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properties including ion channel currents, membrane potential, transporter flux and

cell capacitance.

BACKGROUND OF THE INVENTION:

[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
conventional micropipette for patch clamp recording is a hollow glass tube having a
polished blunt tip and an aperture therethrough. Other micropipette types, such as
sharp electrodes, are employed in other types of electrophysiology. Sharp

microelectrodes typically impale cells rather than forming tight seals with the
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[0006] After seal formation, it is often desired to obtain “whole cell” access
which is achieved via electroporation, additional negative pressure,
chemopermeabilization or a combination thereof. (Mere attachment of the
micropipette, even in a sealed state, to the cell provides a limited “on cell”
configuration which can be used to measure ion channel properties from the small
patch of membrane under the electrode). 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.
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tested. In
as with introducing a slight electrical field at the tip of the micropipette. In addition,

techniques have been developed which, through automation, allow for repeated cell
location and proper micropipette positioning, such as a technique disclosed in WIPO
International Publication Number WO 00/34776; and a technique disclosed in
copending U.S. Patent Application 60/338,715 (BMS Reference No. DO188PSP) to
the inventors and assignee herein. Upon cell location and contacting, seal formation
is achieved using known techniques, and electrophysiological properties of the cell

are measured by an electrode or other probe, and associated electronics.

[0009] Conventional pipette designs, however, suffer from various drawbacks,
including the time required for manual fabrication. Since pipettes cannot be reused,
time-consuming fabrication is required individually for each cell to be tested. In
addition, conventional pipette designs suffer from propendency to become blocked,
difficulty in filling with saline solutions (especially close to the tip) and the limitation

that seal formation must occur outside the pipette. Similarly electrical measurement
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in the art; ole cell" refers to a testing configuration where
an aperture formed in a mcropipette is in comunication with a hole that

extends th i Rigd- e l.e., menbrane) of a cell such that
el ect rophyéﬁg(ﬁgéﬁdﬁdz. LY JMMW ng testing result fromthe cell's
entire plasma nenbrane, and its constituent ion channels and/or

el ectrogenic transporters, thus, the "whole" cell. As used herein, and
general |y [0046F st oodThepreent applicatip isyditesied dn Pipeite confjgurations.agrays plhst i ng
configuratjon where a tur i i i ot
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end adj acemt portion. The bubble nmay have a di aneter
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 micropipette does not
communicate with the interior of a cell (i.e., the micropipette contacts partially or
wholly intact membrane).) In one aspect of the present invention, a pipette includes a
hollow tubular section having a distal portion and a tip portion. A bubble is formed at
the tip and includes an interior chamber in communication with the hollow tubular
section at an end adjacent to the bubble portion. The bubble may have a diameter
greater than the diameter of an adjacent portion of the hollow tubular section. An
aperture is formed between the internal chamber and an exterior surface of the bubble

to accommodate seal formation.

[0011] Additionally, in certain embodiments, a second guard pipette may be
disposed about the micropipette such that the bubble is at least partially covered on

the side. The guard pipette may be rigidly fixed to the micropipette, or, alternatively,
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bubbl e. The reservoir may be used for assaying conpounds. [00121 In a
second aspect of the present invention, a nmethod for formng a glass
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el ect r ophypipettotsi Tportiae of thetglasg pube, Whergithiogrard pipgits Rass digpetigp grealer
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subject in n any nman e skilled in the art
to obtain pabecept abl e seal W|th a cell (preferably in a whole cell
configuration) with the cell being introduced to various conpounds. The
cell may be held stationary in a noving stream of conpounds (e.g., in a

ggl | bat h) o [Afsi the ng 1Y as @&s %Pﬁﬁ%ﬁ&%ﬂt ihdnioA, M@t'hbd@ﬂ‘or@cx@&fﬁi)g)und or
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compounds (whole cell or on cell) in view of cell electrophysiological activity are
provided. In a first method, a micropipette, as described above with respect to the
first aspect of the subject invention, is used in any manner known to those skilled in
the art to obtain an acceptable seal with a cell (preferably in a whole cell
configuration) with the cell being introduced to various compounds. The cell may be
held stationary in a moving stream of compounds (e.g., in a cell bath), or the cell may
be submerged into a well of a compound or compounds. As is readily appreciated by
those skilled in the art, conventional electrical measurement techniques (e.g., voltage
clamping; current clamping) may be used to obtain data. It is preferred that the
guarded assembly be used to facilitate formation of a volume of liquid which
encompasses the sealed cell. The volume of liquid is maintained in the reservoir
formed at the end of the guarded assembly by surface tension extending across the
guard pipette and capillary attraction of the volume of liquid to the walls of the
reservoir. The volume of liquid maintains the electrical and mechanical stability of

the cell seal by ensuring that the cell does not encounter an air/liquid interface during

the course of an experiment.



those skilled in the art, conventional electrical neasurenent techniques
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[00141 Wt %&Pngig aﬁ? r§%n?{?§ag&uar Q%ﬂ as Vgll?%é%ée ﬁag!]i tyﬁeerted
position V\é'p%ftﬁré &l&hbuﬁh{o@peﬁe lheedttetvepnake cel amirmlebcsenabwéawlwéﬂm st al

portion of the pipette. A solution, includin ells,.is di ed into a
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cell through introduction into the reservoir. Electrophysiological testing
is conducted as with other nethods. [0015] In a third nmethod, the bubble
formed on {dma]'" Cr OpPiPL iR H@Hodehe HbiEBrined be tieghidid fpV;ﬁJt& rﬂxz@rrt@e Wth the
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may be contherbubbledhropsh theriristrpansiier Bk PAZAE RERIRTE gelpﬁ §i3’é%’if“f’§r on the
eal ed cel | 1 r I d or
S telklgﬁg%g{:‘ rflﬁ}(o% e&}te Shdh %Id% Gh OPREL Fcﬁ’l%eﬁrﬁy thRQipP Ponde

construct e‘ax orms taneous cell neasurefnents in
accor danceca $ditlingentorhdhapdsture of the tip, an acceptable seal may be conventionally

t he

formed and testing conducted thereafter on the sealed cell.

[0016] Arrays of similar micropipettes may be provided or constructed in

order to perform simultaneous cell measurements in accordance with the methods

discussed above.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0017] Further aspects of the present invention will be more readily
appreciated upon review of the detailed description of the preferred embodiments
included below when taken in conjunction with the accompanying drawings, of

which:

[0018] FIG. 1 illustrates a blunt tip pipette and an enlarged cross-sectional

view of the tip thereof;



di scussed above. BRI EF DESCRI PTI ON OF THE DRAW NGS: [0017] Further aspects
of the present invention will be nore readily appreciated upon review of

t he det aiwed3dessss i ption of the preferred enbodi nents i neCudsd/sssow when
taken in conjunction with the acconpanyi ng drawi ngs, of which: [0018] FIG

1 illust bl I | te . . ] - I | i f
the tip t HRDRYF ! 6 NG oSRBBGHK TR DS PL B pERTBT R 8 Tl | st rat os
a ni cropi pldredérotNchors eidw oftiebtbbdnileradf;an enl arged cross-secti onal

view of the bubble thereof; [00201 FIG 3 illustrates a guarded assenbly of
the present invention and an enlarged cross-sectional view of the tip

t hereof; | 1 FIG ial ; t ¥ntWhvegaoh Bgd wifles a
[BFBJIZ@ liﬂ'} ﬁ dgggfﬁ%a%%m?eﬂ YAl 858 PRls¥nt 0

blunt tip ette; is a diagramillustrating an array of
pi pettes idnlagebedsnsetiondllvieveef thatip themgddi ment s of the present invention;
[0023] FIG 6 is a flowhart illustrating exenplary steps for manufacturing

pi pettes of the present invention; [00241 FIG 7 is a schematic depicting a

circul ar gobgﬂent usegh i AIharMsGuardediasdeal P hich influddse Muhjtect i nventi on;
[ 00251 FI is a diagramillustrating a first nethod of screening

conpounds pipsting t he subject invention; [0026] FIG 9 is an.illustration of
a second net hod of screening conpounds using the subject invention; [00271
FIG 10 is an illustration of a third nmethod of screening conmpounds using

t he subj ecfpogyent i ORIG. 5 is a diagram illustrating an array of pipettes in accordance with

certain embodiments of the present invention;

[0023] FIG. 6 is a flowchart illustrating exemplary steps for manufacturing

pipettes of the present invention;

[0024] FIG. 7 is a schematic depicting a circular filament used in forming a

micropipette of the subject invention;

[0025] FIG. 8 is a diagram illustrating a first method of screening compounds

using the subject invention;

[0026] FIG. 9 is an illustration of a second method of screening compounds

using the subject invention;

[0027] FIG. 10 is an illustration of a third method of screening compounds

using the subject invention;

[0028] FIG. 11 is an illustration of an exemplary application of optical

stimulation and recording in accordance with the present invention; and,

[0029] FIG. 12 is an illustration of an exemplary apparatus for amperometry

in accordance with the present invention.



[0028] FIG 11 is an illustration of an exenplary application of optical
stinulation and recording in accordance with the present invention; and,

[ 00291 FIv@D 02@48786 an il lustrati on of an exenpl ary appar at R€Tfusn2/383p€r onet ry
in accordance with the present invention. -7 WO 03/048786 PCT/ US02/ 38350
DETAI LED DESCRI PTI ON OF THE | NVENTI ON: [ 00301 Wth reference to FIGS. 2-12,
wherein simlar conponents of the present invention are referenced in |ike
manner, prpEFATEEDODESORIPTION OF EHEANVENEIONys of pipettes and net hods
of using the sane are disclosed. (The terns "pipette" and "mcropipette",
in singular and plural, are used interchangeably herein.) 1 [00311 FIG 2
di spl ays hpette ¢ i Al r hi iRB1aPE&RBHents TvigNt | on.

Ref erri ngaﬁ‘@h@fe 2,%%%%‘?‘;553%%2 gzdaglgﬁse@%glggbbl e gZ formed at a tip

t her eof sugiasdnhalvemivreart esferencalinflkeendber preferalpipette econfighatipispet t e 20.

The bubble 22 includes an rture 24 formed . throu xteriaf. ,face 21,

whi ch is pEREPABIPgttey %@&P%tg&g% OffsjPStj‘rgiU‘? 1 %ﬁ&?sc{oé%g B(gi%ﬁ?erf’}shélp%g%i r with

t he bubbl eargié‘gﬁEf ?)g%@ce’i’ Mn ﬁ%gﬂﬁf%al lurdlQsé fide@miteRhaideab®icadin.pr surface 21.
I's r wa

The bubbl e med by a 3, and the wall 23 defines a hollow
internal chanber 26 that is in communication with the lunen of a tubular

section 28 he pi te..2Q. The terk . | anar or,
nore pref egg%ﬁ/ is Ef(%&a@%pga%aeplgg%%ﬁoghg@aﬁg@Q%g?(gﬁ%g@ﬁtp?ﬁflpy spheri cal
or ovul oi dipyefticaD m@errm'F&@FI(h.ez, ianuBble alipecth a0ibas a BébtiaLl dgneedet otip- sect i on
that is circular or oval, respectively. [00321 The bUbﬁieeBlz?ﬁt‘ﬂ% Ff rably
has an out theredf sashshgranpxiesior eWiaegy? ldains anfngd pl s pipgtia é%?; i's
spherical).of 25 (err)m I rabloy: - Wthin this
range, themtcLﬂdS% %%CT%FC ?‘Lfeor%gﬁ Ithrg-g&l és@%ggrgglg%%a?e}% léil l%? ?%Tér,%@slyi s readily
appr eci at ethcatelit 4 piavltmesal biv-poiat (thd had23wittatheibubble péEetint?Orie an hprightnensi on

Dis smaller. :
position) of the exterior surface 21. The bubble 22 is formed by a wall 23, and the

wall 23 defines a hollow internal chamber 26 that is in communication with the lumen
of a tubular section 28 of the pipette 20. The exterior surface 21 may be planar or,
more preferably, is arcuate. The bubble 22 may be substantially spherical or ovuloid
in shape, with the internal chamber 26 having a cross-section that is circular or oval,

respectively.

[0032] The bubble 22 preferably has an outer dimension D (which may be a
diameter if the bubble 22 is spherical) of 25 pm or less, and more preferably 5-10 pm.
Within this range, the thickness of the wall 23 is approximately 1 pm. As is readily

appreciated, the thickness of the wall 23 may increase where the dimension D is

smaller.

[0033] The hollow tubular section 28 is disposed between an open distal end
30 of the pipette 20 and the bubble 22. The hollow tubular section 28 may include a
section 282 of a substantially continuous or equal diameter, and a tapered section 28b
connecting the section 28a and the bubble 22. Alternatively, the hollow tubular
section 28 may be substantially continuous in diameter throughout (i.e., no tapered

section 28b is provided). When referencing the diameter of the hollow tube and the



[ 00331 The hol | ow tubul ar section 28 is di sposed between an open distal end
30 of the pipette 20 and the bubble 22. The holl ow tubul ar section 28 may

i ncl ude awogapid76h 28a of a substantially continuous or eaaalusdy/zsssd er, and
a tapered section 28b connecting the section 28a and the bubble 22.

Alternatively, Etg'ﬁ@%]g ok ?VXd lg%ﬁ%%éla eﬁ%ﬁ%t,tf?@dlgﬁe@}ﬁag%e%ﬁ kARt Hl@fﬂ%ﬁér

conti nuous ‘} tapere section 28b is

provi ded) . %@Qﬁeds@fe@ffmﬁthﬁgnﬁeher dtirfuge bethe aéletane sdetibh)pan exesondidmetee - 8 WO
03/ 048786 7US02/ 38350 bubbl e, it shaoul d. be readlgy apprecjated that the
di anet er n@;g paeasired hrogt tglexetigreiréace 0? thegelevant Seqiiogy o rng'&ftpﬁ interior

surface of 'Ec%c?d’{ &née&?& nald rﬁé@é@rlor di aneter (e.g., neasured

fromthe eX ace ere evant section), or nmay apply equally to
both inter naI and ext ernal dianmeters. [00341 The bubble 22 is preferably

f d di i [y | 20,
but " ray - belt0gthred sEbe aibSle s rEe ol RRET Rl A flect BRBHPEL LS 2D e
to FIG 2, edagﬁggyaﬁbﬁoﬁt%e 'pﬁ)eftt@QUElﬂlt%at}*'betf@ﬁnéﬂ SRRk mnrathewlpbmnsspbﬁr ger

t han adj ac tion . "However, section 28a may be forned with an
outer di an@taetplwwﬂhrefegeﬂcart@EfG 20 lte ubbledinis hermsd Dith the dimeRpAn r i tical to

practicing nve have t

(cross- secWPﬁlﬁa? %efrb}t?Ptaﬂ e%tpophon f%‘ Wévgﬁg&tﬁgoégg% he ég%g?af%e 24 is
an openi ng,yhitedigmbendsichis Degh didvethedingsosion D.slid Iaﬂ@:rlﬁﬂ:aldf) ptdedicingbbl e 22
and into communication with the interior chanber 26. The erturfgt 24 is of
a size whi the inensiobie baveitka bybblard dedineithe Rreessicrys ée‘iﬂﬂnf“u@r fdon eighe

t her eof . Té%l tgaéd) the aperture 24 defines an opening with a dinmension
bet ween 0O 3 microns. Alternatively, a |larger opening may be provided
for the aperture 24. [00361 Portions of the exterior surface 21 encircling

the aperture 24 are referabl% snoot h, an oexteaﬁ ther portions
of the ext H038} sur f Raeapeitusg,dhis 3RPENIRG Sh POEI enents are

defined abgu c'é hg o Hl%rﬁu%fé 2%4211 d 18 RiPRidiGition HifkBte ﬁﬁeﬁ&rc'ﬁ&ﬂb&f 262 MYe

accept abl e et eri a nown ose skilled in the art,
aperture 24 is of a size Wthh is substantially smaller than a smgle cell or portion

thereof. Typically, the aperture 24 defines an opening with a dimension between 0.5

and 3 microns. Alternatively, a larger opening may be provided for the aperture 24.

[0036] Portions of the exterior surface 21 encircling the aperture 24 are
preferably smooth and coextensive with other portions of the exterior surface 21 such
that no protruding element or elements are defined about the aperture 24. The pipette
20 may be formed of any acceptable material known to those skilled in the art,
including a laboratory-grade borosilicate glass, such as CORNING 7052 or SCHOTT
8250. With the subject invention, a pipette is provided having a bubble tip with an
enlarged tip (rather than a limited blunt tip) for contacting with, and allowing for

testing of, a subject cell.

[0037] In another aspect of the subject invention, FIG. 3 displays a guarded
assembly 20' including a bubble pipette 20 and a guard pipette 60. The guard pipette
60 is tubular and may be of continuous diameter or may have a section of decreasing

diameter. The guard pipette 60 is disposed coaxially about the bubble pipette 20, and,
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i ncluding a | aboratory-grade borosilicate glass, such as CORNI NG 7052 or
SCHOTT 8250. Wth the subject invention, a pipette is provided having a
bubbl e tiwowBks78M enlarged tip (rather than a limted blPamtUSO2/p835d¢ or

contacting with, and allowing for testing of, a subject cell. [00371 In

anot her aspegt .qf | h1 b tinsd Qrdbedigsd
assenbl y Zﬁchr%bgyuthggagrgwgﬁg I%&;&ea%ltg Igle%gt%]%&é) guara %XE? pét?eIGO. ngl’he
guard pi pesfttBe bABble pifettb 2D altereindAmaghdsve @k thdliktel maobrsusdil dorstcore e nmay have

a section of decreasin di ter. e quar i pette 60.i isposed

coaxi al | y ssdpincHe 69@%94@118&%&3%&%; Ag?? ,alygllyp e@é‘?@féé%@%%%’fﬁ‘bz/ 38350

pref er abl ymoﬁﬁ't?d%ﬂ%ﬁ%’bﬁb?@ﬁ%&te% f'nsangfmeﬁméf Apatear ol dndlof BRiBaAMRAat.es secure
0 e bubbl e

posi tioni ng Ipette 20 therein. An adhesive or the |ike my
be used t oTkeguard pifette GQueaycbepipiet afer shoilaromatadalmg s kubplegapette 280o0r

Al ternatively, the guar i pette 6Q,.m . ubbl e pipette
20 in any YERNERCHA %éﬁﬁ?g?%ﬂéssoﬁ@%ﬁﬁﬁeﬁlﬂgfehu@@& ﬂﬂth‘%‘ﬂgmguard pi pette 60
may be nmadg. 8fhrRodikdThk 3teifneItifRiid Aerdid & htunabirecophpetitaioAGyids theot her
materials not limted to glass. The guard pipette 6 ma%élfurth_ r nore

0
accormodat eulithepipette 30i Empreparingiihel snaidedeassembly 29’ ds MoFe RNASHIO8Ei on wi t h

the bubbl ipette 20.. | ; i raedh 1 0 nor e
fully des c&?l gd&eb%l%%lp?tﬂee%lggﬁ % 5‘8@‘6%?%‘%% S é‘???%%ﬁﬁn%g %deleggfb le 20
until a prgrgietaani ppeitd 60glpontl abbe: the/bisblpRpef the pidtte 20d Psyfesbly, about

t he bubble 22 of the pipette 20. Preferably, %h@) 2 rg pié?ettzqwd's
posi t i onedtheguard pipaiss 6@ swepitippgrd o b krgt opyeidfie Py 1%' g@ the PaRFte 20040d: o r e
preferably [ : t QleBRe heuslefi ne a
cup- shape?ogggrg?é\%%@g’ t?%%%rgﬁ)m@?[ g?g eg{égg%%g??%%@b%% 3%9 of qultSJLied t hat
enconpasseshdpbe resehbi t fAdlitafhecuomodsingfa Vilgne of liguidthan caaverhssastthe n t he

reservoir of the guard pipette 60 due to. surface tension. extendi ng across

the guard pridegé g@eéfﬂhmtf’&ghlﬂ}“é‘r@ ma&?t?lf“ﬁ%f’vi%}ft@? r?ggog&?aq%gu&ff! iquid to

the guard Bfg)@ﬁ%%?dﬁg to %ﬂﬁcé’ QLR eRfendling db@ss HBIcRhAI pisette®® MUeapillesal and

mechani cal “stability of the cell seal by ensuring that the cell does not

encount er attraaiion bf dpaiveluinre @iliqaisetodbe guagd pinstte 60r $he wolumes odkigeidi nent .
maintains the electrical and mechanical stability of the cell seal by ensuring that the

cell does not encounter an air/liquid interface during the course of an experiment.

[0038] A ground electrode G may be disposed within the guard pipette 60 of
the guarded assembly 20'. The ground electrode G may be used to not only monitor
electrical properties thereat (relative to the guard pipette 60/guarded assembly 20") but
also in concert with a recording electrode R that is disposed within the bubble pipette
20. The recording electrode R and/or the ground electrode G may be used in current
clamp and voltage clamp techniques as known to those skilled in the art. The pipette
20 is at least partially filled will saline solution to facilitate testing by the recording
electrode R. Alternatively, the ground electrode G can be located externally of the
guard pipette 60, such as being attached to an external surface of the guard pipette 60.
Being located externally, the ground electrode G should be insulated over a majority
of its length with an insulative material, such as a plastic polymeric material (e.g.,

polytetrafluoroethylene). The ends of the ground electrode G should remain exposed.
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[ 00381 A ground el ectrode G may be di sposed within the guard pipette 60 of
the guarded assenbly 20'. The ground el ectrode G nay be used to not only
noni tor WDaswu#d78@l properties thereat (relative to the geamrwSpl/psssd e

60/ guarded assenbly 20') but also in concert with a recording el ectrode R

that is di i, t hi ' ' -
andi or t neOBT Sial Qb leettiet Tyl ATtk AmcAle Al el Bl BREK g6

clanp t echiicuas ASbIRY the ghdrdpipestkioDl ed in the art. The pipette 20 is
at least partially filled will saline solution to facilitate testing by the
recording electrode R Alternatively, the ground el ectrode G can be

| ocat ed exﬁ)@?gﬁ' ly OIFRE @ﬁard&i‘%’é&nlﬁbr%t a8y B Bpiﬁét&ﬁ oftfer BRihME: Bibashed to an

external s e of e guard pipefte 60, eing |l ocated externally, the
ground el epipene20,Gnelndingd fuier i blinatipgipsttedOzasmhpwnin FIG.¢k Anssuriagt h wit h

an insulativ ial, h . pl ic .poj i i ah .
pol yt e'tj r af %%%ngég%agﬁg)a.scléﬁ’ﬁ@?'zjﬁgiéé%8ge%’i‘|ﬁ§hlg%%nl%ef&%ﬁ 6c %ng%gagéﬁggl d remain
exposed. _J0r MO0 RADERRHRETHHBPDERE B8 exehles Bdladfor bitRalgy Quifide @lagCt rode G

may extend into the cup-shaped reservoir defined about the bubble 22 by
thﬁ guaL d @ltﬁmi E@E@he o8 tirhguagd Ripgdel6Q badns py aprgturgiymed e pi pett es

ot her than,t u e iLpette 20, including a prior art blunt tip pipette
10, as sho%rqéwoﬁg%forlf‘.egﬂpr%/ surface suitable for sealing a cell may be

di sposed within the guarded assenbly 20'- the surface need not be defined
on a pipette. For exanple, a flat (or arcuate) surface .extend across
]'Ehe | unen E¥040he guamf%rlbéfqg%év!géﬁﬁ%&’ atgdh ghat g gr:%%m?t S hr ough
or seal i ng. 1o REEEE Bl A it Aeahb s aRd/ok batafelGRNiBRBLRISAdBAt an array
80 of pi peﬁ? 8@%@ tol%géoglﬁ%&?gledﬁttag acscagrrf))?:})sﬁ %li mul tganeoégﬁar?d/ or parallel
cel | cont agdrimagontiwosieato actampishi igh ihnoughget testnga dbe piettshofihg hrrah BOughput

testing. The pipettes of the array 80 may be. sim i.n_copfiguration
(e.g., an mab’éySéfﬁtlill'r1§|09n%$ur6tlpélt{F§-’ﬁPﬁ€FY88“@5’ %{rgu_éﬁ{e pél?ertt%/aéﬁ??r} ely of
guarded as ﬁﬁﬁ‘g laﬁtﬁ%l?/z& (F)Llarcféﬁ abBRbALS YY), BPHEBYa$ B0t MhyicentMahivati¥tydt pipette
configurations, 1ncluding bubble pipettes 20, guarded assenblies 20",
and/ or pipette configurations, including bubble pipettes 20, guarded assemblies 20', and/or

pipettes 10 as found in existing technologies as shown representatively in FIG. 5. The

pipettes may be secured in a series of substantially parallel rows, although other

configurations for array 80 are readily contemplated and obvious to one of skill in the

art. The array 80 may include pipettes each having separate coupling members (not

shown) to form the array 80. Alternatively, a single member having multiple

coupling elements (not shown) may be provided to secure the pipettes in place.

[0041] FIG. 6 displays an exemplary method 90 by which the pipette
configurations (bubble pipette 20; guarded assembly 20") of the present invention may
be manufactured. The process 90 begins at step 92 wherein a conventional pulling
process is iteratively performed. Such process is described in Sakman and Neher,
“Single Channel Recording”, Plenum Publishing, 1995. As an example, a multi-stage
horizontal pipette puller, sugh as the P-2000 manufactured by SUTTER
INSTRUMENTS of Novarto, California, applies a series of iterative heating and
pulling steps to stock (e.g., laboratory grade borosilicate glass (CORNING 7052)

tubing with an internal diameter of .68 mm, an outer diameter of 1.2 mm, and a length
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pi pettes 10 as found in existing technol ogies as shown representatively in
FIG 5. The pipettes may be secured in a series of substantially parallel
rows, altWouwgh4sssher configurations for array 80 are readCirusonsssenpl at ed
and obvious to one of skill in the art. The array 80 may include pipettes

each havin arate.coupl | r array 80.

Al t er nati v%l @Dlgmjitt%gﬁr% %é%%g?&ﬁgg:ﬁﬁ%d{snﬂﬁ’ib%)lﬁg%\ygﬁo%%ﬁ%i(;ﬁg"g]Ip g%gcre]t S (%ot
shown) mayhfenPnovi dadinher dieaetewithe npapatblesedistaread 8-4 Y004 flld 6

di spl ays an exenplary nethod 90 by which the pipette . configurations
(bubbl e pi wishttke paym &ﬁﬁ@é@k‘@@%ﬁﬁ@9u§@g7EQPCQH@“5&@§Ent i nvention nmay be
manuf actured. The process 90 begins at step 92 wherein a conventional
pulling process is iteratively perforned. Such process is described in
Sakman andogdlpr, " SienglaestGhdhngolifeng pdicasy'is peifemed Phbppiiiingmay995. As

an exanple, a nulti-stage hori tal , pi pet I - 2
manuf act ur}é”dawﬁ@? Sﬁ%‘}%‘l“ﬁﬂlﬂé%%sgwpaklg]%ﬁ (')Mégf%{icha %&?@Iﬁ%ﬂﬁgg a000
series of LpehaplhyR.oalddnd, RBE YAK! ThothisloRREe h&s Shdablig pRtiGum poator at ory

grade borosilicate glass ( CORNI NG 7052) tubing with an internal dianeter
of .68 mm fimmantthet pridanestasiempératirosuffivieniria reelt glasst 1 hAOIBEE 028786

PCT/ US02/ 3835 of 100 to forma conveptd I i lunt ti
pi pette (ePY'S egs%ia?)g)[%n})@ %C&I%Oé?t%qr?e-su acgen(%}itdrllén)g ' é{téf&@{%élpﬁgm&??‘gg maasulrgbl e
resi st ancec§fvedridndy(‘aebulaihgidetid islf@@hedbbnobhe nornmel saline sol utions used

during electrical recording). [00421 Next, at step 94, a polishing process
is performed. The polishing may be acconplished using a mcroforge, such

ot oo ol HAST hecttap APEEH TRV lngir e i T
t ﬁrrper at gr pipgtt% Ed ﬁjﬁﬁlrﬁ bﬂljfbldmhﬁef i ?]fSthe pibette. pB et presstiieppalishipgplis ddserdbeslo as t o
shape and snmooth the surface of the ti fter su | i.shing .a
Ip?gg\s/ﬁpte i oﬂh‘ﬁf)g_imé@@mh@‘)keﬁ!’ 5&?%05‘3?@%}\4?@60‘1&5@%}9%9@4511&%5&0 a

0 L ODENPAR i ifettpette t
forma bub§#g§abﬂg%gﬁﬁﬁg%%witZgﬁg#g%%€e. SUCSQE?§L§E?2ﬂ5%5?§ F%uafs ° P

descri bed piessuEooflFad pandisipeck@raye-ingh (Neu) beppbetdroughioudistal oot 301af 15,

2000. In order, to , e . . . o
the pipette 20 with a point filament source heating the pipette tip in an iterative

process under microscopic visual control, thereby forming a “small bubble” pipette
(box 100) having a measurable resistance of ~1 MQ when filled with the normal
saline solutions used during electrical recording. However, in contrast to the
Goodman and Lockery method, the small bubble formed hereby has no conical tip
portion, wherein, as described above, the exterior surface 21 of the bubble 22 defines

the tip of the pipette 20.

[0044] A neck expansion step 102 may be provided to form large bubble
pipettes (having a dimension D of up to 25 um). This step involves increasing the
back pressure up to ~50 p.s.i. and inserting the previously-formed small bubble 22
into a filament 70, which is preferably circular, where it is heated in an iterative
process under microscopic visual control (FIG. 7). Although the filament 70 is
depicted as being circular, other shapes are possible, such as, rectangular and
triangular. Also, the filament 70 may be elongated to define a box or cylindrical

shape. The filament 70 may be any shape that wholly, or at least substantially,
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forma snmall bubble (having a dinension D of 5 to 10 [tn) at the tip of the
pi pette, pressure of -20 pounds-per-square-inch (p.s.i.) is applied

t hrough twe odiosi7aé end 30 of the pipette 20 with a poi nt PCTNEMEsE3SEOUr Ce
heating the pipette tip in an iterative process under m croscopic visual

Com o SO LR b R PR e 0% BBk o 2

measur abl &% . nfilled Wth the normal - saline

SGSI gt i ons pggiﬁg,ng&lfd Gt ﬁiﬁesg&ﬂidnrc;ﬁlthdlﬁ'patecﬁdj@enﬂ-towbwmbblé 22 cantwidst to the
odman an ockery nethod, the small bubbl e forned her , has., n oni cal

tip port iteferengade émﬁ-, 2, $&CtBIOF) b PARGSTRICSE et mﬁ%rrgia EFI?@%rRlB%tEe @’fgof t he

bubbl e 22 I(é)grﬁi nes the tip of the pipette 20. [0044] A neck expansion step

102 may be priovided to formlarge bubble pipettes (having a dinmension D of

up to 25 (err)m. This step involves increasing the back pressure up to

-50 p.s.i._and insert.i the previously-fornmed. s Jdnto a
filament 18043k ch £ fitar @Péﬁ?‘g‘e@‘sﬁ%‘ﬁ?{ A T bR ol R o pib
iterative %B%EC(ﬁa?sﬁngﬂ%ﬁteﬂuﬁﬁ@&@ 8pi .65 Wik Ul intantiamdtel 61l (28 fjn, adl though t he
filament i depicted as being circul ar, other shapes are_ pgssible, such

gs%_rectagguﬂhmfaﬁ@nnn)®%m@@ﬁ@ﬁlmMMS%¢“ﬁﬁ@ﬂﬁiFéﬁéﬁ?ﬂgﬁdﬁﬁvnﬁgngFBHQated to
efine a X..0r | i ndrj.ca shape | t h
whol Iy, “orbiate 65t Qb ey SrRRE pred Bt Foas el BB PR BT 00Pe 1™
gpg :c ; ?Lﬁf ﬁiﬁ&teoe_s(?giokqg%? "ﬂﬁé @;ﬁi@l@l;] the @ubiiepipatteiCear2 Bire-Foleshbd,laadting giedd | s

y ~positione o0 heat the section t i j
bubb: e 22 Rieetgel. 60 mu@umﬂf@‘ﬁmaélﬁé@ow@dﬁ@ndzbg E%‘&‘%q?e Bﬁ’leggéé ?St“’?’ndiel%;re gf:etsg the
results in.a "lar e . ni ( . : - ded
nesenbi y oReredff: e YR oo bl el R B T
out er di anptddtaifh dksical swerlapnThevpeard dipatie 6@ mayfthdn Eerigitly saendedito thengt h of

the 11 ke (witbie ToEye 20 REPDYeRBHg T PERRBPH HotfeeBohois BSOURE | Engt ns
19{ r gij gg?i Sﬁ%gl%tﬁgﬁggﬂﬁéﬁgﬁ%e%ggﬂ of thEButs¥idpipeite bhoramednplonet feehHiduar e

known to those skilled in the art. Alternatively, the guard pipette 60 is not rigidly

secured, but allowed to slide relative to the bubble pipette 20. It is preferred that the

guard pipette 60 have an interior diameter which is slightly greater than the exterior of

the bubble pipette 20 (e.g., at the section 28a) to allow for snug interaction. It is

preferred that the joint between the bubble pipette 20 and the guard pipette 60 be

sealed for upright use, since sealant is important for formation of a volume of liquid

with the appropriate volume. Guarded assemblies 20" intended for inverted use, as

described below, are preferably sealed using any material and technique known to

those skilled in the art, such as silicon sealant. In either such manner, a guarded

assembly 20' is formed (box 112).

[0046] FIGS. 8-10 depict various methods for accomplishing
electrophysiological measurements of cells (whole cell or on cell) for screening
compounds using a pipette or an array of pipettes of the invention. Referring to FIG.
8, a first method is depicted, wherein a bubble pipette 20 is introduced into a cell
population, such as in a moving stream, or a well 122 (of a multiwell plate). Any

technique available may be used to allow the bubble 22, particularly in the region of
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pipette 60 is circunferentially nmounted around the bubble pipette 20 (step
110). Thereafter, the guard pipette 60 and the bubble pipette 20 nay be
rel ati velwoadjousssed to obtain a desired overlap. The gualPdTiSpEs4380 60 may
then be rigidly secured to the bubble pipette 20 by placing an adhesive

t her ebet WerglF gpérﬂﬁ'e ?gsfozc%qtagpé E'éll c&{tﬁ&e&)qp I2th fa%ﬂltﬁt@%eﬂ%ﬂn%oh '{'@%ﬂ ar section

of the bub te g any ot her techni que known to those
skilled i nmtrb@ucaﬁg neg‘hltltvepmtuwai tgh;: bibige gipmttel 20; greetagng @niclochice! figlgiatl| y

d, but all dt d t to,t.h
referred WRRAORIRES gaHrt b bt FECEHOMAVE B CrERPLo A GRERaS T En ©s
slightly g a(??stﬂedtl f3s HReh o sbehdt AvoRime (thﬁlum'pm RapbeedrhRd20whellg. , at the

section 28 to al or snug interaction. It is  preferred that the10|nt
bet ween t hencbtriphbsea qmlb@z cann2oted trothe hebhle axp@tt@ PpetNith @oaqﬁépta@% 8%8d for

upright use, since sealant is or.t [ f liquid
with the a%?%jﬂ?rfrﬁ COUTTHRS © %@%&ﬁe f%%bbﬁ%P 8&% tﬁ’Qv ed bﬁiﬁqlzgver t ed
use, as dgsefd ResiRe RWledticl BiEhettablcyl aasligdofithe mgl a"ﬂlye gratdedi al  and
techni que known to those skilled in the art, such as E%}E&f gga% ant. In

ei t her suchssemhhie?0’ mayghen bresquenialyditipdpeed PoHNE OF PO 290461
FIGS. 8-10 d t |
measur ement g I ﬁlcag\é]i? ;tl?%%oc:gg%}l?%ﬁal &rhn[gﬁﬁg lréf%dr Qﬁﬁ@blo@kﬁﬁﬁéﬁéﬁf&%ﬁ“ @e0gi ca

screening conpounds
using a pi ggtéEneK RRvaL@Y ivietpinising et cfect bvarioue nompoundReh éha¢ally to FI G
8, afirst method is depicted, wherein a bubble pipette 20 is introduced
into a cel 2. popul ation, such as in a noving stream or a well 122 (of a
multiwell plate). Any t echni gue avail able nay be used to all ow the bubble
22, particularly in the region of -13 WO 03/048786 PCT/US02/ 38350 the
aperture 2047p cont Refersng ebiv,to EERiet a sesond mediid, thecgupided peseawhy 20'

formation (e.qg. i ntroducin ssure in pi pette 20;
gener at i ng'SdAvel peslatter E%@fc?l}t ﬁggs?axgorﬁﬁg%és afﬁo?lelsg}efi r & 11[?1!112 cel |

("el ectrof geuis fign b?theﬁ"kefn%{y%kwe hhed@uansed capsanddtese2®ir 130 degieaddi n this
met hod so that a volunme of lNiquid 120 may be forned to wholly enconpass a

cel | 62 cohyéctgurd pipetie 68ahdbibe pincte 2 asing, fopexampls, HtsiepPEBIECseal
needles or capillaries 132. A cell population is dispersed throughout the fluid

suspension such that a cell 62 comes into contact with, and is sealed to, the bubble 22
using any known technique, as indicated above. Various compounds may be

introduced into the reservoir 130 for screening.

[0048] Referring to FIG. 10, a third method may be accomplished where
testing occurs within the interior chamber 26 of the bubble pipette 20. Here, the
pipette 20 is upright with the bubble 22 being located gravitationally below the
tubular section 28. A fluid suspension or the like is introduced into the interior
chamber 26 through the hollow tubular section 28 using micro-needles or capillaries
132, which includes a cell population. One of the cells 62 will settle onto, or may be
drawn to, the aperture 24 by negative pressure applied externally of the aperture 24 or
through electrofocusing. Once the cell 62 contacts the aperture 24, an acceptable seal
may be formed using known techniques. Various compounds may be introduced into

the interior chamber 26 via the tubular section 28.
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bei ng fornmed between the cell 62 and the bubble pipette 20, the vol une of
liquid 120 acts to maintain the electrical and nechanical stability of the
seal . Thewguatdsss assenbly 20' may then be sequentially Porrusdussd t o one
or nore baths 124, 126 after seal formation. Using conventional

t echni quesﬁ“ﬂﬁdgct r Opmeséb%kzﬁ.gﬂegcﬂbgg %d%gfoﬂE E&Sbdpratii@d vl indRLduaByipbiees

eval uat ed termning t various conpounds on the cell 62.
[ 00471 Refmy, phardedanetnblied ', & in buy frsegwhds Hetdd, 80 WithauryEdmassenbl y
20" is inverted after cell contactin

and seal. f or pat i,s, acconpl i shed.
Afluid shreplehssresnipg magdeachigy ‘Q}h%‘gwgeb%olﬁuﬁattlrogﬁﬁg‘g%fsiqﬁa}}t%e cupqu) haped
reservoi r 430 a0 dorobied. MRoraUAREl psBRO W OBigansh. eupiyRetiney 8O usi N,
S

for exanpl'é, a seri of mcro- needles or capillaries 132. A cell
popul at i onused wditspenkveell plredgRblotsimpanepuslyscresisQier s iyHe SHBROYNSIN a4 cel |

62 comes into contact w.th i §.seal 2vediSih AL any
known tec hﬁh‘F(‘j‘i‘? ?%g(ffl}?dﬂ%tsﬂ\éﬁn iﬂ&@%ﬁ"%‘ﬁ?"%%%%%ﬁ%ﬁ? een"lg%l%‘tl)% :dnt r oduced
into the regaioml bted@Pof Qéctiporeivh BgaddidhBicdieie prassige bopdfdgated0, a third
met hod may be acconplished where testi,ng occurs within the interior

chanber 26paéh t{dheriopbisheabpizpeen eor2F0 on ¢hgeotpi pette 20 is upright with
the bubble 22 being | ocated gravitationally bel ow the tubular section 28.
A fluid suspension or the like is introduced into the interior chanber 26
t hr ough thp)obq | ow t yhaddatioseatstiap eR8trogtiysiplogical oharegdtisics.ovitlcegppdctar i es

o

132, which includes a cell population. On f .t cel]l.s . 62 wll settle
onto, or n@enyeof thy Weﬂ@)‘?ntltpf)ﬁg H}f@é}dﬁ’lﬂ’ ’é‘aﬁi’eg‘?%@gﬁf’ia\? Vi 8%@&?téva§%pl i ed
external |y of; 1 {é‘é‘rt cﬂo?@o?ﬁ&?w%ﬁh%ffecttibﬁ OuGReBleBaibPlaRLEHRAl sthdaishe cel | 62

contacts tfe aper an acceptable seal may be fornmed usi ng known
t echni quesReféatin®wsFIGo pamaisicaiyintationtappaieiedstich esa fibprontisliaeiléP it hanber
26 via the tubul ar sectjon 28. -14 .03/ 048786 PCT/ / . 491 The
above-desc??%@b‘?#?éﬁl%ﬁéth@gﬁs_eﬁy%%t CIB¥" tu?'l%endgslg%lie §a a%ﬁ%@?? _léJseRQZO,
guar ded assgmp]heSaBen bOHelivralth thomed e 5238 alspeifis aiayloBlizedV th array
orm

manner.

[0051] Optical recording can be accomplished in a similar manner to
electrophysiological testing with similar equipment. Such a process is useful, for
example, in monitoring fluorescence indicators useful for tracking cellular calcium.
To accomplish this, excitation light could be delivered via the optical fiber 140. A
collection lens (not shown) could be placed at the end of the optic fiber near the tip of
the pipette 20 to collect fluorescence and transmit the same via the optic fiber 140 to

an external recording apparatus (not shown)

[0052] Furthermore, with reference to FIG. 12, a carbon fiber microelectrode
144 (< 10 pm) may be placed inside the pipette 20 or guarded assembly 20" for
electrochemical detection (amperometry) with the sealed cell 62. This type of sensing
is possible from any kind of oxidizable compound, such as catecholamines (e.g.,
epinephrine, norepinephrine and dopamine), indolamines (e.g., serotonin) and other

oxidizable compounds. Detection of these kinds of compounds could provide
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paral l el screening may be achi eved where | arge popul ations of cells may be
si mul t aneousl y screened. For exanple, as shown in Figure 5, the array 80
may be uwod3mig7Be a nultiwell plate MNto sinultaneously PCTASN2/88380 Or nOre
conpounds in the wells Wof the plate MV In addition, whole cell testing
can be achi eved.vi.a t . P t Ak Qr ;
additionalpﬁ@ﬁﬁ@bvgmBQ%ggﬁgghééagnggéggéggu%%?%Sﬁﬁ%rgﬁggg%ﬁggﬁg%Fg%tion"
or a conbi gapligg. t hereof. [0050] In addition to testing

el ectrophysi 0l ogi cal characteristics, with respect to any of the
above-identified nethods, it may be desirable to activate or deactivate
certain ! eqjpsSPIPOUNGnine hnahfiGiias hoth EeARE! inkeRaw! @ o proRraant | cal
stinul ation. eferring to G 11, an optical stinulation apparatus, such
as a fi ber efapddimehisnveittl seiah examyptes, itival teamdesistolnd &y [taese skillag In thaprthe

inserted in the distal end qf a bubble pipett 20. Light t be

del i vered 8t YHIOUSE p@@sgg}yﬂ)e a‘f)eﬁvﬁogb‘g%ﬁ%n@e%%g?eosggﬁaflg %ﬁfgg%r. [ 0051]
Optical reQptlidita iMind iPaeapplidederinn a similar mnner to _

el ectrophysi ol ogical testing wth simlar equipnent. Such a process is
useful, for exanple, in nonitoring fluorescence indicators useful for
tracking cellular calcium To acconplish this, excitation |ight could be
delivered via the optical fiber 140. A collection lens (not shown) could
be placed at the end of the optic fiber near the tip of the pipette 20 to
coll ect fluorescence and transmt the sane via the optic fiber 140 to an
external recording apparatus (not shown) [00521 Furthernore, with reference
to FIG 12, a carbon fiber microelectrode 144 (< 10 (err)m nmay be pl aced
inside the pipette 20 or guarded assenbly 20" for el ectrochem cal
detection (anperonetry) with the sealed cell 62. This type of sensing is
possi bl e from any ki nd of oxidizabl e conpound, such as catechol am nes
(e.g., epinephrine, norepinephrine and doparni ne), indolamnes (e.qg.,
serotonin) and other oxidizable conpounds. Detection of these kinds of
conpounds coul d provide -15 WO 03/048786 PCT/ US02/ 38350
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potentially inmportant information about synaptic transm ssion and
excitation-secretion coupling. [00531 Wiile the invention has been

descri bedwpDr3fed786 i on to the preferred enbodi nents wth ®erarsat/3szanpl es,
it will be understood by those skilled in the art that various changes may

be nade wit T §6 612k f@mthe spirit and scope of the invention as
defined in . 16 WD 03/048786 PCT/ US02/ 38350 WHAT IS
CLAIMED IS: 1. A pipette, conprising: hollow tube having a distal end, a

tip end, and a b bbl«gt portion formng an interior chanber, the bubble
portion defi ni ng* PREEI PUEE Evher ei n t he bubbl e portion having an

aperture extendifgolhiBa!Biviasa extLerdR tHHentiaaRl DbubbepdubhF@mder 44 on and
into comuni cation with the interior chanber, portions of said exterior

surface adpadenchampesdheibabide pentien Befitins thedtr mdanbiersdethe SHBRIG BoRkoRh ot her
portions Og)é’l\sllgllg?ﬁn é%é]%tlgrlrgzleg(fﬁ glrgrtgﬁ)t%%h %n e&@r?or%hﬁg%et 5t tﬂé bgl!ékﬁ%: B?)%Dn %ﬂg rein the

aperture h orma ‘seal oOn a e pipette

of cl ai m 1,intshebghthitdpnhekl fwihtehie dhasber, papienedf setéitenorbusfpased bet ween
t he distal end and the bubbl e portiaon, wherein the tapered section

conver ges adipcentdp saigapeiue SrEessost Mdsapeesiovith aHer H?rtl?ﬁ%oéﬁatﬂat te of
claim 3, mﬁeﬁopé‘ﬁ% hol | ow tube has a second section of continuous

di anet er di Spose et ween the distal end and the tapered section. 5. The

pi pette of claim1, wherein the hollow tube including a section of
substantial |y continuous dianeter di.sposed between.the distal end and the
bubbl e porki on?ﬂ@.mﬁﬁ@ il Wreéqg‘?ﬁpirfurﬁ/ﬁ?@sr%rflﬁn%?%dis ﬁ%b?%}o 1J(?ﬂimt‘ahe
hol | ow t ubg.at & di stal end allows for the insertion of at |east one of:
an el ectrode, a suction-generating

3. The pipette of claim 1, wherein the hollow tube has a tapered section disposed

between the distal end and the bubble portion, wherein the tapered section converges

in a direction towards said bubble portion.

4. The pipette of claim 3, wherein the hollow tube has a second section of

continuous diameter disposed between the distal end and the tapered section.

5. The pipette of claim 1, wherein the hollow tube including a section of
substantially continuous diameter disposed between the distal end and the bubble

portion.

6. The pipette of claim 1, wherein a diameter of the hollow tube at the distal end
allows for the insertion of at least one of: an electrode, a suction-generating

apparatus, a microelectrode, and an optical stimulus source.

7. The pipette of claim 1, wherein at least the bubble portion comprises a glass

material.
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apparatus, a mcroel ectrode, and an optical stinulus source. 7. The pipette
of claim1, wherein at |east the bubble portion conprises a gl ass

mat eri al .woDb3/0¥BO3/ 048786 PCT/ US02/ 38350 8. The pi pett ePoff/ushzssssd,
wherein the aperture is disposed at a gravitational |ow point on the

bubbl e por i on "1"8& %]FE:'&@ oPHRRL 8, RAELIARe BSiritge [sQtdosch Araoth¥itkibRAAbGYY Del ow

the distal end. e pipette of claiml, wherein a cell may be received
in the int@binbon iednibbie poriien with tti lntbhle pomidon heing setegigpastitationsllycl ai m 1,
wherein th bubglg.gqrt'on defines an outer dinension of 25~tmor |ess.

It. The pi%@@ﬁ@ B4 &M 10, wherein the outer dinension is 10(err)m or

|l ess. 12. The pipette of claim1l, wherein a cross-section of the bubble
portion is substantially circular. 13. The pipette of claim1l, wherein a
cross- sect Pon oflhe pipetialghrlaimp ds wheisin acellsnms barepiypd in e dnteriorchamber pi pet t e
of clain11wfvgerehﬁ aé | east a section of the bubble portion is

subst anti al'f 28}‘? €&l . 15. The pi pette of claim1, wherein at |east a
section of the bubble portion is substantially ovuloid. 16. The pipette of
claiml1l, wherein the interior chanber is in conmunjcation with other
portions ofl0t he ThePirsieof skim 17 Whetsin the pubhle paytiog) flﬂ‘?sl%n WS EPFLMe bubbl e
portion defoif@%fm%?_ &xternal dinension greater than an adjacent portion of
t he hol | ow t Ube. é A pipette assenbly conprising: a hollow tube having a
distal end, a tip end, and a bubble portion formng an -18

11.  The pipette of claim 10, wherein the outer dimension is 10pm or less.

12.  The pipette of claim 1, wherein a cross-section of the bubble portion is

substantially circular.

13.  The pipette of claim 1, wherein a cross-section of the bubble portion is

substantially oval.

14.  The pipette of claim 1, wherein at least a section of the bubble portion is

substantially spherical.

15.  The pipette of claim 1, wherein at least a section of the bubble portion is

substantially ovuloid.

16.  The pipette of claim 1, wherein the interior chamber is in communication with

other portions of the hollow tube.

17.  The pipette of claim 1, wherein the bubble portion defines an external

dimension greater than an adjacent portion of the hollow tube.

18. A pipette assembly comprising:

a hollow tube having a distal end, a tip end, and a bubble portion forming an
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WD 03/ 048786 PCT/ US02/ 38350 interior chanber, the bubble portion defining
the tip end, wherein the bubble portion further having an aperture

ext endi ngwOlBouRIE6 an exterior surface of the bubble porti @oT/tsnn3836¢ 0
comuni cation with the bubble portion and the interior chanber; and a guard
pi pette for .ci i e @i tipl ¢iashdBubbepdtitib! e
portion. 1 %t&%gﬁ%gée?%@?g%r@ gl/érgﬁ%tgllﬂaéﬁrr}% t1lg,eh(\y/,\’/r;}gt?a((]a?i n the Eﬁgd pi pette
ext ends fr amteahavingoh bpesture bxteadiolg thegughdmtepterion bisface 9 the b)%blemﬁquhe

pi pette assenbly of claim 18, rein the guar ipette | east

coext ensi vén%nﬁ%c%rﬁin&nﬁéql?rbwtp\@@e&‘%%%po’ftﬁ(gpﬁadptg? Fnégg%scgﬁ%l%@g?d cl ai m 18,
wher ei n an int et isQk-0iigdRlef cioburkiGRNAMBS 4 leddt patidley brlcihshabtbiae | y equal
to an exterior dirameter of the hollow tube. 22. The pipette assenbly of
claim 18, pheiwei n the guard pipette is novable relative to the holl ow
tube, thereby being extendabl e a variabl e distance beyond the bubble
portion. 23. The pipette assenbly of claim 18, wherein the guard pipette
conprises a9gl aghe pipdkehiseinblRéf cldiel Pivhetdiethesmentbipeif extérmis frobBsaidher ei n
a dianeter of the aperture is suitable to forma seal on a cell. 25. The
pi pette asdeldw yuhstandbeyond te bifhRle®PKi%Bor ti ons of said exterior surface
adj acent to said aperture being snooth and coextensive with other portions
of said exterior surface. 26. The pipette of claim 18, wherein the bubble
portion dehpnes Tad pipetteasseimblybhelam 08) vdreean dre guaahpipeitaidjableesit portion of
the hol |l ow tube. -19 WD 03/048786 PCT/US02/ 38350 27. A nethod for formng
a gl ass pi peettensivorith s Rgllowdahs ng a gl ass tube;

21.  The pipette assembly of claim 18, wherein an interior diameter of the guard

pipette is substantially equal to an exterior diameter of the hollow tube.

22.  The pipette assembly of claim 18, wherein the guard pipette is movable

relative to the hollow tube, thereby being extendable a variable distance beyond the

bubble portion.

23.  The pipette assembly of claim 18, wherein the guard pipette comprises a glass

material.

24.  The pipette assembly of claim 18, wherein a diameter of the aperture is

suitable to form a seal on a cell.

25.  The pipette assembly of claim 18, wherein portions of said exterior surface
adjacent to said aperture being smooth and coextensive with other portions of said

exterior surface.

26.  The pipette of claim 18, wherein the bubble portion defines an external

dimension greater than an adjacent portion of the hollow tube.
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pulling the glass tube to forma pipette with a blunt tip; heating the
blunt tip; applying air pressure froma back of the tube to forma bubble
portion WO®BW0M78EG an aperture fromthe blunt tip; insertiPog/ushs3dsebbl e
portion into a filanment; and, heating the pipette at a position adjacent to

the bubbl e por ti Qmemdd¥ot ﬂﬁmjﬁéiglm%et%geoﬂﬂ%iﬂ@t hod of claim27, further

conprising: polishing at | east the bubble portion to accommbdate seal
formation. 29. hrh@ngeghedtubé; cl ai m 27, further conprising: securing a

guard pipette to_a.portion he pi . 4. pi pette having a
di anet er great erp”?lf{%t%?ﬁgasf)ﬁ%gﬁ? gmgln%ﬁé%} ee%‘é?%&%?g the portion to a point
beyond an end Qeafifiethewniteipporti on. 30. The nethod of claim 27, wherein

the guard pipette is slidable along at | east a portion of the pipette. 31.
A method for nedppbitgaiapissape fojp pbackof fhefube @rﬁgf%ﬂqugb]é&?ﬁ%qnsi ng:

i nverting %?llé?lﬁ%t(%?t%%ﬁ&ia%}ﬁ&e%ﬁﬁ'. Iy including: a hollow tubular section

havi ng a di's atip portion, and a bubble section formng an
i nterior chanberinjentigptimbobilatpodionvintorn filbinent; pod,t i ons of the hol | ow

t ubul ar section, the bubble sectian def.inin he ti rtion,,wherein the
tip portion ha\heﬁﬁjn%a‘eé’b@rtﬁeli’tt@P8§3P%‘F16‘L?f§niﬁrthﬁgﬁbbégpg&%r"fl@‘rthgurface of
t he bubbl e fm%gﬁton and into communication with the interior chanber; and a

guard pipette at |east partially enclosing the bubble portion, at |east a
portion of said guard pipette and said hollow tubul ar section collectively

defining a gup- .shaped reservoi onpassing. at least partially the bubble
section; ei nfhefrg?tggggﬁc SIIIH{Z?]’ﬁgﬁ%ergt%fngnglggénbl i es, the nmethod further
- 20 WD 03/ 048786,dnsiHinya0RAst8BSBubble portion to accommodate seal formation.

29.  The method of claim 27, further comprising:
securing a guard pipette to a portion of the pipette, the guard pipette having a
diameter greater than the pipette and extending from the portion to a point beyond an

end of the bubble portion.

30.  The method of claim 27, wherein the guard pipette is slidable along at least a

portion of the pipette.

31. A method for measuring a property of at least one cell, comprising:

inverting at least one pipette assembly including:
a hollow tubular section having a distal portion, a tip portion, and a bubble section
forming an interior chamber in communication with other portions of the hollow
tubular section, the bubble section defining the tip portion, wherein the tip portion
having an aperture extending through an exterior surface of the bubble portion and
into communication with the interior chamber; and

a guard pipette at least partially enclosing the bubble portion, at least a portion
of said guard pipette and said hollow tubular section collectively defining a cup-
shaped reservoir encompassing at least partially the bubble section;

wherein, for each of the pipette assemblies, the method further
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conprising: disposing one or nore cells in the reservoir; facilitating seal
formati on between the cell and an exterior surface of the bubble section;
appl yi ng W0 0Be#s86 one conpound to the sealed cell; and, mPeadIs0Y/B8F5@
property of the cell. 32. The nethod of claim3 1, wherein said
facilitating g{ngf ormation further conprises applying a negative pressure
froman interiior of the hollow tubular section. 33. The nmethod of claim3
1, wherein said facildispasingpreesimdre cehstin the 8vVeiEr  conpri ses generating

an electrical field t.he ti rfion th I 34 od of
claim3 1, wherein atattafliléaglp gtsgaéﬂ%grﬁ%attﬂog béq“é"(/: elngl}léo% eaéggﬁ %Fer]toggﬁ f%lg%gt tes
conpri ses ahgbasie patioh] al . 35. The nethod of claim3 1, wherein said
measuring i ncludes nmeasuring an el ectrophysiological_ property of the cell.

36. The nethod of cl AnPIY3Ng at Jg#s pas pompquad teBesedlpd celhdnfly enconpasses t he
bubbl e section. 37. Th asﬂﬁﬁgggéﬁje]itﬁlo?itl{y%ll;’ wher ei n said measuring
: e met

i ncl udes optical recording. od of claim3 1, wherein said
measuring i ncludes el ectrochem cal detection. 39. A nethod for neasuring a
property of _a cell, c ri.sing.. inserti| .cell in_a bubbl.e pipette, the
bubbl e pi pgﬁ?t-e iﬂ&ﬂ1%}6‘?‘%8.010cala’d’gf’Ilo‘ﬁﬁﬁrﬁlﬁﬁﬁﬁga‘g]ér@{l%waﬂg?mﬁﬂoﬁf‘Hf al portion,
a tip portign,,And, lﬁHQQ|n@gat§%‘ﬁrés@ﬁ'reffﬁfn%rﬂﬂlté%fbr'om}%rﬂdl’l'bvptﬁﬁﬂ_ﬁ?iecﬁéh.
comuni cation wth other portions of the hollow tubular section, the

bubbl e section defining the tip portion, wherein the tip -21 WO 03/048786

curf ace of The BUBUPERGLO BRI R ot SRR R AP B or o

chamber ; comprises generating an electrical field at the tip portion of the pipette.

34, The method of claim 31, wherein at least the bubble section of each of the

pipettes comprises a glass material.

35.  The method of claim 31, wherein said measuring includes measuring an

electrophysiological property of the cell.

36.  The method of claim 31, wherein said reservoir wholly encompasses the

bubble section.
37. The method of claim 31, wherein said measuring includes optical recording.

38. The method of claim 31, wherein said measuring includes electrochemical

detection.

39. A method for measuring a p'roperty of a cell, comprising:

inserting a cell in a bubble pipette, the bubble pipette including:

a hollow tubular section having a distal portion, a tip portion, and a bubble
section forming an interior chamber in communication with other portions of the

hollow tubular section, the bubble section defining the tip portion, wherein the tip
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facilitating contact between the cell and the aperture; facilitating seal
formati on between the cell and an interior surface of the bubble portion;
app! yi ng W0 oBe#ss86 one conpound to the cell fromw thin thecrniser/38350
chanber; and, neasuring a property of the cell. 40. The nethod of claim
39, wherei n%&hoﬁ ﬁ@xﬁﬁg bhe %&t@@éﬁeﬂﬁﬁé R A anteR e ridh: Qtﬁhtc% of G RIbRES cBorf| @Ss-
41. The nethod of claim wher ei n" sai d neasuring includes nmeasuring an

el ect r ophysiwl ity mmmlg@mntwlth)thetmteno,recmambmz The method of clai m 39,
wherein said meaguri ng i ne e 43. The nethod of claim
39, wherein saldaﬁ%lg‘{s% Iglcﬁ)a{ Ei§ thglcg%??d:@ﬁgﬂ?%é? detection. 44. The

met hod of claim ﬁ@}htamgl’s%hlrfoﬁﬁatd)nf@@Wédnttﬁé tdiarRieal infeBioFRIRD of tet her

conpri ses appl ing a negative pressure to the aperture externally of the

pi pette. THehod of claim 39, wherein said facilitating seal
formationfurthe I tip
portion of the plpﬁeﬁﬁga{f&%&%ﬁgg&%éﬁdgqgé%gc I@%y&%ﬁ %hfﬁﬁéelqop(?]ha g’\fN guard
pi pette havamiy a distal end, a proxinmal end, and a | unmen extending

t her ebet ween; and, a surface extendl ng at Ieast partially across said | unmen
for contacting t BeasyHge g PR ¢l a cel sai d surface being spaced
fromsaid distal end such that a cup- shaped reservoir is at |east
partially defined by said surface and said guard pipette. -22 WO 03/048786
PCT/ US02/ 38850 Ik mﬁthpﬂpét:laémé%wh@tm ahdeaptrthe babhle adGctiontoé thei pipgiei d sur f ace
is unitarily formed . with said guard pipette. 48. A pipette assenbly as in
claim 46, WIS €818 surface is separately forned

41.  The method of claim 39, wherein said measuring includes measuring an

electrophysiological property of the cell.

42.  The method of claim 39, wherein said measuring includes optical recording.
43, The method of claim 39, wherein said measuring includes electrochemical
detection.

44. The method of claim 39, wherein said facilitating seal formation further

comprises applying a negative pressure to the aperture externally of the pipette.

45, The method of claim 39, wherein said facilitating seal formation further

comprises generating an electrical field at the tip portion of the pipette.

46. A pipette assembly comprising:

a hollow guard pipette having a distal end, a proximal end, and a lumen
extending therebetween; and,

a surface extending at least partially across said lumen for contacting to, and
sealing with, a cell, said surface being spaced from said distal end such that a cup-

shaped reservoir is at least partially defined by said surface and said guard pipette.
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fromsaid guard pipette on a secondary pipette. 49. A pipette assenbly as
in claim48, wherein said secondary pipette is disposed coaxially within
sai d guarwopmBpes8e. 50. A pipette assenbly as in clai m48PCEESonss3s6ai d
secondary pipette is fixed to said guard pipette. 51. A pipette assenbly
as in claim48, wherein said secondary pipette is slidable relative to
sai d guard Ei pette. -23 . . o i o

7. A pipette assembly as in claim 46, wherein said surface is unitarily formed

with said guard pipette.

48. A pipette assembly as in claim 46, wherein said surface is separately formed

from said guard pipette on a secondary pipette.

49. A pipette assembly as in claim 48, wherein said secondary pipette is disposed

coaxially within said guard pipette.

50. A pipette assembly as in claim 48, wherein said secondary pipette is fixed to

said guard pipette.

51. A pipette assembly as in claim 48, wherein said secondary pipette is slidable

relative to said guard pipette.
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