WO 03/ 047738 PCT/ US02/ 38351 LI QUI D | NTERFACE CONFI GURATI ONS FOR AUTOVATED
PATCH CLAMP RECORDI NG CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This
appl i catiwoosloai7as priority to U. S. Provisional Patent ApmpCirasnz/assst No.

60/ 338, 715, filed Novenmber 30, 2001. FIELD OF THE | NVENTI ON: [0002] The
present invention relates generally to techniques for repeatedly

posi tioni ng an instrument LIQUED INTERFAGE GONWGERATIONSor testing and,

an arrhy of pipettes TOR QLR BRIRAEARE RRTARAMGS, £, B e

i ncluding ion channel currents, nenbrane potential, transporter flux and
cel |l capacitance. DESCRIPTICN CF THE PRICR ART: [0003] |on channel

measur enent QIROISS-R 1 \ ITERD APIFHCATONhe ef fect of conpounds
and the |ike at the ceIIuIar Ievel. Ion channels are transnenbrane
proteins that formpores in a cell menbrane, which, in turn, allowions to
pass from OnFD(ﬁ)ll]je of tl“hﬁ a@@h&atﬂﬂiﬁ@tﬂim@pnb@tyaﬁm $efroviionalaritny iAtpplicdtionhese
channel s | uences cel | nbrane potential and are responsible for

nedi at i ng chN@gé@%fﬁﬂl%\fé?ChNPV‘%bqf 3Bx%(?0c lability. [0004] Patch clanp

techni ques are commonly used for perform ng ion channel neasurenents.
Certain patch clanp techni ques are described in Sakmann and Neher,

" Si ngl e- ChanpeELBeOBTHRINVENEION: 1995. Typically, such techni ques
involve the wuse of a glass pipette or mcropipette to contact with, and
ideally attach to, a cell. A mcropipette is a hollow glass tube having a
pol i shed bl u i p and . form ng
nicropipettegkg? d|scﬂggggg%ﬁg%$%ﬁﬂﬁgﬁggg%ﬁ%%ggéyg%?§§g&g%gyﬁgg%%'8351

Fl am ng, " Adpasitedng/be ispiment relafiee tnompuersndre cellefor teptiysamnl, owye, 1989, and
a

particularly, to an automated technique for positioning a pipette or an array of pipettes
for measuring cellular electrical properties including ion channel currents, membrane

potential, transporter flux and cell capacitance.

DESCRIPTION OF THE PRIOR ART:

[0003] Ton channel measurement plays an important role in determining the
effect of compounds and the like at the cellular level. Ion channels are
transmembrane proteins that form pores in a cell membrane, which, in turn, allow ions
to pass from one side of the cell membrane to another. The activity of these channels
influences cell membrane potential and are responsible for mediating changes in

overall cell excitability.

[0004] Patch clamp techniques are commonly used for performing ion channel
measurements. Certain patch clamp techniques are described in Sakmann and Neher,
“Single-Channel Recording,” Plenum, 1995. Typically, such techniques involve the
use of a glass pipette or micropipette to contact with, and ideally attach to, a cell. A
micropipette is a hollow glass tube having a polished blunt tip and an aperture

therethrough. Methodologies for forming micropipettes are disclosed in Brown and



cross-section of a blunt tip of a prior art mcropipette is displayed in
FIG 1. [0005] To have the mcropipette contact wwth, and attach to, the
cell, stawoas@4776®l| | ocation and pipette placenent techniPpquasonssssbe used.
Al'ternatively, the cell may be positioned, for exanple, at the aperture of
the micropipette by meni pul ating an electric field via an el ectrode

posi tioned i Hlaprogi mctvym‘ted Miceozap@tet’l:ﬁcemqn@%ﬁm el Ehysiglogy =|1t98%rﬁ§ld;9at ch
clanp recordin or nat i n .Of an pyeloty bet ween t he
out si de surfﬁr@g gefc ‘toﬂé’ Blbﬁ'}\{t tlploﬁac?flof ﬁr THFTOPIRSHS cfsgjtl%?’r?g ? Eg@'a]t't ached cel | .
An acceptable seal is often referred to as a "gl ga- ohm seal " because it
generally denonstrates electrical resistance neasurable in gi

(Ref erence hEN5h to ﬂ@rwﬁgleanlcwawette§ﬁaqapt Witaang geaghde niie ce) S&ndaqﬁi
el ectrical | yce?lffocgtu?nb#nd }? ge% tlﬂgti hpe%te tegq’('r[ él'tle%llﬁ beeLllsgﬁ Ly tgﬁlau(/%g'tﬁé ghge to be

nmeasur abl e; IsTprerer ric resi s ance greater than

or equal to agitgaoettivhed)dbr dx@yphs at ths apérhaea of theﬁimmopmettelbglmdnqnﬂmrrgues are
known for formn a seal, [0006] After seal formmation, ten desired

f
to obtain "whb plecw field 3@@@56%60“\%? Bpsitianeddp Pwealwr%the |aE%ff1%f6p§~r05{Ui%1n
addi t' onal - s4gh Phhy gﬁm%@qe@o@aﬁgﬁ%&ms (R foftnaSATARLL BRI OGRe T - (Mere
e , €V e

attachment o ropl sea state
provi des | i mbéteceh die cmﬁhﬁé' surfact iof) thedtwro nipwiiittchmaopipeteLmd dhd gtachabealle

i ndi vi dual ion channel properti fromth e h of nbr d
the electrodé a)cc%létﬁkf%ﬁﬁg?l&p fer dde ascfbﬁ%ig%ﬂ{i‘? Spat’ %F‘F?éls? }rﬂ%@n et Egne[:)e

applied to H&%oﬁfffaltes Ml&h%ﬂ%cé PhehdBatt BCEEL-SBMs. p(I@éf@lreh&eel%rélh t@
current, potential, conductance and capacitance) may thereafter

measur ed. Théseingassmahentlsyeantha formatigeael a@esleqtm@ﬂytagcmsaablmvclmm nel

activity, tran .por act.i vi.t ar ,changes, i n. the es o el |
nenbr ane cau$ %@Ftlmc lged t% € tﬂp&x%e fablg: lt&geﬁr\a @1@% he ef}J rbcr?? viral

i nfection, %‘é%i%@&rﬁé%%' oPoatd@ XRAYIreg sl to G118, lﬁﬂ@ﬂdyflﬁ 18Rdhan.)
menbr ane-to-1igand i nt eractions. [000 Various patch clanp techni ques

enpl oyi ng bl Gienveritipnad teelypqyse wredsnoamefor Grgunmaeadlin U.S. Patent No.
6, 063, 260 and PCT Publication Nos. WD 98/ 50791, WO 99/66329 and WD
00/ 34776. -2

[0006] After seal formation, it is often desired to obtain “whole cell” access
which is achieved via electroporation, additional suction, chemopermeabilization, or a
combination thereof. (Mere attachment of the micropipette, even in a sealed state, to
the cell provides limited “on cell” configuration which can be used to measure
individual ion channel properties from the small patch of membrane under the
electrode.) Sakmann & Neher. Test compounds and the like may then be applied to
the cell, and changes in its electrical properties (i.e., current, potential, conductance
and capacitance) may thereafter be measured. These measurements, in turn, can be
used to assay ion channel activity, transporter activity, or changes in the properties of
cell membrane caused by cell-to-cell interactions, cell-to-cell fusion, viral infection,

endocytosis, exocytosis, membrane cycling and membrane-to-ligand interactions.

[0007] Various patch clamp techniques employing blunt tip micropipettes are
disclosed in U.S. Patent No. 6,063,260 and PCT Publication Nos. WO 98/50791, WO
99/66329 and WO 00/34776.



WO 03/047738 PCT/US02/38351 [0008] FIG 1 displays a cross-section of a
blunt tip pipette 1 as found in conventional technol ogies. The pipette 1
t ypi cal | ywbag/oar3aperture 2 disposed at the tip 3 thereofPCTRS0ON3g35pett es
are typically conposed of glass. To performpatch clanping, the tip 3 is
positioned to contact a subject cell. In the prior art, the act of
posi tioni ng {0088k cr opiFp@t t displiaps @ srosesticias of a Blyni fip pipeitail tab fdunden |

| ocation (e.g., on a_  dish; in cell bath): and osi tioni,ng the

i or opi pet + e Py wibnapese Fuf Singny Dlvmtiat s ol ool gPotedat the
techni ques, B8 {pEREESHRE pRletteehie A6k QhnReH & %lﬁs@pmﬁieﬁi@rm@%ht i oni ng
are manual |y achieved, typically using a high quality mcroscope, and a

hi gh qual i tyclampéeg, & tép Aiscpasitionedie contact ¢ sijectselb- I the prior a6 dhardteh in
appr cot at ed. BPHESHRE e BRr e leE R PR del Tacs B G BR 1 ¥ ency
by whi ch pat giihCinaailintioaimd) osiGonlfE teaslicropipesie propeilgheldews wahofocatet! | i s
required to perform patch clanp techniques usjng existing technol ogies.
Accor di ngl y, celheWdth prics apdedhniqyes, shepigcessesoficgll dosatipe And PEHERIPSiteaddr esses
certain proble of the i . [ i : l,oped to
facilitate CEPTlnE% e t%{:etrlrl%éd,aﬁg&%#%eg ’ B&Apct%ﬂyfgglﬁ Egc}iﬁ%}e@g&hgy@fc?gﬁtg pég%}e{gta rical
field at thehidhpuafityt theserixBrmpt@edigulatbn(vaddiubmitroraresdletidmincpaeh hzeis) toeen
devel oped whi ch, 1tlhr ough e}ut omation, allows faqr repeated ?lel ..l ocation and
Fr ?per [n cr OFPIEE:[_%Bt @Bcaﬁfﬁ of HeAMREPPIRSLE ﬁ‘é’ﬁ:}id;bfe@éﬂggaﬂ%mﬁﬁﬁ el Oifrpew PO

nt er nati ona ) : &Rl i es on a
liquid medi qRY oF ragﬁgl%ﬁl?%ghgirgpé\%anatnerface gem%ld gf:id% ﬁ%m@?p ofn bgn i nverted
pi pette. Cel ksndced. Shuperideldedgred biskilhiserducd, to perfomapattinelagpriécdneques t he

liquid nedium, due to surface tensian and | acatable thereat..The cells are
t hen accessi HF‘@gFE‘SHH%GGL‘E@?@E&%‘r‘cé’réﬁggléfc F’@dé?nﬁﬁLﬁréé’FW t%%ﬁf“é‘&“ﬂ?@? seal
formation i s{&gm,%@lfglségicagaﬂwwlﬁmﬂé ﬁﬁl&sart_ and el ect rophysi ol ogi cal

0

properties the ce are neasured by the el ectrode. Several
deficiencies, however, are found with this technique. First, debris

col 293, 2 i 1t otk LOBELSL Bt DB XA b

creates diffiygtH ihir88udify 8Qudk eRLIRGaISRM af tBE BP o e micropipette. In addition, a
technique has been developed which, through automation, allows for repeated cell
location and proper micropipette positioning, such as a technique disclosed in WIPO
International PCT Publication No. WO 00/34776. This technique relies on a liquid
medium or a liquid/air interface defined at the tip of an inverted pipette. Cells are
suspended at the interface, or near the surface of the liquid medium, due to surface
tension and locatable thereat. The cells are then accessible to a microstructure
electrode. Upon cell contacting, seal formation is achieved using known techniques,
and electrophysiological properties of the cell are measured by the electrode. Several
deficiencies, however, are found with this technique. First, debris collects at the
interface and interferes with, and even spoils, the ability to have seal formation.

Second, the meniscus at the interface creates difficulties in developing seal formation.
[0010] A technique has been developed in the prior art referred to as a “blind”
patch clamp method, wherein recordings are made from individual cells by randomly

plunging a pipette into bodily tissue. This method has been used with whole cell
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[ 0010] A technique has been developed in the prior art referred to as a
"blind" patch clanp nethod, wherein recordings are nade from i ndi vi dual
cel |l s by warndom7gs plunging a pipette into bodily tissue. PChiGsomss3hnd has
been used with whole cell -3 WD 03/047738 PCT/ US02/ 38351 recordi ng of
neurons in slices of reptilian and mammalian cerebral cortex. In these
tissues, cel tesonting eitnendenstin aheks of giptilipn piat enhmadian/RlyraDForeNE In KSR ON:
[0011] Wth the subject |nvention, nmethod is provided for automating the
patch cl anp P%S&Iﬁ%icﬁiﬁ%arF mﬂ‘g@% f“fd;n%ﬁ%é(&a% ysi ol ogi cal properties of cells,
including cellular resistance, capacitance, transnmenbrane potential, and
conductance. The technique may be used to evaluate cellular features which
affect the a ﬂlﬁ&@ﬂiﬂlﬁﬁi ol ogi cal characteristics, such as
ion channels and el ectrogenic transporters. The subject invention enables
cells to be pooauyat el y Vinigdthespbjattaaentioposintihod édproeidad fareutamdting the p of a
m cropi pette so as to allowthe tip to c nt_alct,o e of . thf @el.l . .JThe

met hod f urt he#ich skamp teehnigue Ioe tegling el yyplogical aPFripsoh ¢ S’p‘flfs)lﬁfhﬁlé and
generation o - ther ew h8au | ¢ whol e
cell and on Eggcp?@}ggﬁg %%B&%aﬁgﬁlge t?ﬁsmﬁ#ggghnﬁggtg?ﬁ?l’ glﬁcg&glg‘g%ttr&%e:)sﬁ HS’nder st ood
in the art, tdehnigee may'bahstdtoomhluaterceflulas fentires wiish affectdondforpmentioned wher e
an aperture formed in a. ipﬁt_te I.S. in conmuni cat'ond 'tgr a _hol e that

ext ends t hr oBl§R? S‘ioﬂ%ﬁl‘gﬂﬁ ap icg,jsugh as Wﬁﬁh?ﬁ’r‘? an \(,f!llec %81t such that

el ectrophysi ghagi,pals. %E%u%’j@éﬁhmoﬂ'éﬁéﬂl& de@i§ td BDadcBEMlY ahd RApLatb@y cel |’ s
entire plasma nmbrane, and its constituent ion channels and/or

el ect r ogeni cpotitiemsipelatiee & the ipof amheropifett 80 aciel dllowake tipde cortpeione oand

general |y understood in th t. the term: cel I.", refers, t t i ng
confi gurat i oﬂ’?v&‘? F'e&ig%mgbjéﬁtfﬂgéerffﬁ?ﬁ@gsﬁﬁe %ttagglpﬁrg[totféhe c?f(lalgmﬁl%et&g%rtﬁr%% cate
with the int ?éﬁé?étidhfofaan%béptiﬁle goal tHehRviti ARtis BsablWAK beth wiedls tell hnd @r

whol Iy intact nenbrane).) [0012] |n_one aspect of the jnvention, a liquid

suspensi on ofelheonfigasationd  &As vyed heris gnd epngjehsimdsrsiaqd ip Jeeprt. ieieeTn t he
layers have d{)vﬁ})fe%%ﬁ” flengid b ftind c&?figtu(?atgﬁf\*/ﬁé?e Maperture formed in a pipette is

in communication with a hole that extends through the lipid bi-layer (i.e., membrane)

of a cell such that electrophysiological data obtained during testing result from the
cell’s entire plasma membrane, and its constituent ion channels and/or electrogenic
transporters, thus, the “whole” cell. As used herein, and generally understood in the
art, the term “on cell” refers to a testing configuration where an aperture formed in a
pipette does not communicate with the interior of a cell (i.e., the pipette contacts

partially or wholly intact membrane).)

[0012] In one aspect of the invention, a liquid suspension of at least first and
second layers is utilized, wherein the layers have distinct densities so as to define an
interface therebetween. With the liquid suspension, a layer of cells may be located at,
or in proximity to, the interface between the layers. In this manner, a cell population

may be dispersed in a known plane.

[0013] In a second aspect of the invention, it is desired to position the tip of a
micropipette in, or in proximity to, the layer of suspended cells. Although the tip of

the micropipette can be positioned using a visual observation, it is preferred to use
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interface therebetween. Wth the liquid suspension, a |layer of cells may be
| ocated at, or in proximty to, the interface between the layers. In this
manner, awoeBl4poepul ati on may be dispersed in a known pl 2e@/USPDERBES] I n a
second aspect of the invention, it is desired to position the tip of a
mcropi pette in, or in proximty to, the |ayer of suspended cells. Al though
the tip of atemated teshijses. cFararamelep e dspisbleBrthgdeaths o&isepointal vat i on,
it is preferred to u - 4. / . /
techni ques. - (P relaiaa e sl rOHE) PENePHE 2 Rhe s G TRA B terene
(al so ref errgectfddeas monitoeti The pos@poteatiil)is defearerametween selndook ofglifferest t e
and a reference electrode is nonitored. The offset &%1 ent | %I@,is di {ferent
Q SHICEAR- Y BPRIRS al |y

bet ween sol ulohisreenErosHions AR be iaﬁiffic_é':a“é’dﬁ?f%‘?lﬁ‘ie@ﬁ%b :

rani pul at ed {h? obf§ tCBoftérgfaFQﬁe) intdebac B B hf&lgsus%éﬁgi Richs B 1RAkAWitidht the
interface of the Ti qui d suspension can be |oc teé) w t hout rmanual

i nt er vent i onmaRizdfieakhiyon. t Preferafl gribnméeret@atsotmde (Adswfaretido nethet 0 as t he
ground el ectrode) js.in close proximty to a recording .electraode |ocated in
Phe" b pet te. Eon plepisod mgreloB ety axPulite dereotftJetatingnapdity | n
the same pl ape;ang Iﬁﬁﬁ,%gavo LBcdes Sle 10Qk&NEdnREall e HRNGHeG MY cR&fpes at el y
position the tip o?' the pipette relative to the'interface of the liquid
suspensi on. i qffset patahtél thereleswecahay dasumtdly posiven thadip af shepipefteeretdtizet r ode

is within a guard pipette. Al ternatively, the feren | ectrode is
di sposed in g’ntge &tgrtf%@ qfé%ﬁ‘@“gfusﬂjﬁ%”?q'q%ipar%ﬂ gﬁgf’l&%‘?@a@ﬁ?ﬁ%fgﬁﬁehe
M Cropi pet t eyefdendBBASHFAR i EwRhAGH dgdai?diﬂ)i oed. elidrahtivily, ties @fence sleganes at ed
bet ween the reference and recording electrodes with the el ectrodes being

in differentdispgsedsn ofie ofibe faysyserisholiquid sespondvhelyy fremdhaimdaopinel®- et ri cal
Bgtsie'? It IQ?! ,n ga%]fag%euﬁ%b (% g%ctglf%gl\t’\ﬁo Qntfapgif%e%c isggce&lé %%,Svetwe%e@qbﬁgetf?@n&m d

m cropi pée ative I qui
interface. }daoRiey Sle&tddgs inadhi thdelevirddes bhiag e iEfepne tayelsaxftthoasphaiong
| ocat ed above the interface, an electrical potential is generated with the
tip of the nbeewpgingdt achppgeds slashiorhrotertid,cs RFAEUCESRVEFR gw,w T Ot

ot ential +sTERr ARy P A RLa e R A hRn R < RORATETT,
In one configuration, with the reference electrode being located above the interface,
an electrical potential is generated with the tip of the micropipette breaching the
interface. Conversely, with the reference electrode being located below the interface,
an electrical potential is initially generated, which is affected by the tip of the

micropipette breaching the interface.

[0014] Other techniques for locating the tip of the micropipette relative to the
interface include visual monitoring and monitoring the resistance of the pipette
(which changes upon reaching the interface and contacting cell(s)). Also, visual

monitoring can be automated using any technique known to those skilled in the art.

[0015] In addition, the cells can be positioned relative to the interface
(positioned about the interface and/or moved relative to the interface) using any

technique known to those skilled in the art, such as laser tweezers.



m cropi pette breaching the interface. [0014] Oher techniques for |ocating
the tip of the mcropipette relative to the interface include visual

noni t or i Myoana41me%i t ori ng t he resi stance of the pipette @EamIuSh2/zd3anges
upon reaching the interface and contacting cell(s)). Al so, visual

nonitoring can be autonated usnmg any techni que known to those skilled in
the art. [0d@3}6]| n addintpregiicingtbe gefliod of e waeﬁb@lVﬁﬂtme@!flﬂ%ll%F Qktheo t he
interface ioned. ab r o the
interface) ugfqﬁl %%yenstl ﬁ%tna) %k}r%%}vwé %8&%{2 gg H%X@?g{egl ﬂteﬂaérlilé such as
| aser tweezerdgensitypoWel103 Bdié@8. BGHopufafidh 383alk is hﬂﬂéﬁﬁh’[d the lﬁﬂfﬁd)etyeglang at he
nmet hod of the subject invention, a first |ayer of | i qui d suspension is

prepared, haveepdalegedenseiquithdavige ﬁ@ﬁ&%lﬁ’fa@gee&@cné‘?auﬁ’ H%Sﬁ thapethat o fag ‘E‘iﬂsbf
o o 1 2ene € sBieathoRRRN AR, Fhe BAtS alil AR LON Molbhicthiry RURL

and a second aving en5|ty range gener
t han that of 4dfieti€ied lighid Suspejhm)pchaedg umxnertfm defin¢duthereinl h’Ehd densitylsf thiee
allowed to settle so as to_general H%/pform aéﬁtrat fie ui.d suspensi on

havi ng an i ntSSHf seuse g FROat AR OF T ProkiEnitele ?9‘“‘6 aCeh mg; IHiReUEdse t hem
to float int qnﬁ?ﬁdﬂc@d P2 tx{bzlelpybélle)g g&mdn@&gf o@ﬁﬁproﬁnmﬁoomeeﬁﬁfgce shch fhat

i ntroduced, the ti It1one inproximty to,
interface suchmayabntacttacrmly mmuuo@cuem bf thBlmmpmgmettc,rIOdlm@fBUﬁd tHat ahe

m cropi pette, referre t ha 05|t| sur appl i ed
Mot ae br ¢ netisherdspRsareeue e anatedingle of abRsipelE sRHR A R ¢S

m cropi pette dgntdct thbtmlbﬁ) pRe@BehtYit E&%ﬁb}fwét@rﬁgmoﬁ%@ .eOh&ethk 't1? d¥thd he

m cropipette i's properly p05|t|oned relative to the interface, positive

pressure wit hhigropipesteris prcuvprlp @psidones relapvatoetlie wt@rﬁacnelgﬁttiwrw@rgwtl@n and
el ectri cal ﬁﬁl? %ﬁ%@ﬁﬁeﬁ%m rﬁ@a‘b‘? I‘gllr’ﬂ?gr a%v%}gresalrggﬁ]d %1?&?19&1'1‘981 anc%I %ﬁ%e

cl anpi ng man a“cel'T " contdctin

m cropi pett e, mRtdAFHEERmdnRtofddan hiveltade diﬁﬁpf)lhgﬁlﬁhﬁ& Kaywadp liyd prgn apeddgonve
pressure internally to the m cropipette an acceptabl e seal is not

spont aneous| y* érentacEng t@ﬁn@F@éﬁ“-‘rﬂi@c%aCb@F@ﬁ? ithg tip i f@‘éh@kélt@cﬁ%b’l% to
Lprove L he  Reh@R R Ay Bl he ARTopifRIL 1Pal RtcpERe sOHH hdy- Once the

seal is generate
spontaneously generated, an electrical potential is generated so as to improve the

attachment of the cell and improve the seal quality. Once the seal is generated, and
the whole cell configuration achieved, the clamped cell may be used in compound
screening assays to determine effects on ion channels, electrogenic transporters, and

other activities that affect cellular electrical properties of the compounds.

[0017] With the subject invention, the need to image cells during seal
formation is eliminated, and, thus, can be conducted without a microscope, skilled
operator or micromanipulators. Furthermore, the invention is compatible with known
automation methods. Moreover, the invention a}lows for use of cells in solutions,

which significantly simplifies traditional culture and plating procedures.

[0018] These and other features of the invention will be better understood

through a study of the following detailed description and accompanying drawings.



the whole cell configuration achieved, the clanped cell may be used in
conpound screening assays to determ ne effects on ion channels,

el ect rogewD3sEBSporters, and other activities that affect/uset/ssssar

el ectrical properties of the conpounds. [0017] Wth the subject invention,
t he need to i mage ceIIs during seal fOI‘ITB.tIOI’] is elimnated, and, thus,
can be conduBfdER4 RIPTTONG B DR A =D  operator or

m cromani pul ators. Furthernore, the i nventl on is conpatible with known

aut omati on net hods. Mreover, the invention allows for use of cells in

sol utions, yé019h si gniFig'u@amﬁd yschempli¢ 6f epriéradpipetenal cul ture and plating
procedures. [0018] These and other features of the invention will be better
understood through a study of the follow ng detailed description and
acconpanyi ng v ngs SCRLBTI ON
o R Bl 1LY [0019]" e g%“?épi"i“?@zﬁg’%@m@g@ i‘q”e i Ll%Ir(:)t“%clflu petttﬁe

[ 0020] Fi gur éhedubfectinseitenmmt i ¢ of a patch clanp technl que in accordance
with the subject invention; [0021] Figure 3 is a schematic of a pipette
having a guard pipette thereabout wth a reference el ectrode; [0022]

Fi gures 4A- 4ﬁ) pict aP‘i@fr@@‘i’s 29§ch9ﬁ1§9@6f PP é‘tté h%%ﬂ gﬁb’i@%ﬁ%ﬁ@ﬂlefr@dbouyse
with the subject |nvent|on [ 0023] |gure Is a ow chart setting forth
an exenpl arywmtarmﬂ:rclfceeﬂﬁcaoda cing the subject invention; and, [0024]
Figure 6 is a schematic of a clanped cell being screened with various
conmpounds. DETAI LED DESCRI PTI ON OF THE | NVENTI ON: [ 0025] Referring to the
Figures, a npggaeyl is proxireesh Hordepitt @ ikhdibipiépapiat @iquid arpedsrmitet que for
testing electrop {SIO|O gical properties of cells, including cellular

resi stance, ovsgpuiththespbject mapgigmirbr ane potential, and conductance. In
addition, this

[0023] Figure 5 is a flow chart setting forth an exemplary method of

practicing the subject invention; and,

[0024] Figure 6 is a schematic of a clamped cell being screened with various

compounds.

DETAILED DESCRIPTION OF THE INVENTION:

[0025] Referring to the Figures, a method is provided for automating the patch
clamp technique for testing electrophysiological properties of cells, including cellular
resistance, capacitance, transmembrane potential, and conductance. In addition, this
method may be used to evaluate cellular features, such as ion channels and

electrogenic transporters.

[0026] With reference to Figure 2, a liquid suspension 10 of at least first and
second layers 10A and 10B is shown with an interface 12 being defined therebetween.
The liquid suspension 10 may be accommodated in any vessel V known to those
skilled in the art, such as a well of a multiwell plate. The densities of the first and

second layers 10A and 10B are desirably distinct such that the layers are generally
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met hod may be used to evaluate cellular features, such as ion channels and
el ectrogenic transporters. [0026] Wth reference to Figure 2, a liquid
suspensi owol@/0ef73at | east first and second |ayers 10A anaCIOB02/3838hown
with an interface 12 being defined therebetween. The |liquid suspension 10
may be accommodated in any vessel V known to those skilled in the art,
such as a webtratiffedawittutheiimetfhcepl2diedng defimed ehestteiveesnoThedengitigssnanbel * second

| ayers 10A and 10 re desiyabl i stinct such that e | S a

ge_ner aljl %/ - 7%&9;@@7%’2??1? pusaytg ¥g45 1€ "%‘ﬁl’“&f‘ir?r}ggd)tf\%ﬂmﬁl‘%g%r ?ar?%g?’sfe&ce 12
eing defineg § REHVER QAN it isSre@BYd Bt theleasiadd of the keers 10A

t hr oughout egjc%’ g%rﬁ %Ira P?See j\/1\,1 tthi@Lnfgha1 rsgﬁze of dfatr?gi ti els f%’frt eagh SI_ayer

(e.qg., gradiemt 1B e distiseiding differbuith fa oveslapr &fis plse drafprmed thaethgdenict i es of

the layers 10A and 10B be.djstinct and differ it . IS

al so prefer r%%mP‘I’f‘étt‘(_’ntS_rP e 'Sténdc%ﬁ%b@ﬂ?r%r]iég St 8tri EEVMF isggf{]:?%l(r?\l&edégé@gtnﬁjc?layer s
10A and 10B pgy spibfrictipptthtiy whwpbd fferasdiChetwidiathe dyenf fozgtiopot enti al may be
generated between the | ayers 10A, 10B. [0027] A plurality of cells 14 are

suspended in the liquid suspension 10. It is preferred that the density of

the cells 14 ener al | X LY he. 0

| ayer 10B, ahdéﬁg ner al I‘%/gl&#%;?%r&?l gé% Qf%%‘é‘]gez{ﬁiéélf%rgtfheglﬁﬁ;[dhsggﬁ@r@fé? (1%) Ugﬁ%%

|l ayer 10A.  Byprefé@yedahat e dénsiytof ag @lampbe gedialyniessethaetiealeasicooidhe ayer 10B
may have a density in the range of 1.10 to 1. 3 g/ml; .the |ess dense first
Ialy?ar 10A magedend dowsr)dayesilOP, anl gemerally paeatesthan ’gli dFleﬂY.O%éhf‘gf/s"m UPREYh t he
cells 14 havi ensi i he. . i A d
herein, a " m)aS’er goelgfsggl Vfl%qduf{hghgrﬁmsuégggﬁg %htﬁg%r]@ gengsgf% tgbr(ﬁfi gl ygr I(Hiﬁauig or
suspensi on hawdgdasitensibeyamge afdnigeodt3 gledsihtiless dgeadirst lhyerdOdanay havehan

(may have sone overl a ith f d iti f th lls. (i.e.,
Rt R RO T L S St
liquid or SUPRGE I b4 tBel}’l'?);@m\%i W&ﬁel@h, hantge BdnserenGiitliopSuspemespétay | ess

than (nmay have "sone overla | the range of densities of the cells.)
Accor di ngl y, referetotadiduhié odsusperrsemdisyingra deatsifis Pt 5ange eledepaities gangrallyl greateid t o

locate in, OEheinr}n%ry%)éiv@ .scnge E)\Qérla%)%thi) %eerraLgé: §t (f‘e%'sitfg‘? of the cells (i.e., 1.04 to
1.13 g/ml). A “less dense” liquid or suspension shall refer to a liquid or suspension
having a density or range of densities generally less than (may have some overlap
with) the range of densities of the cells.) Accordingly, due to the differences in
density, the cells 14 will tend to locate in, or in proximity to, the interface 12. As

such, a locatable plane of the cells 14 may be defined.

[0028] Referring to Figures 4A-4C, a method for preparing the liquid
suspension 10 with the cells 14 therein is depicted. With reference to Figure 4A, the
cells 14 are mixed into the more dense liquid of the layer 10B. Thereafter, as shown
in Figure 4B, the less dense liquid of the layer 10A is disposed atop the layer 10B.
The suspension 10 is allowed to settle, wherein the liquids separate to define the
layers 10A and 10B with the interface 12 being therebetween, and the cells 14 float
into, or in proximity to, the interface 12. To enhance visual confirmation that the
liquid suspension 10 has sufficiently stratified, an optical marker, such as fast green or
phenol red, may be disposed in one or both of the layers 10A, 10B. As an alternative,
the cells 14 may be initially mixed into the less dense liquid of the layer 10A, with the

-
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such, a locatable plane of the cells 14 may be defined. [0028] Referring to
Figures 4A-4C, a nethod for preparing the liquid suspension 10 with the
cell's 14 wheseir13s s depicted. Wth reference to Figure 4APCThs02/a8B5 s 14
are mxed into the nore dense liquid of the |ayer 10B. Thereafter, as shown
in Figure 4B, the less dense liquid of the layer 10A is di sposed atop the

| ayer 10B. ifhedsobgiendeiog dipoicsl aop daeapre densetlayes 10Rh dseai fyrtherevaription.ds

separate to defjne the .layers 1 nd 10B wit i . bei n
t her ebet wee rﬁndéh%l m[OH%pIE@IrIieé nlejh‘?q(’)ﬁﬁalessi drl?Ps()ef h%lrlﬁl PIB&% ¢ %?’)%itf %6'{*350 1fﬁ(l)t ,%ﬁltyhe )
interface 123sRe@Mie RS c¥ict URher64R:| theRidre derish diuidhd thd lager IOBs wdtherds on 10
has sufficiently stratified, an optical marker, such as fast green o
plhenol red, bmwgh tméxedi thereive i infiodsed drrownght hpet (10f 8hqvgy)dp ONFANICRHRN Wﬁé an
alternative, e cells 1 P T RVRTe¢ e :
i qui d of thtgef‘%@él@sfdﬂ“%’ﬂﬁg%a&gr G BT AE R RE R EE B
sol ution bei g véiseOBRAMBteaRntdequiD bEhe énge 1 0B ety tedBrodsed tiroughver
variation, and the nost preferred nmeth the less dense li Uilﬁr of the

e

d, t
| ayer 10A i sgrewmity fegijoy be mf%’é&é@ﬁ%@‘t(&-gb%él injeetion With A 8yidnge) gFucreRebsleY e
dense |iqui dtﬁgflesmgngee}yqﬁd elz@fiﬁf fpsells being nixed therein, is

not

i ntroduced through a po own) in communication with the |ess dense
Ilhqw d oflthehl ayer 10A. Preferably, the port is located in the bottom of
the vessel. The nore dense liquid of the |ayer 10B nay be introduced

t hr _ough)a gt093Pt y 1 eeds 3R CBIPIGFY 'IBFVt’iOHjOZ eescﬁ‘%{eét. pventyen, fi?ﬂsgg"tgiraéﬁe% th a
syringe) gengrall ¥, Rek ey sfag pheR s E8RSE whthGeiysi helidanepPveiold[ 0029] As
an exenplary | a_hstcr ati\gzsof tphe Slsjbj ect i n\?gn}?’ingfrl],p&d_erllsi t?/-gr.gdi ent

nedi a, such asder iheytraiehiada PEREOLLA by donershhmpPharnpes Hiptash arpyirikes witbae

(PVP) sold wunder .the trademark " CaL.L" Ane 1R ] i h, a
i xod with PP pRTER Py pa: e, Qe aRER AR SRReThEp PhEleET:
the nore dengg sk RKRF malhe of B6Snal deRSE dxayedlluimyalie @broraddemitydensit y
extracel lular sali'ne (hormal density = 1.011 g/m i t hou

densi t y- gr adg/em) (iredvidout Fensitsiignadieh neaslia). ﬁééﬂ%lﬁtaigﬁeﬁlh@gﬂl é{iljmtihtﬁ li(‘)lgilt&]s pensi on
10, care wsgus%gnstignk?& c%r% an?SIt I% ?&ll@n Fl?(b}ﬁ%in%lg %-h%%lo;lgl{agli i(c\)ni%ts{r%@ﬁ Qn@Q&di@fi dity
(pH). Other density gradient media known in the art may be used, and may be
substituted for the “PERCOLL” particles described above, such as that sold under the
trademarks “FICOLL”, “OPTIPREP”, and “NYCODENZ".

[0030] Because of the difference in densities, generally healthy (“intact”) cells
will collect at the interface 12. Cell debris and dead cells (having different densities)
will tend to be away from the interface 12, and, thus, not interfere with cell contacting

and seal formation with healthy cells.

[0031] Although reference has been made herein to the use of two layers 10A,
10B, any number of layers (or a gradient) may be used to define multiple interfaces or
a continuous gradient. Additionally, cell populations including cells of different
densities may be used in such multi-interface liquid suspensions, where different

groups of cells float to and are located relative to different interfaces.



(pH). O her density gradient nedia known in the art may be used, and may be
substituted for the "PERCOLL" particles described above, such as that sold
under t hewotwsadsaar ks " Fl COLL", "OPTI PREP", and " NYCODENZPCT[U30388§35Because
of the difference in densities, generally healthy ("intact") cells wll
collect at the interface 12. Cell debris and dead cells &havj ng di fferent
densities) [0BR] t end Wittoide dinmid supremsiond Oihaviag baereprepared,festing jof she Geds

interfere w cell contactin a eal .formati.o i t I
[0031] Alt hoijgﬁlaVé’Fé’Flé’Pﬂi%&rﬁé‘gg B%%%%&@Pﬁ%sﬁgg’ﬁdﬂdé’ ‘iv%mé‘gﬁ?‘é@%g# ‘%% a;}g‘? s
10A, 1 OB, af¥ciisidh®kred wilR¥Rus of pitcR cRfpdeait) it iy Heamdestot chaleftiene
multiple interfaces or a continuous gradient. Additionally, cell

popul ati ons fesdngigcimqessimay bsfutdizeder ent densities may be used in such
multi-interface |liquid suspensions, where different groups of cells float
to and are located relative to different interfaces. -9 WO 03/ 047738

PCT/ US02/ 383E1’l)331 0032] RWdrting henin todkipare Dy s papite @6 ididtrhdnded go befornppatctar ed,
testing of the cells 14 may be permtted, such as patch.clapp testing, and

ot her techni glaewingionsefHheateds 14; Clhsdermn DRSS ﬁn% TRICIGRIRTE” B1F lﬁﬁéch cl anp
testing, it B’%%f%ﬁ %srfgﬂsﬁeﬁ{.mﬂe E)H)%{t?:?g F}?Aé/ bfto%gh%ifg%gtlﬁsaﬂit&%e SEfePm

utilized. [O i'ng again'to tte 16 is introduced to
per f or m pat cthe a¢f, arvhidigg afnventoraf pipbite designs ad well @Themnique eslatgsdgigt t e” and

"“mcropipette! are used i.nterchangeabl in.) T i pett be of
any type knomuﬁ"é}let)}fﬁg"é_tes‘i&ﬁl?sé 19 eﬁ&‘@\g’&rgrﬁit‘?q’él)‘%?@:lllﬁﬁpoléﬁﬁ%e@ﬁ%gé?yp| ;e)e? te
desi gns as wabjisaSerBiHOl QHEDEMOPSIPSs thi Brvchichibldl #likndd Redihenghagl@sed i n

copendi ng U. at ent Application 60/ 338,538 (BMS Reference No.
DO130PSP) t oetdmplaryvepresmsatamdthepipetfndé ihdudss n.tuBylantodydS hasingmypsligply

representation he, pi pette 16 incl s, a, tubul ar .bo ' i stal
end 20 and ae‘ﬁ%@)@F‘%EBE’SS?feré?XIEWEe%PI(?Htt?rg\l%%?isé 33%1 %fa&?%{%e@%}i&%n
aperture 26 cgxh@foulbltRugh24 ifo téRmadichiiéOwRR MReIaea ol 0 (bl Bddg 1sunmen
of the tubular body 18. To facilitate patch clanp testing, and the

measuri ng of Telfegtitalecraitchyelapp testiag, andthageasuring of electrical properties during

seal formation, a recording electrode 28 is disposed to extend into, or in proximity to,
the aperture 26. Additionally, as shown in Figure 3, a guard pipette 32 may be
disposed about the pipette 16 so as to cover the tip 24.

[0034] Advantageously, the method of the subject invention may rely on
automation to properly locate the tip 24 of the pipette 16 relative to the interface 12.
By positioning the tip 24 in, or in proximity to, the interface 12, the tip 24 may
contact one of the cells 14. It must be noted that the interface 12 is not necessarily a
clearly defined layer with the cells 14 being suspended therein. Rather, some of the
cells 14 may be located in the layers 10A, 10B. By increasing the number of cells 14
in the cell population, the likelihood of the tip 24 coming into contact with one of the
cells 14 is increased. However, inadvertent contact with multiple cells by the pipette
16 should be avoided to ensure that testing integrity of the pipette 16 is maintained.

Thus, the cell population should not be excessive.

[0035] In a preferred automated method to position the tip 24 of the pipette

16, a reference electrode 30 is utilized to measure offset potential relative to the
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seal formation, a recording electrode 28 is disposed to extend into, or in
proximty to, the aperture 26. Additionally, as shown in Figure 3, a guard
pi pette 3®Omwap41Ie8 di sposed about the pipette 16 so as toPCOXEs02/843681ti p 24.
[ 0034] Advant ageously, the nethod of the subject invention may rely on
autonmation to properly locate the tip 24 of the pipette 16 relative to the
i nterface 12recoBingelsctraoderiisnPrefambty, ps shpwmin Riguie 3, fhe axderaney clegiroderio is

interface 12, the tip 24 .contact, one.of the. cells .14, |t e noted
that the int 8ispaed Hig“? @awlpﬁ@%&%"a‘?sitf@eé}’ P’iﬂxg’é‘rﬁﬁ’th%%l?%é‘déﬂdat%ﬁt&é)t h the
cell's 14 bei pgositspepaacheIverLdiiot2al Nae refeeii®e dbctidde 30eal ki dordhy be

| ocated in the |ayers 10A, 10B. By increasing the nunber of cells 14 in

the cell popeleatroderd8 mhe be disppied gonerally attibe sampe davationirplgtivhiodhe Bivelet with

one of the lls 14.is increased. ol o i

nul tiple cel ﬁg tbk}s’ ﬁ’é’g;ﬁeB%rfl{l%CO@%"%E%E&(;S%@CI&%%%%&?%&(32(;81’5%‘? gl% rl?gntOh?géti ng
integrity of yfifhefRieRgpR, he réfercoiBd dleatdtrBO exidnding Hehondikelrequodiug at i on

shoul d not be excessive. [0035] In a preferred_automnated thod to position
the tip 24 oflechiedgiShelVith thlwyra%gm@mért%@éer@%é?Wd@eéecqt%rﬁe witheut sy 1 o

neasur e of f set ,pot.ent.] r. iIve,to the 10 WO 03/047738 PCT/ US02/ 38351
recordi ng el glgtzira’oeggggigghﬁrleéfeg%%eb&y, as shown in Figure 3, the reference

el ectrode 30 is disposed in the guard pipette 32 so as to be in proximty

tothe tip 24, and thus, the recording electrode 28. Additijonal .t he
reference el #036bde 30 Cffit pofenty W&r?@entgeg’&%@éﬁgwlﬁ‘ﬁvdﬁ%r}gi é%g'%lid

'l - o L . .
generally a gicg%g?%%raﬁélﬁ‘(ﬁé ﬂoQﬁfJn%f?iiﬂléetYIglzi R13tR ttRGhicffacd 2. TheRferbflend

generally co natively, ectrodes 28, 30 may be offset,
with, for exahkptrede 3may bt asdnaevied extadodich Bolytetiatinaiond)ylsay badng he
recording electrode 28.. Wth this .arran nt, the interface.12 may be
| ocat ed wi t hGUROSLREPY Cléhasé?‘?ﬁlé@‘ﬂﬁfjg‘? ﬁ@t‘%ﬁﬁg?@éaéﬁe iﬁl.lve[r%&fé%ﬁc%rf%eet
potenti al ma%f%‘dfr B NrHR QLWeEsh (T)ﬂ"t%aﬁ% iR bEsdtpotRsal Wil indidatsithd expohidt ot e
accurately the [ocation of the tip 24 relative to the interface 12. The
reference eldéfteresdeni8@olutiynde the ele¢tyasies 3f ped 8@ at ke, tetinterface 12 can be

pol ytetrafl U%Eé)u%gtgﬂll lgcr:]a%ecp %\/ {)rrégde%er}mining the offset potential change relative to the
interface (or a change of offset potential from leaving the less dense layer 10A). The
pre-determination can be achieved by repeated testing or by utilizing theoretical
calculations based on the size, charge and mobility of the ions in the layers 10A, 10B
(e.g., a computer program sold under the trade name “JPCalc” by Axon Instruments
may be utilized). It is preferred to reduce the amount of counter ions (e.g., by using a
di-valent anion) in the liquid suspension 10 to increase the size of the junction

potential. The offset potential may be as high as 15 mV.

[0037] By way of non-limiting example, disodium asparate may be used to

replace sodium chloride and reduce the absolute number of anions in the more dense
liquid of the layer 10B to generate the offset potential. With the less dense liquid of
the layer 10A being normal density extracellular saline, the more dense liquid of the

layer 10B may be formed as follows:
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exposed tip which has been chloride coated (to generate a
silver/silver-chloride electrode). The detection of changes in offset

pot ent i alwaioBlo4i788li cat e t he exposure of different ionic ®oraiSvwssssto the
el ectrodes 28 and 30. Thus, the interface 12 can be accurately |ocated by
pre-determ ning the offset potential change relative to the interface (or
a change of @0B8kt potential from | eaving TABLEeks dense | ayer 10A). The
pre-determ nati on can be achi eved by repeated testing or by utilizing
theoretical calculations based on the size, charge and mobility of the
ions in the |layers fUOA I0B (€.g., a conputer program sold under the trade
name "JPCal c" by Axpn | nsttgmpahent MYy bel utidorciratioh (m)pr eflerred to
reduce the amount of counter ions (e.g., by using a di-valent |anion) in
the |iquid suspensi prm{D-A B(NB%\9?§%5BP9 ST Ze o1 thgg) unctron |potential.
The of fset potenti al—Tay be gg,dJT OIT as 15[ V- [0037hoBy Way of |non-1initing
exanpl e, di sodi um appar=a MY e usedto] Teptace ggdiumchiorli de and
reduce the absol ut efnunb fa rons—T 1 the nore u'eéfae tHiquidjof the |ayer
| OB to generate thefeffs KJ%Eiiai' Wth—thetess gense tiquild of the

| ayer 10A being nor pa g éim;‘ﬁdihéjﬁ'u at aaiiucichc nmore dense |iquid
of the |layer | OB npy HEPER RS WNAST o 43 WO-03/-647738—PGT/ US02/ 38351
[ 0038] TABLE 1 Conp i 4 250) 60
NaCl 20 KO 2.5 CaCl2 2.5 M

_ _ | 12 1.0 HEPES, pH 7.3 W NaCH 10 @ ucose 5
The final density of this solution is approximately 1.10 g/m wth
osnolality of

The final density of this solution is approximately 1.10 g/ml with osmolality of

305-310 mOsm.

O I

[0039] Alternatively, the reference electrode 30 may be disposed in one of the
Jayers 10A, 10B and away from the pipette 16. Thus, by monitoring offset potential
between the reference electrode 30 and the recording electrode 28, the position of the
tip 24 relative to the interface 12 may be determined. For example, as shown in
Figure 2, in a preferred arrangement, the reference electrode 30 is disposed in the
layer 10A, with either no or a negligible offset potential difference between the
recording electrode 28 and the reference electrode 30 being detected (especially after
electronic offset correction). However, with the tip 24 of the pipette, and thus the
recording electrode 28, coming into contact with the interface 12, a change in
electrical potential between the electrodes 28 and 30 will be detected. Likewise, if the
reference electrode 30 was to be submerged into the layer 10B, an initial offset
potential difference will be detected between the electrodes 28 and 30, which is
affected by interaction of the tip 24 and the interface 12. In either regard, the tip 24

can be accurately positioned relative to the interface 12.

[0040] Other position techniques may be used, such as visual observation, and
monitoring the resistance of the pipette 16 (which changes upon reaching the interface
12 and contacting one of the cells 14). Laser tweezers may also be used to position

the cells 14 relative to the interface 12 and/or the pipette 16.
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305-3 10 mOsm [0039] Alternatively, the reference el ectrode 30 may be

di sposed in one of the layers 10A, 10B and away fromthe pipette 16. Thus,
by noni t owDngoeofBset potential between the reference el eeCrase233sand t he
recording electrode 28, the position of the tip 24 relative to the
interface 12 may be determ ned. For exanple, as shown in Figure 2, in a
preferred arrangenent, the reference electrode 30 is disposed in the |ayer

10A, with eith : l'i gi bl ff t lal diff bet. th
recordi ng of KMithde 28 TUHF § AL FRf bHEHER UL CTPBUE SO LT o ot
(especially ﬁ'{avteﬁﬁon %%Cﬂfspﬂ%ﬁlm, Selip QRS 1688 k@ded, HRWVENRmowtddintahe tip 24

of the pipet and thus t recording el ectrode 28, conming into contact
with the int elktasd Hi?dera Stightmpsitive presswe iy gaaratgsovishinithe pipeis st 10

el ectrodes 28 and 30 will be detected. Likewise, .if_ th

el ect rode 30HEIFH sgnamﬂ‘iﬁ‘r lﬁéﬁt’Yaﬁ?cgmttﬁ%relcgvzﬁ”g %B%Y,Odggg it(El ﬁ(}gg&n@? f set
potential di ] sdetRcligdiestivarn shbBegbe edwadese i§urind 30,
which is af P@%ﬁtggsgigé}(#fg?gcfi onc% Etehe 1ti p 284 a% t he intereflglée 12. In

ei ther regar eyspehson 1@ irpstep temwish shightor ae epsitiporicssushiedng seneratedintget he

interface 12..[00 he osi f.ion i e ¢ Vi sua
observati on, Pﬁ%ge %%ﬂgﬂ??{eﬂ gf"{‘hﬁw 8 gﬁtugr{g 2 ﬁ’c 2&['%?5 eneg’l o&»ﬁc{?ﬂ(eﬁﬂ%&lﬁ?@ﬁ&
changes upon gee&dlisNG thd Eqhidtsesfeasion 16 Anelnding ol eedls ilAgaronegedfawtalyefranel | s

14). Laser tweezers nmay also be used to position the cells 14 relative to
the i nt er f acéheltip ZhdPipette Heltage pempsitargd to deferpingwheutrs pgreBe findihs38351

[0041] Fi igﬁ\rlgﬂga[g%%?tﬁ?ﬁiaﬁ}dgu%%lgéﬁg%&q%%}enbodi ment of practicing the

subj ect na firs the pipette 16 is provided, and,
then mounted in an electrode holder. Slight positive pressure is generated

Fecor di ng-of 80A%ae. 26 QRsSAEMPPGRE KREOUH e EBORTRAge (LRGN A The
i sl ght 3P oG A e e kS 16 and
ej ect ed fromstidpensipenhd nepradfch thaittdifse teeme0). dbjtep i §2,(veing.any @éthe debri s;

aforementioned techniques, the tip 24 of the pipette 16 is positioned in, or in

proximity to, the interface 12 (as described above). Once properly positioned, the

recording electrode 28 is switched to voltage clamp mode to monitor pipette

resistance (step 114). Thereafter, as indicated in step 116, any positive pressure in the

pipette 16 is replaced with negative pressure, such that a slight suction effect is

generated through the aperture 26. At this point, it is desired to have the tip 24

contact one of the cells 14. One of the cells 14 may randomly contact the tip 24 and

become sealed thereto. The contacting of the cell 14, and seal formation, are

monitored by changes in electrical resistance in the pipette 16 measured by the

recording electrode 28. As an alternative, an electrical field may be generated at the

tip 26 to draw one of the cells 14 thereto, in a technique known to those skilled in the

art as “electrofocusing”. Seal formation is monitored using resistance of the

recording electrode 28 (step 118), and, if seal formation does not occur (box 120), a

holding potential (~ -60mV) is added to the pipette 16 (step 122). If seal formation

still does not occur, additional negative pressure is applied (step 116).
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dead cells) in the liquid suspension 10, including the cells 14, are urged
away from the tip 24. Pipette voltage is nonitored to determ ne when the
pi pette fwods/0§i73®., engages) the |iquid suspension (boxPC@R)S02/pBOU2] Once
the pipette has found the |iquid suspension, and is partially subnerged
therein, the pipette is caused to slowy further subnerge into the liquid
suspensi on arﬁﬂl)@[}proaclTeph@lquwfer acé@@n(gqeélmon@gl)mg anql spabformation Y&ikagWaANy of

h f d
(ne” 21 or ST L one LS ARy LoRkAq8 b6 BORSHIG B e BBl 07

properly posiiiveanssa. the recordi ng electrode 28 is switched to voltage
clanp node to nonitor pipette resistance (step 114). Thereafter, as
indicated in step 116, any positive pressure in the pi pette 16 is repl aced

W th negat| Vi (5)4{ SSur e’Wﬁﬁ\%Q%ltf&%au@n c%rf cg:htm SHfold Qi E&tﬁgﬁﬁ?}a@e acﬂﬁ:@@(ﬁ %‘L‘ﬁ

t hrough t he ure 26 IS e5|re etip
contact one Qlﬁe &dﬁEléEﬁidl éeclfhph@idogifcaltdharaﬁ&hbﬁcsilrﬂayfwteslamdsmg ymownt aCt the
tip 24 and becorre seal ed thereto. The contacting of the cell 14, and seal
formation, arfechnigstored by changes in electrical resistance in the

pi pette 16 nmeasured by the recording el ectrode 28. As an alternative, an
electrical field my be generated at the tip 26 to draw one of the cells
14 t heret o, i[6045]t ech ni’ﬂwdiquﬁxbmptmimhkﬂgaaﬁké $ihm¢taﬁqmuslbv@remmd iagnultiple

"electrofo S t d
recor di ng ZFZ%g 6ﬁéj§g“W§ﬁQgP ! OWQPH @hﬁgéﬁahg Gﬁghﬁtgggeﬁ
(box 120), Q.%\ gﬁgngel@&fs@ aF tfﬁlcoﬁdua@c%éé)oflt& ﬁd&ﬁﬂ)ntt@ bk hgedowmeh@t@nﬁﬁoﬁ st ep

122) . If seal tion still does not occur, additional negative pressure
is applied (smdppmkﬁﬂscmﬂmaMﬁmﬂ@ﬁ@ﬂﬁ?BBmEQﬁNUSO@IaBQE%pﬂFSO&3] Techni ques

B L N T
invention. [QBA&hinWchih §§1@HS fEFfoamtdf eRposart ¢fehd catfipound!sy of ﬂhd claapebeel®y be
achieved with the ceIP 14 and electroph¥5|olo gi cal characterjstics may be

tested usi ng den basgvaluated in view of electrophysiological activity of the cell ion channels,

electrogenic transporters, or other activities that affect the electrical properties of

cells. Advantageously, the technique can be used for assaying and screening

compounds to determine the effect of the compounds on the human ether a-go-go

(HERG) gene product. The clamped cells may be introduced to various compounds

in a single bath, and/or sequentially introduced to various baths of one or more

compounds, with cell washes being provided as needed. In this manner, the inventive

technique decreases the time (and costs) of conducting the assays due, at least in part,

to the speed and accuracy with which patch clamping can be achieved. For example,

with reference to Figure 6, the clamped cell 14 may be moved from drug bath DB1 to

drug bath DB2. Preferably, to enhance seal integrity, the guard pipette 32 may be

utilized so as to cover the tip 24 and the clamped cell 14. A volume of liquid 34 (such

as saline) may be disposed within the guard pipette 32. The sealed cell 14 is

preferably wholly submerged within the volume of liquid 34 so as to maintain the

integrity of the seal. A meniscus M extends across the guard pipette 32. The volume

of liquid 34 is maintained within a reservoir formed at the end of the guard pipette

32/pipette 16 assembly by surface tension extending across the guard pipette 32 and

capillary attraction of the volume of liquid to the walls of the reservoir. The volume
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techni ques. [0045] The liquid suspension 10 may be sinmultaneously prepared
inmultiple wells of a multiwell plate to allow for high-throughput
screeni ngwQOHI8)7786eabl e with bi oassays. Because of the ceodsoyssiess of
the invention to be used with automation, nultiple cells can be

simul taneously clanped to an array of pipettes 16 (corresponding to the
wel I's of theoffiduid G mhaiphis de demdricthend movkshicad stebility ofhnsed of theggldédni ng

conmpounds. Effects, of exposure of the conpound(s). on.the clamn cell(s)
can be eval ulY eepurRehalhege 4e‘§c)°[ef‘ BB%%P'%B‘BTQ@C ’f%%ucl? ilr\lltfn:??/ceocﬁl%%ghecel | ion
channel's, elLggld QORNLGetif@ASPOrters, or other activities that affect the

el ectrical properties of cells. Advantageously, the technique can be used
for assaying and screening conpounds to determ ne the effect of the

conpounds on human.et her a-go700.. 3G t cl anped
cells may be[éoggl oduce&r%f: 660\57519111%%%%%%%(9?%@ &?&%ﬁ@éﬁ%@e& é{ﬂ& ﬁll and/ or
sequent i al |y plepiradueeshtd (Va1 beusnd)rbhm-edupleterecsptore (EPCROs)pathidsthesi t h
cell washes being provided as needed. In this manner, the inventive

t echni que decelbmembraneedeperdent BhfBOBEERSICIHES CEIFHAR AR EPCEPET ¥s due, at

|l east in part, to the speed and accuracy wi th which patch clanping can be
achi eved. For exanple, wth reference to Figure 6, the clanped cell 14 may
be noved froqooi7yg bat Whi the iventdonbadimeh dedspibe®irafektiabity thetpoefentdince seal
integrity, the guard pipette 32 may, be utilized so.as.to r. the tip 24
and the cl angad@odiapantsiwith aeverl GRamples: |1 \éiﬂ]ilﬁf’ wylepsiQpdiby %lgsessﬁyeﬁé?tt%%ﬁ be

di sposed wi t by : ' i i I rit Snd R66S S @sl y
whol | 'y subne?g@g&%ﬁF%#%ﬁgﬁghﬁg%ﬁﬁgﬁﬁ?u ?%S?ﬁg% ggﬁggeég nainta?i t he
integrity of iivetisead defihetemilecpperedxiagmsls across the guard pi pette 32.
The volunme of liquid 34 is maintained within a reservoir forned at the end
of the guard pipette 32/ pipette 16 assenbly by surface tension extending
across the guard pipette 32 and capillary attraction of the vol une of
liquid to the walls of the reservoir. The volune -14 W 03/047738

PCT/ US02/ 38351 of liquid 34 maintains the electrical and nmechani cal
stability of the seal of the cell 14
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by ensuring that the cell 14 does not encounter an air/liquid interface
during the course of an experinent. [0046] The techni ques described herein
may be apwbioaa41768 ot her cell rmenbrane receptors (e.g., gRramuse2/38351

protei n-coupl ed receptors (GPCR s)) and to other cell nenbrane-dependent
phenonena, such as secretion and receptor cycling. [0047] Wile the

i nventi on hawBATISIEEAIMIER ISn rel ation to.the preferred enbodinents with
several exanples, it will be understood by those skilled in the art that
vari ous changes may be nmade wi thout deviating fromthe spirit and scope of
the invention asadgihhedor rffoﬂﬁing@a@ﬂct@ﬂnﬁ keiifi of cldBriNMDARAESARRS of

PCT/ US02/ 38351 WHAT IS CLAIMED I S” 1. A nethod for perform ng patch-clanp
testing of etallst sdid aletiwidanomprisingdhe gepsaff: cel |'s, said method conprising the
steps of: suspending a.plurali.t f cells. | QU L of at

|l east first and §5§8WHB$39@F@¥¥§gfﬂﬁ¥PF§th% S@%@gﬁ f%gggggﬁtgggng

di stinct dengichbh@fhysR, id Fiestd8d keren@myeistaetnzalieinchdsmsives veesto defiserti ng a
m cropi pette into said liquid suspension; and, positioning a tip of said

m cr opi pet t einterfase tharebetwegnit o said interface such that said tipis
positioned to contact. ane_of La.cell s 2. d inclaiml, further
conprising the st&ﬁe%]flgfaa%}cf?@g%tl r%gt%tshglh Hgﬁgﬁgrr%s%g ‘one of said cells to
said tip of said pbafemhpatipet said Micropipead imer proximhaitorsad intréaceisnclt thet st ep
of facilitating includes introducing negative pressure in said

mi cropi pet t esaid tipAs pesitienedde cpiactonf /f 521 Gelky ei n the step of facilitating
includes creating an electrical field across said tip. 5. A nethod as in
claim1l1, wherein the step of positioning includes disposing a reference

el ectrode in2sai dA ingthod as irs¢leims i diartherccomypmisingrthe ste befaciitag thot ent i a

attachment of one of said cells to said tip of said micropipette.

3. A method as in claim 2, wherein the step of facilitating includes introducing

negative pressure in said micropipette.

4. A method as in claim 2, wherein the step of facilitating includes creating an

electrical field across said tip.

5. A method as in claim 1, wherein the step of positioning includes disposing a
reference electrode in said liquid suspension and monitoring electrical potential

difference between said micropipette and said reference electrode.

6. A method as in claim 5, wherein said reference electrode extends through said

interface.

7. A method as in claim 1, wherein at least one of said layers includes varying

densities.

8. A method as in claim 7, wherein said varying densities are gradiently

disposed.
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di fference between said mcropipette and said reference electrode. 6. A
nmethod as in claim5, wherein said reference el ectrode extends through said
i nt erfacewOn3/o478®t hod as in claim1l, wherein at |east oneCofusszssssi ayers
includes varying densities. 8. A nethod as in claim7, wherein said
varying densities are gradiently disposed. -16 WO 03/047738 PCT/ US02/ 38351
9. Anethod as in claim7, wherein said first and second | ayers each having

a range of densitjes ald ra f dens S beln dlstln

met hod as in7cl ai t et r%ﬁ%?laggﬁp?’ﬁ??w&a{# styndgge 18¥e§f)8 avPﬁ%fl r st
liquid in apyess#liengdédsdill balzed bdtnditiBawiing driihétr st density, and

di sposing a second liquid atop said first Iiquid, said second |iquid

havi ng a second density |ower than said first density, wherein said first

econd | ayer 1011 AigiRgn SEEm 1 EE S RER e B b IR I et

m xi ng sai d Gghl8ssel) sai@dirst Hquidhavinglalfigst @énsﬁy dnd disf;ﬁsmgam@j‘nddi@nbabp\g sai d
second liquid. 12. A nethod as in claiml, erein sal dljiquid uspen5| on

i s contained smdtfusmhq;ud vieid seggmddiowid havieg ¢ S%P&‘il density lowerdpamdd 4t n claim
1, wherein s %f { T‘ere V\l}]ga'“f(!l Bedt ﬂgﬁlg%ﬁn@s %ﬁ{ﬁfs{ Yy &0 dhd s %o ﬁfflltnd dlﬂnesa‘

met hod as i n “Sl4P) erein secon is an extracellular saline
sol ution. 1552/ seedrddddyas in claim 1, wherein den3| ty of said cells being
generally less than the density of said first layer. 16. A nethod as in
claim 15, wherein the density of said cells being generally greater than

the density qfj saigd R@eRN ih 848h 10, further comprising the step of mixing said cells in

said first liquid prior to the step of disposing said second liquid.

12. A method as in claim 1, wherein said liquid suspension is contained within a

well of a multiwell plate.

13. A method as in claim 1, wherein said first liquid includes a density modifying

agent.

14. A method as in claim 1, wherein said second liquid is an extracellular saline

solution.

15. A method as in claim 1, wherein density of said cells being generally less than

the density of said first layer.

16. A method as in claim 15, wherein the density of said cells being generally

greater than the density of said second layer.

17. A method for positioning cells to enable high throughput testing of cell
characteristics, said method comprising:
providing a multiwell plate having a plurality of wells defined therein; and,

suspending a plurality of cells in a liquid suspension of at least first and
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17. A method for positioning cells to enable high throughput testing of

cell characteristics, said nethod conprising: providing a nultiwell plate

havi ng a wbuwsaki’sy of wells defined therein; and, suspen@cmgiSa2/pisarality

of cells in a liquid suspension of at least first and - 17 WD 03/047738

PCT/ USO02/ 38351 second | ayers, said first and second | ayers having

di fferent denrsidnidésyesq said first adfsecoaddayers mtvary differenhdansities we ento dsdiind ahi qui d

suspensi on bei ng di sposed in at | east one, of sai wells. 18, A rultiwell

pl ate assay é@%&?ﬁﬂ ‘ECR?BWFP%iSH’&:hOé‘“fﬁHSP‘?WnIbeﬁ}g'éﬁg’oﬁ%(i/’r“r?é I%Sb?ﬁrogl%ﬁﬂ of

wel I's defineq,dherein; and, |iquid suspension disposed in at |east one of

said wells, sard liquid suspension having at |least first and second

| ayers, said first and second | ayers having different densities so as to

define an interface t erelge]ttaween. 19. b'Al‘n assa%/. f.or determning

el ect r ophysi dPogi ChPUHEYF PP BV ALY SUPRERG  cel | ul ar resi stance,

capaci tance, trangRalGRNSIAOWENHE aplurdid of MRHyeéfaREChdrBin; iR pONse to

vari ous conpounds, said assay conprlsin?: suspending a plurality of cells
€4,

inaliquid suspendiiuishsuspenston disppsed inrag {eagtaie of saig weells apich Bquid sispensiont  and
g ohe! o st . T
*her ebet nean hegREal el sl e Ry ST AR AR ILS Blind AHIGECE

suspended celdessitigdsd B tb dpfi@f artintiricoepdivesenand, i ntroduci ng said seal ed
cell to one or nore conmpounds to eval uate el ectrophysiological activity of
the sealed cell in response thereto. 20. A nethod for screening conpounds

whi ch affect ;g eCtA@QQ%%%&!d%&kﬁﬁhn% GBIy SbloplohFilty GPLAIR ihalGdigl N
cellular resistance, capacitance, trans rafe potential, and
conduct ance, cgsHuldr reeistance, capguitasienansmesnread pogendialland abndugtapée el s in a
| i quid suspension of at |east first %nd -
response to various compounds, said assay comprising:
suspending a plurality of cells in a liquid suspension of at least first and
second layers, said first and second layers having different densities so as to define an
interface therebetween;
obtaining an electrically-acceptable seal between one of said suspended cells
and a tip of a micropipette; and,
introducing said sealed cell to one or more compounds to evaluate

electrophysiological activity of the sealed cell in response thereto.

20. A method for screening compounds which affect electrophysiological
characteristics of cells including cellular resistance, capacitance, transmembrane
potential, and conductance, said method comprising:

suspending a plurality of cells in a liquid suspension of at least first and
second layers, said first and second layers having different densities so as to define an
interface therebetween;

obtaining an electrically-acceptable seal between one of said cells and a tip of
a micropipette;

introducing said sealed cell to one or more compounds; and

evaluating electrophysiological characteristics of said sealed cell in response

to said one or more compounds.
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second | ayers, said first and second |ayers having different densities so
as to define an interface therebetween; obtaining an

el ectri cawbysmevept abl e seal between one of said cells anaCa/usop3ssl a

m cropi pette; introducing said sealed cell to one or nore conmpounds; and
eval uati ng el ectrophysi ol ogi cal characteristics of said sealed cell in
response to said one or nore conmpounds. -18 WO 03/047738 PCT/ US02/ 38351

21. An assay for determning the effect of .various d t he h
O o e b e e G VB R PR BB
plurality of ¢ L%fah@%g)g&g,}gmﬁﬂ%&@Q§§@ngﬁﬂghlLeast first and second

r and s

| ayers, saidf cond layers having different densities so as to
define an i nterf anspendiep atpdurakiyrof colts iaiadiquid suspenséan ofi a¢ dasifitgeanshpt abl e

seal between one of said.suspended | 1s , and i f a . m i - and,
i ntroduci ng &efogd %Vgrseaalézﬁf?t apg S%ngi?ye%l?agl% it entglgleglsfg?ﬁ%t%%%gn

ef fect thereqt R thdienddhBés;0ene product of said sealed cell. 22. A nethod
for screening conpounds which effect the human ether-a-go-go (HERG% gene
product, said net kbtiningpn ekrinigallsassaiabicsgaldepyepnaneof syd sewepded 6elly

i quid suspension of. at.|least first and second |layers, said first and
second Iayeré‘nﬁluﬁ\'}'ipr?éad?lf;foéjﬂ%eﬁﬁe’ %Pedzsi ties so as to define an interface

t her ebet ween; obt ghtidigingiakl ®Reled celdtd oneanaept abmpoweBlio bedluge thewffecof sai d
cells and a tip of a mcropipette; introducing said sealed cell to one or
mor e conpoundierecea, thel BERGrspnerjodyrs obsaid ssaleghcellai d conpounds on the HERG
gene product of said sealed cell.

22. A method for screening compounds which effect the human ether-a-go-go
(HERG) gene product, said method comprising:

suspending a plurality of cells in a liquid suspension of at least first and
second layers, said first and second layers having different densities so as to define an
interface therebetween;

obtaining an electrically-acceptable seal between one of said cells and a tip of
a micropipette;

introducing said sealed cell to one or more compounds; and,

determining the effect of said compounds on the HERG gene product of said

sealed cell.

23. A method of preparing for an assay for determining electrophysiological
activity of cells in response to various compounds, said method comprising:
suspending a plurality of cells in a liquid suspension of at least first and
second layers, said first and second layers having different densities so as to define an
interface therebetween; and
obtaining an electrically-acceptable seal between one of said suspended cells

and a tip of a micropipette.

24, A method of preparing for an assay for determining the effect of various

compounds on the human ether a-go-go (HERG) gene product, said method
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23. A nethod of preparing for an assay for determ ning el ectrophysi ol ogi cal
activity of cells in response to various conpounds, said nethod conprising:
suspendi ngoasphBal ity of cells in a liquid suspension of pawr/usezass3sfirst
and second | ayers, said first and second | ayers having different densities
so as to define an interface therebetween; and obtaining an

el ectrical | y-caogejsiegbl e seal between one of said suspended cells and a tip

of a mcropipette. 24. A nethod. of epari.ng .for an as for._det erm ni ng
the effect of vari%ﬁ@ﬂmggﬁbgﬂﬁﬁgy8%£%% %hﬁ@ﬂSgﬁﬁ@?°%9§%¥a%gﬁﬁﬁﬁﬁf gene
product, sai deb®idi@gers;shfl MG S LBy drChANISD diffBeth HenH¥ROIaS kd@fine an

suspending a plurality of cells in a |iquid suspension of at |east first
and second |iniesiege theggbgtweepsandand second | ayers having different densities

(o defi y ¢ . : e .
ol ectrcal Iy accoptART B A ATE AR FRGEIRR S ceal itty O ATV Plhopended celly ,
of a m cropi pgidtatip e20micropipette.
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