noﬁmxavehe of & bigsasRrSEVRLIENEGHHRPOTIh IR ALAYST ’é;?@FlOE"'Qﬁn Urisu et al,,

“FormdR6R bAREReSisthRid sﬁﬁ}%ﬂ@@hﬁd &%@E& A ISR LI risDicwh iubbirad Rith
used as t he sensing el enent "of the device. Variations

microglqctrddesy, Nenomsdicing290bd a3 s¥3. Tles davica eapleits the sieopg gurface adhesion
betwéeh ﬁﬁc@p}mh Vifedle ARtk s, g\ﬁ‘%aE@tg%M {1 gﬁ 4 Sttelt ‘Bllbﬁ? (X A LRide

rane protelns. However, pproach has a
surfacnusmedlﬁcd usingetbEnkschnidyes fommon in shmmevhlptm@usm fo expose small

e |

chanr{%&go gna(ﬁ?c\ér%déjg{?%gg g‘rsbgﬂierwg% go:n g%: rﬁq ? %ﬁg gd%tgge resultmg in an
electrmahbastzmce nbafglv MOk this syseend, drerwells ceatetly thismprazegs could not be
. d.vgea@ur ment for any useful period of tine. This is an
individpglly @fdieSiton to nearly all tethered bilayer systens .

0 Nin $6thiofl the kpEDEkmpleb ding £mppddicd §pid dilayen it iseanidiffifult to form a high

duration,_ an alt current nmeasurepent nust be

resislyE ) POPRSURE EHROR AP B TRATEE PBRCETTRE™ 4 Do Egnee
arising ord 1a@dge hinfibdr S fol @hHAELS istnighéichyhnelfor klochasifEBurements, which are

inherently more sensitive, are incredibly challenging using this methodology.
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An exanpl e of a biosensor device using a supported

lipid bilayer is disclosed in Uisu et al., "Formation
W@Roobogii34 esi st ance supported |ipid bilayer onP@€h6B2008/004127

surface of a silicon substrate with m croel ectrodes”

Nanonedi ci ne, 2005, (1), 317-322. This device epr0|ts

the strong surface adhesion'%etmeen phosphol i pi d

ecul es an

) d ts and

o BT B2 S U2 5 RREH B gumens o
in gexetact,hai/m@ Ihaicehlhlsq;smen mmﬁaﬁuﬂﬁ iThe Sist problemdias pltlpthg mﬂtstan@rpf the
e B TR P ABEh S PSPt BEASIE AHSEpfiing o
behavi@s i Thigh Grotdin @ncedtretiding jicia hotrsefficnafoe Ehxgﬁ—ﬁdelftgmsMNasddmn single

this system_ the wells .creat ocess ul. d
moleqil SR HACIAAITSE SR EEe gt T tt Bl RS sep g om o
two ogié]?s:;m gk H%ﬁhéi ’Bﬂﬂ%ﬁ@hﬁ ﬁﬁbbiehﬁb the btnh]&jﬂlﬁﬁme bitsolusio &I}:y)ed in the

| lcult tQ forma 1 g resi stive seal. usi
short distapeschetweap the SilgisT #ddhe ol sypRAT lygEthe de'g,? %‘I I ﬁﬂ& small
volunRRRE ¥R céntfiR BRBKEIoAY, hdcRfg the 8iEbifityl TGP oteriidl @Ero&fthd Wiyer and

channel s, single channel or stochastic measurenents,
limitighe Hurahien ofibre@MNg nore sensitive, are incredibly

Rkl aRGIoPGetiSdshdvd ok praBdsB@ AV md He pRbRER wathRURD&bported
of problens with the supported bilayer approach in

bilayerh&ine opdanisrtarineprronale # pheguqablinkage ettwesn thedwlayer prd e surface, either a
smallﬁ)\égfeﬁlygﬁ(g%wo ﬁ?{l r&s i {[ﬁcéd (E)mgmgxr &Q&Sﬁ@d'bh?ﬁm‘j‘" o thetlﬁﬁi 1s chemically

nmbrane which 1S typically
modifibbtacortdi malvwdlr@hﬂiq |hskazayn¢)@a@m vidbthe syrfiee prrviding p gepffold for
rot ein

w4 Oy DR Bl WP G ERSEILS B Ao s
the hlsud ibghyer, iy @caLiheonaniest llogmpltalylpmt@adl haye dempUitti¢ togleerease the current
leakah &S Stﬁ?&@ %f at least 1GWand for sone applications
CaKaghATE? "o T der s of nmgni tude hi gher. The second

pr ’Dllilal tedhniqaes 3ed i nted shlicen bhmmdoétrysmb\udla anntttaciyependinolpgt foecreating

st o S e PR ST RS A o B B e s cictose
in thé/i@latbIRpSIRESoNE UIS- T8 IndBSVY,16R2R. U 1@@148mgsd1dmes a method of

stablllty of the potential across th
fabrigafing # PHEOYHEOLLACHES SATATNG IH@T%EB?S&@&‘P i W gt materil
The d8RHcBOHS sdiPdaROLRIdP A clréchemRbCpPRcatibi® i vich €l8Btrodes in the
with solid supported bilayers. One option is

cavitiep psesytsrebactical sgmalsy Ibig stated H}@é@éﬂ %‘&S\n@é e flﬁeenﬂf“{ ag[Rsp the qavities.

Seve;ahglp&UJf @6 Gre n?énh&ﬁﬁ iRcISdTRY Beirdd ﬂc/iﬁ‘d ﬁ)ﬁlygrnﬁoﬁé\béﬁﬁils i ﬁb’l@fy a proposal
I's’introduced (po yner cushi on bil ayers), or th

and th¢rp ischojdésclopuserpicamly tephmieusi fpy forming the élmdd]ﬂﬁy% TR EY experlmental report

Y]

o oA Hrh A B (001 Sk s 4 8 oo

lipid lblldt}a;sen stpe sarghiypeoftdeeise diselpses the shippeeted hipid bidayers being chemically

attaci-neczindlrec onth g%ctroge%nﬁ'ﬂg llike% Q%ll!i éhgl la%; 8 Wfoke I?rg{%ﬁ%d  Gsman et al.
rAconvent en ave done | tlheto

citeddbdsfe&a@d euffeneframithe sarhe drsabaalgsaelaungmsthetlh@c dfialsefficientlyTthgh resistive

seal g;ﬁ gtg{}{aggzgﬁﬁaglgm{l%%%aﬁ% r}xgéaclk f gn 12)}11%2' sgrvmr} (ElOLII‘SI'gCrOYdlIP%,]l&\lr{r% ﬂgw across the

bilayef syetect r odes t hat coul d be used in blosensor

lications, This a oach i s di osed, in t
Rt e Bor 3 PO BT SRGT Ry PG gods of bilayer
formbfonwHidflcatt 86t Sprswc%&&hﬁvmgmﬁdist@ﬁcef aluffedtontigwaonic reservoirs and
m croel ectrode devjce containing nmcrocavities e

ed
are nohagatiegidiigh GFation difteh eI HREASHTRS, PREFIYERA B PRI chamber fo

each%?rhfel&ﬂerﬂ AMRtiRg he StRleupRMatdevRE @F4 Kigle-B@RinEatay. It would be desirable

ications in which electrodes in the
to reduce these problems.
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cavities nmeasure electrical signals. It is stated that

thin filnms nmay be suspended across the cavities.
w@2wenzl734 ypes of filmare nentioned, includi nEClEBRWS@a4127

lipid bilayer. However this is nerely a proposal and

there is no disclosure of any techni que for formng

the lipid bilayer, nor any experinmental report of

this. .Indee ted a
b BAreBass Pibipre: B3 BbernBhRAr Bt Bl REe R il oforming o
layer EHan@M@ tSvolvolubie€ofSagti@us scﬂhﬁloﬁ;f thelmwethodcongirsmgoses t he
orted lipid bilayers b m cal.| p
T TP TR ST -
body bEfoR o Evel Batérth0 BAirY fomea tieekin &t 1€3N8 r@kssalpening inthe chamber,

above and suffers fromthe sane drawbacks relating to
theret’%écqné"’é‘?én%?n eJecd@f%i ci ent Iy high resistive seal for

zﬁ@ﬁrﬁﬂ rEasHHheTesding 8Ndh hota€ Rui@fto B bbdcfoss the recess;
reserv0|r for recording ionic flow across the bilaye

5 (€ Baingres SR BIBae Vg TIOH BN FSISRHIGE i hereto, actdss the body to

cover%ﬁmgersé &qgat%E&\éﬁs SkiBR s iRt cAtintFRlhadss Bfm melcﬁéfﬁfer and so that a
rmation can not reproducibly achieve hi
layer Dﬁ@;lﬁ sinphiptalic mplegaMSff@"rnSfaprgm theygedspefparatigeyolang %‘g agpggus solution
1ntr0l%ced mf%tth e@? h‘gm (Me rl%&i&ng' V&l%& Qinaqt%(fug Clrutfdr r ent ‘
or require a separate fluidic chanmber

f osuch amth@d latlwsetheﬁvmtlon lof Taivers afpmphiphdicanadecylss which pegtof
sufﬁcl1e61¥1y é%e?u fgtgalﬁ%g)é 3 ns1 1v ‘%chn},q %\sré %121? Jt&chmy Isglfikﬁg %&{iﬁgtglglﬂg Lﬁ)aratus and
wdnmﬁwihﬁdpmemmnguhnmamunnpkntMEre |s prOV|ded a nethod

ormn two v
S O| ¢ P;g)ﬁrag.xls H%edﬁ%{ekggeﬁg 8%18¥ , gligolvmg (n % 1mrﬁ§r§an§$' %&gr c}’lIl&'ncally non-
condabiP@matetsl hﬁﬁﬁpfdmid:dlgerah@fmm Snedeédssn i[tﬂ'@,s beea ﬂaﬂh&t‘rated lverprisingly,
el ements i_ncl udi onductive mate
that s P S By EE ML RSB PSP B DR e Ep R g Pty oving
the a&d@@us‘-‘sﬂﬁﬂ’&?ﬁoros% R HoBL BTV Btlrédeky. Te achieve kifcd pr@dleatrr(ebt)coatlng ofa
a pre-treatnent coatl dro

A L D I TR T A —

of th@ﬁy@om 15} trhi3ed WMt By W fir RRbhplEca ¥ bfsakdr@Snaddftiwo
heret o, ‘across the body to cover fhe recess so tgg]il
charrber@ sepgEricd By sPrvm prd eI R cEplirAeditidies FepaTRent ogRgieve separate

ﬁlhn%mhﬁlsclg Pé‘@@sre et doBéiot foqhRYBE reeéss kdme: ﬁ%hé@]’jﬂdr k€introducing

ecu forns across the recess separ at | ng vol une
aques salgtieuiat thothamberabpye: Ingidask: aﬂlrwes oheion éd@%%duﬁf?ddﬁ‘f) the recess

fromtt (i}]lalg IPésg\ge tYlEl it E%tlﬁ) os@ﬁ“éecg l%ér 9? mel%uc%HtrrJﬁ of the aqueous

tiron o ayer S O
solutrmlfb@uﬂgesto\ﬂkﬁ ahhmbar eSuch flgw fcpritrl @msrrylghﬁfcgmrqwaacma} tqtbrrxque

ﬂﬁ%ot I V%ra h%(%rtl]et ogu S tHCpm%ﬁchoﬁto\?\EP%g Bg %nﬁ%ﬁic%l%‘eg Shich are

ratus ues
su1taBlE Iféxi }@Hsfeﬁmtvmydhdsmsompbleum«)ns suc'ﬁl'w s@p‘paiﬁcasteus‘ngm@dingl; channel

el G L B R LA b

resmhtbedlajtr&aede?lk easlhg OEledirabsistade olﬁ aGlee enred opizakht atddastd 00GQ.
surpr|S|ng y 035|b to. forma er of ..
whichHioF SFARIEE APl ik FBEas e et e PR RO i
achi®¥d %ﬂ%ﬂuﬁﬂ)lﬁéwvm&u&ﬁé $61utioN irtBE ASEss bhﬁlehﬂﬂy layﬁ and the
cover the recess. To achleve this a pre- t{
etvﬂlém’ﬁ 88§ﬂueous

electgaslat Thigmeintaips RSgRISEHS BIREIY AT Slcefrqle- afﬁb?’?a&ﬂ’

solu@&{ O8ntibR & ﬁfb%bleﬂ%ﬁtuﬁb@g dd SAtTRRhsuedRint ﬂhg)ugﬁ flefbfne proteins
formation of | ayer. The layer is formed w thout

inserggdhin thedayer. Jhlsaoretcam@ |s1ge@9@ﬂ1ya\ﬁﬁbébedfﬂe§n tasiRiaYss qepergst above using

supported lipid bilayers.

Furthermore, the simple construction of the apparatus allows the formation of a miniaturised
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chanbers separated by a septumand requiring a
conplicated fluidics arrangenent to achi eve separate

WO aovorig34 This is because the nethod does not PELGBR@8/004127
the recess to be pre-filled prior to introducing
aqueous solution into the chanber above. Instead, the

aqueous sol ution |s |ntroduced into the recess from
he chanber .

appar‘ftlﬁ hAVIDE 40 PRV P A ﬁ%c Fséescaél rq tairl%‘fm h% tl#ell %pogi%ﬁg keg 5 8? Yon
electrichipysdlgted sHdandiviguatlh addvessed ﬁuxghtsfobvmdectmﬂbrsuth nhst the miniaturised

ares B S ST St h S Sl TR R i e

may HER4IEBMIyRRNIH fabked) raﬂ?loﬁ'ﬂigtaahgemfrﬁb’er bf layersste bs uied\forta).glven volume of
bi osensor ﬁﬁllcatlo suc s stogchasti ¢ sensgqg ﬁ lectrode

test saghaey ISR HSFeSHRE B AGMEY o DR AL A PRSI RO 5, L greh clecto

whlc}p@ SigdpR Rink olirh MiéroMBrication teblirgdues, €& eSirﬁp’lélEthpgr@phydl ng
hl'y resistive electrical seals,

e| ¢rmegs, the arethod allows the formghog of WBP‘(B T}Sﬁ;% gﬁv:lavpgllphlhc molecules
withif § BRfle HHHME 2¥BLGhe pIl@l re€t IR £ arRabthea {?Hrﬂitraﬁghﬁﬁfwaid/techmque

stochastic recordings fromsingle protein pores. This

i SInauoisi apyleatiousi onstor MEEFIRRTRRIANE PIIFIDTIE SEFCERilydpssrted into the layer.
Ceﬂaﬁﬁl‘x&{n W) ﬁ!’tﬁatrc% boe PRI MES Bk Gith A¥ Glveldd afetscussed in more

5 Thi's mal ntains a significant supply of

damhkkmtrolyte For exanple, the volune of aqueous

S oAcl:'lc%} I z]:sl s orf’% e 119veﬁ41$n ?‘gljoﬁd&pﬁt Eéf?cusc'squble for

curren asure rou proteins I nserted
impldnrennﬂgesublmylethodsﬂﬁ fcmnacmtqf a@tysr oi |ag1nh1t>h1bamplewlw th the

s. de e [ SRR dglipid
b Infl\é\@grr cgz%a %fFIFIDdS fceature Slf tﬁg QN?ntMﬁ Wg? &Ectn%

e construction of the
aUDl&Haiﬁplhﬁ)hﬂic e ulehae f}tprcmiy a bplddﬁ tlas case the layer is a bilayer formed from

m ni.at uri seda V|n array :
two (PRI TNTS Bl TS T AL Ry RPr op g B T Ligia pifaver can
also &ﬂtaﬁi RattivesaRdt lajfedt ﬁﬁb&ip@ﬂleﬁﬁﬂhd: Bhthyb‘n Qeralid hpidschaid etshsajnphlphlhc
ing its own el ectrode, sugr he m.ni at

moleg}-l?saVldl agdlgwlt% Faélrhe u§§51 1Pfﬁ?f39r anee \vfb&h%1nvglélﬂ% ge §ISCUSSE% in more

damp@gﬁyrlng in parallel froma test sanple. The recesses
be rel atively denselé packed, | .ow

S ehp RS meY bosTRBed Bl S s g Ero ey e Taysgu solution.

S aMrﬁ techiigheVis Gitiply B AE BS ShPpHTRYmOBuE i ¥ 8gLebls solution outside
provi ding separate contacts to each el ectrode which is

the apparatisebefost ingjodnsing the agheondsAmiondnte thsshangkehni ques, for
exgrggéogd Itécﬂxnﬁgzr»?m&m]as FH{I ARG MR oFE ¥n¥l’9§hc§]g'tﬁ’é"§;ueous
t he

ormat1 o e Iayers of t he anphi phi
solutinpligto tHeabarbet.Hp depasitihg gmehxatpbcamaméesm 8B E¥erRd éurfﬂca P%qhe chamber,

or el%ew%grseﬁne fhe ﬂov%&h%? {h‘félx%d‘é?ﬁﬁsglu%ox %Eryex%lﬁl@ hﬂd“ﬁ&&il‘: et lee connected to

icatlons, one or nmore nenbrane
the npiétoInethls sask Sthsagoemy stdmmdny:owrs the tirgeal serbace Heringzstep (c) Whereby the

nbr a rot elns t hat
e B AR ) g I B s 1
to colledt el anj@ﬁipﬁﬂ\{c n&&ﬁﬁiésdfrdﬁ@ tHeOntémnltshﬁ’acea%ph demmsition efithe amphiphilic

i nventi on, ere ovi,d t t bl
AL AR KM R S Lo SR L
abseAdEIR 1dRgH dniotintdBf GgAtiE®lveltyid Widild @'ﬁkﬂl)l ® p&l’SEht }[frtbef z&np‘}mlhc

features of the 1 nvention g% scrlbe ) £
molegilsn g Bded dirpaliy Qg adugpus se%% Prancang hafitjs RiteqeRaty to wait for
evapofBibn bfBe b3 sdhvenoeRird Y @lyef Qf BE tbrinéd 1A 460N AN Ke that the
nmonol ayers of |lipid. The |ipjds can conprise one Qr
appaasvsds notsequared tprhs “Iafi‘bff%m EﬂaFeé‘;‘?lé that agg SPUSHIVE HATgqnye solvents. For
1nsta"i§gé:l 'oIéa?ﬁ@ %ageg Q&heagés%ﬁﬁ bd (38 A{ORRES- Fﬁlﬂedlfon&l%ﬁv@éliv&)’sﬁﬂﬁler chloride

tain I'I pids and ot her anphi phi
paste can be used to construct electrodes.
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nol ecul es, and additives that can be used in

accordance with the invention are discussed in nore
wa@lea0alor77Bel ow. Vari ous techni ques may be appl i BA/GB2@dH04127

t he anphi philic nolecules to the aqueous solution. A

first technique is sinply tg add the anphiphilic

nol ecul es to the aqueous solution outside the

: @%ﬁ&ﬁ%@ep‘e{hﬁﬁ%&l@d&%ﬂ@hﬂg rrloh‘:%ul%ﬁ %U dried MisQE’se' L Squeous

econ ni que whi ch has partl cul ar
solutieciv asetl agrehydsate the Awpliphilic molgeni¢sn Jhistallowtihe suphiphiliempleenles to be

stably spore% in It]'n tagll),a?{ﬁ?seorefor% gsedl? éJoults ?ﬁ n%gﬁe){& Qf@f gtdr Whﬁ? ﬁ}ﬁﬁc

on an ace o the or e e in
moleculee Sful:h)&ﬂy statage off aniphiphdig nedassles obugesenshelfilidy ofehqam;aretus n
| onnected t n
gg%eral q?,ﬁ:gmg\aeﬁ én(%g Hse LIn%err]t acrg%nét}rgnet &eﬁl tg #hre]:é%ygr 5 %ﬂihlghlllc
rmﬂaﬁuglng step (c) mhereby t he anphlphlllc mol ecul es are

add the. a sol ution
ot Tl sROTY 1 (5005l DR e PR RP R e0ced
theretenb&%y &% nicnbrant B®tdinis a{s&@dd spotinaodly ifteahe ke 06 rhphiphilic
of the an%hlphlllc nDIec | es has several adv.

a
molecples JTF GFEPRREPPISH R 51700 p Ly RUEP SOBRR SHFF {if g dRparans befor

introddBh S e la&tﬁoﬂlsrboiuhsn ﬁhﬁﬁ@&ﬁm@&' Aﬂérﬁﬁlv@mhﬁkh&nlﬁﬁneq{r&&ﬂ Infay be
sol vent woul d typica present if the

deposiipgher agnnqeqnel sHEcE Fhé §hWél¥%f Ha oy ?q“l%ustsﬂlé‘“on into the

cham’@éﬂ UR BHScasO ktdtah Rdus sbiitidn BRRAShd ilRknal furfade diRing BRE R SAHedtby the
to walt for evaporation of the organic solvent before

membring pragie s addad to heparequsrolutign.addi ti on, this means that
t h& s rﬁﬁg%ﬁlﬁe 1s§‘oﬂﬁ)é g6y 's&l@t‘ijontte hBR V@ﬁggs (fo'flfammg the membrane

materi a are i1nsensitive to organic sol vents.
proteii@ddadristren odereby thamembtras prgteii énseriedondagionyd theswesiclagwith the
reen-pri onductive silver/silver chloride paste
hwﬂo mm%émﬁmr%ﬁ?%kgonstruct el ectrodes. Advant ageousl vy,

t he tldndpmmqws sonipsertph thérsbrans! peatein &% coayingthe teinbrdne protein to the
ueo d_utlon is used to rehydrate

queo
layer%%p‘gﬁ%ﬁ?r eﬁ?‘?‘ﬁ%m % %éliﬂeg €% This allows the
anphioph iheilayenaflagphipkitic iolebdess thalaljyeoss oiutidn isrflawed across thc body to

o BB VLS a8 DU S50y o o
coverd BRNUnRbNel s tBe IRBIs U asiSonk 16T 6ra s@&riff ke feckﬂsffa a(ﬁnat fihﬁe This is thought

appar atus. Sever al chni. be nser
tobe e AhiEas PRH ttOHésqlﬁgg}b‘ga frees PFE‘I‘ES&FﬁIﬁtﬁ foivion of e layer
ina sURkeSeH RS A first technique is sinply for the aqueous
solution to have a nenbrane protein added thereto

wiiBieqy TeaTReT e e MFGPIDF T Phek et pBHeeEhUEy bY
mcreés‘ﬂ‘Ithé Jfﬁmky%f e ag'rgh@mﬁ@ infolichleSto TR BFHeRT the HO8y A R Rcess. In

protein may to the a?ueous sol ution outside

genelta}@yam:ﬂmameméthbten@ﬂf@ ithetspideng of e sunfasesyrawniingdhs pertys to
1ncre£s@tlt9 gfftﬂg)é 50 @EEE%{ y b@‘hgeﬁr@@{ai Vxﬁ:lt%ﬁaﬁsn@r ﬁ@g&rﬁgﬁn&if &;aﬁ“'ﬂ hat can be

ited’on an i nternal surface of the chanber
used bm‘cmr@nmwtbdhc @ivetionfaee dispussodiin et detdibbelowit o t he

ICE (2?5%% in tHe st rrc]:!cl m%(ﬁ‘iﬁe nprg H‘?atx%&?%?ﬂﬁlﬁh t*a'{)k %hﬁ&é&%@e Bhﬁ’eferably

strface
both pf(@) thé butérsnostcbodgte oHthe hesdmmmd tis rg@smm at Jkast @ owter part of the

s for %@ us s jutio hay 'chg
mte“lag ﬁ‘{rgfﬁ#ﬁﬁe TEHES H Péﬁ‘gmﬁr ot réllog St cf i réa&eb Fet é% (%oghv\%lé:'r e §may be
achielvEEbyRAMgaAEbJdY OMitian outsrmostsleyet émedioffalyidmphafic tierial.
Veinot{'xeers\’?va\)llmtot achlebe this is for the surfaces to be treated by a fluorine species, such as a
fluorine radical, for example by treatment with a fluorine plasma during manufacture of the apparatus.

The application of the pre-treatment coating may leave excess hydrophobic fluid covering
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| ayer of anphiphilic nolecules. A third technique is
to insert the nenbrane protein by carrying the
WOreoehzied protein to the | ayer on a probe, forPERGBRI08/004127
an agar-tipped rod. To formthe layer of anphiphilic
nol ecul es, the aqueous soluﬁjon is flowed across the
body to cover the recess. Formation is inproved if a
) ue ed | [ :
oid SRS ot B ik ah a0BRun T oot B Silo B9 Wucing o flow,
theretyatducing @l&\/seﬂidlm@tytoh&xe ﬁﬂﬁﬂﬁs iff tmeasanrig diekrical signalsTHoweviesvarious
t hought to b 18(gse at me aqueous sol ution

differpnt tqcfipgues may 8a?p E"émﬂml%eﬁ rsogglns formati on of the
I aA(ﬂfst teﬂhn@qu‘é UDBRERIE B olpRS Scrost ke efcBodelie thc i&REs 206 atfurthgr electrode

ydrophobic fluid whi h as s, for ion.o
in theichgrahe BT R ke e AU FHET YO DI RBRIVBHTY el Setrode
contafiBd RIGH 1%§es§ q}ﬁJlﬁocﬁlUésfa%ﬁﬁlaGfefféchﬁ) RAY-wattap ThetvbRage is apphed after
recess. Li general a -treatnment that nodifie
flowing ey sptqsTostib Becbidd ETFF GBFFAT &P HALgEF £9) iondigs o the

recesd. RS RADRadelwill ?\Htﬁr@ hiyMafeP fdrn@d £fosSBY rlBssUsiBbqudal tiiaqueous
materials for the pre-treatnent coating that can be

solutign isclohad eGP Vs R BS0ist FALHE SRHPETOI AR BTSRRI feules
addemgrgtodlgh%lad Q:%sg‘ﬂ’re b gr B3 l:(ﬁftsr hreb 8 s@ﬂﬁteaquep or @t aﬁ'nﬁﬁphlhc

reatnment coatin surfaces including either or
moleqmﬂ@ffmbtryssttbﬂwcm (a) t he outernost surface of the

g%(ﬁ:‘r(‘}nd) %ég% 411.!2?5 o % pglﬁgf i in e?rﬁt% Lur@Be (g({{fn@xreceggﬁ}tdrophlhc

sur ace e recess exten
Typldahgt}ms will bk aprilied nrem@manuywmmﬂymﬁ'tbphlum pert of the st,n'tq:rml spigace of the

reces?‘@}f,r}l};%éebd%b%; s[?%’% g h1 ve ldr%klyl\% Ih]e b%\g k’i‘h&%ﬂ%ﬁ? iay%:ranIqﬁed ofa

hydro‘@ﬁﬂlfb enaeeriahing ah sutﬁm’fosttlhﬂr ﬁxnmécmfeshyﬂmphxblqmaaaiaéd by a

I ne S eci , such fl.uo e or |
exhIePIaET 538 it o PR Bt 8 RS BTG ah Bt et
prote&Wé wfategial) ivlich frepeR@hetiyamprdbitsfluid k@liétmﬂl step Qct)lvﬂﬁllsnaﬂlotvhg ionic

r eat ment co tin | e hyd obi .
e 563 T e B L S USRS g
polynldH f8r @@ﬁl@ﬁtﬂo@lﬁWolé/ PBlykigtefS sul fofate ARBinb DSy, thy pi@ettios Material may

ionic flow, ereby reducing the senS|t|V|ty of the

bea %ﬁarrtb(taﬁrgclieﬁ hYPé‘é@E}PCl spgFics) e 35t PEG gnal s.  However

Vapi ohSaldl i8R of RERRCAMRETaMs BBy BPdhlSRd irdthe apparatus to form
mnimse this problem A first technugue is to ap

the body| af agecandpeiys matraialathe gt Ieastieneirppessfarmed thesen érfpoth%l(’t eryelements
deﬁnfn#rtﬁéﬁﬁmﬁér eﬂaﬁ%fé@ ate Qle§ch€ecﬁh %H’%f de%iﬂfgelow ent to reduce

e anount of excess ophobic fluid covering said
el Actordiniztogsatoad n@gctuoﬁthp meeserné inengion, There isprqyiled @ gneghod of

imprg\lérg t}lgéprgﬁn%x%g ]pf e%cﬁ'gaer iff a%gsts'lﬁl%ndu]—é?lﬁ gl@!:&(?&ﬁlsbﬁ)glcal ady

OW ng aqueous sol ution across t he
meast@menty,ghe mtthodr @oesising depoiitng aapndwtise BOITT oD rthefelle@msde
into,the r - e
t of it e 88 ¢ petthnd st S DGl abieplttp itk Bk lpparas
for c&ﬂlutttﬂg&tbctr&plﬁ)}sml@d:at QAN CINRES, tltel‘apparﬁmmpria'ngi atbadynhaving a recess

. eo i on aving a c. nol ecul es, a ded

in AP IoR |oBe PR PURE TR BB & e el B rode.
r eﬁ@lSéSbe‘éﬁJ disbtrea tHabghe bro@fdlrigheoﬁiﬁbdﬂ\teﬂhlyhﬂeﬁ orm)i @erttbésin a recess can
forms across t rece econd tec i S L0

. nmak

imprayf thepreiorpct Olgpe ifdr Fep iR PetERens One

advalidgH i9 R ivptdve thEYeRicEade! sypetfbiinfand¥ dsla stabBle a&pﬂrdd%doﬂ donducting electro-
conbi nation wth making the outer par% t he |nternaL

physiglgeicaleagyrempgis. A further advantage 1s to increase the charge reservolr available to the

electrode within the recess without increasing the volume of aqueous solution contained in the recess.

To allow better understanding, an embodiment of the present invention will now be described
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recess hydrophobic. This may be achieved by naking the
body with an inner |ayer fornmed of a hydrophilic
woredoen7aB4 and an outernost | ayer fornmed of a PCT/GB2008/004127
hydr ophobic material. A third technique is to provide
on the el ectrode a hydrophikfic surface, for exanple a
protectlve material, which repels the hydrophobic
[
oy R Py SR YA OB 5 i
THegnnsaanHWMBwWEMeﬁmaMnnwwmbe a conductive polyner,
| t
OEF %?ﬁ% %Tp @8 o%éﬂxger“?%f?{éec ?LIXE‘JE X{ 191?61 Fa%rf eﬁ&% 1ffe II-1I in Fig. 1, and
ﬂmwﬁ@ﬁ&hﬂﬁﬁhyumkfachpdnhydummm|I|c speC|es such as

W de n [ :

t P nE Ty e at e RS MG R R0 Rl H Bl e e
appar@sifullaf aqeouscondot i ve nmaterial, the at | east one

recess forned therein a t he other | enent s, defin

| W i res el ot A1 RHAGL PP OF 57T s SRRRpaF per an

elecubaieﬁﬁv,al AckeidnbdfidBiorpeagnd aspect of the present

invention, there is provided a npethod o i mproving the

pefignp AAREMS magh ofd 8east 8’6‘8qu$ le%%%l PH conducti ng

el §gtd 9 aPOVSihRLOGH aGedesd TBARIANBIE BhStolithdpRaphBt hod
conprisin dep05|t|n%ég conductive polynmer on the
el et Foend 7opig Mhad 22bkloprafiles ffsae“é“’%lé Rdecssiedted g5ing he

photdBitfo gﬁ |nvent|on there is provided an apparatus for

conductT ng eIectro phZS|oIog|caI nmeasur enents, the
aphias. &t ensd SarpD #1d78 LRprefiles. rerreqtivelycof paecsssdormed wping h
ted wherei n a conductive pol ymer

phomﬁllgwgir g@l’ gg%%lebé?lh ¢l ectrode. It has been discovered

t hE\ig % e cpsoscciiinaly patid ortudSitherecssoinyheeappaatuswith a pre-treatment
coatiS £ }dee in a recess can inprove the perfornmance of

?%éme éctrode in conducting el ectro-physiol ogica

me&gst neameriDs are @sequarthe afitragsesest®ntlopariig) vowenf theaecess in the apparatus

d ?dﬁ ?erfqggpncgﬁl eIQcoathable el ectrode for
‘“m§3ﬁﬁﬂ? TRV PTG PRy ST 000 r Cal " easur enent s. A
f UFighBris acheasdcatiRall parti) viewaf dasecetie tiehppyaus lewing phiral further
avajlable to the electrode within the recess wthout
layers #%@§Whg t he vol une of aqueous sol ution contained in
~ t hBigl X668 Giagrhf ofbi E¥éth@N itduitunder st andi ng, an

enmbodj ment of the present |nven ﬁ%i d
defer 1 vea BY SRfagtyVCd‘FC“thﬁ q JPRTANE fi 1réuWnt)Wlted on a printe
circuft®bfience to the acconpanying dramnngs |n mhlch Fi g.

I'S a perspective view of an apparat us; is a
cr Bigsl4sia e diasmgmiof gn elgptegal piraitAQnraniatingplpel %mgls ﬂtpartlttken

al ?@gld &0 Eral)lEoii the éﬂ}hgd Sbtenlial A8 ‘éur%é?x@i@sﬁlﬁsé #aﬁ‘a dry apparatus;

i ntroduction of an aqueous sol ution; Fig. iS a
c r Bigs L6sis e iaphaf the impliedipotential ang semrent [PSPONSY ﬁ?t # ¥et APPAretHYt

FF ! 1s§ g%?ft @tﬁ@ Xiﬁgﬂ J?&m@i%ﬁ fcﬁ'lrréﬁsé refswnge GH cl&HY %Hﬁlg of the

|on uence of a cross-sectional
mnmpmmtla| vi ews of the recess in the apparatus over an

el ?Ct gé; Cg ﬁ a{' the apc? Ched goqentlnpa%ldf {1&% g?ﬂon@%%zf%ﬁ%anog be> layer of

a recess
aanpmhénmEmﬂégg 6 is an OM i nmage of a recess forned

tgg ltrle ::gglg% ogﬁpe%/fm)@d%g%en'%ﬁ ralé(!g gtgrgg%rg{pﬁgsa l?(br varlous '31 fferent
apparatuses ’
Figs. 23 to 25 are plan views of a further layer in a modified apparatus having plural recesses;
Figs. 26 to 28 are plan views of the substrate in the modified apparatuses having plural

TeCcesses;
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photol i t hography; Figs. 8a and 8b are 3D and 2D LP
profiles, respectively, of a recess forned using
wWEbwvorisshogr aphy, after el ectoplating; Fig. 9PCHGB2008/004127

cross-sectional, partial view of the recess in the

apparatus wth a pre-treat n_Ep_t coating applied; Figs.

10a to 1Ce are a sequence of cross-sectional, partial

View t rec ' t '

Y B P AEEER of e Lt PRRRRE A B3k phor
reces;0SS- sectional, partial view of the recess in the

appar.at.us havi lLural. further |ay. i he body;

FIE 3 Feo st i« ol Ble PR arb by "2 1

I SFig 3e¢ spestsestipndivew dfandthe nadifed appasatand el ectri cal

cir.cyjt unted qQn a pripted _circuit board: Fig. 14 is

a Ii[igéa ﬂ%?r{ﬁ%?' chart °2Iaé’%?fl1%fi SQIF‘arB‘if?céﬁ? &t%’%arpp%rg qeii ri gg

pl MF@BL&&S&I@B&E Sr_ei3|D aﬂdtgﬁ lshrédce proffites oflbreb s Ravifgagaleleofrodehwodified by

a ied potentia nd current response for a dr
elecuﬁ%ﬁ)ﬁ?‘%ﬁs&‘g‘?‘l quglypm?q, ?e%f‘“ﬁfigiﬁﬂmgfo & applied po%/enti al

anglg CY81i§ £RbpK STRRE Cech@bd éh MBkTad PPREARLS havilig £h elébfrodesmédified by

graph of the applied potential and current response on
electrgppngrisatipnrafipAlyPBIole he apparatus; Fig. 18 is a graph

of A% RS aARR I vafcHIRlyRSR ikl to B aQsYef SMHmPhBHING Mfstec@Rs is shown in Fig.

formation of a | ayer of anphiphilic nolecules; Figs.
l. 19 to 22 are graphs of the applied potential and

c f | 4 i ;

ARl B PERR A b e S L RO A o 0
compmisid & swdtratp p af sanceondvativeToaterial pupporting @ uther layer § glso ofinang

2 r ' of .t ' i
cna TR s DE IR ERLA il BARLL et o
belogr aphs of the current response for two different

PR Rl bR Gt St £S5y B sty R exends avous
the fiafhpelagdr 3¢ theisghstra@ 3118 the geepd sassethére ongbe plumhreofsses 5, as described
furth&N9 her nodified apparatus; Fig. 33 is a flow chart of
q od of manufacture of the apparatus; Figs. 34a
anthexpparafu€ 1 Sdthanidciddds 3 W6 fen6 &vhirh @ktiehdDvafthabadg QEHR cover 6 is
el e

bl RGP FHER PBIP T GSFD .y B el Fogmed by

openBig@hFough tHebve? B! THe26wRirfed wa ofihe Slidnibyr Difs féraRe 5% &8 further layer 4 in

havi ng an el ectrode nodified by electro ri sati on
Fig. %,ﬁ)ubaé%,? B&erqﬁvg the further layer 4 could bg shaped to prorx)r?(ie%{(rig waﬁs.

As described further below, in use aqueous solution 10 is introduced into the chamber 7 and a
layer 11 of amphiphilié molecules is formed across the recess 5 separating aqueous solution 10 in the
recess 5 from the remaining volume of aqueous solution in the chamber 7. The apparatus includes the
following electrode arrangement to allow measurement of electrical signals across the layer 11 of
amphiphilic molecules. -

Use of a chamber 7 which is closed makes it very easy to flow aqueous solution 10 into and
out of the chamber 7. This is done simply by flowing the aqueous solution 10 through the inlet 8 as
shown in Fig. 2 until the chamber 7 is full as shown in Fig. 3. During this process, gas (typically air)
in the chamber 7 is displaced by the aqueous solution 10 and vented through the outlet 9. For
example, a simple fluidics system attached to the inlet 8 may be used. This may be as simple as a
plunger, although more complicated systems may be used to improve the control. However, the
chamber 7 is not necessarily closed and may be open, for example by forming the body 2 as a cup.

The substrate 3 has a first conductive layer 20 deposited on the upper surface of the substrate
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An apparatus 1 which may be used to forma | ayer of
anphi philic nolecules is shown in Fig. 1. The

wappazt’es 1 i ncl udes a body 2 having | ayered PCT/GB2008/004127
construction as shown in Figs. 2 and 3 conprising a
substrate 3 of non-conductiyg material supporting a

further Iayer 4 also of nonconductive material. In the
ner al : .
2 ana GG Asa AP RS B BTl YRRy e

underﬁeaﬂlttlmemdsag/mnst&ptes m q:lamtodcem wahlcladscaﬁonaqim l'oweenomducﬂace of the
recess%>< Ilfehtclirtsth é.lgﬁvcm telg 3% e)&gr} A elrétrmgea Mle furéier 1%' lrillg ai tJrf%n of the first
condu5tnvea§yeﬂﬂ)51§ Exposd ahd r:dsrisemteb elcanact I:h e appar at u s 1fu r t h er

LGRSl SRR b i T e
the coGér@sfid tRcBaMer 7 ahe ﬁd’i‘tlbrﬂd)f&he s%c@ﬂdor&ﬁlctﬁmtli}ef 2:91nﬁat€ﬁhe chamber 7

formed by openings throu gver ) | ower ng
constiging RIS T SHeErord R BIRe YOS A covgyR o that a

portioh Bf fik Secord coR@tctiASlapdd 28 kid e&f)éb@& hndcohdiutéswr doh@ét 2sayer 4
coul d be shaped to provide side walls. As described

f Jhe plestrodes ?olvgnd 2Hhmgke lg'&y‘ébg@tagb\ym 394¢pug epljition in the recess 5 and
chambely r”ﬂMl%Qs hBdsQretdaft sTRRBIBIE sifnADEkréds HRYSkr ﬂ-lloff&fnphlphlhc

anphi philic nolecules is formed across the recess

molecylephy eannesgomefipaslestrise)| cirenib?p todhe qantesia2} ad2ssThe erlfrcmﬁﬂ circuit 26
may h%ﬁkgowglg@%ﬁk' {%_ € ¥5Hsﬁlg&109 f<1s 99&1@9{4 nal Qiraﬁt' fgrrb&fauﬁlhg stochastic sensing

e apparatus I ncludes
acrossd lgud bibder fammyed i@ enmmentional gl bmhn"h@stalr &Mleroﬁethod
electrl a he. ) i |l C..
S RTINS LR el BB b ot
electrmelrcyrcmam/:s ocméalsmnl&epleemiasl csotnisigoal dé@loped beteerd timlecgrbdes 21

Thi.s is.done flow n
and 2%\81%%‘& "raai”ﬁﬁ*h"‘fb“t fhPS T jtsnﬁ e |yﬁ1 e%{n £t ougﬂ.\ 5 optge fpeasured
signalFb@ in ﬂ"mdi’pld douldhizo dvalve diirthér aralykis lof thasg@hdﬁm elentrlEalglrctﬁt 26 needs

i.ng this progess, all.y air).in th
tobe gaffcieity sopstaP i r g Ay eiEentE s 2 EbietiBr sy By of
examp1€,¥h @Fenl hdnibaga ptdi€in atight efpicAlly Ib_a@f cugpéatgdll 8QpAsto 200N @ith a 1M salt
fluidics systemattached to the inlet 8 may be used.
solutiqthj s may be as sinple as a plunger, although nore

C afRlid GRlBRnENS, BRRI0RYI22 it!Se dhdntbet TRuSMRs b Iﬂtﬁ"erence electrode and
control. However, the chanber 7 is not necessaril

the cleqtioddl 1% TRAES bis VERIER & RTRDESISEHTBNCe 1By HIFFING! iRt 26 provides

the e1BQQY¥e 24 Bh Abi&idta teHRS LR 0 the BRStrdle Il iich is itself at virtual
conductive | ayer | deposited on the upper surface of

ground petentighand sHprigs the qumstt siged! ttheipledrical fEcutdft her | ayer 4
t Orﬁe*%f‘eﬁ%{é‘% Egg‘mgﬁé h-EE g bﬁ? Eﬁ‘duﬁQO Qf)nnteagd tfo'tﬁesetlecgrQMQB khe&hamber 7

| ayer er neat e recess 5 constitutes an
and aghreged tooiply 2 bias whltagk which offéatively aprisers beywsitheowo elegirgdgs 21 and 24.
of .t r
o T e RSP0 0Tl b Shoy SROAHER Y Eorb VR o 8 LRGN in he
reces§ 5 fos hmpldfipiy dteleleetrﬂcd)canerﬁ @1gmsl aepepomstroan‘die tona¢dtiodesed and 24.
rther
Typw@g%cﬁlﬂfcafrfp\}éer 4 ‘éll‘ Ilz‘f?nﬂgﬁ 8é odi mfp}llg?res gEea ﬁ 5]9% endi ng
unperinfub emlifieestade 42tbinetle tocthaetixarode’2 1 d;oheerts oltiet duerent@fgnal into a
i t he second conductive |ayer 23 inside the chanber 7
voltagegignak ¢ yting an el ectrode 24. The second conductive
| ayielinphi8 aplifRP§igge0 tngdydOombhie thfMfpeddnct@mblifidr, Aich as an electrometer

operational amplifier configured as an inverting amplifier with a high impedance feedback resistor, of
for example S00MQ, to provides the gain necessary to amplify the current signal which typically has a
magnitude of the order of tens to hundreds of picoamps.



10

15

20

25

30

35

portion of the second conductive |ayer 23 is exposed

and constitutes a contact 25. The electrodes 2 1 and
WQ200smkE3£€l ectrical contact wi th aqueous sol utPGHGBR008/004127

the recess 5 and chanber 7. This allows neasurenent of

el ectrical signals across t | ayer 11 of anphiphilic

nol ecul es by connection of "an electrical circuit 26 to

t he cont cts 22 an el ectri.cal c

it 26 . .
nAVTBHTE 9 it RBPLIEE 8 GRTH GET P 2 B aHaRpn Bl T
is pre&fréd:febk t/ertf Srhal PEEfaBragthe JeedbRR BRAENIs 5 €4paditog amivimsdly aoiseless. In

GRS
have zﬁdeﬁ@ titnk Q&Y toGhd febidstity26 rds& 15 1818Braion béfoig-outpdt sailRion bbdim;r 'Yhis dead

function of the electrical circuit 26 is to su
time rpgydegpdueedrtp @rundymicErsecond i rotpd prich ﬁ%’ae%éwgﬁe efgling rate
requ1r§<!l s %Jcﬁ fl{%ﬁerzA %raﬁgﬁqpeaﬂn& AmPHRY i H8mBle B 88 ibagvHAh SdguiRed is smaller.

user. This may be sinply an_output of the
Genem’ésaﬂm@@clmdgﬁagratomphﬁﬁr ¥nuhsisprrled ¢ iheeng|of gach ﬁwh@é period

folloszeg Fb% heL e@ﬂ’\]lﬁje YR %1], tw'l]lﬁlqﬁésggl?{)e ustd B s%ln?ﬁ:ttﬁé &M ofGhtEratioh

be sufficiently sensitive to detect and
ellmlran@égxwélmrsrleﬁtwysmmoh are typically very low. By way

ggl‘shg, )é%%{! grtnl lﬂﬁf &F%%Kﬁl?pﬁ%g& gﬁ&g ﬁ{’] Qfomg%:g?nh%mpﬁlady thle first

ampllﬁerl stuge o2, Tﬂersed:dnd smplmli:r!r etam%airmdes suffficient gainttp crdse tiressignal to a
f
sufﬁCéePtelSYe:ll godf é)r(fe%mlg i ac u151 ion gm{eé{fﬁgr eégljn@g %tﬂ%ﬂ&{lﬂ éJaGack

cess
resist@lce i thofist andplifisr dtdpe 4e,| theinput G/a]tage ita thel Bdcoﬂdiarmlrﬁﬂ sdm 48 fgiven a

. electrade. 24 with S

omiefGPl S0 5ot AP PP ER RSP Bl e bR sons
amphﬂleﬂsﬁge H&h}u&ﬁﬁbv&d‘:@@ain&ﬁ 50 hhﬁ'aﬂufhé sths@mlahngemo 2.h¢.

electrical circuit 26. e electrical circuit. 26 has

o1 56 e gl trob AL Bries ¢ 0 O PP ST G4 FOIE P4 o R Rrosessor
runm rgﬁﬁfopﬁaté‘ﬁ@gﬁﬁf ARG ehclude a@ﬁﬂa‘_téd éhax*dlwaﬁ: YR daBgRquikitiéunit 44 may

fectively appears across the ectro

bo 5 o3 1o PR ENEEUARP b CATPUESH '8 (HEP 20 0B OF 4BI0Rr 17 gﬁﬁ?ﬂﬁ? g circuit 40
is simfply f6Mhdd b@ an 1&91%1? Qrtnﬁ 1e¥ Qup Ef@ WiteLdi g aHidital-foARalog converter 46

recess for a e electrical current s

Whlcb@%%ﬁqlthg aatepl@gtgd @Q’YECCPV\E)P?Q f dher datpes quisitfioryppt 44pnd W%‘Ch provides a
volta%ey&r]ﬁ?bégxmdehm tﬂmdé ida&{d ifstb tﬁfé‘ﬂa& atqutsiG iS4 Frorf sofwheo

r stages 42 and 43. The input anplifier stage
Smulmzv thersizmels &gmithe mrélﬁen qirseif hhjere suppliedig\le daa achgsition qaéh‘to through

muma!gﬂp&ﬁ%pg&“@n&qbtage signal. The input anplifier

may conpri se transi npedance anplifier, such
aslervaBbusc:bmpme of thp electtitad pizduityhay fore éormed hy Feg@rp@(ﬁomsonents or

any o?g-xg cg%/lgornte}x £ aagpmk: a‘?ed 1r‘1’¥|o é ﬁﬂm!;ﬁ %pméoqﬂl?c Q‘ﬁ%t ’El?e%gg?&l%nts of the

OF Texe rovi
electf@tE@RDALY niap be fopined lyy doh:porteuts armiged bya ahntvm«:ltmlt board An example of

this 1&%}% cal E%O{S \%}Pe&eégﬁ;ggﬁp}a%g{es é lé({nlge 3y der ﬁeg c1rcu1t oard%O with

alumﬁhma{ Wirése1 @h&g@ﬁ%ﬁy cOARrA22ad 25 mmrat:ksrmbm tm ;egmttcmuu board.

lLifier. is is preferred f smal | .sign
A chip} “?C@@&B’é‘B&t clspiEipg! cr@ut26asafsn. sechoptled o B Rnied Gp @W“rd%
AlterHinS@lt&Sa‘i)parbtﬂs adel the @Bctrial &Wwuitchady bﬂhﬁ@{téﬁ @ separate printed circuit
anplifier has w der bandw dth capability. However, the
bomq%negrator does have a dead tine due to the neceSS|ty

t OptRSEke thBehé HpR@fudt @bnthey ;Q\Erﬁl 1RsH:RYG, 23k hdvagl aQE}spectlve electrode
occurs. This dead tine may be reduced to_aroun

21, thep dhecdestrisalrimpit P&is modifise ew&ﬁllﬁc@h@eh&?@ﬁ%@e F’F‘P]t‘fifé Gircuit 41 and A/D
convéx@qub Td?gaghaetle%trode 21 to allow acquisition of signals from each recess 5 in parallel. In the -

case that the input amplifier stage 42 comprises switched integrators then those would require a
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required is much higher. A transinpedance anplifier is
sinpler if the bandwi dth required is snaller.
w@enenz7By, the switched integrator anplifier BUL/GBR008SH04127

sanpled at the end of each sanpling period followed by
a reset pul se. Additional F ghni ques can be used to
sanple the start of integration elimnating snal
errors |n e em The r

sigiaoBP Byl b lind P S R SOF RS Bl R SR o i

control kystin iampbtichbhveniestyagefigized onTzhﬁml@mmgnadmabipJfgatfe%aemy d¢vagdFPGA).

ot T T T W
standaddédmrihicalién prétoedtpl.€ UsBtand EtHéﬂBMN f eedback res | st ance

in . the first agplifier stage t.he
t Rig. SEeoia SanpIo e ogoh O s ccied) reuit RApe SRl ok fptows
The re‘éb&ﬂ@é el@hrolidi@ 1 0F e BpﬁfatdsQQi)e%onﬁédtdd tb the@fectriogl cartwle26 Wfan
50V, and in this case the second npllfler s% g ﬁ
intercpRpg¢tion Sésfopexamplg sheplypintm WWS?&P@% £ REteEFHIuY, @%gf fn the

arrangeﬁi@&%f P, 83. Mthe dR&iON @i@éu'it'Z@atlhe thﬁlf-ﬂér tirotfts A N@h BB red in one or
dat a acqg uisition unit V\Ihl ch may be a mcr ogr ocessor

more sagiiiengheir CARBPRIAE BT SHEREBS TR Todes 21 may be on
separ Hafrdi S nRAfpiNRd ﬁ)getﬂ}%n%sﬁmé‘ Citrthel | THeQ)ﬁ?Hﬁ'o? tH dné&¥more

e a card to be plugged into a conputer 45 such as a
amplifierskips po are stpppiedbyja thed\/Plepryegersid to e prosismmableilogiadavicg§7 for
recelvj\ll\rnlsgttﬁé ﬁB‘laYoJ &Fmgﬁe‘x RPe )laﬂ'l:f)ﬁertg hE}Queas'I@%fs ffrloﬁlr an3l ?a'?&t{l@ﬁjavmg 1024

a di al -to-anal og conve
recessak) nlwrprmgmrbdal@]oglh @eviee ﬂsnllghtemedtedewmed efrthegorgerrof 1g¥¥Ibits/s. The
i.tion | [ [
progr angfl?bg glc 58/ ependt g%t‘}l%%l e c\gg 18{1 g@é % oﬁ%eﬁ%ce’ foa
computadt 39 taclmpplysthé $1grmlslm the cdrhpdterchh ferostdraggy @Splﬁi amd Iﬁaﬂieyanatyh'@

ts | nalgt%%ef tﬁ% %{ﬁa@ﬁ? qgrgay (l’)g :elgcrl%g & lr'%xbad??' cag@loredid? l?nter?erence
anadriogs inarerikdlgiot the componertt ef théﬂppar'ﬁhxs 1wal how be dioepsedTittesnaterials

of the elegtrical circuit. 2 be .orned separ,at e
forcog BB 6 PRraity | 6 e B TEROREr gy S def [ Bga Pegomponent
to fun'cmrpcolﬁe&@rﬂﬁﬁﬂ% SferaticRHltGE 66st &id Iﬁhnufﬁbtﬁnﬁg)ﬂﬁﬂﬁ@@'mt sre@fso considered.
he el ectrica

circuit 26.nm formed by c en
All mgieral SheuIAgs SROER IO ET MG SRAE A BB hindiing, and
smfa&@h&nﬂaﬁb}émohcﬂnﬁoghe shidse¥t@f Bydis.t he apparatus 1 | S
bonded to a printed circuit board 50 with al un ni

wi Fhegnateriaofripresbstiags ¥ i 6PASEHI PEVfeAdiEdd SIPPoFhigr i rqrginder of the
apparkfu@¥f. Kishe Pl ik té‘l@o El{dsé}lt t6 gro%d@ Q tigh &%ﬁlge arfd 160 bzﬁaa@i&nce electrical

I ncorporating t lectrical circuit 26 is al so bonded

insulation b¢tweqr adjpcerd eleistrqglm 3 \blafaﬁh?r%e plaral escesstsi Sy Besyiblergaterials include
6
w1thoﬁpl[1:)rﬁ{ta%ghl j)oiyseg[&g(séﬁg a%'r : nt .°}’§’1§? ?)'1J Egg%d glﬁpéﬁnrﬁtﬁde or silicon
oxidecCEgexdryde, tluerﬂabmapanaatcomplise@@dtcan wefeptvith atherneadly gravan axide surface
lave each having a respective el ectrode 21, then the
Y el ectrical circuit 26 is nodified essentially by
I €ilel mAdriahof thdfurtherphyief 4 @ ircthe genetal dasd_la&ew) afd ghosen to provide

B e SRR PR bR B g o
when| tﬁbr& hre phuadl eectRed 5 bé’tefed:rftﬁuélecﬂﬂmésl Xiaed 24 bﬁagﬁacéhz recesses 5. Also the

npri ses mntche inte ors ose
suteg g g SR AP STIOUB HE PTGy B D eaig - coaing applicd
befor® aﬁe@hﬁmqmslwésed sdl@Nahd amie isals sblﬁﬁ&gll’oaLﬂﬂy,&hfgﬂt&b& layer 4
gital control systemis npbst canvenientl

should g regFPISaIbLROE! 1 OBA B BBV SE A ESTHY P FONerpgeadthe first

condbdiTEYer anar@qgéutld B sufthifte foPSabs&nt bteRBR bathe cover 6.
processor-ll functions and Ioglc required t
i nTeg ﬁ)ﬂ@\@ng\,}staﬁlst of possible materials for the further layer 4, together with thicknesses
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standard communi cati on protocols i.e. USB and

Ethernet. Fig. 14 shows a possible architecture of the
we@k@enrizaal circuit 26 and is arranged as fol | BHEGBII98/004127

respective electrodes 2 1 of the apparatus 1 are

connected to the electrical ,gircuit 26 by an

i nterconnection 55, for exanple the alumniumwres 5

whlcl'é?aae ng suclcgss#uﬂt% E%Plg% rdcel){%%n%ggh th %E?hetseht cﬂlge%%pg ?xte ngf limitative:
photo€dsisE(df BE8 4hckoredyt ob€ydlatenepdith vﬁm&y off thlﬂhfcesea rpp]ycafrbcente 6um thick

chips 56. i ng, pl ur cha The .si
fim; B i iek e St Py Bt G paa pe ey gnd S0k
thick Gfm; b I0hBXSchetfDEE e Blagleardt18 £m Sidickeand IMuG 6diLital 3$)8n; or a screen-
outputs of the one or nore anplifier chips 56 are
printed dhiglacficdnk i o the A/ D converter 47 to a progranmabl e

| oQdvantdgLsie s&?acfeﬁhclﬁcﬂﬁg?ﬁy iR GuiehfostugREd of Bkt KOAE D around the recess
channel . For exanple to handle signals from an

and (shraruiar part RERDHE W&”E@) surfapeefdhereecss § peenstingfromihe Fmeefitsgpeess S are
hydro%ﬁ(yﬂl@ §hi szs‘i@tﬁh Ehe%%ﬁﬁﬁﬁoﬁﬁe ﬁe-%@ﬁ%@nt‘%aﬁn@ %nd){hgﬁfor@{lso formation of
. The progranmabl e | ogic_device 57
a lipi¢ bitayere pe@lpamcaﬂaa [vay i a@hlfem:tblssgto masiify iesmyriaces bmsﬂuorme species.
t -
Such s P AR cs g AR Bharh o PRI shiftelogRa1de o Rorine
contaiing lyyer.SThe Buerinegpesiss it trefcraplyanacantzitingijudyiae eadishlssiag example the
ar ada rf.er 0
mocifiligh P ke f3H%eq 13 deBAS e b Sl e DRI graml o CF, during
manufiewrdde di scussed. The nat er ials for each conponent of
parat s..1l are rties required
EL) u@“i’%%yeés oﬁégnqwq ﬁ(e él cu(s)gr%d g%?‘r}ect l'y during
o pElﬁeahaterm ofxtid eltdmedcsc?standmd shasaldqirmdewmlelagtrd:chemmg}hbutrode in

are. al so consi dere mat eri al
contagl Gt BRSPS LI Oy R B e PR o] PR R S APER b flabe o
the pféa‘lgbdﬁﬂeﬁgcoaﬂxligjanﬁ delfeaﬁsﬁ‘éluﬁ&mmhlb hatevikltdd tHeeaddintgr b£thé ddductive
subsequent | ayers. The eria ups te 3 1S
layers AR GO B8 neee PSR 6 e lsroadRb ) tiar Feli prgdes
electlidd®cRARRANRE B8m the eldtBodBictht 3dntdcs 22|26825 TBS Efbt Eddhductive layers 20
provi de a high resistance and | ow capacitance

will hociseapl bIE AL R BTGt hadh coppeftve Y e8Pl 1 Tfigs bpcopstructed

with PRED o@eﬁ%ﬁ;ﬁnﬁlﬁfa@nﬁfo@!&n SpFDRiaR Surbace E@aﬁ&brﬂl @ne”ﬁ%@ﬁflé ﬁalat‘énal is
I'nclude wthout limtation: polyester r),

platinyme e¢rted Wi sjinesrat the pres pxrjogegrio thejtest %ﬁlomatl(? ihE'éSﬂ"éfr Chlo“de formed on

top of Jchle sifR mgllﬁgmaé%s i ﬁfé%& coﬁdtlaléqgéi mhau&eaammmgﬁﬁa%en

1 con er wt a t hernal y gr own oxi de surface
Sllvelr/auyer chléﬁde elvatraieiin; sibfer wileorf withobies surfagedpyes, fprxample phwlver
chlo%l}g %ﬁlgmgg]}/lgﬁ §1) of 1ver ?U&%d% I’1}01'|tm d B? ﬂ¥6 aﬁorh ?&B ‘with or without
e an Oow capacli tance electrical 1| nsu
redo)baiupkeem sdhktmneiblanmo;désor vithowtmeloR 4ouplaiinablation; W@ with hmhenhout
redo7gl (Ef)uggl i a(iqlét}:orgfgo?tf ggaﬂees D eh}vlvg?eatc]edt\{/‘l ecog%uc#weo do?yr?e% te%ctﬁ)rggte or
platiiiut élb@focheyielly %thlﬁobﬁacﬁbbe;mlynﬁr lelectsdlgtbl Rosditsié mateoals for the

et Bt S DTSR o R SRS B B A v i
orcm@ﬁﬁsle&sﬂ\khﬁré urther |ayer 4 should be mschanl cal | y

robust in order to maintain jts structuyral nt e

A dOBBORsPiSE X Ple REMS theybitaerh Reerstiyen angghe Siilive ayer 20

bemgb%!aﬂcogﬁu&di'(&ﬁ’mlﬁl Jr%Bly&H&ﬁﬁ%bb@ Rfe pdbf ﬁ@tﬁ&ﬁﬁﬁurﬁﬁ il M'@licon oxide
cover 6. The following is a |list of possihle materials
insulpiing layes (84 pflp&wplngy@rplcgpdut:t@@@prp@pow%:@ology) the substrate 3 bemg glass

and thOL&GHDGRS @@mo@gm? A6l BERGtSY @cC% iYal 0P R$8H technology); or the
experi ment al t hough these thicknesses are not
subsiratgP ﬂ)glpg qgelymenc substrates and the conductive layer 20 being an ablated metal or printed
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experes gl Apossh Iees GkTeaRaaregt linfatiiersilizen

phot oresi st (eg SU8 photoresist or Cyclotene) with a
variety of thicknesses; polycarbonate, émmthick film
wWeB/07HBd t hi ck film polyester, 50mmthick fiPef/GB2008/004127
adhesi ve backed pol yester, 25nm and 50nmthick film
thermal |am nating fil s, Zl\/aglcard 15mm-t hi ck and
Murodigital 35mm or a scre ﬁprl nted dielectric ink.
Adv nta eous] surfaces in g (a) the outernost
°°“d‘§f§’F? %W‘ﬁé%&?bﬁosgﬁﬁ %m#ﬁ’éyr}recess and (b) the
0 Ul't@rreq&&&helﬁsf fot the mattkiglr ol dtle courr bateto bé edsﬂﬁ attaeh@kste cteate a seal for
extending fromthe r f the recess
the chpifo DM < R P P S B R R WRAT reuqeRg soluion 10. The
fono»ﬂh%%arte ﬁass@tbteerﬁtteﬁa@satdgaﬁeraﬂdl thibleeskowRichse bé@rgnradessﬁmywtnployed
ilayer. One particular way. to aCEI eve é
k) nglthck

polyeEtE#@@tnﬂﬁh§9Q§'P§/ﬁ\dA§ac?ﬁM) ¢ Sttt De/ tﬁl@l@am e of m)dl fy| ng
hé surfaces to provide a fluorinecontajning |aye

THearRREE R of peeylasung thy apparptapl Wilbeeey bestitcipsss rttj,; géneral terms,

the lag T gdngtg,l E)@Igé)fQﬁé sbparafal 1 @%ﬂ‘fmé §ndt43§y 108t yCakiey of B¥hB&. Three
ve y treating the qg@ﬁ/lththafluo”ne

dlfferpmté‘Matldnaq:che()dggtfﬂ whiegh l@pea @enmaﬂlpﬂagq lgminatipp @f polymer films;
pnnte%%r}?ﬁ%d Jm%ya%{urc'e \%qa)t'r ﬁgl?regﬁut%l sl)ld&q}% r ?orglbﬁ&]uﬁlﬁ %ﬁotohthography

ermter lectro elean
usmgshmmhwaﬁorswvglds an el ectrochem cal electrode in cont act

Wi fh the Agueous sol abl i ng neasur enent of
Iol\>vII P ,ammalon Sgnsbjs%l othQﬂ e to the

pr Ehet subshitateeSrit a 250 thgk avlglester steotdydan), atd the fifsh confihaive layer 20 is

mat eri.gal of the. remaj nder of. t. nqduct i v I
deposétﬁé E&%‘%ﬁ SETSE %5‘“—8{5% mhl r?s(lelﬁeer ccéls?gg? flslfc% ?chmic dgesm%yoq' eta% 9011 or
vapo! degdsitidf €pullerihg an evapekhticnl). Sihe further ldges 46d therd lamnmted onto the substrate
conduct ance from t Be el ectrodes to év? contacts

3 by ejther: ¢pgessurg- %‘Slf%ﬁﬂﬂl %sevevaet FW ¥ gctlé(ate Sl‘éﬁ gBung’gCté%?/gtnsﬂver/silver
chlorhﬁ ekl dg%ze%hﬁihésh@ gﬁlﬂfeﬁ ARéctly aytiie &elzc-ﬁﬁtﬂoeffﬁél thtidative (tef2yred © as
an can be constructed w ur over
palqtfaiféﬁcgodéﬁ d/ Bie 2aFap Bribpitae gaygh‘i ﬁhafgfj St %fffﬁeéﬁ% ‘S %‘r?ée% with 3-
100pROEShdURithB betoter aft& 1hiAktion4sMhe 6QBERE 3 BY Eithesi élééﬁfcalailscharge

the area exposed to the test solution and then silve
(sparking), p1 lawer ﬁ@ﬁ% @féﬁafﬂdﬁ)bb?n PpEcEsplidstate prfeQ; IpjeE An apparams created

by laf,iw[ﬁ!. E{)ﬂ &{p%lyﬁ'rﬁf filnR&ombtinds réR UMY BotaR YRk Ctdp 6 hetflte the

out Ii'rmtation: Silver/silver chloride electrode
electiodés; priot fouse. Thie s¢orrt copfluctivaitayes 23 i fpared on dgpf the fyfther layer4by

screegiﬁﬂm‘gsg?é‘ (%owelj 6§ %gﬁl{llteqrdnggp dsf MSI}Pé/ seflligy dd%s?@t I on or

| uor uorldlsatlon ld with
or Awniekdnaple ofraem@xsscmwbtyelgmhotsbthmram usipg sitieomva ws istps épllows.

r egﬂ E)stra ﬁd'aols 2508 | ﬁ%ﬂeﬂmﬁ%nﬁk aﬁ@ chIQ W tl“ﬁ'e %ﬁoﬁﬁ&c‘ﬁ@é’ﬁycr 20 is

0x° Cou I'n"so Fect réchem ca .
formediat gdid, Wl\teh, chboridisat silver, ndamymmr TED éqtosltﬂdym@ thegubstrate 3. Photoresist

untelect och co te
(on S St P T B siptret 3 RO the Ml RPASH Fhd MBecs 5 i formes
with GA00uE iavetel By@Mmorad of the bhml«iremt ﬁ"dilmwhngl U‘ﬂbi}&bmre nsing a mask to define
ilver/silv r chl ori.de elec ilver

the s GF PBFSSER SeTS Erompe P Stk e iR ol Finefhyer 4, o

exarﬁﬂf@ﬂg%d&en HiRing USRS bk 6 1s'3arbfhht8& op tob luﬁlﬁglpxaﬁkdretsbﬁmve adhesive.
conductive | ayer 20 being 1%@(1 conduct gll ffusion b
or oYLyt %S@ﬁtﬂW%%f Pa?cessgaasm hesaase Ba ?‘ts,%‘ f pppgratus to be

formed bih §68bn@¥ipd Bsihg\EaaAt isiidorl WHBY préRssthg tethhlBgyt 3hdintaddrials.
sem conductor fabrication technology); the substrate 3
beiThgclgetepges 21 and 24 will now be discussed further.
For stable and reliable operation, the electrodes 21 and 24 should operate at the required low

current levels with a low over-potential and maintain their electrode potential value over the course of



10

15

20

25

30

35

and the conductive |layer 20 being netal conductors

(e.g using typical LCD display technology); or the
weuwsnTAasL 3 being a pol yneric substrates and RPEEGB2008/004127

conductive | ayer 20 being an ablated netal or

printedconductor (e.g. usi 0?7_typi cal gl ucose bi osensor

technol ogy). The requirenents for the nmaterial of the

the mc?ag%eracﬁlg rﬁsélétger,fge qeclﬁgggslciol r%xg :ZE %}%ﬂﬁqnt%(ﬁlugg 2{ rﬁxtnﬁﬁlﬁn §rﬁ§\l.nt Bﬁ{mse into

the cuftér sigh2 AR o3Ebit naeatls fig tendectrbées am aabsingodeuwithont liitatigive
her.w. th

s SRR RSB BB b shREF IS gy o v

chlorl@@(ﬂaﬁﬁdd@mhlahhfj!anoa lot bifsilgdt fhlhﬁdieefohiiﬁdmk mhslsmgtlan,egomomh or without

limtative: sjilicone rubhe hick; . .
redox Pl sl one PSR IR ™ GPUEA SOl o B8 TS Pndipout
redoxt;!supfdﬁn sofatidnd pilaBRin 198D gomalewoaﬁénmau@gozttbtewﬂpmﬁamus polymer

wi |l now be discussed. Ipn general terns, | ayered

he
electrfelwﬁsctr platiny plegfochpaicallysasied Wih qonductive pelymergagralxey 1o
f @i103rkYa oM 3hdid fr AF nARLAH Slectldie £l £HidRI BLERBifficult to incorporate
fabrication technol ogi es which have actual |y been
in a sitigyp| adel meapafactiiging RTegerHie &3 tpERdeRey to pRdeRgo, oxpiation eiFxposure to
light, Gk 51‘&1% ght ?J - Shu B A36H WiprobibR i1k ﬂ(&)}sﬁ)ﬁst@ i RS B qs;faratus

formati on and phot ol i t hogr ap using silicon
with aparfegtroondyctivl maserial fog Pé mdvpl ie thefrecgss) andithratchenge Hiesteacs typs or

Give b Sk RinekiRRlans si 1

v 0 U ol BRSPS RARELA SRS PR

electr@twpmsa&udnba}ec@lmmlatms,qﬂa@mn rrprhfmtmgclsnmoabqemlpn,\ped other coating
hl ori de,el ectrode i nk; adhesion of metal foil; or

meth(\ccll% Ol‘JNrn"atehﬁggtl tion (sputtering or evaporation). The

f \Bléchreplatirayod silver ingy bdahielhalyton asaptple nsing 4 mediSebwtrsien o t1: method

t.her r t t
or ol b, ErBR R G TR P B Py Soblots nd
Actuatdit Bni4@oos)k3a4r. htepladﬂrmluﬁen parapared byi hddétixnl of oamg of il nitrate

dji el ectric befo nati.on ref 0 as ai.nt.ed
to 2058 QL AR R R o S TR TR AT PRy P g he
insolfb® siferlokide 206 ﬁﬁﬁmﬁtate&h&foﬁﬁdtﬁﬂ oWhE BiabmiteGan cdinﬁ]ﬂ’ﬁt’l&lé solution is
ei ther before or after |am ntothe uhstrate 3
slwaygredh o AR DR BEHTESITCIERSc AP gL D 5 QPRI by SPyggpnal

equlp%ﬁtl édnﬂéltmé 13 eﬁé’tﬁﬂl@ b adite @fﬂh&% @hd‘ﬁﬁﬁng aﬁﬂitindm?clea{r&ieﬁé’ used as the
| aser. An par atus created b [ ami nation

anodgy Bvr;pmmpl@ inhecasepkisingen Peejentiogss, Arprensl ot baaY appied o he
catho?_ itk 1% SdeRin gqﬁelﬁ% gr\ﬁffi‘ﬂdepowﬂﬁale\lvﬁé?éaﬁ Wtﬁ@ cdRE bPYlatin@ oH A&

e second conductive layer 23 is forned on top of the
electrbdast thepoténtiplis held py-048Y é@'ﬁh TRAPPYh £q gTEundTA darged gharsepf |551x103C/m has
[ h
L g L S R s
eletrcrde Itym@ﬂymmgloéthlesr@soifﬁﬂbl ows. The substrate 3 is a

i Jn u C nm\{\%fsl%h "i"a&n%dﬂg dgs)%:lgig to dalég e@eclﬁ'nﬂéaﬂly gé'nletrz;m)ﬁ o? e §&ueous

f'or e
platmghblaﬁmdb stecbostoth wethe rqpbsatSi luthe @se tllﬁi(ﬂlﬂ:ileméus odngirfram & hedurally

o SR i OB P e WP P s

desmi'bﬂ’}CtﬁS 8egteel of hf/di’b}fl‘iﬂd:ltwlciﬁ’lbeﬁndr%mﬁmea metheds thicliervhigibre af follows.

he phot oresi st f exposure, us a,.mgsk to

A Sy B SR gP e e e Be e SRR 3 i
surfaS@i & lita iy théib/rﬁxry of ale|p$ati§1@ EdT@tbnOA sécofd ekthbde ekposiire f the layer 4 to
| ayer 4, for exa reen printi The gove

OXYg?%Pl?Sg}ﬁ%héthYﬁ‘FFstﬂ&ﬁ“‘ﬁ%riah@f il Eieiremonns b gt eroups.

This E BucRPA Wil Heﬂn@d HyRophllichnd Yot Rffaddl AGEESmétBodSik BHdf @@yl to the
ecause it allows the apparatus to be
plating solution.



formed on silicon chips using standard silicon wafer
processi ng technol ogy and materials. The el ectrodes 2
wa22@ob7284 wi | | now be di scussed further. For seEbGB2@aM04127

reliable operation, the electrodes 2 1 and 24 shoul d

operate at the required Iom5§urrent levels with a | ow

over potentlal and maintain their electrode potentia

% ve A

el ec t% {ect?lag 2fR gﬁ 3509{11(, ﬁ dnﬁ%t%?o gpﬁ&talsfﬂ%}oﬁ%%mfa&eof the
electr@h‘ﬂ&ldﬁSlr:ﬂﬂy umnvemd itad leelitléy én orderrfenthe slleQm&ib 21 fdfgmdtiph efficiently as a

.materials des ol B 34 |n
providi YIS el PSR D RPPE phet AR vl Bhifge. sip e
convetsith;of Silvey @rsilvérichlofde el dtivelly sﬁalglufofmé td a;jmlve, fdr@xample by
xanpl e of. s hlorld fornmed b
ctctr Gy SeRagaR o 10V RIS AT Ve sperird Brhie ey ot
potent@d1ly\bbirbkdkétacidedich rﬁa@'lzhlfﬂeﬁ then;uffﬁﬂeld:bndiﬁon (fﬂtl&t layed mindluidh asweeping
| TO wi and w

t hout_ redo ou n I t
o o 9 LRt S Qi ot P o
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21n1§hﬁﬁ&&ﬁ69ﬁﬂh&ﬂbhﬁm@0ated wi th conductive polymer
electrol ;mglatlnun1e|ectrochen1cal|y coated with

c el %c }mﬂg F the halidisaderyie Huorgie; Vg chpige gf iogige has the
mgmffégxg'aﬁ@anfa%é thtahtﬁe HRtEfdoRtle Bfer @hifbd foRARISN thebarBder?A nitdification of

difficult to incorporate in a silicon wafer

surfaona@m araic(bmﬂ thegbqéy 8 demakedhran bysirephgbie.as diserssediabovgnBrseywople this
may bg )ﬁ&lgéueh ﬁ&rg}na%ﬁﬂgﬁféro? tl'quR}Bérg&t ] b}aﬂréatrﬂé?lg ohhgi;bdy 2 by a fluorine

enper at ur To avoid this problemit is posSible to
plasmmwannlen p EFt plesmap Pais iteffecting tomerhfyi theeyurfages péithe bpdyel, particularly

‘1n the cF'se%l'Eat ﬁ‘{p 1%)1%94 Fta é)%{)tofae‘ﬁlt Sll&l 43%8&8 ?&1?%5 a@%cﬁeﬁ%g@@@iﬂ ge

roperties o i nert conductive

hydropiadbaitly 2 supsormjpe lﬁfafmhltaniS)f B stebla dipdillyer. Atdhe sameitime@xpagure to the
ﬂuorigelf glgﬁtn%lo oh\g({ngs%ﬁameﬁ%e t%uie glg (%ro\ég@ { agnl o%tc] la lergogin[egal ﬁﬁgn 8

Ot"hﬁfe Witlabivibg dtratskudd&nkpmmblelarlapleh&naoﬁthe Hearotle Z)Ipllnalhel eggss 5 as

be ac i eved, for nple, using a
lterslsgs 1o BE 07 & TGP AL A WEHOE B Pol ket ol
" AHeABCIrodEi 20 RS Ibe Gk&tﬂﬁﬁﬁnﬂiﬂlltyfqudif&ﬁm/ éngd thb !;drfateytyf)@ fThis allows

m crofl uidics” iors and Agtuators.B 114 (200 %
use obadgitiopal maﬁenalsaflﬁhrggo B RTPRAFtIGS DU bROgh S BEC BYPORR Yo &9l
Possible éleétﬂ)cﬁénuﬁéﬂsﬁﬁ%ce RollifigdtRnd Bcld@vitiut lthﬁ{BHDﬂIvaHlectrOplatmg

ydroxi de solution, This is rapidly shaken to avoid

Clectfp‘f’l@é’ilcﬁl ehlaridisatiosrofstiversicire BoRabIeTisdtiop of 2 BRymer Polyrdectrglyte.

f aﬁ}‘ why Hegriied @xaﬁﬂ[ena{e'pg&ﬂ@é seﬁﬁlﬁ‘qcéjbﬁﬁmlf'@tl& 1s\Rdwn in Fig. 4 in which
onpl ex. The solution’is always fresh to avoid fall 1n

a coamaﬂ o gileet fsi fem@d@y theFisatrgsie 24 iforgnes! o grdd provlatmgm By iclggtrochemical
b i . i | t a
depo&t?&vﬁfézt%ogfﬁlhé %yggﬁﬂ’;be 5985‘:%%{ @th/t?J@z 24 I{Io(fj?mfe{ Na,S ,05 at

using a platinum frode’ i's use
-0.48¥ sisinh e stamdndbsingtoliquiddangior Aighhath eefererre elsbirgsieand mplatmmpgounter
el,egtr
electrod% E\ gzﬁ %huf‘l% {gﬁg&g#é g‘;e}s ﬁgmﬁa%?d dfoz? Qg(?%duﬁlgh i ert)glﬁon time of
aboutpﬁ@t et abaht; 50l ehegespaissad tSmbseqa@ely efchlptidisédrigyen 8 Bformed by

t [d at -0.48V th
Chlor% & r?ypfc(%n)@?tlljﬁﬁn%}i‘rq argedtﬁ%rﬁgrgeaof 5. 1x10\:/’>MCVer has

beﬁﬁbtﬁ@ lpﬂﬁl‘tﬂﬁmtfhcteﬁﬁidhﬁbaﬁ(m i§ esdpply ai donductivd podymer. The conductive
dep03|t|on

POl GRS FOBTRT G BT TS A A< e PO vl pave mobie
charg@ Qarrieds"TRRdallP buth AGorsuertve pbiginengill Havd: Sbateisine &bligg detocalised
achi eve unlzgrn1 penetration of t ueou latin %&tThe

electrops Whicl arecepaplsof ping atfhatee cBers 8‘§’§’ éhen eﬁéo ©3

condﬁcﬁ@& p&lgxﬂeﬂ Ae dfpddSo fnBrehdR Gs kot tavity fotléxabiple by a redox process or by
bic material (eg SU8 photoresist) and in qQrder

electqoehe@ﬁ% Aeping Spitable cméueﬁlwomnemeclv@e%%om limitation: polypyrroles,
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desirably the degree of hydrophilicity can be
i ncreased. Three nethods to achieve this are as

WO a00v0%s34 A first nethod is application of a |PEI/GBR@S/004127
the surface of the layer 4, so that the lipid acts as
a surfactant, facilitating_jfie entry of the plating
~solution. A second nethod is exposure of the |ayer 4

polyaée%rlé??éy g@l@thm ﬁéﬁ? P ﬁelﬂ l@ﬁés' ﬁ@}taﬁﬁmégjﬁolmlo?ernb@l of the

and produces t)’;dro hilic functional groups. This

poly (brlladihisgbens v ST A LB b HobRP e o P A a e SEISES).
polylréo{ep 51%‘&'1%1139 %oiﬁth&l@n&%qyﬁ%%% aﬁ@potl}t@arﬁ)bﬁén&ﬁge vmylc(ene)s

ere the electro I's made of Sil
i Kihe @dssiblevondustivepaymertiseepabypyaple suhifhapey kefdopeds for example with
[ 0 der
o LRI BTSSP L, O bR ot
electrgux@lriiggem aqﬁeoas snllatmhef 9.éMaryexke- Qﬂoﬂ\éptblywrcnel mlfmmmﬁ IMKCI at
+0.80g§7 @A%@ﬁrefg née cﬁ‘ti}:gr?g dTilC esfu\?%treﬁ h"ﬁ fiess onl yamer gif 051ted i 1prn at
30pC,Sl:IaI§eEﬂll ogl'atafssmmpﬁdirdthiwwﬂﬁ]/nné\bé chafgﬁrpr(&baeﬁi]alf&mbﬁthlchless around 0.1um.

ectrolysis i sol utio r.oc ric, acid

The PR PRI FRSESHBADE SO l%fv% e s 26 i stgrene sulfonate

pot enti al corrosi vergei d affect the

surface congi &#iP8n of the |ay 4MinclPideea) sweepi ng

vol t ammet r? in 3M sodi um chloride’sol ution, and b) a

chem cal etching by imrersion of the electrode 2 1 in

SOrM ferric chloride solution. An alternative hal ogen

f [ oo '

¢ s plfanfie bRk e polfil ipost i G Bl Bllode, quch e
polypfirelodépde Whthyelvstmame, blectfqpphmdnsed ohtegoldanplatinump iste improve the
electr(r).ﬁ)eks!egelftﬁnﬁan € zﬁ mﬁfé ei e fgr dp)ongucggéeggctrgglyts%?olglé:gpﬁéea%urg?ments A

651 C, I'SCUsS
furtherr hdvantageyis tmenﬁcdse éwehlarghmesmgnmmlwo}mo theeleotrodetvathin the recess

wicno R By e B S B ke e efa e R e
generfidipplycable @vhSrUécfnd@c&ﬁg ellecttdphysiiopical mefaretnents Lgitid 3h dlevtrbdein a
4 is a photoresist such as SUB to

recessgg@ﬁé%glgglet %ﬁ/“eth? apPABMEd- of hydr ophobicity to

S L(}&B&raﬂvafnﬁgesfdl’ LbBd 4 edhdadtiva pSliaéd oa thd dcttody 115 Ge. ree%ﬁs 5 of the
sane tinme exposure to the fluorine plasma conve

apparetHSel feluds b f“et“ﬁblné’lteé‘é? FRtRe! of the hydfaphilin nefyief thC&if@FO%fsurface to

aid wEBALdf thd d1Qkrb8surfIialyqheMghboud BN GolttichGind §1§ﬁlla§9 Eﬁventlon of
possi bl e adaptati ons of the el ectrode 2 int

bloclqné@étbé elsctgpde by the chepira) @e-regtrpaneprips éo bikayey fPll“@BPIP ne

ﬁgcsmaaaﬁd g §§ %ﬁld ﬁb%?&ce g file€ l)%te&ﬁgﬁe EledirdB YnoBfied by
el ectrochem cal | o change the surface-type.

clectrapign A ONS DEPSpIegBatskIEd hproftieRy e thighnpss @b Sldctinghémically
depo%&pgoq%‘flér?’ %13'%9 lg‘ ) F)@Lg g F@;@g sl h&? ! thpsaﬁll%nﬁ%c&@%d%a ean array

ectroc em ca cations 1nc
of recesstdrooeifiddi ‘tmeieatrq')wﬂyrneg;lsatme iof gdlﬁ[ynpbmhanggl;able lipid bilayers and single
ectroch G2 chloridi sa of silver;
mOICcu:l dé{ecnon (1 vy rdle’s( a |fr8 is lg?erteé Br%f%mn%) ' pol yeI ectrol yte.
ByIn\ahymbnfduﬁmst, e slteenatingloche ermmdpositiedayse2fie efermbn electrode in

t h h {i
e RO P BE bR eh P 5o 6014 Gt e mPpoyhh ¢ thoriaised

silverQfited or pI atinum by el ectrochem cal deposition.

TR BTl KB R o P Bl R e e a ety 2 s

been sdna@dt@ dsing @btital MRRESsEHY (OV)AQSAningRicRfr@IGRIRERG (SEMYE, addBser
pl ati num counter electrode. A typical thickness of

Pmﬁlt’ﬁ‘é%@*g? ing 37 is estimated to be 750nmwith a
depps b khdWR ah ISERI iage of a recess 5 formed by drilling with a CO, laser in an apparatus
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about 50s and about 50nC charge passed. Subsequently a
chloridised layer 38 is fornmed by chloridisation,

WO Yo7y at +150nV in 0. 1M HO for 30s. Anot PET/GB2008/004127
possi bl e surface nodification is to apply a conductive
pol ymer. The conductive poly, ﬂer may be any pol yner
mhlch i s conductive. A suitable conductive polyner

1 formed b h %Xaﬁlorqggéo)lrﬁnee? Iﬂa%lgrg Swi uBéeﬁﬁ%t %1%% gdr%fé)ﬂhg é\?glac%lé&hd@charge to

CcoO n
actlvacbah@dedmodelﬂ Fhemagoillestuatds tiat the geaugiaioif thegéoessch1s pepriyslefined
using g’ésnr&%@ch %’[g {1011 wi L l(:(())nvswldﬁl%b% %9 ldXIHF éﬁegegfo%gtg %ﬂ'ﬁltvanmﬁty in
diame®ed, ulttiGigh it i lglqped this myah&pﬂnprobgd tbrongd@tlnpsauclesfsth@laseb yharacteristics.

Ie lr]fgg f?(r:? gv!;]%glt J{laqe Ph‘? %8?585 Ig trgm%d Ssncl:go &1%90?1ttﬂo\ér%plpyocl)f¥i%‘ther layer 4 of
SU8 ﬂh@ioyd@béf dvet £Selde@bdesl ff yilﬁﬁﬁieposﬁt@ﬂ );dilh on p bwbateste 3 of silicon. Similarly,

phenylenes pol yani | i nes. uor enes,
Figs. gaoqng(@ are] aniﬁ %fgissof aﬁmnbaf gllf%?tgrlc r«vgﬁs énFelgs 8a and 8b are
3D and2DYINERbLIBbfARLRme Plby CRItBNAaRYTbFIAEN S idrindabsting 38 of silver. These
onlndoIes pol yt hi onj nes,

imageg élp%%m elebpeaRhy mrosiien Bieh deger qfGpuHopar te ieaisyy pkdimensions
of the¥kdayd ene)s. One possi bl e conductive pol yner |s a
pol ypyrrol e, which may be doped, for exanple
pdixpiney kaserancehods dprarraducy i pantiollsd gremgEpsBilarda] phq’“airthography
exﬂm Wil nBW be ﬁesgllll%gtafl an%p?e Jf aQhetiEhRl 4 ridufacture of the apparatus 1, as

el ectrooxi di zi ng an aqueous solution of 0.1M pyrrole +
show® @i 138] Thetrationrle oétmsfrm&mies toprayidegighchronghpuwionangfactyee. This is
[
achlev b@%ﬁcegsﬁl g&%gsg IS%‘ sgﬂ dc%ﬁt\JhFl:ﬂ%orm-El?ﬁ: 3582% &g (}&Joi ﬁﬁgapﬁ?s%s 1 and
Wthl’BlS suhwmuamty dlchdt The Gvafer caprépaceld voﬂnamgl@ubhwlamsfoaemmpmaéhennally
1 ne§§ around O I mm The pol yneri zation process can
gr OWIE)%I 1CON-0X1

fépresented as foll ows, where PE stands for
p Ofikss thy mefeelssptdpfmmah &tep S]mheavhfans dg@etbﬂn step B the wafer is subjected

toa I—@ﬁcgﬂt%g%lhr\ég? {}EWY rrg({f glccj: 8%8 1{'?%}% q'nyglc{i tqc;ns gre%cj 1%9% dip in 10:1

buffeld @&1ide epp. Ty BErt]heS\&deeruBJ eged & Disakp hs&i delhgadl‘]atldnstebdl‘ ypical conditions
i mprove the ctrode's performance as a stable

meb%@@ﬁ??bﬂ@“ﬂﬁﬁogﬂﬂaﬁ8$?ng el ect rophysi ol ogi ca

MRS, rtﬁemﬁﬁ&ﬁs métafligéd tb gfoviid iRt @8ndustitedayen 20 6fa5€h dppratus 1. In

char reservoir available to the electr
step 4B %eﬁhﬁtf%\%ﬂ oni,the @aker which pheporbifge tplg\gﬁ }%rm the d€sired

patteﬁoinl&e'p@@ ﬁ@éﬂn@hdﬂ@gla&&s b e QG5 RN, fo?Bﬁ%@l@d@Mﬁﬁh@@ﬁﬁméHsﬁve layers
general I'y applicabl e when conducti

n
of Crand AurHpiply ofiregreing thirkaessrsefemead %@Pﬁlglna%?pe%é&%ﬂés removed
for edalh ?egg%ggé,%.lﬁ&meas the electrode 2 1 in the

appar O her advant ages of using a conductive,
poNextethe loyers handakessses bere formed, In siep 87.rbeterssistdpgsionfigimproved by
the aﬁﬂlgﬁLo% W30 é% *l&%alﬁqg d&g aﬂ@ %or IeJ( rp'léélg ah gv Oflsfe lSSOtile wafer

drophi¥ic nat ur e el ect sur ace o ald
has apgltet] |thtget®ﬁhotdn@1sevvhmh rsahtm ssbj edtecte DY expharaiguiemutbe layérs épnd

reces%ﬁsetlé{ exaa‘xg?e%Sslﬁ) wi ti‘l%lﬂ% Vf%mnl el fS9 b%pécﬂ?n ?{()i rﬁJA&rement of

en1ca pre- trea
menbbkayepmﬁmmahtlon Fi gs. 34a and 34b are 3D and 2D

oS Bt A, RO, B R o
perfopmg lah OOBlakivia dekbren. thlnste;kmas silvef pletirgaff echketmdeas Ibeyformed as
deposite ol r fil his ex | e i s about 2mm
descrlﬂ?eﬁ aboys, hgﬂﬂgﬁg{ge%fogﬂf‘rp &‘écé%?sélg an array of

e GESpI 2 Meiwhfeed didyd ﬁ|f&ﬁi the pedias PRIt isepatatedpparbtuses 1.

polypyrrole showi ng stahle |i pi i layers and. si
oF &5t brsis 2reotFBe b § OF eestbrt e pafiios aEiagys SPhE body 2 and

protein pores.
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In all enbodi nents, an alternative to the second
conductive layer 23 is to forman electrode in the
W@ b@aoer73&4 sinply by insertion through the covR€T/6BRG08/@04127
conductive nmenber, such as a chloridised silver wre.
In order to characterise theg;electrodes 21,
vi sual i sation of recesses 5 }orned in a body 2 has
the QS SORAMEISEH a%ﬁwa {@Ll Eositl (BE Muk Mo WALE 1B o
fron m crosc aser protilonetry
( lIﬁ’))ractEleg'eth ab agmm lamarsmurqdwgeg tfis methed dwgeBlts ofbilaykr
formag Xn :imd rﬁol | rx]lgrgl\# SEO Plh?}' I%Cgbéeg%gx{l%arﬁleatg tl?)ﬁp Qé’h%gfgdsﬁléﬁ ?&ﬁ@ glated and
chlonapcﬂbyaaduchnmcdinehrfsctrl cal d| scharge to activate the

1. The t Jehat try.
i g ob sreat wopBOs ! y» IR F KOt LT APRRCe RERRGE i now be
descrii)éH PRt hatifé M’fh@ﬂﬂlﬂtrdﬂfc&ﬁﬂl&:u&u fhfiﬁﬁ@ lﬂbaﬁﬁg\@lll be considered.

th rear oun vari abi| i nmet er Ithou hit
i 6’6‘8]6‘1’]?‘ ¥ glol%ﬁ‘i)esc?ée PRI gy\/"e1 i¢. ﬂ‘f tgb?ﬁ ﬁseo?i‘f“ St g‘é‘ﬁ'e'b?’med
from %Q)pb@sﬂ%r ménRK &S bElPi tThe Swo Iﬁbr@)lay&s Shﬁp‘iﬁs afarkMgeddgie thef their

a recess 5 forned using photglitho phy of a furthe
hydrophgpic tail grgppsess taw%?aégpgfr ty i a il BigEors The %ﬁumphﬂw head

group\! 8PQE lipidEROShirRa d9BWardo the AqiRdiSdnkiddrBhedt GH calh SillE S the b11aycr The
Simlarly, Figs. 7a and 7b are 3D and 2D LP grofll

bilayesmay be prmqnawaywwﬁmf deidphesgs neladiag bt notjigited athg jiguiggisordered
phase%Fh%d T Flztlglgldl'd:de‘%ﬂ;h'aieescohgforde;&@ pﬁﬁ%aﬁﬁ@a@ gd pﬁas@fﬁlféfdlgltated gel

forma coating 3 | ver. Thes

phase) mﬂgégxaswmrtcmtalqdm@mru stibreg) mh@warmlbvm@@h@p PhHagh
t h%{yﬁg)é&egfthag % aq r?e(Pl;l g&%ag%g hr'yhezqﬂgds Ci}ef[%éh A tﬂaft a lipid -

ser et ods SO0 produce a
bilayer batingthe adug@mxmertscssum dsanrface clpingst diility hogpppgrhipemiiiang proteins,

packlrrl]%éen 1 valﬁx?%ha%ec% | }épbe%les 3? go gc{r? !1@ g@ﬁss“%g \?\E&l{;}ﬁsg 'ng% or moge different
lipids TR ifisédnte) el lpidefcart chln&mmitth &0 imdst 'ﬁhqdlmdd miefeablylgontain 1 to 10
ut manuf act ur Thi.s .i s ac
iids, PR BPPT e SRR ore oA B sty e or o
pl 'Ilfeaip%da Pypadaily bkﬁﬁaﬁls&a Aend grdub Ot uhtSrleﬁ:laﬂ) ﬁeq:qemtiltyo Hydraﬂmblc tail
er i.s . W Su atl
groung i ey e O SR b YT RTERT PG RuR] B PG g dmited o,

neutrVRERY grb@s,&b&ﬂﬁﬂ%éy]giyﬁerﬁi%@@)(ﬂ and tdgmidesf (€mM)i ﬁwﬁérﬁﬁlﬂﬂd:ad groups,
tep. S2 er is subjected tg a HF d

such $ R RO IPHES SR b P RReL e i et ) g ppiaggimyen (SM0;
negat%@@hir?%a@ér%u& &c%%ﬁ)hgh@lglﬁeﬁb@@h)bﬁﬁoﬁ;ﬁfaﬁ@&l@i‘ihé‘jﬁ’S)

waf er is sub ecte to_a bake as a

 phosphatidylinestpldR Dsphopphatr aid BA) e’aﬁr@rqlqlwﬁs(%)eansmm&lx garegd

headé?@th‘.)rs sﬁ&h %QQQQh&IQmﬁGmQMWopa%?@AP) tﬁﬁaﬁ‘l@fn@‘é‘rfabﬁl moieties include, but
I 1sed to provide the first conductive |ayer 20 of

are n@émhteéppaﬂmau:so@urrmg nﬁcréaplaSmowm@otueh @&sglxqerqlwba% Qrcesaige-based

mowt{u{%es glg 'B%%'Uﬂhgglc tail ér&ﬁ:ﬁ 1%%‘”& %ggﬁg m?jlc(?m}*x{\éd gﬂ&ra{eﬁ) P;&gmbon

eS|r attern e COﬂ uctive ayers
chaing,Gueir s lzdmp @Sld (reBoddcanolie xcadl)ptngnstlo sl §1-Tettpdofongnic ead)s pahmitic acid
a call
(n-HeixH%/eg r(})écsascgi S rﬁcl;r?cé% H‘ %%%iﬁcano Cc angt IéaCEI %?ﬁ Elc\érgaélglcé unsaturated
hydrd’cedbﬁtveiﬁlrfsmudeaseumd: ﬂ:lcbwsaaﬁktadeganlom) anébnancéled h!ﬂkbqarbtoh ehalns such

as ph'?g%%‘g’ﬁ;ﬁ@g ilc: g&ﬁ% Fx%ﬁ g’r?dl:)thtfa é&%}t{gg rglgle rbLgl}'lber of?ffle (Pouée’bonds in the
unsaturated hydrocarbon chains can vary. The length of the chains and the position and number of the
branches, such as methyl groups, in the branched hydrocarbon chains can vary. The hydrophobic tail
groups can be linked to the interfacial moiety as an ether or an ester.

The lipids can also be chemically-modified. The head group or the tail group of the lipids may
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the application of an Q2 plasma and dehydrati on bake

for exanple in an oven. In step S8, the wafer has
wa@ppbioerd34 her et o phot oresi st which i s then subPenGaeos004127

UV exposure to formthe |ayers 4 and recesses, for

exanpl e SU8-10 with a thickaess of 20m In step S9 an

i nspection and neasurenent of the recesses is

be ché’n?éa[l)l?%%ie{l}lﬁf%ble i85 @Lc%g Béa(a gh e%E oﬂkﬁkﬁgr-méélﬁed include,

ce s pre at I ng
but arpeetilioned rogPEG n@)dﬁiep Illaslmudvsasdm@mm S&%pe@ﬁ-ll’hOSPhQPthwlamme-N

[Metg%%{fogfg}hglfene giyco 8{§]E)R|Petlon§on91?{e£ ?ﬁaﬂiﬂ% % ggss £5 b?s%iroyl-sn—

orma ness
Glyceﬂo SBMSpHoBthSﬁMmS&N [Btdtlﬂyl(/m)ﬂ)ethylese Glycei(ﬂZOD@], gl ltmdshmpdlﬁed for

o 350 S R SRR BSRprhR Nl 2

Dlpalﬁaué)flaﬁ-&ycelfoﬂ Plﬁsﬁlﬂdtharﬁlaﬂﬁh@ﬁ NQBibhﬁyl) ISMleZmidsaﬂlose tail groups have

been chp ’ edq)l?icg Aput a elrfl%gl)xélgfqo tg:pu e}xilszgxae lépé afug% assf 2%15(10 12-

tncosﬂﬁﬁiéill@-@ﬁ GyR eko 3SPHAgpHofHosind) Blubidchtedtlipals| s idst ISPaill'ﬁltdyll bayer
formation and pore current stability have hee

Fluorenhpyioy Hisn- Shycgror hBePheehEg cuiGieter i uch 15|1z¥f%laalaway1 -D62-sn-

Glycefd18-BhdsghR 86linkYaniRtheCINREA Gitlis, SRARS 1,2 THO-PBiN9Dsnflyétss-B
the apparatus 1 to forma Iayer 11 of anphi philic

PhOSnl?mh@bT&Fl es will now be described. First the nature of
t hﬁne ‘rﬁgﬂ bﬁl&h%&ou%%@&i&'o%&éﬁaﬁ&lnv&%h& Qilt &t ik bllopgiﬁes of the lipid

consi ng l'ecules are typically a
bilaydrj Suiteble additivias include but ardyt limijted to Bityadids, sugh ps pabpiie goid, myristic

acid a&% gﬁlc 243 B ?l§+ll{$gs.r g}saﬂ QJ [%M’ﬁllhé alQI)holl 'ng{jlghc %E%gitof été\@ é)lle;c alcohol;

ayer's are arranged ,
sterolhyysaechoy hlmmstrsrctladrgosqmugmstﬁ@d;eltOMradé stegmebtenst; hspptospholipids, such

hyd hi
as 1-1%03%%%13/&8¥y-%rge ocell'o 514 ofsq{ocl%lm alﬂg aQ'Xr?{dQP ?’hé fl}%q?]Ergﬁegab comprises

pl Ce ‘ouf gous
cholegtérel zrndtmnargbstﬂnl vﬂ&n imembrhae prfotdlﬂseardlb bajnserted Titte the Illbd)bdayer

rrb ha
ooe? R R CHERT Dbt ioPabp AT R hRReat PRdh generl
the mbtRoE]s lapplicablé toiny emphiplalietlolphides evhichahdydord dlﬁyc&d phase
(lamel | ar gel 0|?has [

i nter . {ated gel
b TR meap ey sy 0.4 Beree e g saysfis shtost 16 that are
compbtﬂﬂ@*vitl@&e Eorihstic dfia Mg ePNasF@mphibhilic hiollblﬁSs ﬁliyﬁie uk&d. Mheéaqueous

solutlf)]a-| EQ is é}pgllc!,agy ggws}(’iﬁg&gu}‘lu%\%gmﬁ;{{] sre?g,lt]:ogl ) le%(?gg% ? gchlgtabqe solution

is typRUGo1AfereYs b ﬁﬁ%f g hﬁﬂg%e Pt thd é/quE&lss;»b'lﬁﬁ’&{ FO vﬁﬁ%@ﬁé}ﬁﬁdent on the
rot el ns, aC | n(g@ ensi ty or mechani cal erties,

amphirbiiseplecTisaused prcige Begl amﬁﬁrqnsaé thg ey 1. Sfablechufters rishde without
hrrutz{tlloﬁ“ pgﬁsphftg {)ulj[fé?étf %WPB?T' R-2- Hpﬂrg%e%fblﬁe%h@ 'N" Z%ahg’suﬂfgrgc Acid

érabl'y contain 1 to I pid
(HEPEﬁbbuffemddslmmlinp@wwl,%BISr?aEﬁha@BlIﬂ@n@et%# (Hﬂ?ﬁf) R)Pféﬁrefksalme 3-(n-

Momﬂ&q{ofifrg%QuL rﬁ!: ﬂlzld (glg[g)’l’g)sbuf%&% Slﬂ#l‘i%l Qﬁ }glﬂl))/( a% gyl ammomethane

ead an I nterfatl al [

(TRIWffapﬂl sddine. Byawdy og exauple, Wwhine hnmiayedn@onhhe FREMIS @wlutlon 10 may be
10mIYq :P%Etecérggl%%lg %&%iao?g h?org g\rla%f and ha\%;lﬁag St OPHE are not

d| Dlwhghqdaénﬁdg&e eip@atards amfbnmsdes ( Cl\/p zwitterionic

rou ch as hos C i ne (PC -
B Boradh SORaAT R S TioR}e S S Ao b Bt 5 ggpovm in Fis

9. The g@afdﬁ&‘ﬁﬂntécolﬁhﬁg’ Weigla bﬁﬁ&i}l hgbio ﬂnﬁl w}ﬁdlﬂhoh d(ﬂ(|$es the surfac(e of the body 2

phosphat i dy cero Q) ; osphati y ne (PS),

mﬁé@pth%&emﬁgmgrﬂssrts %fgpgfy toghfo ?ca °t-pA) and

carkl Ré-trBitRert Co8ting 30 R tRAAGIIY b Biginie Elib&igﬁﬁ usually having long chain

molecules, in an organic solvent. Suitable organic substances include without limitation: n-decane,
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headgr oups, such as trinethyl anmoni um Propane ( TAP)
Suitable interfacial noieties include, but are not
wo powwed34 0, naturally-occurring interfacial npCBEGBe®S/004127
such as gl ycerol -based or cerani de-based nvieties.
Sui t abl e hydr ophobic tail 90ups i ncl ude, but are not
Iinited to saturated hydr oCar bon chains, such as
C_aci anoll Cr. G .
hexadep iz B SHBIPE Daorasdo feftte BBl Bhled pias. atior-
silane @gitdb)e, foSise atith@ ghasd Ider(ﬂﬁal(a): hmbéky&ﬁmle {suitabit far ‘mmi‘diia(metallic

e 0 1 GRS B e RSP Bt AR BB, B e, acane
and tolM@ Digahdaial skt f§picalBitel0. mtoployt @10ayh to SORE(vIvE heptatiecade in

MR T T TN
which Iz{%@ lxﬁﬁ NgitNasfipHaft9tafid}@ bl glyenél 3 phespReabline QDPEITY, MightiRrincluded at

e branches, such as nethyl groups, in the
acmmﬁ?@ﬂ@ﬁ@@fW¥HFbcarbon chai ns can vary. The hydrophobi c
t 8drhe ﬂ)@&ﬂ@&aﬁﬁﬁs RR tHelphK@g rhéit EdaBngd 50 8¢ Ed6hah TERE Eby wasof
an ether or an ester. The lipids can al so be
examplerpadeheutyimitsiéin i ed. The head group or the tail group
Tdﬂeﬁf the |ipids maybe chem cally-nodified. Suitable
i pi ds whose head groups haye been chenically-nmndified
Pre-tiegtmentdfermubatin ar e _not | i i t edVelomeRsp@liedbdi f ed |ipid
0.3% $ecddecase in,pénthheacyl - sn- G ycef 2x BdPhosphoet hanol an ne- N
1% heAdabBaROMpemtaley et hyl ene gl ycp2x2x200@] 2x 0.5ul; 1pl; 2x 1pl; 2x

functi oni onal i sed PEG Lipidb, .s S
1 2-Distear n\/l =SnN- P D1P1; éj}ﬁ'rbxazm; Sul

3% hmdeﬂﬁmﬂﬁfpﬁmml ani ne- N[ Bi ot %’S/“I»’lil:zﬂlypf hyl ene
10% Wxpdesknedopeitancand | i pi ds nop®f duiwl conj ugat i on
0.5%shessleamne + 0.6mg/ml DPhPC lipid in | Spl
I 2 Di oIeoyI sn- @ ycer o- 3- Phosphoet hanol am ne- N- (succ
pentagé ol A

0%[¥eﬁ§46ﬁ§f{%o§,P%§\%{"& RRRECAlPid i b 25 RbE Hanol ani ne- N- (Bi ot i|n
pentayit ) . Suitable |ipids whose fail groups have been
1.5%CkgeCate| Y 0BRGN ISEhPCIEpidl Gie 2;|iluﬁxﬂﬂe not Iimted to,

pol ymeri sabl e |ipids, such [ 2-bis(10, 12-
pentapg i cosadi ynayl )-sn-d yceraq- 2 Phosphochal i ne;

f IIJHQ delR ﬁ‘QnJ éoF%r%SBO "BQ aﬁﬁleh in a%&r gﬁlgagbélma%nérlﬁr example simply by
opa m t oy ycer o- 3- Phosphochol i ne;
capllla@egmgtqai[h@rb-ftrpat@gnt ceatinh 3@ may boappiigrhhedere glyarftegglg £@yer 6 is attached
3- Phosphochol i ne; and ether Iinked Iipids,
tome%’\éﬁaﬂsq , 2-Di - O phyt anyl -sn-d ycer o- 3-
PHbs p:lwsdfwdlumﬁeof mikepial ofphdise -trygtinerd cbaping 3Omadirisesl dgpendpen the size

di.t C f o
R o S B B RS i o
aroundl theapeetird In geﬁﬁhltlycraﬂmg the aﬁmmlit (@quhﬂilemnﬂloc byoindentration) improves
e B S P By T B e
diamefek 6f 1Bt fecess Y G dedadellAhemicRAOIS maBg DR [t-redtMBn baing B) required

o B S A SRS SOl LusgRcsphol Lo do, Such o

depeneéiﬁ 8itHe @ethod BEAdpbdidh, MdBhEEAYalbiRGHP e SR bEAS E&&E@E}lestry
and/ or ergosterol when nenbrane proteins are

Althoyghthe elagionshipdetwren the piecragimea copting faad dhe casg) apﬁ é}a‘ghty of layer

formatibiPis Q§mﬁ5? 1@195&5% Mm‘%ﬁﬁtg E)ﬁ)m{spfhmaﬁibl.luﬁlﬁ fcﬁltmé frial #nd error. In
expect ed in general the nmethod is applicable to

anotheymethadybe c;bhmbffrc? cmb@@mp&_eéelmml@wymwaamt ? olypatrfolloneed by
remoJaPofttH@exégsg @&%t ml dil%h%)&}ltﬂ-g gasI fldwgener al a wde ran ge of
aqueous solutions 1 hat are conpatible with the _
f Ohergte-tovatrasit epating Hris applied acaes Hieperiess < Afra resuly prekasishgyvn in Fig. 9,
be used. The aqueous solution 10 is typically a
physi ol ogi cal |y acceptabl e sol ution. The
physi ol ogi cal |y acceptabl e sol ution
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is typically buffered to a pH of 3 to 11. The pH of
t he aqueous solution 10 will be dependent on the
wa@ephiopia4 i ¢ nol ecul es used and the final appl PCEBGBRWS/004127
of the layer 11. Suitable buffers include w thout
limtation: phosphate buffeﬁed saline (PBS);
N- 2- Hydr oxyet hyl pi per azi ne- 2- Et hanesul fonic Acid
the pr Tl cotly e s e of e bydy 2 arougd g e 5, The pre rcaimen
coating3(f aﬂ@read:néﬂivpnﬁ;: rifrof the riissythanididesiebly o peerseat llﬁa$téhn @tqﬁmpﬂ portion

e ST R S T R T e s ppontc e

across $lrédess.5.By way of exanple, in one inplenentation, the

SNSRI A BARSR) BR yhon o cove
the eletiedds Q. ThHis i Sndéglrdblt&salmﬁdf atatifent cdmmgSO fedlideoths flofwiaf sﬂrrent to the
electro, 55 [ s tt{xqﬁgtopée gst é éeggtlggr&lﬁe? e;giegtd oftgﬁec é mgngy in the worst

case pRi&itihg ARt MRRAIreiR ki dlllgA%meé‘r ofl diffgebhOpdBlues thaybetbmpliyedito reduce
nodi f1es the surface of the body 2 su ound| n the
or avoyddhug problsmy #nd; Wil be disenssadafigy the ?ﬁsmpﬂ% OHH aaﬁﬁ

amphlﬁﬂ?llmexﬁblkﬁﬁes The pre-treatnent coating 30 is typicall y
an organi ¢ substance, usually having Ionq chai n
mdffiercapplieation of thpprertigaiment ceingdfthe asiypeussPlutios 1P flgwed across the

body ZStU *BéJeﬁﬁmQ ?é:eésrsqs YR BFréo B‘tTﬂlé s@p 1@£érﬁﬁned with the amphiphilic molecules
decane, hexadecane, i soecoi sane, squa ene,

added td the aqwmatsel@nm 105 It(hgs lpeem Béreonsiaaicd (ba, With #1 4PPIOBFiste Bicdtpatment

coatln%e%gsailo gérﬁ{a{((ﬂ'{lﬁt Iaesi e{' @Phﬁmf ﬁ@;}ﬂﬁ% ?’10“40{11@8 zﬁcr&g ﬁﬁst‘ecess 5.

ran e S ul or use wt
Formatrmt mllrhbmvedeﬁbmahla)ass @dmtqabiselpslmld\newhlsh ambtu»delubmt 1%90§ers and

uncov%fs Ehe recesstSe ag 9[ onpeebne oargllﬁdveﬂﬁé(tﬁgét:?sp $ ?&r%qﬁ?g/tg'xﬁeg gﬁ@ Si/s tg%ught to be
becaude.at lafhst tcﬁnd aq@éﬂus ecﬁlutﬁhn]l%eft(m ﬁle%céssISW)hldiﬂxsmeﬁ)anaiOh rof the layer 11 in

s R SPURS, AN AL R S

rehaleﬁh(Dxlép&%E: Thip isdi,es;ﬁﬂd(tl{% fas that the practlcal technique of flowing aqueous

o BT AU B0 o032 PRCSRCHELL B (BEAD o e

11 ma$ BE€6bstived Bpdheitoaihs of tBE reEuhﬁntFHl@trtcﬁl&@ﬁB AéroGakd dlétgrodds 21 and 24,
are set out in Table 1 npl e and_wi t ho

2 desptl Do ten YHDF" | Ta0hD ool TG S e R ST s ofthe

aqueo@sesoﬁﬁgﬁ 1 @ Gubirefie RHhitRREa HHENE lof athSHiphEANTIERES RS ¥ simple
by capillary pipette. The pre-treatnent coating 30 may
methog andypisiatizely Biatlsrappantug isarpartisulagasyatags of de afeﬁfa’g Wé(EP“lOB

t @ﬁﬁﬁa@xﬂ@rreaﬁ H bben ci@rﬁmﬂlra?eg'tﬁa@ thé q’:iygﬁq 19fa nrglﬁﬁpﬁﬁlicq{lolwulets BR of high

pre-treatment coatlngnii requi red depe on the size
qualityfin pardculas being suitable fier gbrsmﬁlltmty bwsmortam‘wﬁmné Bychlas staghgstic

sensinglr'zlg% %@i? ﬂ{anﬁen gecgll rﬁ‘g T}Fkn L}Lepsnl lchfavé ln %%C‘Ctprﬂ?‘ 11?g5r11gh1y re51st1ve

apertu gener al r easi ng t
electri(cti)sealsy hawieg arcdﬂctrrcabysmgm ehtGQpi rovr)r tiprgallyatlcast h@GQ Whlch for

c:xam;ﬁ?i eneﬁ%ie hlglp F 3 1%&(105-1% 1C cor m ? § ﬁ,lgﬂ%'i&{&s g{’rﬁg an cover

I 'Scu e di aneter
OfThishigadhsabshibst tra)pd%(}lmehm&d)f aquseusanintiont 100ih theerbess Bbetween the

e g RSB BRI S5 U3G E k. o

volunilo$ @qtﬁfnfs&GIutl&f f (e bufYieiB 36 alldwhitsbld@h tigiodedratneen tmeasurdnieat

nmet hod of depositi , dthe compatibility of the
througl RRORE PGP PSR R IS B d

Experimental results demonstrating these advantages are set out later.

There are various techniques for adding the amphiphilic molecules to the aqueous solution 10,
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Al t hough the rel ati onship between the pre-treatnent
coating 30 and the ease and stability of |ayer
w0 oroamti’en i s conplex, it is straightforward tBCT/GB2008/004127
opti mi se the anount by routine trial and error. In
anot her nethod the chanber_,4 can be conpletely filled
by pre-treatnent in solvent followed by renoval of the
asfouo%cess solvent and drying with a gas flow. The
re-treatnment coating 30 is applied across the recess
5A firs teghmi@wu$ simplyi do zds! thevamphiphricEnieculds tothe aqueous solution 10
e-treat t : e
ousiaef i TRHreinfa e 88 SR SULOE P e Buliber T8,
34 satbsdtechaiqmn d&loh\bmpattiualar hdvantﬁgetih@efomes@du&ngm aqueous
solutlog ?(Zglt(w%: ?,(}éamg)]ere)t:a &P%Sétgges arg)hl l%ur}loqecnpes {)ng % oa?su%acé[ gﬁhe
chambér; 6edni a@rinterhaltstvack algerhetelin atie ﬂiw}i)ﬂmltl'pdsf ithd aqm&muls sdlutiansi 0 into the

chamb%&é?q? E)éatn%% igIai]gldffdgfetaplﬁea%ow%{;itedttgﬁa érHeéty'hbe ﬁ‘é’ﬂthc molecules can

be dep@sﬁitgd brﬁaiyklﬁaortrﬂore ﬁﬂtﬁé intdtial Qkr@eéstad @@ cBdmbef ) ificliding a surface of the
undesirabl e as the pre-tr at nt coatin
further dayer 4 prorpthsroowss Or Ehraapeous P?‘f?&se&?m%"‘?gﬂ”{e"‘ﬁ"e g ity

1ntroduEﬁ6ﬂJ GBSrebyiBe SBFHEIHilMhdIYculth aﬁﬁﬁ&é&ﬁ@ fRALucdhs @Mfeh 10.9@this manner,
na's in the worst case preventln any measur enent

the aqugt)usefp]utlorp\l(hlﬁ His8 to epfleetitheramphiphilic apolgsnies, em ﬁlﬁ:ylnqs@al surface. The

aqueou§ RRLEKHED hfy cbhdl Hﬁ%rrfﬁfnpﬂfﬁ@ h‘glet:ﬁlbﬁnﬁ Rt &Es 5 Andy W'dlell bubﬁreferably
di scussed after the description of formng the |la

covers the agtphiphibi mokecwlpclinolfda mglphmfcmecaﬁsmrp &nles coeredt qsh e

amphifiIR thd &%ﬁ&ﬁ@heﬁggédb%tglg% WGt RO QISR bxgﬂhél-xgcés§5

acr oss 2 to cover the recess
shuywmethed \aybe 18ed ﬁFId'pEDSE thedipids op en intarped surfeice of thfh@lamber 7.
I [ Lt
i R B SR 1 ARG TP
spontafoes dapeanmfﬂlpoxombs qsrg/eﬁc'lei fnérs a atblhtmmsmd Hiect tanser pHthe dify lipid
from a{lcglgeé |§1§¥ én aerrzg tugg gzlwgn hr?p(% depeo(§1 & on an 1r?tF?1ngs§1rf£ce may be fabricated
using rhethidaig hr@hﬂmgsbwpqﬂllmtdd ton dieh |ccdmng,q;|aew3msmhgxb¢}mmudso spin-coating,
ers and unco%eré the recess 5 at | east once before

. .. C
painting JEFRAGE EHETPRHEIIE Por o 1inal time, This is
t M@bbsm@ ar’ﬁlﬂuﬁlﬂ&ﬂﬂa&:u&k ale@actralslo dHed MHIRBESseSthe bki\jem solution

_ left in the |stsfo i on
10 upyR ey g eligBIG el e B ASPRE A GRS © b sably
stored i thé fiﬁid}aﬁ.ls heefant re it z{l@tavblhﬁthfe QEddEbi WA sfagt BEarhpydilickdolecules.
is reliable and re{éeatabl e. This is despite the fact

Such drhgieragard apphiehilic mplepuestipirepses sHF ifeohths gpragataso figen when dried to 2

solid sBf, # 'aglﬂhlﬂyﬂh@ﬁlﬁlgﬁﬁestvﬂﬁ My ontdi @4#8RAmbiRs SBHRAT sofvehtSDried

very easy srfggr orm For rratl on of the layer 1llmay 0b
lipids a5 B@fe\v@é{v lﬂiyd ceraprisa despihan pwivesslyentavch aq lewsithandivt’s, less than
30wt i \QORLS RGHOR S th elsalt%qt:;sqgﬁsl 0%t% ofdfesis th swA%, HRsqr i bed

el ow. Even’ ayer 11 I's to formit 1s a sinple

it thest pltaethglet_rsuﬁ&;) p meenh@nhmotepas msgfedtitte thgdayen Lisofawiphiphibin
mole01:1|19s:. %‘F?é{'g Qre .rsglel'a?f%!ﬂ%m{u%{ g?&éh%\lrm fthl? layer 11 of

anphi phrlic ecul’es 'usi ng sinmpl e method and a

r Al farbti teobhiguesis sipdply fapthe r@icos sﬁzlutlsn EO todinte acéralrane protein added
theretqil %gxgrnbaﬁe 8‘3‘3%8%@% ?rgttel%ése {nn%] r{ Ven eous 1r%{igheq?yer [ Fot alr'r;[phiphilic
molecaleqfiepipdriod offine Atik ﬁ&mﬁfaﬁe ﬁfotehl lg:iy b};waliedtty theiaueous solution 10

tlcular b |ta le for
outsia P SERSH LR RIDHSITG ek s Fapsenan e Ehinbend Alipacvay
the meibige @rotdi@maEbe ardﬁézi)arftéi;] ﬂ)@tﬁ?tﬂi’lébf thayses] 111I have hi Igh
resi st ance QVi n | resistive e r a .-
C Bap B A AT PR e SR M paHEY BRIl By figpet i onan
typically at |east 100GN which, for
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exanpl e, enable high-fidelity stochastic recordings
fromsingle protein pores. This is achieved whil st
W@ e@ppiiigd a vol une of aqueous sol ution 10 in tPET/GBR@8H04127
5 between the layer 11 and the el ectrode 21. This
mai ntains a significant supply of electrolyte. For
exanpl e, the volune of aqueous solution 10 is
mtemalSSHrffiée%k ﬁl@tchzf'n‘aﬁ?b lb%eshtxtﬁ)kahﬁnmg L% Hl%léﬁluqsn W?h[oe(ﬁé chamber 7. In
asur ement rough nmenbrane proteins inserted in the
this cask, alyeeaqued:ux pantionelftcavers e intersal slsfronduringtits injroderdign, whereby the
advanta
membra%ne ghot %Zagd 0? th%%éue%lﬁ %oLu%BI? fo ﬂuﬁuﬁﬁﬁ%q%ﬁ%?@ggéﬁg neogsly{ Jlglléert into
layer 1 hqhemambmmé proieon baéepbs)teti omBny oﬂnefor mete of dehnfegalesuifaces of the

sinpl.y.t o add t h I
chambeg 21 ! ?ll\{%ﬂg iﬂ”%ﬁ < %ﬂaﬁﬁﬂa Ap pAa?ré) us ﬁ‘“? il;%q?énr%b?%r%g’%&“&m be
depositéden th€jspews diffekant inemal Girfacd 3 tlhefmghhﬂiﬂbemol&:uleﬂ\(lﬁdsmdwdosued)

tec u i ch has artlc Iar advant age i.s, before
The amPWP]i“E‘dg‘Eﬁﬁ'é‘gst ‘Wg e u?e% q’f %%Sgetﬂhe chanber
7Anytr@eﬂwapmme u&d’d&o aembu mb iﬂemﬁraﬁ&)blefeuiseﬁ an intanal Ism—fafEE ofthe
surface of t gng or Qf éﬂ i nternal . surf b
chambeg |/ SHRRIF aefhq St’ﬁ%‘“ 9 %affdPh gied Ry VU PY gi"d 1ques,
spin-cohtieOpdittfig CAi BoMBihg 4nd dekol@y@iERiich. i n a fluidic inlet
pi pe connected to the inlet. The anphiphilic nol ec
clhs msabgrap SETRSRrORreisTblySined. &b thiksase, B aapraus spiuion é{f is used to

rehydra%é"tﬁg ﬁl@ﬁgraﬁé ploRes CBRIMBEN drieditd'£ Ldﬁd'sﬁﬂ: the SiébdbAse pRteidshaln
further layer 4 or of the cover The aqueous

typically gputein gracelamayaty of residpad solyang Diigd n@mbma@ eromﬁffgmﬁe@bly
membrﬁx%&ﬁggiﬁcﬁﬁt%m VOSLE Byan bBGATNRLD E\.'lclh 'ag le‘é@tlhgrp RS , 3s€than 10wt%
added to queous sol ution 10. his manner, the
ml%S&qméUG@sémetlon 10 is used to coIIect t he anphlphlllc
e%?éil(i tgaafgc{ug I‘g f‘i)pffle la{])te?[]srlgllunaﬁfof tﬁ %F\fe v-gggle%lﬂ ca@rﬂr?g the(:jmembrane

cove c nol ecul es an
protelntaﬁdisdrtmﬁssfl}&rdb& theempendrabe Iprdmllll is pmselft@halkﬂlyorcwm wsiclge with the

i C cules first. If the anphiphilic
hyﬂlﬁgﬁggﬁphﬂwéwgq?g be covered first, the anphiphilic

nw kieuéchsiqas B8 tal mp@snht melmhianmgottin@yfchmmng)m imeinbtane protein to the

ayer 1] AR o S RBP P G O a0 PR B Ut Qo it
2006/10tu3a18e o? a piobt i hﬁlsﬂiﬁtsél@cdﬁely lil&érlﬁd@ differeht radflﬁbrmbtprotems in
BT A T

modlﬁé/aei&hﬁitE@a phidfils 4 t(SﬁﬂcUﬁdn@d[ht@tﬁéij@bé ect t ransfer of the
from anot her surface. garatus 1 havi

g
| 4’-@{ @@n%ré!pfdsrw@@a thahinsert Wtﬂtaélpﬂehﬂa%ﬂu P10 depgsitegeThe membrane
protemg %Ha& b@ AEIIHSS R ing DAL Sl BE AR DrothiHS. SRibId m&mﬁrﬁ}@ proteins
0, rO coatin various printing t echni ques,
mcludcs bvtrﬁrq:lmimwgd tOpg—n’vmql ﬁgmb@pﬁpreﬁsalﬁ,u sHeh atrieringe PYH§and relatives and
autotraﬂ?p%#te s a n%zme}@%ngﬁm% 4s66h @aRtisRRl by fapslssdleRisl rRéd@psins; G-

I'n this case, the aqueous sol ution

protemlc@uplsd msqn@brs and atipddies: Eanméesaﬁpm eomptithtevertpiescin¢lede hemolysin and

Thi I
o o S TR L5 B b v
maltopblis, Om;:ﬁi CingrA awelt Orsplo Eaggeplasfof a\!ltptlrﬁnpmmetsdnm;ieehﬂlﬂdg and Hia
transp%%ﬁ: PXﬁn%/qJe og jory %n%%lﬁ EngFuta& Hll’él ) Vénngc V\ﬁt&u Ith%ﬁ)okags(i‘lﬁrg Ofitel from
Strept(ﬁﬁ}lcbﬂn&daat € csAl ehectrapiatig) Iniebhanos&fnﬂlmuhemﬁ)rame Ichamylplf mgel y
conduft DMERLy (PG RER AT DEropr B PHAT R Gt i el Ehitppoe (M)
and graxfheldih. ERdnviRtditof Gspt6dinasupl@bBceptoddindlOdi the mlat@&ﬂrobhzgiutamate

receptor. The membrane protein can also be the anthrax protective antigen.
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30wt % less than 20w % |ess than 15m % | ess than
10m % or | ess than 5wm % solvent. In nbst practica
wWQIg@e/07Aa34renbr ane protein is inserted i nto thePCHEBRO0$MW04127
of amphi philic nolecules. There are several techniques
for achieving this. A firspstechnique is sinply for
the aqueous solution 10 to have a membrane protein
bI;J e g;o?em %@&Erﬁlﬁi c&%[?ns%'mﬁml@fjgin Bf Qtfa?fa théeof. The a-

|nserte ont aneous yer

hemolyam@hrephfolrmcd ofséven meetszahsﬁfoemtsa(hqp@megd) Ehe pql;mgcleqth]e sequence that

L tein. be a th I:
encodei nes su? djg ?1F]mol Srl)lb g,rsl(%l %nsln%g%g%ﬁ% I u e :‘é?]h aﬁ?u(ljj 5&1(9 aequence
of one ApuUEOA-lEalolykindshd®n im$EQ ThNOC haftedirst 26 atAinb ecldsactf SE€) o NO: 2

correspg)lﬂqczto:‘[gnb ] a{Ippr (kn gﬁ% f 9,%‘3}5) geﬁg%gg dt;,]oglfe :rrﬁ[uré;%hgn?{ of%nl'nemolysm

withoupth® bighdl péptidé Reh@aLia SEQ IDANOILI. SBQID NG 3thas dﬁtpt(hﬁmtne rdsidn@ at
anintern rface er 7 bef duci ng
positiog ﬁ@sga%f?}h%? oHG Ff D PR PRG: BRsOBRER DO
CARSSiant BQ hesiaBNEPofeGh WhicBRnd 6 ity Bf the kdven duBtu@fsad an amino acid
surface durlngélts i ntraoducti on, reby the nenbra93 45,6

sequengy; Whigh yeries fram ot FQ %N‘aq%eroh@dgﬂv rFigifs Re5e aFTEnD:

or 7 of HERSEEHE B Waridt Uhe&@@ﬁh ARO B a¥ abritaictd sbdtefcel tRat Qﬁnel :ﬁ'om that of
The menbrane proteins may be deposited on any one

SEQ IyPe2 6¥ 3-The sqver sibrts vt avasigntgere Fetypinalfjdentival but may be

differehtnCl uding a surface of the further layer 4 or of the
cover 6. The nmenbrane proteins can be deposited on the
sHirrevagant giay bes eaterailyrecspmiak vanant whieh exprawedbyvopeanisig for

: e

mstancgg# bé{p@éoc()lzg 8 cZe(Plrlrlglng?Iz%ltéseﬂ%o S?eeiﬁtﬁsn%%hhxghil lr)ﬁc)%ré'lgg variants

product%tb@etebrenblna&htycmelog)o @verethe bﬁlru kegth obthd epingiatid s¢pmence of SEQ ID

[ LG @rgtl{ar Q atqfaﬁt é}f“/e h%(}l(&%)ldg atﬁzﬁ sé)cﬁ.\e&clg %?sed on amino

NO: thaﬁﬁgP' s I'nc
acid 1dbrltm Mle tmaferaﬂl'}orhe SIﬂmhlt pqﬁypapad& vaslept BI% |angastt @Q%mt Ipast95%, at

ai ntin t.
east 80 B me R0 R an eGP @y o B
H)NOdIbﬁ@owﬁﬁmEﬂhSmQaQEe t he aqueous squtlon 10 is used

drate t H@vﬁ@ﬁg .rot i ns. $hd$@g

Aminosgoidspp o sy S pelRinee

a smgl@ Qﬂﬂin@ laéld bUtaG@tiSH B He At of R di| ke @Bitiﬁﬁi’d)hs mb¥ lbeﬁdade
nmbrane proteins are preferably nenbran

roteins
Consexhiige se‘&ﬁbtlpeénqyég 3 40 SOMRlooSHIERD B ioviag tat’[-}rsémo acids

in the §aHﬁ BlotRM (e secdrTlubriiaRd pevd 1P thedime lilain (WA column may be
sol vent. A second technique is for the aqueous

substitged frieesh oo™t 0 have vesicl es cont ai ni ng the menbrane

lIlO amg sequence of SEQ

fct>roexample

NPRNOARONLAAGEET T her

inserted on fusio
of anphi philic nol

of the vesicles w
ecuIes A thlrd tec

LipolTeT Eby The Teghy gne

protein is
laver 1 1
is to

th the
haVque

insert the nenbra
protein to the | ayer

2006/ 100484. Use o
| ayers 11, in the

of recesses. Howev
ARGMAPEaratus 1 to

Pbmf robe, f

agar-tipped rod, u3|ng the technlques

char%e"dy car Ty g e

ada
nmeiror alic
Oor exanpl e an
N@) scl osed in WO

‘assi-sit

f a probe may as
i nserting differenfol#fert¥?®AL prot eins

case that the appar

accommodat e t he pr

t i n selectivel \

@h di fferent
AR Nas an array
dification to
BeW Yany menbr ane

roterns—that

rsert—nto a II[JIU Ulldyel

may be

d djposotsentativElvebstiwtitirsamy also be made at one or more positions within SEQ ID

NO: 2 or 3, wherein the substituted residue is replaced with an amino acid of markedly different
chemical characteristics and/or physical size. One example of a non-conservative substitution that

may be made is the replacement of the lysine at position 34 in SEQ ID NO: 2 and position 9 in SEQ
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proteins may be naturally-occurring proteins and/or
artificial proteins. Suitable nenbrane proteins

w0 nabrode34 but are not limted to, b-barrel nmenbCEGB2008/004127
proteins, such as toxins, porins and rel atives and
autotransporters; nenbranepsghannels, such as ion
channel s and aquaporins; bacterial rhodopsins;

ID NO: %ﬁ“ lsfdin€ L K84 bEEKD! Rhicther @ﬂ%ﬂ@&ﬂ a%glcgl%ervgff@mﬁi)ﬁﬁlhon that

-constitutive toxins iInc henol yS|n and
may beln@ldk achejuenlacemntpf dhs spezapingiresidye ebmosn@u k3 ef QD NO: 2 or position

18 of SEQW@% Wi th K%TD&Q% ﬁ%@&gﬂ%ﬁ% %@%cﬂfs%f’n of Fh'e%%yﬁgﬁlé £4&i8ues in

es of
SEQ IaN©OO2 mahprpvdtseh@l dttacHimedtpoittivattis rPlosmtipstions, Similar changes could

tra orters ude t he
be"mdﬁﬁﬁﬁfrecgo%um“ET?ggggﬁaséﬁhﬁg% anngﬁ&%?g%%gtreptonyces
| Onei ol @rose ;(nh{nc db)ld residees ofitht eminalacideeduame o€ SEQIDWNO: 2 or 3 may

e RIS SN0 L8599 AR RSS! B s

contiguo@@pich anaealtiplEmS)er sogibng diatfibetbdlihfoughoia iell@gthodf the amino acid
G protein coupl ed receptors include the netabotropic
chain. o] yt ammt e receptor. The menbrane protein can al so be
t ‘hﬁ}aaﬁt:%klr RAdlu Abefis lmaeeh &’ﬁdgﬁl@ﬂﬁs JhSEQENDaper B rSfi:ElEfr@ents
ef erably conprijse a-henolysin or riant there
i S PR B ST S B Ol . 200

250, an% HO HdtiS 1nPBPS R ARk frfidnts rﬂy&;em@é&w dedﬁ&tdhﬂﬁtrﬁ%tée N Ragment
t hat encodes one subunit of hemolysin is shown in

Preferasﬂ@mglmheﬁ -barrpledomginjof SEQGP INQ:U%‘H@ aci d sequence of
SiapH Rt de cRinefle Bﬁ@ls%%ﬁhélr%zﬁéﬁl\éﬂs bPpopkéns bESBYID Ri0: 2 or 3.

The ?lrst 26 am no aci ds 2 correspond to
Chimeridyprotsing Al fomed tfioghesubupiife eee;hncmprssmgd’ragm@ré acRorigns 9HREQ ID NO: 2
or 3. Tﬁreaﬁ Fzgrgaéséfpmﬁhne%: lpﬁ)t%&%?&% 1|cﬁly%1tnn-:9l’6 tﬁ I%eﬂt@@% portions of SEQ

I's's NO~ 3. SE has a
H)NOnkoﬁﬂonlne reS|due at position 1 |nstead of the 26

ﬁ@l'l n(g’ I'I‘?Oile le reSﬁS&t I d % t&lﬂgt VC or Qﬁ(ﬁﬁ(ﬁlgh %EQ?] ln% OI' at one

VArPant ©s a aner pore N
or otheor Wtloénds b tieawdw asmlksaquen@ SESBIDaNO a2vprrio Iasprtwnswé qlwetvmeor more

addlthP tagilr}?\éa%{ﬁiaf thg gﬁqgrmtu{;@&tmdff t S% ldlf? Etlz\é(ggnc% ésoless:?h}(‘rélfgr% i;‘%ﬁfr‘bhthe
structuSd ddfot fumictioh of thegidtéinfand tﬂewhmsnnonmwehmmﬂ }an"pnflarably

id sequence, that varies fromthat of S
pepidSSeasnE QL UB 1P Wu b APTDO R SR i PRRETegaTE: Ged Adbudih at e
N terminaPéradf kit Rkl cald akdtbe Biib)étaﬁltﬁal avithf @k atvb or b adaitib@htesidues
a naturally-occurring vari

added gépgrg g@é&trg}g}y AN ZB*SQamOWOfeorpm yes %}ﬂ%gyﬁi h%!icf tional sequences can

also beddaR i HIRGRGEM Sn 18 GhiRLrhaHBrand@EdicH) b&w@érﬁdi&uh@&‘dldlﬁﬁidues 119 and 139
non-natural ly occurring variants groduce

of SEQ BXNRh3-AMere piesistinadigignal esgugncesran %%4%‘)%#@%81%8 {Hend 130
of SEQaﬁS ﬁ@p 5 g?l%ﬁg%%%f oPFes@EQlE@aAHQm 2a fitiods ch BE3ddd B the

era be at | east 50% honol ogous to that
equlva#eqmmes in SEQIDANO advidrrerrige prgteirramit et fypsed imypneamino acid sequence

t he subunit pol ypeptide is at |east 80%
accordg‘[ge[{) ?‘?Jé% at | east 95% at |least 98% at |east 99%

h Stmdlangma&od;as (3364 admnaarbi: n@da@dqﬂedndeﬁnmpgogy .dot ﬂ@mlﬁ thoUWGCG
Packaéle é>rov1§es ?h %ro g'n whic {1 u? Hed ?o c%%gfagtﬁ&gngg)gg,{%le%%rgple used

uence. St 1 ONs
on its MMeﬁﬁgﬂmeﬂmd (1)984SE®1¢1DAM REsemCh fBZ pB8T-3% e [PELEUP and

BLAS%?%Q&JH% CULESF 515 8m<tr)]1§%ygoorri168 Hﬁ éeq\l./le ces @uc% as 1d’égt1f9mg
eq u1va$éﬂ1b&tslidﬁd$tolr %}iz‘eslﬁﬂilyhnb Geqiexites (tfpidalle sathpir Gefaﬂcmrr@s)mg'oﬁe@ample as

descrlbetgi n A?t hglv\é ?9(153‘8 J ?V[ol’%g]olrg% 2@8 38(? Altschul, S.F et al (1990) J Mol Biol
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in the sane block in the second colum and preferably
inthe sane line in the third colum my be

waawsnited ed for each other: Non-conservative PCT/GB2008/004127
substitutions nmay al so be made at one or nore
positions within SEQ I D NQg2 or 3, wherein the
substltuted residue is replaced with an am no acid of

215: 40?26 %re %rfpfeﬁ&%{“g SRS Erﬁiysgsh Spit 1S bl Aitable ShraH/tRY National
sical size. One exa a non-conservati ve

Center ifnn Bsthfrmlp&yrinforraaﬂ_o _ é”‘ﬁﬁﬁ@l nbnpih@oyepl acenent of
tﬂ% njleéﬁgﬁgp%n&%ﬁﬁ f)é ﬁgellgé v&)ltﬁ ag':v%ﬂnglzmg The é@&llﬁ%ﬁb«;l'c%be any

cysteln
suxtableolabﬁl fwdich @R‘wqiheprofeum tmbnﬁ@@@ﬁé@mdﬂe hbelsmblsld%tbutt ar@mot limited to,

»ﬂuores?eélg m lﬁcel}f%st ra(FiJlngS es e é[g%]; ?%E%&?%E%tﬁédl J1$0121§.|Q?e{og%és? d linkers

such asdfiotisEQ | D NO 3 vvlth cysteine (i.e. NA3C or N 7C).

I usi on .of ei ne resi due | E
AP GEE RIS it ol M B0 Sl ocobhl ieus, o
made s?rﬁheﬁl‘vtﬂl’yt or PP Sdcbimbifnt mSansl Fa rexzﬁii]ﬂdf] g&SprmIﬂu ey be S)mﬂﬁ:eizaiby in vitro
itions, ,and at

ot her. | ti iti
TR T
natural B 9cB@riREArhinS 2AAL ELinbreasSiQ sta&liﬁﬂf the }ﬁbteiﬁs I’Wb{en the proteins are

alternatively or additi aII lﬁ‘% to 50% of
producehloy sybpR RGNS SWhATUR %@ atfe e ‘E}HSH? ugfon The proteins
may al&%tnhcﬂﬁféa%lro%gﬁgcmm&rsyﬁméﬁciq@k&o&ﬁﬁ&dt fodfictighONs

di stri buted throughout the length of the am no aci

e e ba TR PTG DS G I g7 s R FRILS Wil

be lmk 1n$ngrsla RNGice 2 BE C3o N htatiSn2YRE RtcdnveRticHallin RS for producing
Tty to insert into the lipid bilayer. Fragnents

Suchpll@aimee at | east 100, such as 150, 200 or 250, am no
a Ingribér%f ngé]&tanx m n&{s%ﬂ&%ﬁ i Ry ax@gnd%é?ydoetn?adg E(Ptﬂéj Giffe

i meric pores. ragment preferably conprises the
chains bf tbarnembrad@pmtemuﬂucl@i@@hﬁ@tm ingludy, f@ exapzpl¢, medHichatinmp gfjamino

hi
s LRGBS DB PR e e
armdmsmtkmumltmethﬁmdaummlmmr sayh@loﬁ wag amtlt: gnlxydrlcpor t | ons of SEQ

Eeecowkﬁal&t élFelx%)rq,nS Pr[?éednsbcan E)?]%ro urccgj:l glrlrseln Sgarlllg%l‘ oHsr 181 flf? the art.
Nuclelsﬁﬁli bdquécs edcatingd pr&hﬁ can bcnmlﬁemmdn@lmaeddummtaﬁdaﬂ meghpds in

r. nat veI or additional nse
the art T e b DGt RE RO D Pn ERaPEREND e 4 B e
standardbeédhhigudNGh th% aft The. prdt&ﬁ i beOihtrafucaifto atch‘\ﬂ)b)@ih sifoExpression of the
additional amno acids to th@Cterm nal end OEI t he '
polypeplafs o EaeRAnE SYPECSFBR ¥ectqrickhe X RTEssigB M EienpPrpRa Ly carmies an
induciBit piéGlottk & RRES1TKe dxprredidnuT tifpolypeptideot ei n, and t hese
addi tions coul d be substantjal, but ‘?r ef erabl y pept égrane

s Shusahreapsaratus |y ganks usesl foppwidsaangg otepalications. Eﬁl%@y ade
protenpl'f% &d if e legfgr Hsgd ele@ﬂgiltsigﬁﬂstyﬁisaltyrb%u%ﬂt ggﬁﬁl n&'vel@fﬂ:q between

e nononer coul al so tanti al one,
the elemmle@ﬂ imibe eecess diand B firtheeepatiode24ia e hamsorr 7w~°omemtored using the

ele:ctn?ag1 glfngﬁ&g dfté'nQa' vo?tPge 1?950 ﬁ)ggecﬂget\m% he refatr6Hie 81 %ﬁt ﬂgwhllst

dditional” sequerices can al so be adde
monitqying it afecirivaltshgmalt Tanformefithe elneriead glgmh ang etm@nlaamanm therein,

prov1d€él ?nfgrmra g)%ﬁtj.gellsﬁ? 4 ndl g, n?emb§a|r:i 8% Ng&b Xt ween

preci se oha uences
r Ssmdnmsluﬂa%'ﬁvaadnﬂ)&@ of)tﬁseSEm o d’d@nb&} Gng heawinngtro investigation of

memb%xfelg?r\égms %]; sﬁlglse-lcgé'ln%éc'l r%c%?dlr?gn %n%r%gortaﬁj %Imtmegc% us&d as*,J £ blg%ggor to
detect the presence of a range of substances. The apparatus 1 may be used to detect an analyte

molecule that binds with an inserted membrane protein, or another stimulus, using stochastic sensing
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equi val ent positions in SEQID NO 2. A carrier
protein may be fused to an am no acid sequence
w@ewondi7eg to the invention. Standard net hods PEI/GB2008/004127

art may be used to determ ne honol ogy. For exanple the
UWGCG Package provides the3BESTFI T program which can
be used to cal cul ate honol ogy, for exanple used on its

by dete@fgathlingg e the B@fent ﬁl@\/ﬁiﬂfwﬁﬁlg&he fresendF4he MglendleciiGiot Sther
Research 12, p387-3 The PILEUP and BLAST

stimulug) HErh s SR ra%Yetw e 4Ptec A RECHRTOY By na5of memerane pores

or charBls SR HARPRESy defddfill Dshangdemninke birkdh@ 11661 dé 1halp6ralor EiREACN RS s. The
or correspondi ng sequences (typically on their default

lipid bilgyerimaychs pyed fprarrapgetpiher pyEPosessich BeiidyingAhe rrepsifies of mplecules
knéol dserk |Dr@leé WP drdl Qoreirde§ T Wparating cdpoRints fi
o O)SCJ (ﬁgl Bi oI n%OS 18 Gr%ofx{ﬁvvarep?gr é;cer fpgr rlrlltsnara
reactlOIBLAST anal yses is publ icly avail abl e through the
R BB P A LR @i 30 overin the
electrodeall Wil nbwibeldisedsagi t h a reveal i ng | abel. The revealing

I I '

S O B A AP B b U 0 e s
the elearode Abin the nevesedlartdshe fultbockestaizt24nmihe chdnés; 7 sufficient to reduce the
amount ogil%cﬁzlsJ Slf)t oogﬁo écs ﬁ%{% 8ov]ér211?ﬁ]<'e? esg<§1‘d)g 912}41 G I‘e easgg ?El(sj %sep%duces a
similareEbd telectiorvadititigns may be i sol at ed f r om an or gani sm

oSt AL et T IO FipFarovs B F aPb R i gestmen

coanngom 1S ypplieEs SE@Gh RFid. 103/ WhdrOtht b&ﬁﬁe@frﬂldﬁt ¢dating 306ddstrathe @Rctrode 21.
The am no ?O%Ld sequence of rotein

may be
Next, agshpvm; 1 gig; &l H%%@tlab%‘m cepse the ?P%Zy QP YFG thy &5egss S so

that aq@doud D1tHdR NG ASRs mbAhSiedddh biNext, @fvold}e idppli&l Wisich BV iHtere-
proteins are produced%% synt heti ¢ neans, such am no
d

treatmeyt poEing copering the drstre Brshewyn priaerO¢-i184s voltpge will rupture any

layer oP4RSHEHAR ABYcuRtl BRmbBPaiRd it ir&dssf0 hh&%?k%n&'t t.8€own in Fig. 10d, the
synthetic or reconbi nant production grotelns may

aqueoug sefutiqsd Opy Berrdent Qféher@a@ear?ﬂﬁ Bncgygrdhe regass & Jypicellys@gmount of
aqueouts E@um 10Quif ?éngzﬁ“n thllel re&@s TEI SﬁldasI How & }ﬁ%é 902 %815{3%9@ hftlgn 10,

Cto N orientation. i's conventTonal
havingamphipiiFc pplocilcs adgedsthttrmps Boédrsrosniha bbed ogf-ceskee recess 5 o

in the art and may be
that the 1'3ﬁr1% W@%B&@ﬁ@l (g?{?ges he menbrane proteins. Such
Biels fsinwat snopis penfminui‘iw fldwong tx &‘mlﬂ aueas solftilanaltli i arsl Cmf of the
0_aci ds uctive a Ig

chambcgrnr?. SRS pr]; MlieOvve £ 4SS 0 dlul§ : onov\y\f({) %to'r{geBéﬁmger i te-covering
the recedyis dinlﬁg I10¢) conld be diffeteyt fahethe aqudatissobition ¢y flawddintowhet dhamber 7 to

frst M TERR GUT Fig LIPARIGHAPHEE R BB S SIRRB A Y R Fgppia B0

amphlﬂﬂhl(bl rﬁcnecu&@ bdlle8 BOHE NHeSusSBIGRSH I Bve b EieRh&aber P first cover the
?Ol ate gnd repl i cated using standard nethods in the
Tecess 3 PFIH\I&QH) plore2pplying L5 Y8HR&Es encoding a protein can be

eA@é&ﬁ@@@Ihmqheas @%k@&d laherla% bf 166 nkerktd ki€hcs Bﬂﬂ@'ﬁ:&éis 5 hydrophilc.
t ech niques I n roteln can be introduced

This map peyackicyed by rmkmgﬁheswn 2 @&tb rt‘é% & dmecperat merehlorthpdpyeisda and b as

shown'ifl B8 A, sGARFHMO AR B XREBRS 1298 4% S&tlﬁyers) 1R ESRHHARDRNC material,
vec Or 6] tlonally carries an induci'b ronDter to

for exapi§10). Typiealbsbpt wisbhmERiopbe osrye futheelayer 4a might have a
thickness of 2pm.

The outermost further layer 4b (or layers) is formed of a hydrophobic material and as a result

both of (a) the outermost surface of the body 2 around the recess and (b) the outer part of the internal
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Thus the apparatus 1 can be used for a w de range of
applications. Typically a nenbrane protein is inserted
WO poovkz77Bayer 11. An el ectrical signal, typi caPCHGB2008/004127
current signal, devel oped between the electrode 2 1 in
the recess 5 and the furthgt-electrode 24 in the
chanber 7 is nonitored, using the electrical circuit
surfaced thebde &P cxten@ing figM theSrira bHibe &{aéﬂs 5 eﬁhylﬂﬁiphﬁﬁdﬂ Thid@ssists in the

electrodes 2 1 an noni_t.ori
spreadipg %ﬁ‘i’? PEL caﬁeﬁtrfﬁi’““g%ﬁ‘ée“ﬁg‘? WBIP“‘&YWE “’éfee%‘%?‘feé gf the pogy A is
desirabfeer if tHead it hétah dneCAARG el L2606 of PRI erftéHaMth’pi@ﬁlly but
about the layer 11 and any_ nenbrane protein _inserte

withou{ BiaioR, LSBTt FsHen 15T i“b‘?‘}gl?bhaé‘iéfhﬂl%%ss 8f I demyp iy, 196’% 20pm
or 3opHescribed. One use is in vitro investigation of
nenbrane proteins by single-channel recordin

ttephniquegiiRerreyigs a ieophdlicsrfaceandhetiecode % Waigheiepels the

applledtﬁgﬁpfnﬁéﬁ @&Emgﬁo %v}ﬁl?t%ﬂ@wﬁi& i Dh@ARAESfron] e aﬂ%ﬁg s"btlﬂ&m]lo to
be used detect an anal yte nolecul e that binds

the eleWoﬂhZ iy rngyé]etag}@;ewé 1 denesitipg pprefeptiveapateiaberhibe electrode 21. A range

Plel
ofprot e ) e O B ey R A b BRE iyl
polypytréle/ mmsafyttne sytfoinete a$ discaussedbloere. AgpiheupassibiliSi ik kemaleptly sthaehed
sed to detect the presence or
hymop%g93%% SPcngﬁ%QEﬁ%ypores or channels in a sanple, by
dﬁteepparactgs hdc:skramg ebava histheercmideand ufeld eypeaimetthBy palemoxstrate

The. |i pi il ) I b f ..
formatiS AE yer 1R GO i HEiog P P B S Y PR A RRbrand prdlein,in
particulat @hendlyss. Thk folbvepipr@sditd @unfotlowddafipr @aifictureofihe dpidratus 1:

uencin reenlng) or separating
DapplXB%‘prﬁq COFB’?gdé? 88 on. Some techniques to reduce

2) intrddlceR@dolls Ed]ﬁxoﬁﬂoli}lt@fﬂaﬂfbeﬁm ch¥eerdcésdf ment coating 30
overln%>the electrode 2 1 will now be discussed. A
3) electre-et the eletiiofedk i s, after application of the

4) remdVe Qo 8PJNRIBH 16 RAILIIGer 3&edsS ARR! Mirsdué@hduedR saafisSR ihfde
electrode 2 1 in the recess 5 and the further
chambez|7de £9vstIREcea S ppd fora thepayebds 7 sufficient to reduce the

5) add @-‘ﬂ@rHSISISUQ f"re@?ﬁﬁ)ea%ﬁecﬂy HiaRAB LA &!;Aiiog inS&M&d 1'nﬁl>g O}‘f:p 1.
electfrode 2 1 in the recess . his is ces

sinsiep d), tefreteatment eoasiog ﬁ‘bwwétewd@gane Wﬁcéque@mtaqa eTheguantlty
o b B AR e 40l o o o8 M coniins
for formitpmwef tha 145ey! 1. InGufTivlentpee-trédaemept eoating 3 prevented é@rman@ @&0ohe layer

. C Xt
1 A RS 0 o7 RO i e vaiaion
oﬂhemmwmrdbhedothsmmﬁ so that aqueous solutlon 10 fl ows

DS e TR u PR & b R RSt e E g

phosphetietihe. qtie ligid ,waﬁﬂlsﬁ)h@wih pefitafrd £hd tHdQried bitts theLitfag@f ide kbver 6

S SO LSV oL SOOI LLE Tl ecul e Lo o 1y

2), the dddoustsbRitiai LEEUSct&Dheltipion 10 is flowed out of the
chanmper 7 to uncover. the recess 5. T%) cally an anmount
oY RN FES RErTRBIee Py ERpligasionef 4 lafes paiential bp aornss he glegtiodss 21 and 24.

This rehﬁ%d ézkces@ﬁre&ﬂ:@%ni ddatitlgB0 flofbthe AEMHRALS1. 2MhbEIhQH3t r%ered in every
aV|ng %& hilic nolecul es added thereto, is wed
case, when parformekthissiage belped to eondigor the gesessSderiggnasion gf ‘thh é?b’elt Heand
assisted 3h8dqudnt n%gsuyé?&nmwcﬂj%ll alf0l ecules forms. This is
nost sinply performed by ow ng the sane aqueous
sBY menignaing of the elgefrical signadg develeped across the electrodes 21 and 24, in steps 4)

and 5), formation of the layer 11 and insertion of the membrane protein was observed.
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chanber 7. However, in principle, the agqueous sol ution

10 flowed into the chanber 7 to re-covering the recess
wWG2@0a7F84yH. 10e) could be different fromthe aPCEGB2008/004127

solution 10 flowed into the chanber 7 to first cover

the recess 5 (in Fig. 10b) _fefore applying the

voltage. Simlarly, there could be no anphiphilic

ﬁqh@ﬁu&eaﬁre g &Qcésgfutm Ferﬂﬂﬂ@d)féﬁ arS&phthiu® 1 o Be tpoWBGribeataBove

he chanber 7 to first cover the recess 5 (in Fi

fonneqv»bl;amwemmtcawﬂlquguhsrf@eéolfqr@gf@n ok thedayisrHl and dnsertiqnef the

membfa f)tgtem o@&ﬁeﬁ 'ﬁﬁfl H@fhte fﬁt‘lcgtﬁﬁ vhridbfek BétkrisddlabaeCaitit with
e recess % hi's may be achieved by

| Varymgdhgrﬁr@gOfweea!?bdyy@d\M&nhlwﬂm(or in general nore)

Q lé MW, b%‘%e Plgerf* < eﬁrp%mpgarﬁtp aF'lrgwgml.% the (Hrsé %@id‘ﬁgtive

e I nrer nst furt yers) torme
layer Zﬁ)whs dip'lnledi bsca sitveefoil afrips €29 pmelxighyfiiom @odellowW)/thermmlly jammated onto

the su‘t\!gtratﬁ L d}r{{l thc %rgé??n&f‘?@%e)f d) 13 rf(il’tel’qu{r-lr% él?}{t];errlzlxyt%ﬁ% rA circular

recessISajf éiamdibr ((mpmlva!} eregted fisthEdayoed uSlflg an dxgohreo frseybéxposing a circular

. teri 1d_as re t both
sitvr i 21 offHonel s Byt T bt i bR dleF T Egaty s
descrilﬁtldtp@erviqilﬂlytThafsedothcdnﬂtlcﬂiVB alysimfvas @ sarbenl pridtingdRessilver chloride ink
. xt endi n e rimof the recess 5 is hydrophobic.
pnnte;'?ﬂ °E?§§%§P£t%nh C[]h')'e spreadi ng of the pre-treatnent
c qa& bregrearhﬁﬂke:ashrigho ScopfpBRgE 0.3 14 1RERdEdANE BEE TRl DHREC in
IS deS|rabIe even if there is not an inner

pentaraemsrﬂéqn 2pplipdito ths bedyr2ang djrd 3f rogry BRI nat eri al .

Tyme 6k e/co%hséu 4 1haH thidk sﬂlct)ﬁl?dbg&,bo@%d%ﬁﬁ ar@ﬁtpn{ twck lwlar lid. Lipid
er 4b m ght have a thickness of

(4ul 0 g/rzldPﬁhP&rm BOMFE) Wasanplied te derrsidgnd the§°1feé 6 gt mlwloaféd ép dry at

room Q%gérgt&t&'ﬂefoké:atﬁa{nfneﬁpﬁ tRbddh e wahekL@deve 1 which repels
he applied pre-treatnent” coating 30, whilst allow ng

|éﬂwmﬂd@ﬁ§@§ g8t pfacerded hxfollgieous sol ution 10 to the
e lIﬁg Qgﬁags 22TJM1 95 (@é akﬁgﬂl@&‘ EJ e agc %1 %%RZB teﬁcn&e@m a Faraday

protective material on the electro range of
cage apd @ 2@V 50 €z mmnemlhraioﬁntrdwabefous ad)he@lr“@ bogwiv iteiapglied svageform

and th§ Qeisgllflag curr nt ? 1dhtls kiAo h% eR C%E}é%})agllninrets%)nse

as di scusse
p (Mlﬂltlbn bf they aqusola selovai Hhiréayes at t‘epeh etdleuliy) dermpdtioh ibetween the

S e e

saturathe e Sirfeas aifnpﬂlﬁérrmttypim @hceds $hdyvalin Big, 16, ivlaing b CutkeE response

NN MECHICE T LR RO W

whichR§ QERGMHES sMABfof Bleli@¥EGhnafidrewithHRyéra6imatien &fd pohteurrent
apparatus 1: 1) apply pre-treatnent coating 30 to body
measugement.  nt r gduce aqueous sol ution 10 into chamber 7 to

C QY Bk eV eBEBBTh6lectbdED 188t Aot WRtiallyT6mEd Si6per @REridak )corﬂﬁectlon with

renove aqueous solution 10 to un-cover recess 5 and re
the aqpepup gdiifion 1@ gerplieation of 4itlIVIPC porentisl eands dpdde inprepss ip g @yailable

active'efeefroife arka s i§ A 4tEEin lF?é’ &7, il whick }hea:gzgtr@fer‘b@gm ﬂaﬁllaply active and is

ree I nto aqueous solution 10 and nonitor insertion
then filhyt agtivatgdeafteriarounidids of thpapplied piientigl e- t r eat nent coat i ng

3(%oﬂ@§in§183%ﬂ$ﬁ&ﬁ-&%nﬁécﬁ§r%e¥\€9enitﬂb a%ﬁ&tug E‘oqutioylﬁ oL 'élieEtYOde 21, the

aqueous solution 10 is removed from the chamber 7 and reintroduced. On re-introduction, a layer 11
of the lipid collected from the internal surface of the chamber 7 is formed across the recess 5. The
formation is observed by an increase in the capacitive squarewave current response to just under 500

pA, for example as shown in Fig. 18. This value is consistent with the capacitance expected for a
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and volune of the pre-treatnent coating 30 was varied
for each test to obtain the opti mum conditions for
wo orosmti7an of the layer 11. Insufficient pre-tPEHGBRIVS/004127
coating 30 prevented formation of the layer 11 while
excess pre-treatnent coating 30 caused bl ocking of the
recesses. However routine variation of the anount
1y Dl il
1 e Eta drent PEdnfetréts.
o AT 1 ARS8 e BRI L ot et ot
p Buspheotadiitine of cmmwllysm td theaquedhswbitipe d0 Preatpemtuansat raspanse
o 5 e SRRt B8 R Lofhe P KR IRl 00
exampdhomﬂf cyﬁlodfkhﬁm]ﬁeﬁﬁt ihlte ablmd s éblutlbl‘n 18 h s arf ¢xpe oig response
10 Y St 3) f d
on co en was perforne
with bz e copee S el i b 8PS hcr o ¢ he
ehﬁﬁ&dgﬁdl&ﬁ:x?mﬂle a‘tlitd'e 2bws Uhta forltl&l’th&ﬁﬂllyebaﬁm&d apparatus 1, the other

re-trea 3 romth ectrode 21. .
systrR iR RRRG I B0 PrOGUTAR FIBCEST ! BURIYP LGRS G RIF BpFFeP: For
example) s wisa00 shebRAMly demaonsltd fobih dpperatue ¢ &Sfhed by Rinination using
formation of the layer 11 and assi sted subse

presSUFfos B ARSI PORIECR! e faithes 2yeTAl SOWRXPr, dBsradbe e ﬁ@‘/eb’rvas found to

complfcgt@ f6th BG4 IR reSek O16YR indEMR P8 fesalin® Bspedt RRioh & SrEARDS the
and 24, in steps 4) and 5), formation of the |la

adhesqqacam therplestrede- Brs prRRlemeibPEErONS b el coigparking to “livate” the
clectrdd@S€r ved. The procedure was successfully performed for

an apparatus 1 of the type described above forned by

| e menartod therauality obtbe teress 5 éyyidentayeomparrgrpits Bem gcesses formed

bya CH'] ?asl:r%}{g bn é&lrﬁ&]% ”a%%ﬁ&%r?@ F‘?és id‘ﬁld% r@{p@ ﬁ/eﬁlr ﬁ)ltb%{hn:ayéﬁs

observed usi n t he rication variables describ
formatidnonfehe lazkeb ét andmtdmsparowm@w@eajul@eé evflent spgbenesiiinsd, byt more
nd, si ual i i j
reproq?xglrgle ap pcI:szsé Te %"%%F% %'%r}@%_ﬁlea %%hR%gyege%)f ir'ogxﬁgcﬁr}} tﬁceéOz laser
tendedCto rfcfucrblaueely Rylorlay2ts hﬂmthfrmrﬂﬁdsmrasigialmd wemialsostscepsble to

3 S S S e S D
S1gna1§ Magi card) to formthe furt her layer 4. A ci rcul ar
cessS was cretedfurthe | ayer 4
EPrertan o Ele T Lo PRTHOCT R PR "G apparacs 1
forme@ lasﬁ&‘ésérﬂfé& abbvd uﬁﬁg Kl pladetinfion bikisatircili ®ofd pasefbctsde | M €His case, to
was chloridi sed el ectrochenically as_ described

form appargfup LS, frsoeBAUHYIAYFT O WA OFTSFEPY e theEoppes foyl on an FRA

substr§t€ il ﬁdeﬁ i ﬁ&t&l‘ | hir¢@f Boatd ﬁ(ﬁx’hfa@ﬁl’eo ThélbatdWéasRhdnktiReh fifhted with
he to ody 2. The pre-treatnent coatUVgi

a Ron@@reere 8&%%1119@1@%9\’?!6 SRRk na ML RETEn expgseqito UV light on an

Orbotgﬂhpggbﬂ‘962)@ﬁ£s@1rlﬂrectviﬁ1§%1ﬁm£bhﬂﬂ Rhd 8defofed With RACY, sgluﬁ&dto create

drie roomtenperature. The cover 6 conprlsed a |l mnm
100umhn@1kar9p¢ﬂumwvwalaﬁtﬂéqctrb®a91w th a 250rrm thick Myl ar

dtioR! gth(eﬁlhgle r f ggﬂg@% QF!;}E%& W) R apparatus 1

appiﬂ-n d ot i nsl’ 0 trﬁe covér and al | owe aF%ara ®

formed |a§/ deatritred ebove esrpeptwﬁqliﬂ@gbelm frethistcasgctorfenm the eppatatusy oty first
| ve t .

con b S AR 0 G B S PER o s
substratteBamh e durther lafxe 4@f 8U8 photabsist bf thickes? 62.5me ivasgih-¢aated on top.

Far ada cage, and a g) Hg uI ar oten
RecesiEh oYt ALY e o PR LU ReretpR i b aRphyeavent
removal of the uncured photoresist. The recesses S had a diameter of 100pm, exposing an electrode
21 of diameter 100um. After baking to set the photoresist, the wafer was diced to form separate
substrates each with a single recess 5. The electrodes 21 were electroplated with silver and then

chloridised electrochemically as described previously. The second electrode 24 was screen printed
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and the resultant current signal which is indicative
of the expected capacitive response. Addition of the
wW@ouwentr3sol ution 10 creates an "open circuit"PCT/GB2008/004127

connection between the el ectrodes, such that the

current response to the appig.ed potential waveformis

| arge, typically saturating the current anplifier. A
silver/LidBd dhfdidt fr@%ﬁnﬂe@oﬁﬁf@%b didt Jrkd-bodP2. i Nvol ving a current

response greater than 20,000pA to the 20nV potenti al .

TRhepre sestmep et A8, cempaEnE)-aiob 045 %ohexadeqang i nopippe, was then
apphe%‘tﬁ%&d? 25Hd bl B RfolieipBAthrel OF USe in conjunction

ayer formation and pore current neasurenment.

| Bhe maeﬁﬁ@nmnﬁeldatt Iy thicki silispp ofber Pody widhess 250pm thigk Myldr ligl. Lipid
4u ofs M@o / h%g%? p%{t)ag]g} \%sca.?l()) 1eqiq ﬁ)@ qﬁs (@/QB{%& tcgve{' @gntg{ﬁé%&@) dry at

cat pot ent | can be
room tergpaiatbre bbﬁomraéasimﬂeht’mtﬂlmé)@y awthbﬂ’éa@esweve el ectrode
This is idl
2 fins S SRpdiles YR H Lol ol biducodls fohHatiloflhe 1 11 and pore
1nsert1aCWachﬁ’t£@bdaF dr&karm‘lqtﬂrg:i Zleho@fs attypécabqyolentachep sito@mtg @tlodextrin
|t connecti on between the aqueous

en-cCc
bmdm% 8}’63{5 V‘Sﬁ‘qﬁgio%ea“ t’ %ﬁ"é‘?:otr? ode 21, the aqueous sol ution
1 @héss rdselEpéRdtalfyr dhﬂilv&ﬂ’bﬂ:a@’ﬁﬂh&l[wﬂthﬁﬂﬁthﬁd&bﬁbﬁﬁuﬂlUﬁ eflthe ger 11 may

troduc er 11 col |l ect
be perar, N oG F s e et ARG R retep o el of the
apparad&10&ifehdihs (RBSHA dept) T tHeGE ¥R 9, @Y heth@R DEfmuRdadhte Bdme
I ncrease 1 n t he cap aC|t|ve squar ewave, current response
variatiplp Inj SUCESSpg &y e vElget baAm gepsral dhiz pAgI bs oRAMISeRmTORtPeesyne qlghifferent

apparambsgl YdhadGeula tHe FoaBbEM thdfaldd 11 RGoEARAS HERAGR SXBE Ghd¥lof the
for acircular lipid bilayer of diameter of order | OOnm

recessgnkprpatiandigs prea drmonsiptgd pvsr weithstienmeim 9l §Rwn pcki view of the ease of
f BRUKREEd A okhM3n N poRsibe T gt WidhR ub RE20d e%ﬁ?m high

orma@ﬁqu ti Jct)j[ﬁe 10 cr gat esna pc?urlr ent lér,hgsplonscle&)t ypi gi;ﬁ 0cr)r g; o
Also in misw of thisreaserafdermatioragfihs lexkr p biikis expgstedthat @aptiensef the shape of the
recess%xc%ﬁ'fﬁlaﬁo bL Seoodasted® tYpPical exanple with cyclodextrin

esent In he aqueous solution 10 and shows an
eﬁpac twaalblncmubevr @srussee spduﬁsmom tOthoammmgl tovigelude plural recesses 5,

comm c1nfc=,lf<§rrm (?%stegr]lgl%(rgt hfie rgceg es ?nfhst’:ﬁlg%\én a#gy ff(%) I hew ¢ layers 11 across
an arri}htf Irdfm:isbgls mamng&ta@ﬂarapﬁhtsatpaﬂlcﬂlar adlasntage lo€the preséne nwention. By

contra'st;lglg' &1#1(%181;1}}%&%% rogf ! 0 éolgjlfo gﬂlﬁ%ﬁc ee?sz g ﬁ%qaratun?l:]hag Q ségle cgamber 7,

but créited thedahee ESBIfsith Hyrirganons afidi@tirdsarresaivoR ppéleatolise ih the recess 5

formed, b nati on usi ng pressure-sensitive. aghesive .
under 1 {Rieh b HHER HoP SPREP A ) B o Ry G eR R B NG groten
pores inBtRA iVMRAS lah GUIN IR irthe £QERYECIAtfBIe@ is BT highquélity brtes [0RE1886 o the

5 both in ternms of the resulting aspect ratjo and

area of e eeses g deAl frrhighafiflslyicEen g EmeRls UgP@BFTbGRe Brytein pores.

These-ghba%tagés(hl?el 1%5%1 S HAR:s B Yhith §6rhs laft AraySd¥dMykisNd bbQuse this
activate" e electrode 21. The inpact of the quality
allowgpmeaseremenigiods taken acresy el dretlaysys 1d ampraglieh githes sembpiging hggprrent
st gnalggqgﬁgagvﬁ s%%ﬁ%%onﬁo%h& al,%%?t esisag%glg ?x{f)\e}tg&(ew t%%'érf!nﬂ)sﬁﬁependent
measuremsats abwsyath byerdfl. t he | ayer 11 and pore i nsert | on is

? g%%grél%géé lhfl\qgg?)n:%% g%P FecésgestSH‘Svcr 1%%19 %g\t%c? andbdéRoﬁB{a%g g\llcrgr%srsful

uci b res were uced usin
formakialsefran aﬁescofsl&&ss 3, ﬂmmdhdaapstlhhty@mrehm@mmemw ary of close
daV. el a ]TI %
packed 1nd1v1cFuall evsvsea\rélée 12 Clé ore%oa%ré%cutrreg sign Is in paraeflef]@dn%x e3P sragxple
Essentlally an apparatus 1 having an array of recesses 5 can be formed simply using the

manufacturing techniques described above but instead forming plural recesses 5. In this case, the first
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bl ocki ng. Recesses 5 fornmed by the exciner |aser

produced well sealed |ayers 11 with good pore signals.
wao-eomtizen of the |ayer 11 and pore insertion BEBEGB2008/004127

simlarly observed with an apparatus 1 forned as

descri bed above using high_glefinition printed circuit

board manufacture. In this case, to form apparatus 1,

condu@th'@ 1dykr ) 1s ﬂi@f&l@&lfbtfbﬁﬁ?a iegé/rﬁt% RO 1 B 2¥d ﬁft&xhbd?zﬁe conductive
t he cop oil on an FR4 substrate t pically used

in
track 24,ip FrERAL o qa@mefe% ThtiemparF ddPE? BVEITHRETEEF Hha S Eln g ode 24

com&p&,%g@haqgéeggeggl wi th a Ronascreen SPSR(tmnm
hot oi mageabl e sol der mask to a depth of 25nm and

eftgés?édo Dshov firstgmthird designs O Whicle thn apReratigpdris godifed bysprpviding,
respecg{rél)e cf‘&urI mnBQZWEQEJQ% iR ﬂ&%ﬁia?é?@fdln\’@aémoflﬁ?e% to third designs,

tion to create | OOrm circul ar apertures over the
the ﬁrfé IC@@PtGGé@CQZ.O is Biyrdeditas shovof reﬁmtnreéw erFlgﬂ 2@t 8hoing plan views of
Rt S vglq I
o 585505 o SRSHE S 0 OBl
underrtehthshecacses 5;tagorfitaat 22 tmsddﬁgmoamwsorﬂ.qf thmm‘rmaﬂ sircuit 26 and a track 27
betwee%lgtgeg éé? ttrlé) u{s ar%i%he etg%@?oog]r nggll F’ ?’ qu nnt%pts faﬁocmted track 27 and
contacs?ﬂ)&t dlatricaly msldatad fram tdvh otheaallowink Saf)arﬁhJﬁleﬁdnﬂ:irﬁntﬂﬁ' c@tent signals
& t hi c ness 12.5mm was spin-coated on top. Recesses 5
Ome\%ﬁ‘rrg ‘med by curing of the photoresist by U
emﬁﬁﬂdﬂ&re\ﬂf t}fé aﬁpaﬁ’mﬁskl Adytbe patiomd aﬁlhg the fatsijued Hesthiled above using

uncuge The recess ad a di aneter of
lam‘“ﬁt‘ebf#.l? %@E‘-}S ?f°‘étP%%%P|}%b‘§“&S‘ C‘E'fw f&met er | OO

AlrpBdratsel il lh@wﬁnglﬁlet reédi®s P RNeYe@Smade anll h&d\&ﬁ;ﬁeﬁ&nemaﬁy to
diced to formseparate substrates each with a si

n
demonpisgl fgmafionpf a lgypreld; ingagisulor beinge lipidhilsyery Fid inserign \Mg § jembrane

proteirs lin YficuBR d-HeAEBsif. hﬂ'h@ ek hﬁﬁﬁkaﬁﬂr@&ﬁﬁr@ Ghem &@érlb)fd ?o%ve for an
descri bed previously he second el ectrode 2

apparagysyldaFing p sHigle arspisvedroant Mhasformion of the 13y8KS gﬂdi mﬁr@aans jrotein
1nsert1I)ll[]@/ast &Qeﬁédjﬁ prI'al Feiagsscqu gorge exyﬁplepﬁr@ at f@ghgent coat i ng

corrprl Si ng 0. hexadecane I n pent ane,

wéé apwéﬁumfpshq f@@t dteszgrt lhﬂefmsé@y rfzse%mﬁS wes menufactureddsnthe technique
dCSCTIEC%ISEWCQ)tf nauIH Entg 9%@8:#% ﬁ LI3§/§ % f?rs* ({Egh&cﬁ:v%%}ﬁl gﬁapalver
vapoundepbsiieg burk p@mt%CShent Spmtnaa #eThefasher mylet 4wag ] Sphghick kimgeting

film tl%lf'r?atll? Cg%/t n to rﬁl{: gclu{ fece esf:fo fgf)%x g 1am ﬁ%% wérg ﬁs e Vatét%rpetch of

300um'l'b;setme|xgxmmahsqnerfor med as descrl bed above and

ccess r mat on of th r.11 an r
RSO TOHE s B et s sufenddlely it rR B rgn gompen
amphﬂiéy‘ [dévdées wettdperated il predlebkitva sigle yibleddst dhlarid® elBettode 24 in the

e w th [ d-t oeah I ores hese results
chamgt 5 G Py SRao e BSR A P0 ROTTHEOTH G 6 seton of
membfaﬁé pyteirRnt pllirat ﬁ%@csbe@ﬁ &fas %U@)ﬁuhﬁra@&ﬁéd}ﬁﬁﬁﬂllel' Often this occurred at

particular formation of the layer 11 is achieved with

each r%pe% %thp%gmgtfmmtlgﬁ ]al| fgllqgfto lfq{gl aéﬁrﬁpaqréqugreg_esses 5. For example
typicaPduiRRtSHa08Srd Wodth th BR 29deRbMra@y iRQtah &S B mBion?P Bbur 1a ers 11,
nmet hods of manufacture. Sone variation in success ra
each haging greds fivo whemelysigpqiesringerted; wath cxglodsatrigbindingsuents N otably there is
no cro sighal c t 1 peratirlg Independently and
GO Uk e 10 T ch{RHS et ADRBERY Y 38 Dpdracirgly
particular the formation Nayer 11°1s not 8 T
can prq@pe mgamngfemaaisengngitin pmllql wemr @wsd@duﬁb'radﬁpss%aﬂdalsmg a
commgggegoﬁeg&ﬁ Shd At ed over wwdths from5mmto | OCOf€m and in
ew of the ease of
An apparatus of the second design having nine recesses 5 was manufactured by the technique

described above of photolithography using silicon wafer substrates 2. The further layer 4 was S5pum
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formation it is expected that formation is possible at
hi gher wi dths up to 200mm 500mm or higher. Also in

WO 2@9/00f734 hi s ease of formation of the | ayer I1HCT/GB23108/004127
expected that variations of the shape of the recess 5
could al so be accommodat ed.3glhere will now be
di scussed nodifications to the apparatus 1 to include

thick EﬁJSLHh@{oszﬁP §8e fine ércuﬁl? PR Ys Wk %B@djatta‘ﬂlt%o@%ﬂﬁ 'B?y of
recesses 5. The ability to easily forman array

photolith@eerpby 1n thascqagss heagregses Wadatifferent dipgmeterspin; mrtau@r fginen, 10pm,
15pm, ?B }LH), (;pgsk? 20 ﬁn %gﬁ’i 141186 prft @gﬁtﬁgﬁe 9fwa§. G&ldg& ﬁ)sa%ted circuit

contr to traditional nethods of
board fvgh manatmragks dopmrictgd b dagly eangact imd apFpony was addedsacgoss the contacts
22and325r}9r (;ot% er 7, but creates the layer 11 in situ
e test and captures a reservoir of

el[remrtletroé ydngrol the giptied puesisl dnd mvdelrthe dverehtagsgponst in pavalich a
multicg%%%ﬁcégg’%trcgrgégy Y Ot ztcg?aﬁe%p%r S’E’Hfgseser?gesghware egsgﬁggavﬁsrcompmer
automdtdd usmyrd enget guplt@apreridd fluillies betrol o thf repraged appl@hiidnyand nonoval of
b islo aJI§ d to the area of the recess 5, ideal for
the aqpRogtSofYigBI 'ty current measurenents usi ng nenbrane

PF6ein@tibn PUERSs 11HAE SRertioly Mﬁ@ﬁ&e@fcﬂmﬁ@@ Plukd] @etedses Awas

apparatus. 1 which for rra | ayers 11 because
succesp T AP 4 PRUSL PRI S oh B HalErF o PG e e » fver 1
failed tcﬁ%ﬁﬁ@toﬁé of Mo ¥cBdskES. Fodxbble, (HIBA cikkdhtride fdz WdcEHBS 5 constructed
gnals to increase sensitivity or nonitoring the

with ge@reieemdeé arsrpeetiagyishoyt aregdox @ualé i tyHiop Arshefradis. 30

demor iR AR SBNBRL SudfolRstidn 886 Bht 18%AM 1 Jehch foRt 58 diRloRGin pores
an array of recesses 5 have been tested and

insertedewiihexcrogexttn Bdiog seents| Agadr Mareiion @ossalk aidrthiy cepfirms that the
layers lﬂﬁ%r er:‘li&n E‘%@ﬁd@gﬂ}l Ha c ﬁ%&l.p:le 'rﬂeSﬁr{néflfll ngaﬁﬁsﬂm&gs it parallel.

m niaturi se rray “of ose packed 1 ndi vi dual |
adfdrtizeswero the aApparatns 1 d@m@twgu@caﬁﬁé farmetiqpredladayien1 1 across the recess

5of ea%ﬁrd%‘rle%g n at%é)lla%lgea g.#n ?@%ﬂsesg{é&ﬁgﬁ l[hgla ag?ﬂse W%ﬁ[ﬁ%} t%sinvestlgate

the role i the dtakmterraﬁhé mmtsa 6 |amcgtht euﬁntltyqlﬁ es- tnbemmnt (wetingdpplie, bJut
expen]mexr)tgﬁ tgstgﬁ elp\?g:c ta uers%ciéser:a:tga% 1 forr dlé a 811 { \Iwﬁlrlnﬁgg'esdéfférerﬁ
concegtatiohs aigee-2éhimenocdadng 3@ Aaragigl 0.5 €0Ypahidt 6 hmdewane nwentane The

5855 B ER075 % PRS0, 1351 YRS o

layer CI04EFOR8Ntht @angt bf didiRetdre 6B8&esSS5. Furthdr@bre ithe tave 35t08 Mmich pretreatment

first to third designs.in ch the a at.us
contngg it VSROBGPSH 1A HFIE 1Bt 1 ST P che e 41 By ot be
observed Sin (86 S8 Far Qorifiputali6h, iHeryidd@bf foRyseibn 6f layeis Elaw4y gidater Bifan 60% for
first to third designs, the first caonductive |ayer 20

the raggs of Higmeises, 15 ta Hwm- Facterpaffactinglayer formaitgny somexy Whichowere

mvestl%@ie@ th R s%QpeYﬂr&Yl\ﬁnQﬁdet BR afUd fitaRd o DretrBnehi dodting 30, diameter of
conductive |ayer 20 provides, in respect of eac

recessy5e depshsofgecesyS, ewéettrmjfé reress Sy PrlfaptiraRatios 196 the arcesssS, surfage

propeﬁfgggﬁﬁé \%%ce%)ég%@glc F&Esscﬂﬂ A6 'v@tﬂm(}fgl cthlaﬁb&)ﬁt ﬁl%laglghlfhﬂlc
circult an

rack 27 evveent ect fode
molecglesluget én e hyerdorn@pion Fidithe physinal ehddeqtmedbpranertiesad thetedectrode 21

s ' 7. t
w1thm|at?]1§ ﬁe]%g,?g ?#b%&%?n&g g%ﬁ:nglt@%% E?Rzg ldFl%&nsggteds %ag ?)lf ﬁ)%‘riﬁo(ﬁ%f Il&glers 11,
verifigddysstockastiabindihg sigmarlmftinsslitgimh@r#ne@hawds,fgrm ¢ms 78% using the 128
ure t.he ratuse.l be perforned using
TCCESFH gacthal@h i mu(g%me Gt %ﬁﬁ‘gé‘ nggglér%gl ng | am nation of
pah ﬁﬁeppafrathsrmde@dsnuah ebavk,i thaagduiiig tracks 2frean tHemteatrode 21 to the

contac\:qlag ?srt%fmed on a surface of the substrate 3 under the further layer. This may be referred to as
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Apparatuses 1 having plural recesses 5 have been nmade
and used experinentally to denonstrate formation of a
WO 2000077134 in particular being a |ipid bilayerPCEHGO®2008/004127

insertion of a nmenbrane protein, in particular

a-hemol ysin. The experinentgl procedure was as

descri bed above for an apparatus 1 having a single
aplana&g%%fpes rﬁgfe f?r)éﬁel Hdli\cﬁgee trr{cngHH}sg (%Qw s ﬁd\%gcallbg(%/ igls Fe%at@{%@onductlve
tracks D2 alEs:6csh aectﬁdeml e mmimstecamdlvalslaﬂsdb Ia@lﬂ&catemommpac btgbrsnput

ST EE Y T e
bandwh@lﬂieﬂﬁﬂhbﬁ) rSuctinplenad cq@maligtive tracks 23 hfeaﬁeal for aﬁl' :il:@alfatus § thaving a small

duct| e er .20 was si |l ver jelely it
numibes 6f esyes b RO D o Tk e ﬁ°5§%’?“%2nv\%s a
% ﬁW?\teh |f6ﬂ‘usésﬂﬁﬂefb’iﬁlg5m@?§mhfﬁ it h:gfnml thy elleétﬁbam abrection bet®pen the
e four recesses 0 iameter were forped at a
clctzqdf B 3OO SSETHER | 5BErSerpaciigien ] Ry [gase t the
surrouhdif? %E‘ BASRic BFRRnce cailséiHolsd BRPMREYsidnal RATRIAiBh and bandwidth
| e Axon current amplifier devices were operated

reductiop Trakage plsp ingieptss BOISS, AYYE! a5iiptyadusing pr/ifset gt ldhe apparatus 1,
the cofuBFe S 23 %xﬂ)éﬁleﬁ&%oﬁg aé‘%&rof 5a1§§t1(§ adhRYendd RhIBGE Heli®etween -

common to all channel s ormati on | ayers 11 and
tracks 27 g hetveren grckrandBaugaes Splﬂ@?lei%s%éhe rp'm!PFfan recEEsesia dhe agray

mcreaxggsthec' Mﬁrg)%lséff ewc%%alrc%ﬁ&rcg&g td dafds- anmtﬁ g pfamr%scape route, a

curred at ea recess OU someti mes a ayer
practléhll_hﬂha isl resth¢dowlfieps thre densipnef tb¢ cqmdm@m ks 2eegre@es tppmuch parasitic

capac1§aén cedr dFor ae%ga getwg::éJ r a%ﬂst. F&r'&h%ﬁ"ro? e & @{tﬁ% ﬁlﬁ‘%}lx\& bpthg } g<§/r eélrzc%creases the

Str SI mil Tt aneous our
capacilahce ad®h lehmgb hgwearahotrackw2? ardhmmqhyms ml}mmnd§ inonsesst ed,

o Py dut ¥ErRma, (i Rl SRy R RlRar BaEYe bIEHA R e
capamhﬁyﬂérﬁenis}ntﬁﬁ ij&BE\t‘aaielfmghd cagaqiemnd et dnyt ascach 0 8pF/pmd dtie parasitic

L TG - G TERGE T p—

eleme@lvatithoden id4raclV axppset ahrotginhe lah@, teloiadedtie silgionBypicdabvalues
ni ne recesses 5 was manufactured, by the techm

for thefesge 71 BRESATHPE™IOF VHh B SPSG LAY PG Lfectric constant)
of the Y%S ounl BSitdr 31186t diahBter Bilabdrhad 20,3y 8dep %c‘é@&ha’iﬁﬁichm{‘ek is 63pF

P hot oresi st. The nine circular recesses
with aftgekracdution paragiiia eaRecEncs o) Akt Howetes an%%@rsgﬁw bifpygrs of Sum

diamelel b l(f@ns&ep i %aéfa@l%ééﬁ% lgplf‘@'gh girhdigs @picitsice U%t_’,ﬁff For dnfhller
parti cul ar of 5mm 20mm  20mm
bﬂayezs@mhlmnhyeraﬂm patremimqapamencs dpineEte 3 was bo n d ed to a
p r’[‘o%cﬁ‘lﬁ l%is ggl?or Wé&ﬂ@h%pﬂlrﬁé 814d t@‘féﬁ"acg %Q@rﬁu@tﬁve track 27

to eac Epoxy Wwas added across the
by a ccrmuctacctpsthza “dm ezﬁndsohromm@mdw@rto B pondct 8¢ ont the epnesiteide of the

body i Eomgp pe:lﬁcg?de&qt ]ﬁlﬁ)%ﬂitlcu raﬁlg, Fn%ﬁ? v t : @%8%Q{CB&QH05&§,§9%§IME 3. As

anne cal circui
this subsmé Bprowidésn thiokdr dipronidibatyesofht wardectivEpsths P&ythuvais possible between

the pl%q%ﬂ?o& tee:cilv%a:gqtﬁl?s tae %‘P&}Slﬁg rpélf?é%"% d%gta% IT'CQ: g%hlleovﬁé %\{s dﬁxe leakage is

low diliﬁﬂméahwlafesstdg& dﬁlbtiﬁﬁ l]bﬁopsmbsudiﬂ tli)d’lsu]bﬁratd::b Condetpantly fthe use of the
ayer n Insertlo rane pr ns .at

cond e 28 s HEreRet PO EL e 5 T OHP fegpLomeddied n the

body $b46rR thePractiO Githits @fboddd asathsitie ¢ARbitancadnid/oe Lgkage are met. This form

sonmetines a |layer 11
of interconnect can be attached to a low-capacitance multi-layer substrate 61, which allows a far

greater number of electrical escape routes by virtue of the number of layers and the low dielectric

constant of the material. In addition the use of solder bump technology (also known as “flip chip”
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failed to format one or nore recesses 5. For exanple,
typical current traces for recesses 5 constructed with
w@edod/oel7ect r odes and operating wthout a redoxPCDGBR@®S/004127
in solution are shown in Fig. 30 denpbnstrating
- simul taneous formation of gjgght layers 11, each having
one or two a-hemolysin pores inserted, vvlth

technog l a fei)a(l::ll f(]e cgﬁr{%gtogzglé)gv% ﬁ'ﬂt ﬁ%ar ﬁlo&ig%f Fig! &er SQ)%iudmlg the substrate

61,to®pﬂerdahsmgrqostdieqpesadke|phﬂty and can produce meani ngf ul

asur nts i ar,al Eur her re.th 1
g&ﬁﬁ?&?ﬁ?%@ﬂé{}%‘g@e S ftjoﬁmefl S;ipg kogm trough 'Tvaefer lgg%f g}]ziaeg tE%ls s
technoIo@f:{ Typesast shrbughfwafa Giterdormnas @hich may hEapphergte farfm themoerdoctive path
%}T@g‘} Accordl ngly the apparatus 1 was used to
includg y “ Nt he role of the diameter of the recess 5
a&dsubh&téﬂ B&ilfﬁ lﬁllhf:c)ﬁ ﬂlf‘m@]i-&raf]ef aidreoanéctsofombddty pagaiating 6l via bl%tough the
exper.inent a ytestlngt e ent.age suc rate o
silicongegle eJacRE{ g Bierna] et of RisaBd BlTg i 0o st Re gl o

alternaﬁ(/elﬁfh@ bR VIRt 28 @dfottd b Prodaédiih YerllcdaHuctdr. ¥ punétidd in the form
% hexadecane in pentane. The results showed that in

ofa Cyilﬁ@céla‘%thﬁfug]t‘ s silicen JubSt#Ct r eat nent coating 30, it was
NGt suB&SRdsBl f gla® ftﬁﬁﬁ%lt\i}h?er iR¥Rbnnbdts BEMESBy thbtBodsaNARi laser
___dianeters of recess Furthernore in the case of too
dnllmmhetphm and 4tllingryias v thimate] ondoped senvigpndyrier msdarialBnd ¢ o
U%L}?ate%lfiqﬁgd% gpﬁolgm% %gugﬁn%arfa'tlﬁt%o&fectg hﬁmla@%eﬂletﬁgds including
cou not be obse hi's particul ar
laser dobimgj laper ahlatmn,, scteprepryrites] agndyfctorpandkndwnprasfted cisgwit Board teplsques.
g t 6
A Pop 2 By i DRl 4 BB 4 AT o
array oainbehsedmmakemvmstm@atoetde ¢lecttidal siromit @é rBymeat ofienarhplel &g 31

et r eat tin
111ustratd?¢fs %1{88 IQP soﬁde};é néps ngecggne p{nﬁ) alarmc?i 051 e%aOn éazsigle% tact 9 are
respecfife soRleEBngs 60 shwhizth @ cﬂﬂﬁmﬂaemﬁdneﬁ 1sfn0tulited sﬁhﬁﬁbe éﬁlder bumps 60

ur f ace operti e he. surf ace round the recess,
make ‘ﬁ?ﬁ??cﬁi:‘fqn%\ﬁ} ‘&ﬁt ngngﬁﬁ%‘ﬂtrelefmnfﬂg anphi philic
Nrhesitbuft Sletsficb Inlihyibb @ plisty@tirdu boat f@exane ddsoph ysmgals
and el ectri.cal %ﬁ&ipertl es of the electrode 2

F RGemEels 6 clral B OB e T T AR B e for

examp¥d £loW t@hpcAirBBhire®fersthic baXeSSuch.an \&ﬁégrité@ﬁrcbly chip or laminate may be
st ochastl c binding signals of inserted menb

used ag b shied of sprading eyt cpﬁ&ﬁtwrewwpw tp fdirwBsoldsg e aray on the
opposi@@sq& Afmwte@ tiRdWRLcBEpror Bnitdhew ey %“Eﬁer‘:}fltcﬁ& exdBpleloDthis is

e apparatus 1 described above, e conductive tracks
shownzrx Figr &dintwhachethegitont glement p1 tlSoantmtegret@ﬁ gigguit chip or 3 lypgipproviding
connr.e?ﬂ?)nér"fréﬁ'iP}]lfiI asgﬁerorfurrg)g %0 ﬁébgﬁteﬁ ﬁle%ohl)pﬁi ﬁ)r fulthte s&lH&t‘t}ﬂ%s 63 arrayed ata

I's may be re erre to asa planar escape route

greatef mtchtaheuacé qumnqcve at farghek cipcpit ehgleplr@vfog erAmplejeprentgdipirguit board.
The i} RERRAA'Rink AN RIGH LR EHS ?AZIP 4 Ay G Be BLLAG LOAR

connettins ndevwshnghultulaypufonnamedance pi coanmeter in the -
uit 2

oA B AP W AL TR T
wafer Q¢ ciedt whichm@@ o8 apblied toamdke et coﬁdlktl‘ad’pa&mﬂeuraMe&I Insulator-

sy B £l e S S g e YR

Deep RE1BVeEIon EfcBing (DREE) phREse atiti 13 hsRNSdated inkith msﬁlatoe ghd ﬂh&dﬁlled with
the electrical connectlon bet ween t el ectrodes 2

metal gfarrpshe coRIRGIIE Beth 2B e PN Jerelipr BBF §F theeuel-y; %l&?%@fl{l%‘s a

semicGRINA6T fuRdHo fGRd (e éyRlREPyih BrduB a%ﬂh%rpélﬂﬂ IBagftype of through-
Parasitic ca aci tance causes noi se and hence si

wafer iseraernggtion iiRragdprisHiserr efets thabbrye Pregrihinpeddengdo %F%taan 0.3mm to
i ncreases noise, as well as introducing an offset
current. In the apparatus 1,



t he conductive tracks 27 experience sone degree of

parasitic capacitance and | eakage, both between tracks
wQ72009/0777B£t ween track and aqueous sol uti on 10. PGEGBR@®S/004127

nunber of recesses in the array increases, the nunber

of electrical connections tg{ escape increases and wth

a planar escape route, a practical limt is reached
re the density.of, 1 | G PNAnchibERbESrough-
save DR i PN, AP S L cn%élgp%%#g%g}ésgﬁ% fgrtﬁﬁeaiage cget %en one

wafer ftefvotuects Futht lver aapacitams ptdvisled hy bavinesdangé dephatioh segion cqmpared to
ecre s the aci tance and/or |e e .
R R I S S i R

way of exanple, typical figures nmay be obtained by
nodelling the lipid bilayer as a capacitive el enent
wth a typical value for the capacitance per unit area
of 0.8nF/cnR. The parasitic capacitance between track
27 and aqueous solution 10 can be crudely nodell ed as
a capacitative elenent with the area of track 27
exposed, through the layer, to the agueous sol ution.
Typi cal values for the track 27 may be 50mm wi de with
2mm exposed and a relative permttivity (dielectric
constant) of the layer around 3. For a | OOnm di anet er
bi | ayer and 20nm deep recess the capacitance is 63pF
with a track-solution parasitic capacitance of 0.13pF.
However scaling to smaller bilayers of 5mm di aneter
and | mm deep the capacitance is 0.1 6pF with
parasitic capacitance 0.53pF. For smaller bilayers and
thinner |ayers the parasitic capacitance donm nates. To
reduce this problem a nodification shown in Fig. 3 1
Is to replace the conductive track 27 by a conductive
path 28 whi ch extends through the body 2 to a contact
29 on the opposite side of the body 2 fromthe

el ectrode 21. In particular, the conductive path 28
extends through the substrate 3. As this substrate 3
provides a thicker dielectric between the conductive
pat hs 28 than is possible between the planar
conductive paths 27, a nmuch | ower parasitic

capaci tance is achieved. Also, the | eakage is | ow due
to the thickness and dielectric properties of the
substrate 3. Consequently, the use of the conductive
pat hs 28 effectively increases the nunber of recesses
5 which may be acconodated in the body 2 before the
practical limts inposed by parasitic capacitance

and/ or | eakage are nmet. This form of interconnect can
be attached to a | ow capacitance nulti-Ilayer substrate
61, which allows a far greater nunber of electrica
escape routes by virtue of the nunber of |ayers and
the low dielectric constant of the material. In
addition the use of solder bunp technol ogy. (al so known
as "flip chip"technol ogy) and a suitable connector

all ows the apparatus 1 shown in Fig. 31, excluding the
substrate 61, to be made as | ow cost di sposable part.
The conductive path 28 nay be formed using known

t hrough-waf er i nterconnection technol ogy. Types of

t hr ough-wafer interconnects which may be applied to
formthe conductive path include without Iimtation:
on substrates 3 of silicon, through-wafer

i nterconnects formed by producing a via through the
silicon wafer, isolating the internal surface of via
and filling the via with a conducting naterial, or
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alternatively the conductive path 28 is forned by
produci ng a sem conductor PN junction in the formof a
waeylovndirscal via through the silicon substrat ePCDGB2008/004127
substrates 3 of glass , through-wafer interconnects
formed by nethods includingc aser drilling, wet
etching and filling vias with netal or doped
sem conductor material; and on substrates 3 made of
= polymers, through-wafer interconnects forned by
met hods i ncl udi ng | aser driIIing, | aser abl ati on,

L SRRPABBE SRR R A e

comprifih@m t he el ectrode 2 1 is dry, an el ectrical point

BB Rhedet BheetRe S5 T THEuSERIRabbeR o gl tuan
body of hdnttdhdiRti @Smithea]l HsEngforntadl thkedin bileast erenevesstdpeitifig intothe chamber,
particul ar, depqgsited on each contact 29 are

the recgss SopAIRINg an AET9EH bunps 60 on which a circuit el enent
Gﬁb;-a}ip%'nfg)&%}e-@gatﬁ@nttcbﬁingbh@hﬁﬁdﬂﬂ%w BUIARS the @od’;&k:ﬁ)ss the recess;

ectrical contact with a track 62 on the circuit
efckfievipg aqueousisaluion. paying asmnbipbiic mplepulssgddgd therefn, pgrpss ghe body to
cover thd fefdst §o @%ﬁ&oﬁn?&hﬁ?&ﬂ hBodSedShB R rkdtsdTrén th3hamber and a layer of
Alternatively, the circuit elenent 6 1 could be an :
the amplyiphilig meleeplesiforengiagrogsthgreenss seppratingpatolumer of jaquepingolusion introduced
age. -Such an
info tmli 1%)%(95& ?g;tﬂedﬁar%ﬁlgwg? 51? i gﬁ%q?%ugfn&%?tﬁe may be used as a
nethod of spreadi ng out connections, connecting to a
fur I site side of the
2. MBS BALART TR S0, O £ pRRGE Lo o do of
p(cﬂ ):ﬂnmﬁg]am@mpblen@f actds$ the bedygh oaver tha rdepsy so 82t dqueank isglhtion
f {Be circuit elenent 6 1 is an integrated circuit chip
ows igio e et nat e provi di ng connections fromthe sol der
b@opBovifg the peebiissdiution tohmcdverthe Rcéss, leavirgiseme g@ledersolution in the
) s 63 arrayed at a greater pitch and used to
recessé’&ﬁﬁect to a further circuit element 64, for exanple a
P(cBIGAnE hduesiistsolatiéd, Havingenphiphitid infoleehiesmddtd ﬁlefbtd,) &drosg the body

an integrated II‘CUIt |.am al so be
and o e B eetn o R MEE o B ST Ry exfes e Pty ess
separafiff dWflumd dF ahiBuedRRIiof Inshle BeREdeEsFHrotn the Edmanifitg CohRAYTaGicous
material such as silicon, two types of throughwafer
solutionnt er connect whi ch may be applied to nmake the
conductive path 28 are Metal-Insulator- Sem conduct or
(MS), and a PN junction type. In MS, a hole is
3. dmmqﬂas@apw@ugmcﬂm%whqre@n chip by Deep Reactive |on
.E]Eh% Iat:%?agégghxlé%dgﬁe ﬁﬁ§§ ﬁrﬁ%’delécnh&e iR me%hérﬁbe? gatiad sa\M Iteaess

I Nsu net al forma
c mapcm)y@e pretsaglutiTie forgdaletth smt{mypbe Rsther lectode, and

thro conductor junction

ht \ﬁ?{) a !85‘1% c|Q§§1tl%sv(k§ ﬁ?@&g}gh a silicon chip.

Eeuém altpmm ofoltag antcghsmf dectriodd @ntaowrd ecthé woess and Bidfedhep plectrode
sufﬁc1f:1H échre u@&:ﬁ% %ogg{/ ?ﬁgﬁ% ggos 4 uﬁ% Q(?v%xdm ds%\llg]elecl%ode cotnﬁamed in the
recesshol es. The i nport ant feature of PN unction type

t hroughwaf er interconnects is the | ow capacitance

provi ded by having a | arge depletion region conpared
4. ta ﬁl&ﬁod\dc&rﬁb’@&) @imi 2¥r 8[ WREIL e aquidduSsolliof adulsédatb Ifiyw in steps (c1)
hel g{i i ncreasing the reverse-bias of the
and (c£) jfy Sﬁﬁea%ous@lﬁf“ﬁ’s 1. A method of forming a |ayer

separating two vol unes of aqueous solution, the nethod

Claims

5. A method according to any one of the preceding claims, wherein surfaces including one or
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conprising: (a) providing an apparatus conpri sing
el ements defining a chanber, the elenents including a
woemy/0of73.10n- conducti ve mat eri al havi ng for medr¢hreBei08/004127
at | east one recess opening into the chanber, the
recess containing an electrﬁﬁe; (b) applying a
pre-treatnent coating of a hydrophobic fluid to the
acr f
both oﬁgsthe outer%?q%t stuﬂg e‘|°§%ﬁe§ﬁ%‘é}é u?ﬁnd th r\gh%g ﬁg fb 9H§asgéglrdglgé§ B%}}t] of the
interndd mh?ace of thomeqrss thendingdomsthe omtdf dlte reegs® agdydophebicon i s
i ntroduced into the recess fromthe chanber and a
| ayer of the anphiphilic nolecules fornms across the
6. I aafabodmepadiag torugpim Sy whereie tlmfbodyqummmessaoloutehmst layer formed of a

i.nfroduced into the S om t
hydroppbis RiEEls S BTG BTISE TR0 BB H PP Atk 1 S PR af e
internAM3@fRE Bf thé RPesk Bémgﬂﬁ[@fabcsﬁﬁhe dqutdrinodtllayat. ng aq u eo us
sol ution across the body to cover the recess so that
aqueous solution flows into the recess; (c2) flow ng
7.t Ren@RdiaREdiB@Id AR, Whertll GRUAEr JaRef iR GRESa] sl oNe recess
Some aqueous solution in the recess; and (c3) flow ng
inside g kst BaTL IS YATPRIFLC- havi ng anphi phil i ¢ ol ecul es added
thereto, across the body and to re-cover the recess so
that a Iayer of the a h|ph|||c nol ecul es forns. across
8.t Hemethadkaseordiap ty aimrig wherei (therhodi porarisesouanast laysy formed of a
hydrofgﬁﬁ cql?atérigfea d%ﬁ Siher lfa\ﬁe‘i’ BB of aerﬂﬁhﬁhﬂg m4RLHIRe gce@@%ﬂﬁﬁ'g
: met hod accord to claim2, wherein
throughitiee m@mmiaysr and 1rplmlqu1,@aldwut6hprert #fithe intsrnabsugfage of dhe rpqess being a
surtuck B E RAERE IR 3hF iRk PR EPRS s S b oot Beipe g st
ofﬂwehechwmde and step (c) further conprises, between
steps (cl) and (c2): (c4) applying a voltage across
said el ectrode contained in the recess and said
9. f uribed 2ta@ding addaisf, vhekmsbid sarfacedare modified ynoilurrine fpecies.
excess hydrophobic fluid covering said el ectrode
contained in the recess. 4. A nmethod according to
10. ClAinBth@d REording th@iigi 9) whireinagid eatigesat nibdifind BypaB@aint epecies by
flow.in steg cl) and (c2) is the same aqueous
treatmep; Wjfh 3fH1oriBe PIASAt hod according to any one of the
precedi ng clainms, wherein surfaces including one

or-47- both of a) t he_outernpst surface of the body . .
11 35809 #eorfing &y ogpy af thgyregﬂdlqgéggfls ersﬁnttéer etl?ng? c(ﬂ\-lttamed in

the ref‘i@@ls'pfl}vﬁfe@@xllth%%ﬁge%@ﬁle‘?éceishe recess extending fromthe
rimof the recess, are hydrophobic. 6. A nethod

according to cIa|n15 wherein the body conprises an

12. OYt ﬁ%@@ﬁcchﬁﬁ@ o $5ToRE O AL pcdaBRNO WihEre FBEEEaR homﬁrﬁ@s a
recess exten t hroug ?he out ernost | ayer and sa
substratigtand atdeast ong ﬁn‘mqelayer attached to the substrate, the recess extending through the at

least one further layer.

13. A method according to any one of the preceding claims, wherein the electrode has provided
thereon a hydrophillic surface which repels the hydrophobic fluid applied in step (c) whilst allowing

ionic conduction from the aqueous solution to the electrode.

14. A method according to claim 13, wherein the hydrophillic surface is the surface of protective

material provided on the electrode.
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internal surface of the recess being a surface of the

outernost layer. 7. A nethod according to claimb5,
wob@eeri3an i nner part of the internal surfacePCf/GBR@®8/004127

recess inside the outer part is hydrophilic. 8. A

met hod according to claim7, wherein the body

conpri ses an outer nost Iayé “formed of a hydrophobic

terial an n jnn Laver, formed of .a. hydr i i
15 R g pecdfting P el . bR e o R e Hhaha B Gsachea
hydrophfllyEhedsithr a Ro®Iuctivayelymesai d outer part of the interna

surface of the recess being a surface of the outernost
| ayer, and said inner part of the internal surface of

16.  tRenciRaas®mrdigi 18 gnPor W fha peecafing didimks wtefein ty electrdde hds a

met hod according to claimb5, wherein said surfaces are
conduciggipelyaey PEYVided theff9Ri ne species. 10. A net hod accordi ng
to claim9, wherein said surfaces are nodified by a
fluorine species by treatnment with a fluorine pla .
17. 14 mefhodweqortingle @by enerdh thearearinsotieimss wherfdn (be slemgnts gefining the
chamb& R incWAEh Bdvar éxl?é%dﬁh 86dr RARIF SN (REShainBerli £ 1688 eBnber.
I's provided on the base of the recess. 12. A nethod
according to any one of the preceding clains, wherein
L ' 7, SRR B SovePDnhisdsGRRhst 8REinlet and at least
8. f%?’%%%%ﬁ%@%?ﬁgt%?‘g‘éﬁéd to the substml;i‘)atS es, t he r e(r:l_eesgn i eés
one outla(t e dquegustshluborgbeingHntragucdddate thecphembay thrpregh thegiplst in steg (c) and the
A _net hod ,accor.d| ; - ecedi ng cl ai ns,
outer Sa BB RERLEHLIR AR UL o
hydrophillic surface which repels the hydrophobic

fl ui pplied jn ste c).. whi.l st:_.al | ow elqll
19, (AR P R TE S b Al W st of e
recess hdks noApaihdsedpabizad fididrgmmonicdtmbm 13, wherein the
hydrophillic surface is the surface of protective
mat eri al provided on the el ectrode.-48- 15. A nethod
20. AAGREYdEcdr@ing loainiibddof thihiréceding tibnspwhdren the\neleas bad eddss
is a covalently-attached hydrophillic species or a
comprisgs iyt 1eefESeHol yner. 16. A nethod according to any one
of the preceding clains, wherein the electrode has a 5
conductive polynmer provided thereon. 17. A ta&g o
21, aAgprtendageqrding iyany A Qfheniecedipg clatnsnyhereia thedaveppfdheqmphiphilic
molectBEis § bERPEShOShIHPNR rdi&ukbanber further include a
cover extending over the body so that the chanber is a
cl osed chanber. 10 18. A nethod according to claim 17,
2. WABL&HSY Jcl:‘&dﬁi?Yo%ai&%}kbﬂe?ﬁth@%mbﬁﬁﬁkc RBRcHIA £ 1i7ad at
| east one outTet, the aqueous sol ution being
i ntroduced into the chanber through the inlet in step
( d, t he [ ' ui ' : L
23 (Rl A oPll S phER ekl faSRhGER oMt Bine amphiphilic
molecalecls di plgcttical assistanceerfof leash&GQRr ecedi ng cl ai ns, wherein
the internal surface of the 15 recess has no openi ngs
capabl e of fluid comrunicati on.
24, A method according to any one of the preceding claims, further comprising, before step (c),

depositing the amphiphilic molecules on an internal surface of the chamber or on an internal surface
in the flow path of the aqueous solution into the chamber, the aqueous solution covering the internal

surface during step (c) whereby the amphiphilic molecules are added to the aqueous solution. .

25. A method according to any one of the preceding claims, further comprising inserting a

membrane protein into the layer of amphiphilic molecules.
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20. A nethod according to any one of the preceding

clains, wherein the at | east one recess conprises
wpbwear7secesses. 20 21. A nethod accordi ng t oPENGBRIVE/004127

of the preceding clains, wherein the |ayer of the

anphi philic nolecules is aJ%[Iayer of the anphiphilic

nmol ecul es. 22. A nmethod accdrding to claim 21, wherein

t he hi phi.li.c | ecul.es.are |ipids..25 23 A :
26 A EEHI RGOy PO ek e R AR B adae
thereto} WRerdbg Yigs méhbrardeeraeip ke ipserted spomaheasly eso thatayerpf amphiphilic
| ectrical resistance of at |east 1GN 24. A nethod
molecWlescor ding to any one of the preceding claims, further
conprising, before step (c), depositing the
anphi phi l'i c_nol ecul an inter surf of . .th

27, AR BT RS e SUFEE T T b craesiip e prembrane

proteiann ah ferffl USP4LE oSO Yhdntr, iHetaqudol€solltid b&Vering the irdéthal QltFace
~ solution covering the internal surface during step (c)
during g (@ m}wrﬁwethaﬁﬁwgr@ﬁ? proteinyip pdded) fothe aguegous §EE™ o t he
aqueous solution. 25. A nmethod according to any one of
the preceding clainms, further conprising inserting a
28.  Amsthed ecqordingtp any erec! theeprdcadieg clejfs ARSI E pf lgast one recess
compri\'%%g)%ﬁ'ﬁlrgéﬁses?gfdﬁé méflod ni%ﬁ%{% %%e Sﬁg @Eg%g%&&br%e%r&ki%%to the

rern the aqueous so a rane protein
layers afthaveptiiphitie melesylesoemedon differenteatssesne protein i s
i nserted spontaneously into the |layer of anphiphilic
nol ecul es. 27. A nethod according to claim?25, further

| 29. cAmmthiodiatgydilgetb angorst ofplajnas) 25 td @ odieteinthe epperamms idprayided with a
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otein gn an .nter.nal, surface.of th er. . .
S R R e S e e LR T i
potential &pos§ thy elakrpyde rytht Reesyrnidtha fiethpr décerpde dnd navtltlexdhgtan etebiical signal

aqueous sol ution.. 28. A netho ccqr di to any one of
developg(lpefyeepr a’&ieﬁ’ “%‘12&? ﬁ’ﬁ,rec\ﬁ)ff@f’ gﬁ%{“ﬂgr ‘gfcquog%st one recess
conprises plural recesses and the nethod conprises
inserting different nmenbrane protein intfo the |ayer
30. o APRSFASHPT TEPABILIEN oS STRBH RGLVA YA e PEARURRLS pelied B apparatus
comprfhg: A Method according to any one of claims 25 to 28
wherei n the apparatus i s provided wth further, i
e Plemenindrdining achambenahtodsment 187leding nbody gbpanscondystive pterial
havin%‘@ﬁﬁk‘a%eﬁ'éiﬁ L8t GRIREtstpeniAP Rt thOhambROLANt i al across
he el ectrode in the recess and the further electrode
apglelpatioie ennfaingd amtheresessr i cal si gnal devel oped bet ween
the electrode in the recess and the further el ectrode.
30. An apparatus for supporting a |ayer separating two
31, vdheppsatefacemqdiep tosclam 30t Wierein suycesppeiuding sitherombpthif (rg the
el ts finin r ' '
outeries PO U5 Bl B GRERF s L) B ELEHEME phEEH HE e surtaceof
the rects dxeadihg frone theatre sHthe peessge hydtaphothe chanber; and an
el ectrode contained in the recess.

32. An apparatus according to claim 31, wherein the body comprises an outermost layer formed of
a hydrophobic material, the recess extending through the outermost layer and said outer part of the

internal surface of the recess being a surface of the outermost layer.

33. An apparatus according to claim 31, wherein an inner part of the internal surface of the recess

inside the outer part is hydrophilic.

34, An apparatus according to claim 33, wherein the body comprises an outermost layer formed of
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31. An apparatus according to claim30, wherein

surfaces including either or both of (a) the outernost
waewobacte3of the body around the recess, and (byCEGB2008/004127

| east an outer part of the internal surface of the

recess extending fromthe rggm of the recess, are

hydrophobi c. 32. An apparatus according to claim 31,
a hydr%?@&ce Bretidl %ﬁ(pﬁ}fjﬂﬁn& YIRS fotd A1 h9&f¥)ﬁ{1ﬁ@1§£terllzﬁ%ﬁé reb QS BBGhding
drophobic material, the recess extending
through the eutgrrmwﬁeye@ endeinpao dAyer, @%@utqmawétha iggrnd suriage pf he recese being a
surface Jf ttl%rolﬂ?elrmé Vfagécﬁxdg%d'ixﬁgr Iga?tco? e 19@f'nggw?fa%%rf ftl@@@ce?sfbefnlg% surface
out ermost 1 ayer . . apparatus according to clalm
of the iBder layker ei n an i nner part of the internal surface of
the recess inside the outer part is hydrophilic. 34.
An apparatus according to claim 33, wherein the body
35.  cAnppeses actording te clas 81, wdgrein shirsoefates fire fdpdifd by a fluorine species.
hydr ophobi ¢ material and an inner |ayer fornmed of a
hydrophilic material, the recess extendi ng through the
36.  OAi efpaRsis atdydiig taialin BS)&vheleitysaid, susfadesl are uiodifieddy & flodrine species
ternal surface of the recess being a surface of
byﬁ%?ﬁ@tgg?gPWHpragy%r and said inner part of the
internal surface of the recess being a surface of the
inner layer. 35. An apparatus according to cla
37. mé?@aw%amrdg%&%@é@eé\f elamsFOrte &4 vgreRn the E.‘S?t{OH%comamed in the
recess ?s&:%‘&zhdi‘aa on 82 badbf @RRR&eat us according to claim 35,
wherein said surfaces are nodified by a fluorine
species by treatnent with a fluorine plasnma. 37. An

mﬁg@ﬁp@h‘t{ﬁ a@&)?daﬁéjfo Ay 4R ARBMinR® t9§7 %lﬁfeﬁ@thg’gociygoéﬁmses a substrate

rein the el ectrode contained in the recess is
and at jspsh pieitheseyetastaphed éo be sublyieate, dlecarseess Gending thypuphithe af deast one
ﬁmhm4%§9rding to any one of claims 30 to 37, wherein the
body conprises a substrate and at | east one further
| ayer attached to the substrate, the recess extendi ng
t ! fur . .
9. RSB Rl 6300 RS LAY AR LRYSE et polyoptonc
poly-vmybchfdmklt,fp@lyed;tayeﬁleﬁn&i lapiiayiogfilog nahetprepist; g aniimky |
chloride; polyester; a thermal lamnating film a
photoresist; or an ink. 40. An apparatus according to
40. ClAﬁiaﬂia?a‘Bus%cd&ﬂng itk B8 of 39 whetbintthiadubstaa@ngpmpa s atlkast one of
st o f silicon, silicon oxide, silicon nitride
“h“mo? %mﬁéﬁﬁﬁgFWJW“PCQRﬁ PPEr at us according to any one
of clains 30 to 40, wherein the body has a conductive
pat h ext endi fromthe e|ectrode

4. CAneRRIrE alceﬁxﬁ%ﬁ@m@ah precaficlaims 39 A0y eeefr i g?f@waf & gfnlictive path

extendfh frofth@ PR AL HStheGHaRbElt8 8 céritact hiddvih SYNEH B eleBBical circuit.
conductive path extends through the body to a contact

di sposed on the opposite side of the body fromthe
mﬁﬁ%ﬁﬁratu%?hccdaﬁlnggmrﬂw av}ﬁ?&@{hg Ot e phiieMeflds through the body to
erein the conductive path extends across a surface
a contagt disprsedsantibe eppositesivid of the hedyafronh thgsecessne furt her | ayer.
44, An apparatus according to any one of clainms 30 to
43, wherein the el ectrode has provided
43. An apparatus according to claim 41, wherein the conductive path extends across a surface of

the substrate under the at least one further layer.

44. An apparatus according to any one of claims 30 to 43, wherein the electrode has provided
thereon a hydrophillic surface which repels the hydrophobic fluid applied in step (c) whilst allowing

ionic conduction from the aqueous solution to the electrode.
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t hereon a hydrophillic surface which repels the
hydr ophobic fluid applied in step (c) whilst allow ng
wo ewvo7Tenduct i on from the agueous sol uti on t oP¢T6B2008/004127
el ectrode. -51- 45. An apparatus according to claim 44,
wherein the hydrophillic sujface is the surface of
protective material provided on the electrode. 46. An
45. ARP Qﬁéﬁﬁiﬂﬁ a@&)gcﬁﬁéjﬂongh 24 GliRfeh tﬁéhydﬁ&ﬁ'ﬂﬁé §hrfaB§15 the surface of
protective material is a coval ently-attached 5
protecttwdmaéqml prbyidedsquethe dectigde.a conductive pol yner. 47. An
apparatus according to any one of clainms 30 to 46,
wherein the el ectrode has a conductive pol yne
46. pAmWR'si@dJStah@r@@mto claim 48, whareirathp protective materd i arﬁgvatl@lﬂaﬁyached
further conprising a further
hydmpgriﬁ emg eoqlan%?tﬁ‘gmte 6r out si de sgPd r ecgss 49. An

apparatus accordlng to any one of clainms 30 to 48,
47. %F&é}%ﬂg agcorfinn% s de];] Icﬂgr\lr)sg.%rott 6e, vﬁu%gc?n the el{é%t}olag@%s a conductive
pdymﬁhﬂﬂhﬁﬂﬂm&ma.closed chanber 15 50. An apparat us

according to claim49, wherein the cover conprises at

| east one inlet and at | east one outlet, the aqueous
48.  SAhefpatiushieididing dlah BheCedlainid 30 tb AP, foliefbatpristipaufgithet Hectrode

inlet in step (c) and the outlet venting fluid
““heﬁ?%%?é@@@eﬁydpﬁgmaqueous sol ution thus introduced. 20

51. An apparatus according to any one of clainms 30 to

50, wherein the |nternal surface of the recess has

49.  opBAPHIAIISEAFIBINE tony PP pf ¢lageAfiia HEarhersin the slemepys defining the
chamb@r%ﬂﬁd?tlﬂéﬁld@ﬁ COVeH behding RENhORMRY 9f thed B ERmBE: it @ cl%ged chamber.
wherein the recess has a width of at nost 500mm 25
53. An apparatus according to any one of clainms 30 to

50. SZm ?Jtl%l a%c&rh]lg\% ft 012111%%§tw}%% the ‘5@\%? cérﬁ‘prﬂ!:é‘gt fdast one inlet and at least

rece apparatus according to any one of
one OU@btathnqu@OUSt solusign bing intreducesdoinerthesihagbertrhightihe inket Bstep (c) and the
ahrgygﬁace of the
outlet ¢h dﬁ%ﬁ‘r‘lsﬁggﬁp‘%ﬁ" &g}gedaal?%uggbhg{g%o I‘ugl né) t oe cl ai m 54,
mherein t he anphiphlllc nnlecules are lipids. 56. An
r B Rer e et iy e AL 8 5o SR g BBt dace o e
recessll'xhkﬁlo(h’pel{ﬂﬂgsl oﬁpz&ﬁdtfflﬂuﬁilmfrmmcﬂfont he charrber .-52- 57. An
apparatus according to any one of clainms 30 to 56,
further conprising a pre-treatnent coating of a
52.  hydnppaly &cériip @ appht etidias 30w Shodherdas thesecetsitas a width of at
recess. 58. An apparatus according to claimb57,
most \YPWPei n the recess and the chamber contain aqueous 5
sol uti on.

53. An apparatus according to any one of claims 30 to 52, wherein the at least one recess is plural

TECEeSses.

54, An apparatus according to any one of claims 30 to 53, further comprising amphiphilic

molecules deposited on an internal surface of the chamber.
55. An apparatus according to claim 54, wherein the amphiphilic molecules are lipids.
56. An apparatus according to any one of claims 30 to 55, further comprising a membrane protein

deposited on the on an internal surface of the chamber.
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59. An apparatus according to claimb58, further
conprising a | ayer of anphiphilic nolecul es extending
w@eressr7she openi ng of the recess. 10 60. An apEBGBRAS/004127
according to claimb59, wherein the | ayer of the
anphi philic nol ecul es has ap.-el ectrical resistance of
at | east 1GW 6 1. An apparatus according to claimb59
57. ra‘Mg g&%}cﬁngt 18 8nyPSHRIYf BRInhs 30 1696 @ﬁ‘%ﬂeﬁ&m%@m% la pheCtfoatment
apparat us accordi ng to any one of clains 59
coatln&‘tf aélyf_lrophq‘?é’ uid appliesk to thedrerdy paTess dhefgdese ul es having a
menbrane protein inserted therein. 63. A nethod of
usi ng an apparatus according to any one of clains 59
58.  t4n epparaisescsrding thelaip parvdeeten the resess endbeichambpr qgntain aqueous
SOlutlo]“lurther el ectrode in the chanber outside the recess,
nd the nethod 20 conprises applying a potentia
across the electrode in the recess and the further
' ectro e and I
59. d Al e}fpara a%co%'c%}\lé%to ct ?rrégg%éxgl{%r d‘lZp‘H:S{‘n @Agelftjét%gl?isupg%la mohecules
extendfngrabxhsrtheed»;emhg ofkbe rebebs. A net hod of i nproving the
performance of an electrode in a recess in conducting
el ectro physi ol ogi cal nmeasurenents, the nethod
60. CANpppatinRYcdedinsiotclairy 59, wierdhihe layer gf deyamphiphilic tdokec@bs has an
.akectrode ﬁ nggthod according to claim64, wherein
electrigap pesisipRACOf Bl eAst de of metal. 66. A nethod according
to claim65, wherein the electrode is nade of silver,
gold or platinum 30 67. A nethod according to an
61.  ofin appgrats 26r4ipe BERIMAR PRFt Y mﬁffsmémﬂ%@t ff%%gre lelds
a polypyrrole. 68. An apparatus for conductlng
el ectro-physi ol ogi cal neasurenents, the apparatus
62.  conpPrasAtHgocordingiogBygraRilaigs X P &t, dhelayes OgﬁPR%‘FPh&W molecules
having®! rﬁ&ﬁﬂrﬁggrdtcﬁn LRGRUSreier €i N @ conductive pol ymer is
deposited on-53- the el ectrode. 69. A method according
to claim68, wherein the electrode is made of netal.
7Q. I h
63. o &ﬁﬁg{g D?gg zﬁnlgagge{r pgch)rgm t@érgl e 8£ Mgpiﬁlg?? %uér% @l%efam ”&he
apparatystisyavidalovthi faghdr elegtmde dmthe olﬁamhemmdeaae teees§,@nd the method
compn\g@sea{pgfqulgtah GtePal géJrSgs't}\lleeeléjcg Jd T the r§ce§s 44 It%%rtﬁe? l:lgctrode and

monitoring an electrical signal developed between the electrode in the recess and the further electrode.

64. A method of improving the performance of an electrode in a recess in conducting electro-

physiological measurements, the method comprising depositing a conductive polymer on the

electrode.

65. A method according to claim 64, wherein the electrode is made of metal.

66. A method according to claim 65, wherein the electrode is made of silver, gold or platinum.
67. A method according to any one of claims 64 to 66, wherein the conductive polymer is a
polypyrrole.

68. An apparatus for conducting eléctro-physiologicai measurements, the apparatus comprising, a

body having a recess in which an electrode is located, wherein a conductive polymer is deposited on
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-53-
the electrode.
69. A method according to claim 68, wherein the electrode is made of metal.
70. A method according to claim 69, wherein the electrode is made of silver, gold or platinum.
71. A method according to any one of claims 68 to 70, wherein the conductive polymer is a

polypyrrole.



