18 May 2006 LI QUI D | NTERFACE CONFI GURATI ONS FOR AUTOVATED PATCH CLAWP
RECORDI NG CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application
claims priority to U S. Provisional Patent Application No. 60/338, 715,
filed Novenber 30,2001. FIELD OF THE I NVENTI ON: [ 0002] The present

i nvention relates generally to techniques for repeatedly posi %éﬁ/{“ %Ogn

i nstrunent relative to one or nore cells for testing and, nore ay
particularly, to an automated technique for positioning a pipette or an
array of pipettes for neasyrQUIDINTEREACE CONFIGBRATIONS ties including
i on channel currents, nenbrane ot ent.i d cell
capaci tance. DESCRI PTI ONE @Miﬂ‘(gﬂﬁmﬁﬁfﬁ%ﬁﬁi’ﬁé@h measur enment
pl ays an inportant role in determning the effect of conpounds and the
li ke at the cell uI ar Ievel -l on channel s are transmanbrane protei ns that
formpores in & FERFNCE 10 RELATER APPLICATION ons  to pass from one
side of the cell nenbrane to another. The activity of these channels

i nfluences cell nmenbrane potential and are responsible for mediating

changes in ovdpedl] cel | Mmh@tlbnbmmt@ﬂt&ﬁrmw K’aé@ﬁﬁrmhé@oare
comonly used f a measurenents. Certain patch clanp
t echni ques areﬁ%é@ﬁ%%gﬁwm g@rgiolqeher, "Si ngl e- Channel Recording,"
Pl enum 1995. Typically, such techniques involve the use of a glass

pi pette or mcropipette to conta th, and ideally attach to, a cell. A
m cropi pette i FLELROILHEINVENTION: i ng a pol i shed blunt tip and an
aperture therethrough Met hodol -ogies for formng mcropipettes are

di sclosed in Brown and -1 18 May 2006 Fl am ng, "Advanced M cropl p?jil
Techni ques for [@¥2] Phys%ﬂ@@yeﬂtml’mnf&mp%eﬂ@ﬂbé‘@i%@&{qp obePsaitlYint tip

of a prior art pg},ﬁfn?iﬂhgﬁgﬂsﬁmhént%ﬁﬂca% ©fe bPmbleQells for testing and, more
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 chanpels 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 chennels
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, acell. A
micropipette is a hollow glass tube having a polished blunt tip and an aperture
therethrough. Methodologies for forminig micropipettes are disclosed in Brown and



[ 0005] To have the mcropipette contact with, and attach to, the cell,
standard <cell location and pipette placenent techni ques may be used.
Alternatively, the cell may be positioned, for exanple, at the aperture of
the mcropipette by mani pulating an electric field via an el ectrode
positioned in proximty to the aperture. Acritical step in apélB%S}s%@B
clanp recording process is the formation of an acceptabl e seal f the
outside surface of the blunt tip of the mcropipette and the attached cell.
An accept abl e S@atnirigs “Aflvaneed Micopipettet Pechsigaes'fgr Gell Biysicdemy”;' 198 candse | t

(Rt or enbe ﬂi?“#?#s%s%é&?nﬁrﬁe%{t'ﬁ%sa%ﬁﬂirﬁa%ﬂcrg R P RBPpie R o

electrically acceptable seal having sufficient electrical resistance to be

nmeasurable; it oas_p]ref erred that the electri cal res St ce be lgr at.er. t han
or equal to 1 pé ohm bt hayg eB’é“’f%’g?ﬁFﬁ Wtht are
known for formdp 1@ea§8ﬁ1hnd ﬁ@&%lacé&{eﬁf eéﬁfa%te&l% AlteriaSivelly! @8 celesi r ed

to obtain "whole cell" access i s achi eved via electroporatlon
addi ti onal suctmwﬁemsme@ﬁmmpleze@t%ﬁper@m%fm%wmmﬁe O RANBUBIE (Mer e

e ég on ce"‘lq'ii 9&%&1% ol Sm&mﬁﬁﬁﬁﬁnﬁﬁ%%%ﬁq& "8 dffen

provides limt con I gur |on can”be us O neasure
i ndi vi dual ion stepamnmypqtch)piemp reesrdinpprotéss isthma Fdrmptocdf anfaceapidbleaseal under

the electrode nn&Ne Test, c ds.and t ellke n be

applied to 32’%” a%‘&sl%é'ﬁ%‘écsc’f hugpﬁ)g P&%'PPIBG paélflt | eﬂg?%d (‘Qﬁ

current, pot eanadccelﬁﬂﬂdbEéﬂ avfen refodedRPRQI ‘g@a%in smy btemseemgémame

rreasured These neasurenents,_ in turn, can Q%t i.on .channel
P

activity, trandsgprstiateselectricplresigancemsrgwab H“S’Bé cederein [ |
menbrane causegn L8 eal"QnAPnkban AL $6iafkibR 88an asémcams»as&btabietkamﬁmgl ral

i nfection, endocyt05|s exocyt05|s menbrane cycling

menbr ane-t o- | i gffidientrletzical restetancs GOBANCaTREblsLE mf@ﬁec};mawpe elsetisplques
SOV 08 o e BB o U o s R T
00134776. -2 1Gomientiand)Gedhigos) arékiswil fod iferplisgsseal.cr oss-secti on of a bl unt
tip pipette 1 as found in
[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 praperties (i.e., current, potential, conductance
and capacitance) may thereafter be measured. These measurements, in tumn, 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.



conventional technol ogies. The pipette 1 typically has an aperture 2

di sposed at the tip 3 thereof. Such pipettes are typically conposed of

gl ass. To performpatch <clanping, the tip 3 is positioned to contact a
subject cell. In the prior art, the act of positioning the m cropipette
tipis tedious, requiring initial cell location (e.g., on a dtfﬁ%-iﬂ &
cell bath); and, positioning the mcropipette properly relativ y@ g

| ocated cell. Wth prior art techniques, the processes of cell |ocation

and ni cropi pet t[e00§10Si t | EIGNDdigpleysBErUal deyti@cdtiadhad tip pifpite dlak fovndimg a hi gh
quality m croscope, and a_ high ality three IS mcro i.pul ator.(wth
sub- mi cron resdﬁoﬂi’?fﬁ’r?niﬂﬁe‘%'aelﬁg‘%?ﬁ)‘a R ttec’o?f?‘r"%@%@%?%w?%? djgﬂ%e&a“hg

i cropipette Ui s Atrof S@AigellesARDtRIaY QOmpsiaeopHlids! Tofpetibin pagker at or

determ nes the speed and efficiency by which patch clanping can be

conduct ed. Thuslamping.dhe Epgispesipnagidpicpntpef asapjgrtcel Ingdhe BREAGFISACEN ¢l anp
t echni ques usiag.exi std ng: Telol =3~ ' M, | &2 d for a
new t echni que \k/{%lgl(t:l %ﬁnﬁ%%e&?ﬁp%%ﬁn?gg ?etg‘%c?‘éﬁ@“ﬂﬂg E%E?lecr?gh‘g{‘a'ﬁﬂg %’r(iﬂ%r? art.

[ 0009] Techni qulésh; e eclided); aid)ymistioaihatthe minropipatiatpeopedy relativgtte theilpgpteds uch

as wth introduci a slight,electrical fiel £ '

m cropi pette. F%?.aﬁgmqrgﬁgggch?g%%hﬁla%goc%sg? %tgcgﬁtl%fg@tgq %‘lﬁg%‘%ﬁﬁ%ﬁe t hr ough
aut omat i on, al lpeyiEohiap afeanaaiiBchchizived, typicAlyivsing amighaualigrmicioscape] etd e
positioning, such as_a techni que discl oseg jn WP.O | nt (ler nat.i on%I PSZT

Publ i cati on Nolshgrebiyihres gxis migramanippiaion (with orraicrag fesplytiog in gach 208 By, or a
liquid/air intesdiaAfedfbd Stk lcrddifeticit). As g fealiily Siprthidl, BRIskRL of e | s are

suspended at the interface, or near the surface of the liquid nmedium due
to surface tefRirator deferminesdhenipred andefbciencytysvhich paich clarapipgeap Bfccessi bl e

to a mcrostru e 0 ﬁﬁl{li r@@ﬁfweﬁ%# ‘Q.Fn.m%ﬁ& iagcgfr@{,ﬂ,g ek S
achi eved usi ng%dr%)l\%tnedt Z@%ﬁlﬁq gg?é{eaﬁf e esct ophyst ol ogi caklcpr operties of
the cell are nesisgiedstingyedhinelogiee cAcaudinglBcthereas a nepd Form nevcieehniqueonkivler , are
found with this technj que. First,. debris collects at the interface and
interferes wi tW?&Ji%ﬁgdé‘%é??cgﬁﬂFPgleeﬁJ&%W‘fr o have seal formation.
Second, the neniscus at the interface creates difficulties in devel opi ng

seal formation, [0010] A _techni que has been devel gped in the prior, art
referred to as[oghglol i nd"Techaifves bayebasnsgy wﬂﬁﬁéﬁﬁ%%@%m Suh & e

fromindivi duaith Sletcaubi 5@5@@%@'3&&&% dp & tRehicRopipdi@. M0additiod, assue.

Thi s nmet hod has been used wth whole cell
technigue has been developed which, through automation, allows for repeated cell
Jocation 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 celis-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

-3




-3 18 May 2006 recording of neurons in slices of reptilian and mammal i an
cerebral cortex. In these tissues, cells are abundant and tightly packed.
SUMVARY OF THE | NVENTI ON: [0011] Wth the subject invention, a nmethod is
provi ded for automating the patch clanp technique for testing

el ectrophysi ol ogi cal properties of cells, including cellular riﬁ%stgﬁgg,
capaci tance, transnenbrane potential, and conductance. The t et & y
be used to evaluate cellular features which affect the aforenentioned

el ect r ophysi ol ogicontingdfacashein dicesosl reglilizh and niammatimacnmeliral canidx.eInstbegeogeni ¢
transporters. The subject invgntiq&.g@?bleﬁgfells to be accurately and
repeatedly poshisEhEd sass dppdantapd ightly pas a mcropipette so as to allow
the tip to contact one of the cells. The nmethod further facilitates the
attachment of the cell to_the pisette and generation of an acceptabl e seal

therewith and i SUMMARY QETHEIN tell and on cell configurations.

(As used herein, and generally understood in the art, the term "whole

cel | " refers tol®811lest i ngWith e sybieshinventiphet methnd igpoovidpddor Yorpating he

pi pette is in ' ' ' [,_&H;P EXe t ipi d

bi -1 ayer (i.e. f}a‘? W%Hr?b%}ha]%%%hﬁg?g\fg} (%gﬁé@uc tB géa{?lséffg?go}g%yg%hgb@?g}ﬂ at a
obt ai ned dur i ngeellekt renigtanes chpacitaroe) ttanemembtant potential, med ppralmntanere reane, and
its constituent_ion channels d/ el ectrogenic .tra t t t he
whol e cel |+ AgHHEmE A e Bty R PR REMRS rith SRR fofemridi,
term"on cell" digk@pBysiclogcd! ehdradigristios) st dsdbn cianwélear edextrepeatit ure f or ned

in a pipette does not communicate with the interior of a cell (i,e., the
pi pette cont actt&ans b dineypuipctepiion prnbles cellsdnbe acrusatgly f"@fgﬁf&?ﬂyone

aspect of the ijav@eBhdOBiatide lo tﬁyﬁﬁ oPHAR&GBHIbAR Rfas & allodAdb ibitd 8dntad @ne S£CON
| ayers is utilized, wherein the 1Tayers have distinct densities so as to

define an i nt &b celle. Themethed fisther Tapilithics the aftachuiont of tharstide dhe Pipettepdr  of
cel L2 o 0 | ey pl MR SR R A St e
pl ane. [0013] kel eorfizoniona s(@asedlertinpandraenerallomdeistoollsn thesirt; g term
position the t L‘&h&‘; cgll” refers to a testing configuration where an aperture 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 jon 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

pipetic 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 liguid 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 liguid 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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m cropi pette in, or in proximty to, the layer of suspended cells. Al though
the tip of the mcropipette can be positioned using a visual observation,

it is preferred to use -4 18 May 2006 autonated techni ques. For exanple, in
one desirable nethod, the offset potential (also referred to as "junction
potential") between the recording pipette and a reference el ectrode |

noni tored. The offset potential is different between sol utionsl%Maﬁﬁppérent
ionic conmpositions (or can be artificially manipulated to be different). By
monitoring theutiiaet teplotiques.i Bor, extdnple] int anefdasirablsimathasl, iewdiset poteppiahnsi on

can be |l ocated w thout . manyal .interventdpn. Pr r ‘s

el ectrode (al scfwf%fcg rir@dtotaf) JERetonpo &ﬁgti]gqu?eé]ctﬁég @{alr%ésmée%%éf' %ég&%@g% mty
t:) a regI or di ng eliﬂceﬁddigdmﬂit@malt laue bffsdt E)etﬁﬂﬁ:ﬂei different bet\t'éﬁnﬁohﬁnmf_,diﬂfh??tt Wo
el ectrodes are | qcated genera in the same. plane and..chang i n_of f set
potential ther dHu¢ %@Wﬁ%&ips é?fé’&%/ be aitifickyx F‘H“ﬁ’ﬁlaf%é“ g? g‘f%‘f“gh ?yprPB‘qur@g
relative to tlug ifeepdtamail,dhe mtterabd Sitthélliguis BEPEHsTR cad\bp Richics Wihbhty
desirable location for the reference electrode is within a %Jard pi pette.

Al ternativel y, mapealiafsieatior Ripfeabhithe risrenge dpeuda (Qlyp isfaredfo #4188 ayers of
the liquid SUS BEak QfecUay id ih YfBst Bxg)xm:ﬁf%pdx%@&r&i‘ﬁ% efctrdtRAsdhah SheSipgle! | cal
s g etween the re di ng

potential différence i ner at ed erence and recor
el ectrodes wi t in thisonairecthodesldntiodes dralogated gensradlylintherssme plang endsehapeessi on.

Accordingly, a.change in.electrical potenti T .he two
el ectrodes, i fMtf sﬁ?@%te%fgthﬁﬁe&%%flﬁﬁ a%‘fm?t%gpf)iggm[ﬁgtﬁ ﬁé)?%e ?%%ﬁggéel?‘%‘%

rfal ati vg tg fthejtlhé ﬂuéz@aéiermf&fefliqmﬁl.su#ﬁbn@iﬁ?. A%Hogl:ﬂy]ﬂb&hmbl_e\dbc}iaﬁomﬁ&m@f Fr ence
el ectrode bei ng_| ocat ahove the interface, an electric otential is
gener at ed vvithreif?%“qeieg“ﬁf’ ¢ e ?S'ﬁngprge'b‘?‘]é%E‘?'ﬂ" @’&ﬁéﬂf{é‘ﬁeﬂ&e‘?‘l 08 18
Conversely, W EilpdsB@ il SleLorenOfyet Sthe Bgid RRipBkidrORlyTFOnD GleGificlopipeitall Ar f ace,
an electrical potential is initially géenerated, which is affected by the
tip of the niEewsprabls electiieal petmntiad diffrsencaiscgeneraed bpiwsem theaefgnos Mdnni ques
for locating t | tw% ' D64 ﬁiﬁ‘é‘ﬁe ' a6, | ncl ude
vi sual noni tor%ﬁ%ﬁgﬁdﬂ%ﬁom o@f\%@t%e rggibé%g%%:e 0 Lﬁﬁ%é}%?fp%?%%&(v\hi ch
changes upon rasawidinglyt hehanpe mrelaticahpaienthtas cieasvgeddet wéen the twal eestrodes ual

moni Lot ng. can b, AUl e, e LPR. A6 RS Ruk RN 0 YR itbideed 11
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 celi(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.



[0015] In addition, the cells can be positioned relative to the interface
(positioned about the interface and/or noved relative to the interface)
usi ng any technique known to those skilled in the art, such as |aser
tweezers. -5 18 May 2006 [0016] In practicing the nethod of the subject

I nvention, a first layer of the |iquid suspension is prepared, having a
density range generally greater than the density of cells to B%N@EQP . A

popul ation of cells is mxed into the first layer, and a second,
| ess-dense |i quil@1€lhavi ngraragteisg the methedoljbaenbider invenrtios, 2 Aeshlaypeef the t he

cells) is dis . ) he, |- QU 5@} ettle so
as to generall 9@%@%#8%}{} ls({n?g?%%%% hﬁvluag ??eééﬁggg%s%igg% \/‘J'r'rr%igxgtrl{&?%ht%er face
def i ned t her ei nlendiheofdelistobe tested e popdation of aelbsds mvead into thd fimt layert and2 i n
proximty to the interface. . A.qi.cropipette is intraduce 1.t h-Lhe _1ip
bei g povi ¢ | ondgedh; Rr-agRe R vEp 8 Frates bl uE fhap U B bR YD,
contact a cell .is Blgpdsag upéH the enigtute0 IThe fighlts af dllowpil pedettl, soiak td genpratliyeforned

that a slight posifive pressure he applied._insjde of the_m cropipqotie so
that a cell dodsttied Bgud suspensim havipg gpiipietface dg ‘?dlt[“?rf’mi éfhﬁfle?a%tm3 the

posi tioned. Onegnd &Haisd iHBmQb fibASnto'Br & SRR B thSinRHABET A nigtepipbidRed
relative to the interface, positive pressure within the micropipette is
repl aced with meEsluped withdbstip beingposttianed in, onin preximitydmdles igferfape such that

m cropi pette i | | . ' . ' pri or
art. Cpon & ooy TRReme Rl hetd B8Rk g BPR i ABRRRle, KEAYReRa il oP) |
facilitated byshghippsitige pressgmtlicvepplivdeinside ef thatscropipbiye sodhathaeceliidoeomitpet t e.
ot ent 1 al |5 gEn i mietiete SRR Rarae ot PR IR R0 S cel | and

i nprove the seglicrgpipbtid i prdpef pbdiforse adlative 6 ARSHREREE, positive préuisheitgincel |

configuration achieved, the clanped cell nmay be used I n conpound  screening

assays to det efliimperopinei isdeplacedgrithegativ rresspresag clsgEigplaesisance e r s, and
ot her activitigscrbfiatudit btk id 4vdagtl | Cthnolf BRI ih 85 RHorahe Upon
conpounds. [0017] ]%?% h the subject | n\‘cl’rgnt 1 on,” the need to | rr[gge cel Ipso
during seal foeelbedntasting themiipropipetel attagiunent tothe tip infagibitated MY 2pPWENEN t hout a
m croscope, skj ] | , the
08! Skl PRSI Rl AR B VL P

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 detenmine 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 elimirated, and, thus, can be conducted without a microscope, skilled
operator or micromanipulators. Furthermore, the invention is compatible with known
antomation methods. Moreover, the invention allows 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.



aut omati on net hods. Mreover, the invention allows for use of cells in
solutions, which significantly sinplifies traditional culture and plating
procedures. [0018] These and other features of the invention will be better
understood through a study of the follow ng detail ed description and
acconpanyi ng drawi ngs. -6 18 May 2006 BRI EF DESCRI PTI ON OF THE WI}}@%:
[0019] Figure 1 is a schematic of a prior art pipette; [0020] k‘?@@a’@ Is a
schematic of a patch cl anp techni que in accordance with the subject

i nvention; [00ZBRIEF PESCIIPTION QF IdHENRAWINGSy| pette having a guard

pi pette thereabout wth a reference el ectrode [ 0022] Figures 4A-4C depi ct
a nethod of preparing a liquid suspension for use wth the subject

i nvention; [0049019i gur e Figurs1 & afscinativantta siet tit pipeftgr t h an exenpl ary

met hod of practicing the subject invention; and, [0024] Figure 6 is a
schematic of a clanped cell being screened with various conpounds.

DETAI LED DESCRI[@U20PN OF TFigurd NyaNéhcoidtic d¥@2atchRelaaip tedigidue il eofdagey with a
nmet hod i s provided for automating the patch clanp technique for testing

el ectrophysi ol &5 TRICCHIESEROR es of cell's, including cellular resistance,
capaci tance, transnmenbrane potential, and conductance. In addition, this
nmet hod may be used to eval uate cell uI ar features, such as ion channels and
el ectrogenic tl[%borter Eigupefois 8 schamatic of  pinetie having Fxugrd pipette thereplput d
suspensi on 10 E%E . and second layers 10A and 10B i s shown
with an i nterfg{:e 13 bel ngﬁéﬁgned t her ebetween. The |iquid suspension 10
may be acconmpdated in any vessel V known to those skilled in the art,

h |1 I | | .of the. fi d
puch 23,0 Ll ™ Uk PR i hSr RN il s bl

general ly use with the subject invention;

[0023] Figure S is 2 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 varicus
compounds.

DETAILED DESCRIPTION OF THE INVENTION:

[0025] Referring to the li'igures, 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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-7 18 May 2006 stratified wwth the interface 12 being defined therebetween.
The densities nay be generally fixed throughout each layer or lie within a
range of densities for each layer (e.g., gradiently disposed), although it
is preferred that the densities of the layers 10A and | OB be distinct and
different with no overlap. It is also preferred that the ionic

conpositions of the first and second |ayers | QA and | OB be suflfgll\é[ﬂéﬁp(i]@
distinct such that an offset potential may be generated between the |ayers
10A, 1 0B. [ 002%tatiieal \uitlatﬁcﬁgteltﬁﬁcedélbbislgmﬁa‘?@h g?i@/ﬁ%drherﬂeﬂﬁﬁaﬁ ngxPe

suspension 10. It d.that

general ly | ess® f"??éﬂifﬁ’g Satiiae 1??; %gggon \A%’Iﬁeg@%%ﬁo cmayef
general l'y greateg., gl#aan:nﬂ?e;spl@m) ﬁlyhonghﬁlprfelfemﬁ tha.tp)lme:tc)mmba;fehe m@qxs 1% way
of non-limting e

density in thea’i‘%h%n%ﬁafhsf“%@“gg‘ﬁ%%?g’? nsoeog,% gseagsé) ? ?9&/%]? %é?og?c

may have a deB&h{)USlﬁ(Shstd?%erﬁE‘t%d Qécohd @éyem(m alda umasumcﬁemﬂyhmmed dush 14
haV|ng a density Tn the range of 1.04 to d herein, a

(As
'‘nore dense" | fgtaniofket 5o ﬂ%@cﬁﬁ%ﬁfﬁtﬁdbwn l%yeﬁ%aagr suspensi on
having a density or range of densities generally greater than (may have
sone overlap with) the range of densities of the cells (i.e., 1.04 to 1.13

g/m). A"less[eibe" |i duplaality of cellsclsire suspendet in the diguidsuspepsignil@. Hyis

suspenS| on havi n I d han (may
have some overP’:&BC%%tﬁﬁﬁ?%%‘m t@ %Teﬁ 3e$§%é§%réﬂ)g%ssgﬁ£eﬁ@gd}ﬂﬁ ﬁA?::ordl ngl y,
due to the di f§eﬂ6ﬂﬂﬂﬁﬁeﬂ)mayeﬂmlaﬁ&geﬂehﬂ])c@'bit&tﬂlm thie densitgofithedirbtduppes) i n, or
in proximty to, the interface

I bl |
14 fy be. dlet | Hser 100 0BY el aanr piing s <Rngle B8 meRe desee soeny gfy Rm g €t ! S

preparing the l!xdv‘awdins@lﬁnﬁ‘éﬁh 11010/\ﬂot1h3§)ﬁﬂ gelidss dé:ﬁscﬁhsﬁﬂ@bﬂlﬂl& nebgiiaed ed.
Wth reference to Figure cells 14 are mxed into the por.e dense

liquid of the aégr@mfﬂmermloééﬁﬂﬂl 18 /% &ish the eelisilg hrvng g densiy i hes gense
liquid of the laﬂ%/?e{)fi&\% B1SLAROPECRl HRrekd)§ drdiPlentORiquidispiapenshan 10
| qui

Is allowed to ‘se erel sseparateto deflnethe | ayers
10A and | OB wirefertibe hqnidemfmpmsiﬁﬁx ltaefmggp demeityeoroengecef depgiipstgraerally pepaten

];lo(r)]? ;[ r rr:a’[] ;[ gn tthg"f E'rgﬁé Xvergoén overlap wxﬁ'n) Ittrllet reaxrléeagfe deﬁ&tles-r& tﬁé.'&ﬁg ff‘e.,vl'.@'ﬁ:’l
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 (ray 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 104, 10B. As an alternative,
the cells 14 may be initially mixed into the less dense liquid of the layer 104, with the

-
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i quid suspension 10 has sufficiently stratified, an optical marker, such
as fast green or phenol red, may be di sposed in one or both of the |ayers
|OA, 10B. As an alternative, the cells 14 nmay be initially mxed into the
| ess dense liquid of the layer 1OA, with the -8 18 May 2006 m xed sol ution
bei ng di sposed atop the nore dense |ayer 10B. As a further variatijon and
the nost preferred nethod, the | ess dense liquid of the | ayer ¥bﬂhW§906
initially disposed into the vessel. Thereafter, the nore dense |iquid of
the layer 10B, mixel soktibisbeiledisppsed atepl theheomi de;lsci layer H9B. oﬂﬂeédﬂmhvmﬁgihn.a

port (not shown) .i comuni ca e} i.th t e I e |ayer
| OA. Preferabl dt{f}%gmf)t ?%&?18@3%“5% efs 950 gﬁ%ﬂ% yer %ggégﬁy The
nore dense | i quishodéd mkwmbays@él m&ew memmﬁaﬂahqmdbhmemhr 0B, orithvécly

feed or beforC|ny|_nJected ection with syringe eneral ly
bel ow the | esdeingiaie thitrig 1&11&%%:(3‘1%@;3}1&1@30 It (gHgpn i?‘é%&%‘%ﬁg t

Il ustration ofy,d Res 84tk ﬁ?ﬁxd bf'th% matybpmA deEfélﬁMy,gﬁélﬁdrﬁﬁUocafm(im fhe b@ﬁ@llfl ods
tiny silica particles coa pol yvi nyl pyrrolidone (PVP) sold under

the tradenark tPER@GﬂLTthlomﬂ%hqﬁl*Pﬁﬁﬂlmlwf B may pe ingjoduged dragugh 2 h an
appropriate | @Egi | If se
Igserl.o lI'he Iels%yé\gg( nse rggﬁkmﬁi%%gﬁégﬁkﬂﬁ@goiﬁg@y %é)?gnégﬁlhg?cd?gl I ne

(normal densi t yhesleds déhie ligyidrbf th¢ layer 10AM t hout density- gradl ent nedia). To
maintain cell health in the liquid suspension 10, care nust betaken to
mai nt ai n physiological ionic strength and acidity (pH). Oher density

gradi ent medi a[¢opepn i n wsenaﬁémmm@smaﬁeﬂlofaadxbjaynivenumu@mﬂtyt-gtaﬁebnfor
t he "PERCOLL" particles described above, such 6i at s z&%{ﬁ)&&

t r ademar ks' Pl CGPE"a’ S“‘@ﬂ?lupkﬂﬁcapﬁ'ﬂﬂes po Y‘I‘B‘B g he

di fference in deasithd @sienB8NPHRAOLINCR hhérdhamPhadtica Biotlch Sare #iddd wiel dneCt

at the interface 12. Cell debris and dead cells (havi ng di fferent
densities) wi Bpproprde liguid ée-gvexirapellarisadng) o eredte the moye dense layedq jkhe 15t

it erfer e it hyGebl PR 9L bRty Aohe SR B8 N e tobrhallalsep 1o <

[ 0031] Althoug een na erern to the use o wo | ayers

10A, 10B, anygmihtie:, withoubdensisy-gradient medid). €Fot haintain dell healthdntie lipid ne

multiple interf alggnssu())n 10, care must be taken to maintain physiological ionic strength and acidity
(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.



a continuous gradient. Additionally, cell populations including cells of
different densities may be used in such nulti-interface liquid

suspensi ons, where different groups of cells float to and are | ocated
relative to different interfaces. -9 18 May 2006 [0032] Wth the liquid
suspensi on 10 having been prepared, testing of the cells 14 nﬁg be

permtted, such as patch clanp testing, and other techni ques. Mﬁbﬂ@re@lﬁthe
di scussion herein will focus on patch clanp testing, it is to be understood
that other tef033y techiVitiihs liguiy shepeotion 1@ baving 388 Bicpmed.desting 9f thgaiells t o

Figure 2, a pipette 16 is. intrqgduced .t erform h I | NG0f of
Che col 15 14, LRE g rubicet,sue & oot oo pafedict ety fieiogd e

I nt er changeabl yistfRinhelein Wil fociad gaiditclamy tdating it iatwybetunderstond it dihet hose
skilled in the art, jncluding conventional pipette designs as well as a

uni que enl arge?ﬁ’-s‘il’ilﬁ)fe"’ém‘ﬂ)‘l?éﬁ‘i“"@" UBiEgg t e discl osed in copending U S. Patent
Application No. 60/338,538 (BMs Reference No. DO130PSP) to the inventors
and assignee herein. By way of exenplary representation, the pipette 16

i ncl udes a t ubl9083] body Referrigiagpindo Hiswrad. 2 Rippite 16 igmioduced fesie B Rt mal
end 22 which t ' | | 4. (F » 204 « £ it t he
tip 24 into co%mﬁh@act&i%g%el\cmﬁ% ha%%h% Icgﬁtr?ﬁg? ]%l eth tu ulﬁgﬁé}d@g%f}c 1%?9!3@}{]0.
facilitate patinterchaaggblyelsréing, Therpipetiod 6megysherafagy tipe &heswn to these spillsdér t i es

durin seal formgtion.. a recor.di ng. el.ectrode [ ' .ext end
Mo Jor T prkim il cof ot ke SRan g 48 ada dhaleaelRag ! 1
Figure 3, a guabebh)e’Deipette didcloed it CopefiiBIgas 8 dPad Wpplidutiop Noe61/838l53&0 as to
cover the tip 24. %034] dva %%ﬁ)%%usl%, .the nmethod,of the. s@ ect

i nvention may GM§ forerise N & Qe fvieptprs a9d 2psignen berein, EYAVE of e
pipette 16 relabipearl Rprdienthildt itk Pi1td A6 indRYded @ wtiul2 Bodg 18 Rfvidg Pdiddl i n, or

in proximty to, the interface 12, the tip 24 m contact one of the cells

14. 1t nust bend@0cadrieperadmsorimabendZewhigh et tn 4 Angpartore Pear | y
defi ned | | - bej ' f
the ool 1 o 14 sty Mifugdithe Sp 24 bdihnHORRAY oth (P Rlfegbr L. bR, ©

nunber of cel ITo fhdilitdiepattieclamb kespog ahd theaneastiig dfickeetricabprdpesfiestdveingi p 24

comng into c %Qﬁlafgﬁné’t‘?o}lf‘ a Perc!,grd?nfg e&e@g'ode 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 i_n 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 Iayers 104, 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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cells 14 is increased. However, inadvertent contact with nultiple cells by
the pipette 16 should be avoided to ensure that testing integrity of the
pi pette 16 is maintained. Thus, the cell population should not be
excessive. [0035] In a preferred automated nethod to position the tip 24 of
the pipette 16, a reference electrode 30 is utilized to neasure offse
potential relative to the -10 18 May 2006 recordi ng el ectrode HigMay 200
Preferably, as shown in Figure 3, the reference electrode 30 is disposed
in the guard piggeerding3decirgde2s. tRyefozablyn apshwweinnip tFjgure 3 tthrorefarence glecimeds 3thigs
the recording I 0 and
the recording ‘g% %&Rﬂﬁ g@“ﬁé@gﬁéj 3%5%83 ﬁ%?% ﬁgaﬁ %ﬁggﬁgﬁgge %vati on
relative to theegrginptedect6de 2&1uéadd1thm1aﬂg, tbereéare:hdeﬁecmmleeﬂ@eandtﬂhlmmrdmlgl vely,

t he el ectrodes e offset t for e | e,. t.he r ference
el ectrode 30 eé@#&ﬁﬁ&g‘aﬂéyg’ﬁ gﬂ?%%%&”@%&f“%é"ﬁ Hvezip e pigPie
arrangenent, the, ﬂmbafeﬁxagcg%na@nﬁmpmﬁrlmahaﬁm!y thealdcubds 28] 30 @dy BOGHBNY
the interface 12. [f0036] O fset potential neasurenment between the two

el ectrodes, 28 %i8p Iqf axginplentip 6%?@“‘"&6&‘%9“&9%?9e’f‘ﬁ’é‘"‘f‘&)’i’,ﬁé{t’?‘bﬁe@?ﬁ’f‘f%g tip 24
rel ative to thejdRb8s 2RCWidh4his -ﬂ%‘ng%ﬁfaﬁtr Rl GRterfAleQChAAR 18 AtdBYitHat eSi | ver
wire coated with polytetrafl uoroethyl ene having an “exposed tip which has
been chloride ¢ipadietegios henwtedace 12 silver/silver-chloride electrode). The
detection of .changes in offset potential will indicate the exposure of
different ionic solutions to the el ectrodes 28 and 30. Thus, the interface
12 can be acc{o0sogl y Iowfsa(potapuainmadmbmemmmgnum“mfdmdqsomrSDiwmll
change rel ative o t he r ( C e, of e from
eaving the | oo gl e 6o S up PR Eun e B The ReRME e
by repeated t eglebieie030 Xy b8 4 dilvel Wie boHRAT With brtenﬁﬁ\idiéﬁth’aﬂérﬁflﬁvﬁ@%ﬁd on t he
size, charge and nobility of the jons in the Iayers 10A, (e.

conput er pr ogr B¥ROSeT HP HhiSbag brenchigede popted (to prnsratea Weﬁééb’ﬁr‘?m%‘f“il% rrent s
may be utiliz esi)mide) ' ?haoae%écﬁsﬁ Sfichtaﬁ? crs%i g Phﬁnﬁﬂ%ﬁ‘ indRatetRYDIHRSurk @S

(e.g., by usi val ent ani on) qui d suspension 10 to increase
the size of thglﬂjethqmolqmnemthmlectmdQSb&mbiO plonsihd interfaeg 1heandke hi gh as

15 nv. accurately located by pre-determining 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 urider 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 suépcnsion 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:

-11-



[0037] By way of non-limting exanple, disodiumasparate nay be used to
repl ace sodi um chl ori de and reduce the absol ute nunber of anions in the
nore dense liquid of the layer 10B to generate the offset potential. Wth
the Il ess dense liquid of the layer |1 QA being normal density extracellul ar
saline, the nore dense liquid of the layer 10B may be forned as fol |l ows:
18 May 2006 [0038] TABLE 1 Conponent Concentration (m\) Na2Asp (IKEYlay ¢#06 =
250) 60 NaCl 20 KCl 2.5 CaCl2.5 M Cl 1.0 HEPES, Z 3 W NaOH10 d ucose5 Th
final density dM38is solution is approxi matm ELo g/ with osnolality
of 305-310 nOsm [0039] Alternatively, the reference el ectrode 30 nmay be
di sposed in one of the_ lavers 10A 10B and away fromt¢t ' e 16. Thus,
by nonitoring offset Jotential between theg reference el ectrode |30 and the
recordi ng el ectrode 25, the Gomipenent of the tiGonsantraiot (MM} ¢ o |t he

interface 12 may be dqtermined. Eor exanple . as shown.in 2, in a
preferred arrangement | t hia.Assf(Moleyde=&6€kt rljode 30 is 8% sposed-ig the |ayer

10A, with either no of_a neglidiaflle offset |potential @ifferenceJbetween the
recordi ng el ectrode 28 _and the ¥eference ellectrode 3@-Sheing detdcted
(especially after el ¢ctroni et corredtion)  Ho#ever withlthe tip 24
of the pipette, and thus_th ' el dctrode 281-8comi ng intlo cont act
with the interface 12| aHEREBgeH V8 w/HNBOHt rilcal potent’Pal betweed t he

el ectrodes 28 and 30 Will be @oseeed, |jikdwise, if the referedce

el ectrode 30 was to be subnerged into the layer 10B, an initial offset

The final density of this solution is approximately 1.10 g/m! with osmolality of
305-310 mOsm.

[0039] Alternatively, the reference electrode 30 may be disposed in one of the
layers 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 féfercncc 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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potential difference will be detected between the el ectrodes 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] O her position techniques may be used, such as visual
observation, and nonitoring the resistance of the pipette 16 (which
changes upon reaching the interface 12 and contacting one of tIfMeeRdas
14). Laser tweezers nay also be used to position the cells 14 relative to
the interface 12 and/or the pipette 16. -12 18 May 2006 [0041] Figure 5

sets forth an | ary ' f 1.Cl : | - LQn. In
a first step 138,6%% pi 3@%‘35 %%%Osr% parnge\rjl{lg‘gléw gr%%&ﬂtﬁﬁg#phﬁﬁﬁmeédmﬁﬁ%ﬁ&

el ect rode hol dénveronglht a fissstep 109, pregdputed 6iis ppeided, and dheni tndrintedt inanpi pett e
(step 102) and, current. .clapp, node is activated in the recordi trode
28 to nonitor tHEHP E%lp?re%pg&gwf RRegsiry AT R4 ¥ tlgﬁlet{’? %lp?[% (:S]%P ﬁ h%)ﬁ
submer ged t owarada chfigntlclhy Modesis sBasdan theGetoidiag elpctidde 28itd Mmositérghé or no
positive pressure being generated in the, pi ett% 16 and ej gétﬁd fromthe
aperture 26. | PiRattesrolfeseratep 1 dbe pinele &6 Is then submesgpd towardgdhediqnid| ) j
the 1iquid suspERRhGB, 16 in $1851060i00s1{gRECR] potitile prediufe bUikESEEnaNAN ih iem  t he
tip 24. Pipette voltage is nonitored to determ ne when the pipette finds

(i.e., engagegjpetind Sland sjected fropdhns apsrturendsi Indlgy mapwoobjecies. eolbdgdiiset t e

has found the I guj s [ utdi.r%l L0, the
pi pette is cauglclif\%jJ %%ISZ#%B\A? gﬂlﬁﬁsﬁgﬁ ﬂ)snu%)hbﬁl? {:1e | nt{]éc/)cetuﬁzﬁ)’lrg?éq‘%?%i L‘Eﬁéﬁ%ﬁsi on
and approach t ke tipjneer Pipetes olihgepis irfodjtoreti o deteqmited Rhenitbe pigetterfindsf(i.¢-he

af orenenti oned techni gues,..the ti é4 the pipette 16 is positioned in,
or in proxin fY8455° tﬁ‘?‘n&‘i“ﬂf‘@ﬁ“&@@ %"? * descri bed above). Once properly
positioned, the recording electrode 28 is switched to voltage clanp node

to nonitor pipette resistance (ste 114{%. Thereafter, as jndicated in step
116, any posi t[qpézbressupéﬁtﬁ"?%t‘cgﬁsrf@‘f dethe fopid spspefisitetndis PRFUARY at i ve

pressure, suchgt r@d@.&kﬂbh@;@é%ﬁé&%%@mﬂﬁ%ﬁ%&%w% uidhe

aperture 26. At this point, 1 ~desired to have the tip 24 contact one
of the cells lsnsp@mionofndiapproach theimterfase (stepahid@dninstepdieausinganz of the 24 and

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 pipeite 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 “clectrofocusing”. 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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becone seal ed thereto. The contacting.of the cell 14, and seal formation,
are nonitored 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 nonitored using resistance of the recording l8May2ode 28
(step 118), and, if seal formation does not occur (box 120), a holding
potential (- -6M3]is adbestinigoestiheachieyietcell tantictingpnd sga) formptianege known

f ti til) i 1] | | | ed
(st op 116). - 132780 iy o pRF S RP Al iy BO0RL 1 EnbBSH i I A0 ©

contacti ng and @meeadtichor mati on are known in the prior art, and any such
techni que nmay be used in conjunction with the subject invention. [0044]
Wth seal formation, on cell or whole cell access may be achieved with the

cell 14 and el gobagphysi olyafiseadforfmbadn oh EN 6 Whdle B#lYaddess nest Rdchisvawith own
techni ques. [0045] The liquid suspension 10 may be sinultaneously prepared
in nultiple wdheeelbis anqémt)ﬁb)rsrfﬂ?ﬂi@é gharactesugs, oy be B5tgHh Usipg ut
screeni ng (HTS) Msgfpte with bioassays. Because of the conduciveness of
the invention to be used wth automation, nultiple cells can be

si mul t aneously clanped to an array of pipettes 16 (corresponding to the

wel I s of the iwel | pl . . i ng
conpounds. Ef ?E@@‘?ﬁf ex ;r)l?}égl%"éﬁgﬁbl s "e&cg@n}éggR%?g%ﬁ%#\wpﬁgggﬁp%é%ﬁ%gﬁﬁgs)
can be eval uat egtlispfaintultiwéll glaedas aligyn s ihidiotraghpu ctreening (XS Yubeablewith i on
channel s, el egtrogeni transfptgrters,. or ot her. actjvit{éegs tFlha%l agﬁ%t t he
el ectrical pr og’é‘?ac“ ays- fpcaude.ofjthe conduelyrness.of fa¢ rveqtion 1 he Wige FIE AUmet s
for assaying anshi§pIeR8IN dafl be GRFINARLMISy Qéﬁﬁz&ﬁaytdfgi[ﬁ&éﬁm of the
conpounds on the human ether a uct. The cl anped

-go-go (HERG) .gene _pro
cel|'s may be i feorespensipgte %‘F"T’]g% iweH i’la?ci) ﬁ“‘éphﬁl Apved togel] baths Tor
el “weishes bel g OHE bl LS, of SR of IR colipolTRI(D orf BE DRl colle "
can be evaluated 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 (aﬁd 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 volnme 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 que decreases the tine (and costs) of conducting the assays due, at

| east in part, to the speed and accuracy with which patch cl anping can be
achi eved. For exanple, wth reference to Figure 6, the clanped cell 14 may
be noved fromdrug bath DB 1 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 clanped cell 14. A volune of liquid 34 (such as salinéﬁlﬂﬂ¥2

di sposed within the guard pi pette 32. The sealed cell 14 is preferably

whol |y submer geef ligquidi3hmaintainsshe plectaeal japg meghagicakgabilityof thegpaloh the cefd4
integrity of t . I SRS, : MRk O i e 32.
The vol une of %%??%@aﬁggfﬁ%%gégw t hit%%gﬁ?@sqﬁaﬁrzﬁg?r for rreg(%lg% the end
of the guard pipersesf aB2kpripent.e 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 18 May 2006 of |iquid
34 mai ntains thi@odélect ri CEie tedhdiqoescdeasiitedhesiradnhy be apptied toheheseell of t he

cell 14 by ensuripg that the cell 14 does not, encount ,alr/liguid
nterface duri HESTRGERS FEEER (of - GHoEs REPERaplof SE9Rp™ FHRCR S} fndgp dther
descri bed her ei gniBembitna@pehdst S1enShbed, sichlas seci@ivhnad cEmeegenhg (€. g.,
guani ne protein-coupled receptors (GPCR s)) and to other cel
menbr ane- dependent phenonena, such as secretion and receptor cycling.
[0047] While t ivent i . . ‘ ' Q0o ¢ eferred
enbodi nent s mﬁ?ﬁaggveralq@?%ﬂ%?ggeayﬁqafP#gggmﬁﬁﬁggg?%%ﬁyg?ﬂ?h%%%ﬂgkiIIed
in the art t hambedimatswithsaverabexampldseit mildbe widerstnod bydhase skilled iortherant he

spirit and sco of .the, in tion i . ], iR 18
May 2006 WWHAT | téﬁ‘A?‘f@l?B‘”f%‘g gy 5%%3??Wgr§£¢tdfh§9%{é§g %%“%%Bﬁgggﬁﬁﬁ’gﬁgﬁﬁsn ng
of electrical g¢hanfiel &y deinedi thé apperdddslaimel d nmet hod conprising the steps
of suspending a plurality of cells in a |iquid suspension of at |east first
and second |ayers, said first and second | ayers having distinct densities

so as to define an
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I nterface therebetween; inserting a mcropipette into said liquid
suspension; and, positioning a tip of said mcropipette in or proxinmal to
said interface such that said tip is positioned to contact one of said
cells. 2. Anethod as in claiml1, further conprising the step of
facilitating the attachment of one of said cells to said tip of said

m cropipette. 3. Anmethod as in claim2, wherein the step of fé@lMF‘Y&W%g

i ncludes introducing negative pressure in said mcropipette. 4. A nethod
as in claim2, WERXEISAIIMEDISof facilitating includes creating an
electrical field across said tip. 5. Anethod as in claim1l, wherein the
step of positioning includes disposing a reference electrode in said

| i qui d suspensiion aQﬂdnmlaatfﬁrljcﬁgmhgpwhelﬂmpamstmgtdfalccnidﬂfmmaendﬁidg@fmeen
said mcropipette and said reference ele%%rode . A nethod as in claimb5,
wherein said réF’é‘%éi’féé“ ‘E’&"FE’H@I‘E hrough said interface. 7. A
method as in claim kyg ﬁghﬁlu?éhdr@ﬁ%lﬂs a0 1ighid SaipendiGy eftas leastdirstcad varyi ng
densities. 8. A method as in claim?7, wherein said v in den5|dtﬁﬁs are
gradiently di §?f6’§éélayef31@1 grstend ol loyera b F?@’E‘&'ﬁ%‘ﬁ“’%{%g‘?’% “8?5‘? 2 59 deAR AR n
said first and;seg Q% Ak&ncach having a range of densities, said ranges
of densities bél ng |st| nct . 10 A nethod as in claim1l further conpri si ng
the steps of di sposinsgrtiagfaimistopipetrinto saichlignid sespepsions andl first | | qui d

having a first densit and di s tesBbd sl dh ke
liquid, said secondp?%la?ﬂl%ﬁg?nﬁ%ﬁa se oﬁ%&'ﬁg b@q&&%ﬁ@ an saio’dd ftflrst
density, wher epdid sipii€ipdsitiched to dputact shefdfsaid cehis. d f| rst layer, and said
second liquid defines said second layer. 11. A nmethod as in claim10,

further conprising the step of mxing said cells in
2. A method as in claim 1, furtber comprising the step of facilitating the

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 claimn 7, wherein said varying densities are gradiently
disposed.
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said first liquid prior to the step of disposing said second liquid. 12. A
nmethod as in claiml1, wherein said liquid suspension is contained within a
well of a multiwell plate. 13. A nethod as in claim1l, wherein said first
liquid includes a density nodifying agent. 14. A nethod as in clain11
wherein said second liquid is an extracellular saline solution.

method as in claim1, wherein density of said cells being gener§ﬂW@Y2@§%
than the density of said first layer. 16. A nethod as in claim15, wherein
the density of said cells being generally greater than the density of said

second | ayer. t QEQP%%@H ghput
testing of ceII charac?ﬂrlslﬁgggﬁga#gakﬂ%ﬁﬁﬁh%gﬁ%gﬁgﬁggl %rOV| |néﬂy

mul tiwel | pl at erdngeiofidersitieh, seilrargps of densitics beipg disemtt.t her ei n; and,

suspending a plurality of cells in a liquid suspension of at Ieast first
and -17 18 May 2006 second |ayers, said first and second | ayers having
different densiifes ganébod & idefaime, ﬁﬁheﬂmﬁsﬁtgehdm@bdispmaﬁatﬂqmﬂqui d
suspensi on bei ng di sposed east ope of said

pl ate assay as s’é‘n“b‘t’ey“s"é-oﬁ%$ 1§ If‘ﬂj“‘; having atpst qt""ﬁ‘l%taéd ﬂ*amsw& aa'*‘*ﬁ?ﬂiﬁéﬂ“?“l ?}"Bf

vel | s defined tQgd fidh)iqg@lSaid debihddigRiORO Ry Mﬁﬁﬁﬁ?qow&tﬁﬁniaﬁﬁﬁkt one of
said wells, said |liq % suspension ~ having at least first and second

| ayers, said fi d@lﬁlt&ﬁﬂlﬁs@@ @%Hdl firshljquid defines rﬁgld(ﬁf*tfl@feéﬂtld said pasppd Hguid definest o

define an interfac ?ﬁcﬁﬁlﬁ{? getween. 19. An assay for determning
electrophy5|olog|c activity of cells including cellular resistance,
capaci tance, transmenbrane potential, and conductance in response to

vari ous compouns. gl 250t SIPIG Ml sSHPRSALIE hepoPhif id ot ! !

in a liquid suspensi
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.

1S. 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 celis 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 li(juid suspension of at least first and
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second | ayers, said first and second |ayers having different densities so
as to define an interface therebetween; obtaining an

el ectrically-acceptabl e seal between one of said suspended cells and a tip
of a mcropipette; and, introducing said sealed cell to one or nore
conpounds to evaluate electropbysiological activity of the sealed cell in
response thereto. 20. A nethod for screening conmpounds which aflfddey 2006

el ectrophysi ol ogi cal characteristics of cells including cellular

resistance, capsesprdlarers. saidfirstandiseeond layss bavinedifferspifdepsitiep i i definefny
met hod conpri sing: | I ' bloSidnBsed ih hikisH oSt /SR@Rsi on
of at |east fi rlg @?}%ﬁﬁ?@%ﬁg&%ﬂ,ﬁg@é%ﬂ%ug?{%}ﬂoinr%gfllgzln Hséeéond Ia?/ers havi ng
different densiwelds so as to define an interface therebetween; obtaining
an electrically-acceptable seal between one of said cells and a tip of a
m cropi pette; introducing said sealed cell to one or nore conpounds; and
eval uati ng el ectg.ophysiiegl plate ssdagrageihly sbmpmdsigf sai d seal ed cell in
response to said one o[, npre c ounds. .-18_ 1 2006 21. net hod for
screeni ng conpounds Wpﬁﬁvrg_gfp?%%ﬁa %W@fﬁ&sl\%ﬁﬁﬁg) g ) gene
product, said net hod;fedRispeiisidd dispasaghai Rest3ndbivard wéls, Sid il Sudpengion

| i qui d suspension of at |east fast and second |ayers, said first and

second | ayers Humvinggt astfastcand serond lavews sai¢) fiss andsegend layers baving differcat o
t her ebet ween; %hgh@%%d%%rﬁéﬁg&ﬁa&%gé}pl e seal between one of said
0

cells and atip 0 a mcaopl pette; Introducing said sealed cell to one or
nore conpounds; and, determning the effect of said conpounds on the BERG

gene product Ofl 9> q&n asts%z%lf E)g dectgrlxﬁiiﬁng electrophysiological activity of cells including

cellular resistance, capacitance, transmembrane potential, and conductance in
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 micropipeite; 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 scrwning 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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22. 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
suspending a plurality of cells in a liquid suspension of at |east first
and second |ayers, said first and second | ayers having different densities
so as to define an interface therebetween; and obtaining an

el ectrically-acceptabl e seal between one of sai d suspended celﬂ§fﬂaham33t|p
of a mcropipette. 23. A nethod of preparing for an assay for determ ning
the effect of various conmpounds on the human ether a-go-go (H ERG gene
product said mpt hoai? uﬁmrmﬁgcmmﬁ%a@adhagwmbﬁmmmm atidriagd-go a

| i qui d suspensi'on 0 least first and second | ayers, said first and

second Iayers(ﬂi&ﬁﬁa@edﬁpt@ﬂ@”ﬁﬂ%ﬁ@@icewgs to define an interface
t her ebet ween; and ¢ LarisSald e PnerscRhstieinamén one of
PR pftfhfty AL Raphe

said suspended cel a_m cropi pette
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 fip of
a micropipette;

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

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

sealed cell.

22. A method of preparing for an assay for determining clecuophysiological
activity of cells in response to vatious compounds, said method comprising:
suspending a plurality of cells in a lignid suspension of at least first and
second layers, said first and second layers having differeat densities so as to define an
interface thercbstween; and
obtaining an electrically-acceptable seal between one of said suspended cells

and a tip of a micropipefte.

23. 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
comprising: |

suspending a phurality of cells in a liquid suspension of at least first and
second layers, said first and second layers having different densmcs so as to define an
intorface thersbetweon; and

obtaining an electrically-acceptable seal between one of said suspended cefls
and a tip of a micropipette.
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