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(57) Abrégée/Abstract:
The present invention relates to a structure comprising a biological

membrane and a porous or perforated substrate, a biological

membrane, a substrate, a high throughput screen, methods for production of the structure membrane and substrate, and a
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(57) Abrege(suite)/Abstract(continued):

method for screening a large number of test compounds In a short period. More particularly it relates to a structure comprising a
biological membrane adhered to a porous or perforated substrate, a biological membrane capable of adhering with high resistance
seals to a substrate such as perforated glass and the ability to form sheets having predominantly an ion channel or transporter of

Interest, a high throughp
manufacture of the stru
membrane.

Ut screen for determining the effect of test compounds on 1on channel or transporter activity, methods for
cture, membrane and substrate, and a method for monitoring ion channel or transporter activity in a
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(54) Title: HIGH THROUGHPUT SCREEN

| (57) Abstract

The present invention relates to a structure
comprising a biological membrane and a porous

or perforated substrate, a biological membrane, a
substrate, a high throughput screen, methods for / v
| - /
production of the structure membrane and sub- ;,’ "
strate, and a method for screening a large num- /’% //
| ber of test compounds (n a short period. More 8 f 1 /§
particularly it relates to a structure comprising a ” /;
biological membrane adhered to a porous or per- j; %/
forated substrate, a biological membrane capable ..‘_"""'L “'"".;"..
of adhering with high resistance seals to a sub- T R
strate such as perforated glass and the ability to (e
form sheets having predominantly an ion channel
| or transporter of interest, a high throughput screen
for determining the effect of test compounds on
ion channel or transporter activity, methods for
manufacture of the structure, membrane and sub- B
strate, and a method for monitoring ion channel
or transporter activity in a membrane,
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High Throughput Screen

The present 1nventicn relatas to a structure comprising a
biological membrane and a pcrous or perforated substratse, a
biological membrane, a substrate, a high throughput screen,
methods for production of the structure membrane and
substrate, and a method for screening a large number of test
compounds 1n a short period. More particularly it relates
to a struéture comprising a bioclogical membrane adhered to
a porous or perforated substrate, a biological membrane
capable o0f adhering with high resistance seals to a
substrate such as perforated glass and the ability tc form
sheets having predominantly an i1on channel or transporter of
interest, a hign throughput screen for determining the
effect of test compounds on 1on channel or transporter
activity, methods for manufacture of the structure, membrane
and substrate, and a method for monitoring ion channel or
transporter activity 1in a membrane.

Within the context of <this specification the word
“comprises” 1s taken to mean “includes” and i1s not intended

A% T

to mean "is limited to only”.

Ion crnannals are transmemdran? proteins which form pores 1in
tne memprane wnich allow Lons to prass from one side to the

oth=r (Hille, 1982). Th=zy may show 1on specificity,

allowing specific 10ons to passively diifuse across a
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t.me and at all phvsiologicasl membrane potentials (so-called

leeak channels), many channels have ‘gates’ which open in

. o~

response tTo a SsSpeclilc perturbation of the membrane.

A

i{n

Perturbatlons Known to cause opening of ion channels include
& change 1n the electric potential across the membrane
(voltage-gated channels), mechanical stimulation

(mechanically-gatec channels) or the binding of a signalling

10 moiecule (ligand-gated channels).

Transporters are protelns 1n the cell membrane which
catalyse the movement of inorganlc ions such as Na' and K* as
well as organic molecules such as neurotransmitters as in

the case of so-called re-uptake pumps, e.g. GABA, dopamine

15 and glycine. 7Two distingulshing features of carriers versus

pores are i) their 1netics-movement of ions via
transporters 1s very much slower than the >10° ions per
second that 1s encountered with ion channels and>ii) ion

channels conduct down electrochemical gradients whereas

20 transporters can ‘pump’ upnill 1.e. against concentration

()
(n

gracients (Hille, 1852}. The latter process 1s normally

ire

93
-

()

tly dependent upon energy being provided in a

chicometric fashion.

(N
(¢t
)
*J
)

The 1nvention nas application principally in the measurement

oI 1on channel activity but also of transporters where these
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are e-ectrogenic e.g. Na'/ K'; Na'/Ca’"; glutamate ra-uctaks
transporter (Brew & Attwell, 13587)

Ion channel activity has been studied using a Cechnigque
referred tTo as ‘“patch clamping” (Hamill et al, 19&1).
5 According to this technigque a small patch of cell membrane
1s generally isolated on the tip of a micropipette by
pressing the t;p against the membrane. It has been
suggested that if." a tight seal between the micropipette and
the patch of membrane is established electric current may
10 pass through the micropipette only via ion channels in the
patch of membrane. If this is achieved the activity of the
ion channels and their effect on membrane ‘"potential,
resistance and current may be monitored. If the electric
potential across the membrane remains constant the current

supplied to it is equal to the current flowing through ion

}_...b
(3

channels 1n the memnrane. If 10on channels in the membrane
close resistance of the membrane increases. If thé“c:urrent
applled remains constant the increase of resistance is in

direct proportion to an increase of electric potential

20 2Cross the membrane.

Many Arugs are known to exert their effect bv modulation of
ron cnannels, but the developmsnt of novel compounds aCTlng
on them 1s hampered considerably by the difficulty of

sSCcreaning che n.gh-throughpuc rates for acrtivity.
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voltage clamp tachnigues provide definitive mechanistc:ic

inicormation but suifer from the problem that thev ars

('t

unsuited to the rapild screening of test compounds.

5 WO%6/13721 describes apparatus for carrying out a patch
clamp technigue utllilzed 1n studving the effect of certain
materlials on ion transfer channels in biological tissue. It
discloses patch clamp apparatus utilizing an autosampler,
such &as those ufili.zed with HPLC apparatus, to provide a

10 higher throughput than may be achieved by the conventional
patch clamp technique. This apparatus suffers from the
problems that 1t merely semi-automates the drug delivery
system, not the patch clamp recording'. It therefore suffers
from the same limitations as traditional patch-clamping with

15 respect to speed of processing compounds and can 1in no way
be considered a high-throughput system. The system still
requires linear processing (l1.e. processing of data obtained
for one cell after another). In direct contrast the
invention described herein provides parallel processing and

20 thus genuine high-throughput of ccmpounds.

The term “biological membrane” used herein 1s taken to
include artificial membran=s such as lipid bilayers and

ozher membranes known to a psrson skil_2d 1n the art.
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The present invantion a&ddressss the problams associazed wi=n
the Known screens and scresninc methods.

In @ f1rst aspsact Tnhe present invention provides a structurse

which comprises & biclogicazl membrane adhered with & hi

)
J

»
»

(n

resistance seal To & porous or perzorated substrate for uss
in a high through put screen wherein the biological membrane

comprises an 1on channel or transporter.

In a second aSp'ec:t the 1nvention provides a biolecgical
membrane for wuse 1n the structure which 1is capable of
10 adhering to a substrate with a high resistance seal wherein
each cell forms a tight junction with adjacent cells and
expresses an 1ion channel which 1s localised in the cell

membrane.

In &a third aspect the i1nvention provides a substrate for use

15 in a high throughput screen which i1s perriorated.

In a fourth aspect the i1nvention provides a high throughput
(HL1T) screen for the detection and assay of test compounds
with activity on voltage gated 1on channels which comprises

zhe biological memoranes.

20 In+ a fifth aspect The 1nvention provides a method oI

manuriacIurlng & Sstructure comprising & bilological membrane

adhered wilith a high resistance seal to a perforat=d
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suzs.riate  wihlchl  COomprlisses Tnhe  steps ¢ selsctinoe =
sussItrate, perioratlng 1L, 1ntroducing a biological membrane

TO tTnh2 substrate and ssaling each pore with biolocical

membrane.

In a sixth aspect the 1invention provides a method of
manufacturing the biclogical membrane which comprises the
steps of selecting a cell type, evaluating 1t for ability to
form cont_iguous layers of cells with tight junctions and for
low to negligib-le numbers of voltage gated ion channels,

culturing the cells on a substrate and ensuring that a

contiguous layer of cells is grown.

In a seventh aspect the invention provides a method of
manuracturing a perforated substrate which comprises the
steps oI shining a laser of preselected focal area, power or
time of exposure at a coverslip to perforate it. This
method also may i1nclude the additional step of modification
of the perforated area by exposure to plasma. and/or
locallsed heating in order to attain the appropriate level
of smoothness oI the perforation(s).

In an ei1ghth aspect the lnvantion provides a method of
screening Icr the detection or assay o0f compounds with
activlity on 1on channels wnhich comprises the stéps of

placing a blological membrane which expresses i1on channels

of lnterest 1n contact with t=st compound 1in physiological
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SOlUT1on Or non-pnys.ological solution comprising a2 sclvs

- L
-

such as dimetnvl sulghcxide and measuring the resistance ~-

[ o

h ]

bio.ogical memprane under the influencs o7

ot A e met

(D

impadance of tTh

test compound.

Preferably an embodiment of the biological membrane
comprises cells having an 1on channel or transporter which
naturally resides in the cell membrane thereof, or it can be
inserted by transfection with cDNA and/or cRNA encoding the
ion channel or ﬁransporter. The 1nvention thus has the
advantage that 1s permlits studies of native channels or
transporters where the precise subunit composition 1is
unknown or indeed where the molecular identity is completely
unknown (1.e. not yet cloned) but also heterologously-
expressed cloned channels or transporters where the identity
of the native channel or transporter 1is known or where
preclse knowledge is requirad of the interaction of compound
structures and chemilical moieties of the 1ion channel or
transporter. Therefore the system 1s substantially more
versatlle then existing approcaches which are insensitive and
rely on getting h.gh concentrations of cells (not always
possible withh neurones) and high signel to noise ratlos

wnich limlts their use to only cartain types c¢f cells and

Preferaply an embpodiment o©or the bilologlcal membrane

comprises a plurality ¢ 10n channels or transporters which

PCT/CB99/01871
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are predominantly press.=2Ctzd Lon channe.s Or transo

of interest. Thilis provides Tn2 Lnventlon with tThe a

(1
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3
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Fh

(t

eren 1

(D

N

0f permittinc parallel screening of di: chann
potentially providing an even higher throughput of

5 compounds.

More preferablv an embodiment of the bioclogical membrane
comprises genetically engineered cells which have Leen

engineered to predominantly express an 1on channel or

transporter.

10 Preferably the ion channels are voltage gated 1on channels.
Preferably an embodliment of the Dbiological membrane
comprises cells selected from the group which comprises HEK-
293 cells, genetically modified Chinese hamster ovary (CHO)
cells, primary neuronal tissue such as hippocampus, dorsal

15 root ganglia, superior cervical ganglia etc.; skeletal
muscle; smooth muscle; cardiac muscle; 1mmune.. cells;

epithella; endothelia etc.

‘also known &5 Dukx) have exceptioconally low levels o=

20 =encdogenous 1ion channel exprassion  thus providing tThe
advantage ot naving exc=llent signal Lo nclse
characteristics within & mammallan c¢ell environmenc.

Similarly, HEK-2S82 (human embryvonic kidney) cells exDress
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low levels ©f native crannels and provide & human expr2ssion
‘background’ . Boin These expression syscems ars inlinitely
preferable to the wesll-used Xenopus oocyIe technigue whers

not only are native channels and subunits abundant, but the
g amphibian cell environment differs 1n important ways from

mammallan cells.

Preferably an embodiment of the biological membrane
comprises ion channels having rapid activation and
inactivation kiﬁetics which exlsting methods o©f high-
10 throughput screening can not resolve. Exlsting systems,
therefore, average transient ion channel signals frequently
over periods of many seconds. Channels inactivating with
time-constants of the order of milliseconds and without a
steady-state presence are effectively undetectable 1in such
15 systems. The 1invention presented here however, has the
advantage that it can easily resolve such Kkinetlics Just as
traditional petch clamping does, but at high-througnput

rateSQ LR

Preferably an e=mbodiment o©f <the Dbilological membrane
20 comprises ion channels which show specificity for 1ons
selected from the grcocupr which comprises sodium, potassium,

calcium, chlor:iqge.

-,

Pra=

erably an embodiment oI the biological membrane

comprises a contiguous laver 2I cells capable of adhering

e aa. . mass maa s ___.a_sma . A A A B
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with & high resistancs ssal ¢ subsirates selacted frem -ne

. -

group whlch comprises pericratsd g¢lass, plastics, rubber,

(D

polytetrarluro:

- % o~ ! ety p— - —— - b " .
_nylens= (PTZZ,, °sTrz/class Zabric anc

'O
V)
it
'y
{b
'._a
)
t
{D
"
{1}
+—
'y

polyethylene teare

Preferably an emfodiment of the bioclogical membrans
comprises a pseudo-epithelium wherein one face of a
contiguous layer oI cells i1s permeabilized thereby providing
access to the 1interior of the cells. This has the great
advantage of providing the means for current and voltage-
clampling whicnhn 1s not possible with any existing high-
throughput screening system. Not only does this permit high
time~resolution recording but 1t also provides the means to
stimulate or activate voltage-gated 1on channels in a
precise and controlled manner. For example, 1t 1s not
necessary to alter the 1onlic composition e.g. by elevating
K* to depclarize cells, which 1in itself can modulate the
kinetics of 1on cnannels (e.g. K channels) and also obscure
the activity of novel ligands by competition &t lon..channel
binding sites. Tnis 1s a very great advantage over all
ex1sting systems. Permeabrlization also allows the
introductaion to the cytoscl of compounds that otherwise
could not do so either by virtue o0f molecular weight or

physlcocnemicel characteristicls.

I+
(D

Preferably an embodiment oI tThe bilclogical membrane

comprlisas a contiguous layver c¢r cells wnich 15 permeabilized

-t

O
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py an antilblotlC selected Izom the g

-
O
-
O
2.
]
'._J.
()
:3.
()
O
=
'O
ry
t_a.
N
(D
L

amphoterlcin and nystatin; or detergent selected from

v-J-
(D

—
e

group wihich comprises digitcnin and saponin; or phvsical

-

disruption using a high veoltage field; or by enzymatic

n

digestion of a part of the membrane using an appropriate

enzyme.

An advantage oI using high voltage fields to permeabilize
the membrane (electropermeabillisation) 1s that such a
technique can permeabilize the plasmamembrane while sparing
10 smaller intracellular structures such as mitochondria and
endoplasmic reticulum. The technique can also be controlled
very precisely and would not necessitate a facility to
exchange solutions 1n a lower chamber o¢f the recording

apparatus.

15 Preferably an embodiment of the substrate comprises a

periorated coversl.p.

Preferably an embodiment of the substrate has pores of

diameters between 0.5um and 10um. Mcre preferably the pores

are of diameters between lum and 7um. More preferably the
20 diameter 1s 1-Zum.
Prezerably an embodiment 0f the substrate comprises a grid

O

[
U

QL

(D

s of gr=atzsr numpsr than 4 but less than 10. This

provides the advantage of a statistically acceptable number
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the
vanishingly small and thus the prcbapil:ity that a pore Ls

by

sesazlad with and therelore occluded by a cell extremely high.

Prefarably an embodiment c¢I the suzstrate accordiling to the

(N

invention i1s manuiactured of a material selected from the
group which comprlses glass, plastics, rubber,
poclytetraflurotethylene (PTFE), PTFE/glass fabric and

polyethylene tereéphthalate (PETP).

10 Preferably an embodiment of the screen comprises:

a plurality of chambers, each having a permeable

peripheral surface providing a substrate for the

biologiczl membrane;

a plurality of wells each capable of receiving a

15 chamber and a test compound in a physiological scolution

or non-physiclogical solution comprising dimethyl

.

sulfoxide (DMSO) or other solvent,

iy Ymet e W e e o = N
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means for measuring electrical resistance or lmpedance

herween the recording and reference electrodes; wherein

electrical current may pass between the recording and
reference electrodes through the permeable peripheral
surface of each chamber only via ion channels or

rransporters in the biologlcal membrane.

Preferably an embodiment of the screen comprises wells which
are provided by a multiwell plate. The advantage of this
being that high throughput can Dbe achieved using 1ndustry-
standard components which can be processed using
commercially aveilable automated equipment and robotilcCs.
Users will have =he possibility of using their~existing
plate processing equlpment thus containing COSTS 1n

establlishing a state-of-the-art high-throughput

electrophysiology sScreen.

Preferaply an embodiment ©OI Lhe Screen comprises &

nerforated substrate for The biologizal membrane.

PCT/GB99/01871
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N

10

15

chnannels of interest 1n an &errav of dronlsts ¢cn & porous
supstrate. Preferably an e&arrey ©I minlature recordilng
chambers is created by placing a ‘'lid’ 1ncorporating
recording electrodes over the matrix of droplets such that
a meniscus o0f the droplet solution 1s established.
Preferably a test compound 1in electrically conducting
solution is placed 1in at least one of the droplets or
applied via access ports in the ‘lid’ and the resistance/
impedance (in current-clamp coniiguration) of the blological
membrane or conductance (in voltage-clamp configuration) 1is
measured under the influence of the test compound. An
advantage of this approach i1s that sheets of substrate can
be designed without the need to transfer pieces of substrate
(e.g. discs) to multiwell plates and also obviates complex
chamber design with seals, '0’- rings and the like. The
invention can still accommodate addition of solutions and
has an additional advantage of using very small volumes and
thus small quantities of reagents and cells. Excellent
insulation is afforded bv the air gaps between adjacent

dropnleats.

recording head comprises a

U
3
I
-t
D
A
)
@)
}—
g
(1)
-
2
33
O
(3.
}J.
3
(D
i
rt
()
bt
rt
y
(D

e cem ‘mgt e  Supt by

cingle recording electrode canable of being moved to visit

referably an embodiment oOf

gt
(L
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®
)
Pé
(D
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=
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'
)
i..n
1
}
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<
o
C)
by
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0

the recording head comprises a plurality of recordlng




15

A AL L v b el 1Y vl L e ) o

CA 02334770 2000-12-08

WO 99/66329 PCT/GB99/01871
clacTrodes arranged 1n & lln=. cven mers preferablv the
recording head comprises & pluralicy oI recorcding elactrcdes
arranged 1n a matrix. The advantags of this configurazion

‘

is that simultaneocus recorcing Irom all wells is possible

via a data-acquisition multlplexing svstem.

Preferably an embodiment of the screen 1s capable of
multiplexing up to 384 recording elements to a data
acquisition svstem utilizing  multiple voltage-clamp
amplifiers. This has the advantage of providing extremely
high time resolution and effectively simultaneous
measurement from all wells. This has the advantage of
providing the TERM system with the potential to achieve
throughput rates similar <To the. best possible for
conventional flucrescence-based ligand-receptor bindilng

assays (>150,000 compounds per week).

Preferably an embodiment of th2 method of manufacturing the
structure comprises the steps of simultaneously perforating
a coverslip and sealing the pcres with biclogical membrane.
This embodiment provides the advantage of elimlnating steps
in the establishment of the final configuration, namely

- 1

procedures reqguired to optimise the probability of a cell

N
sezling wlth pores 1n the psriorated substrate. This nas
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Preferably an embodiment oI the method of manuIacturing tns
biological membrans includes ths step CI permeablllzing ons
surface of the contiguous layer 0I cells thereby providing
access to the interior of the cells. This has the grea=z

N

advantage of providing the means fcor current and voltage-
clamping which is not possible wilth any existing high-
throughput screening system. Not only does this permit high
rime-resolution recording but 1s also provides the means to
stimulate or activate voltage-gated 1on channels 1n a
10 precise and controlled manner. For example, 1t 1s not
necessary to alter the 1onic composition e.g. by elevating
K* to depolarize cells, which in itself can modulate the
kinetics of ion channels (e.g. K" channels) and also obscure
the activity of novel ligands by competition at ion channel
15 binding sites. This 1s a very great advantage over all
existing systems. Permeabilization also allows the
introduction to the cvtosol of compounds that otherwlse

could not do so either by virtue of molecular welght or

physicochemical characteristics. L

20 Preferably the permeabilization 1s carried out by the step
of contacting the surface with an antibiotic selected Irom

the group which comprises amghotericin and nystatin; Or

S

detergent selected Irom the group which comprises digitonin
and saponin; or phvsical disruptlon using a nligh voltage
25 field; or by =nzymatic digestion of a part of the cell

membrane UsSlng an appropriate 2nIyme.
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smaller intracellular structures such as mitochondria and

endoplamic reticulum. The technique can &lso be controlled

very precisely and would not necessitate a ZIacility to

exchange solutions 1n a lower chamber of the recording

apparatus.

Preferably an embodiment of the method of manufacturing the
biological membrane includes the steps of transfecting cells
with cDNA or cRNA encoding an 1on channel of interest and

cloning cells expressing the ion channel of interest. These

steps provide the invention with the advantage of permitting
studies of heterologously expressed cloned channels where
the identity of the native channel is known or where precise

required of the 1interaction oI compound

knowledge 1s

structures and chemical moieties of the 10on channel.

A e

L

Preferably an embodiment of the method of manufacturing the
perforated substrate comprises the steps of adjusting the

profile, taper or diameter oI the pore with a laser.

preferably the laser source 1s controllea by an automate

stags under control of a computer and i1nverted phase-

contrast mMlCrosIer= advantage of
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permitting visual examinatlion oI the pore characteristics

e.g. proiile, taper and dilameter.

Preferably an emdociment oi the method of manufacturing the
perforated substrate comprlses other non-laser methods such
as photo-etching, casting and physical piercing of the

substrate.

Preferably an embodiment of the screening method comprises
the step of measuring 1on channel activity by monitoring
trans-epithelial resistance measurements (TERM) across an

intact cell lavyer.

In a further embodiment of the screening method a surface of
the contiguous <cell laver 1s preferably permeabilized
thereby providing access to the interior of the cells. This
has the great advantage oI providing the means for current
and voltage-clamplng which 1s not possible with any existing
high-throughput screening system. Not only does this permilt
high time-resolution recording but 1:1s also provides the
means to stimulate or activate voltage-gated i1on channels in
a precise and controlled manner. For example, 1t 1s not
necessary to alter the 1onic composition .¢g. by elevazing

K~ cells, which 1n 1ts=slf can modulate the
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depolar:
kinetics of 1on channels (e.g. K channels) and also obscure
the activity of novel ligands bv competition at ion channel

4

pinding sites. Thilis 1s a veryv great advantage over all
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2¥x1STLnNg SYySTems. Permszz_lization also allows tThe

introduction to the cytosc. c¢I compounds that othaIwis

(D

couls not do so either by wvirtue o0I molecular welight ©

Hy

physicochemical cheracteristics.

Preferably a surface oif the contiguous cell layer 1is
permeabilized by antiblotics selected from the group which
comprises amphotericin and nystatin; or detergents selected
from the group which comprises digitonin and saponin; or
physical disruption using a high voltage field; cr by
enzymatic digestion of a part of the membrane using an
appropriate enzyme thereby permitting intracellular voltage

or current measurements to be made.

An advantage of using hign voltage fields to permeabllize
rhe membrane (electropermeabllisation) 1s that such a
technique can permeabilize the plasmamembrane while sparing
smaller intracellular structures such as mitochondria and
endoplasmic reticulum. The technlgue can also be contro.led
very precisely and does nct necessitate a Zfacility to

exchange solutions in a lcwer chamber oI the recording

apparatus.

prefarably an embodiment OIf the 1i1nvention provicss a
screening method which incliludes the step of multiplexing up
r5 3R4 recording elemenzs t©o & data acguisition svsiem

ucilizing multiple voltage-clamp amplifiers. Thils has the

PCT/GB99/01871
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nas the advantage oI providing the TZ=M svstem with the
potential to achleve throughput rates similar to the best
possible for conventional fluorescence-baszd ligand-receptor

binding assays (>150,000 compounds per week) .

Preferably an embodiment of the method of screening for the
detection or assay of compounds with activity on 1ion
channels of int'erest ln an array of droplets on a porous
substrate. An array of miniature recording chambers may be
created by placing a ‘lid’ incorporating recording
electrodes over the matrix of droplets such that a meniscus
of droplet solution 1s established. A test compound in
conducting soluticn 15 placed 1in at least one of the
droplets or applied via access ports in the ‘lid’ and the
resistance of the biological membrane or conductance (in
voltage—-clamp configuration) 1s measured under the influence

W o

cf the test compound.

In an alternative embodiment of the screening method the
biological membrane 1s placed 1n a plurality of chambers and
rest compound 10 phyvsiological soclution, or non-
phvsiological soclutlon comprising & sclvent e¢ dimethvl

sulphoxide, 1s added tTo the chamders.

PCT/GB99/01871
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the steps 0f drug delivery and washing c¢cf the multi-wsl:

{
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Preferably an embodiment ot the screening metchod
5 incorporates & step of stimulation of cells involving the
use of a photoactivatible ‘ion scavenger’ eg of ions such as
K*. The active entity can be released by flashing the entire
plate at -once with a high intensity light source eg a laser
or Xenon lamp.h The advantage of this system is that
10 membrane potential can be altered by altering the ionic
distribution in a non-invasive fashion and with fine

temporal control.

It has surprisingly been found that a biological membrane
can be adhered with a high resistance seal to a perforated
15 substrate for use 1n a high throughput screen for test
compounds having activity on 1ion channels. This was

L S

consldered unobvious to a person skilled in the art at the
outset 1n view 0 the <fact that achievement of a high
resistance seal has not been possible without an urdue
20 burder. Furthermore, perricrated substrates having a

bilological membrans sealed thereto have not been suggasstad

for use 1n high throughput scra=ns.

It has surprisingly been found that a biological membrane

capapbie of adhering with a hich resistance seal to a

L



10

15

20

W0 99/66329

CA 02334770 2000-12-08

substrate may be constructed Icr use in a high througrou-
screen. Surprisingly it has been found that the piclogical
membrane may De constructed hzving ion channels which are
predominantly the lon channels ¢f interest. Furthermore,
has surprisingly been founcd that a high throughput screen

may be constructed and used to detect and assay a throughput

of test compounds whlich may be 1n excess of 30000 per week.

Surprisingly the screen may be used to obtain bona fide
electro physiological data relating to functional ion

channel activity.

The biological membrane of the invention was unobvious at
the outset to a person skillled in the art. Construction of
a biclogical membrane having high resistance seals with a
substrate such as perforated glass had not been achieved and
was not considered possible without an undue burden. In
addition construction of a membrane having ion channels
which are predominantly an :ion channel of interest-.had not

been consldered possible wlthcut arn undue burden.

The high throughput screens and methods of the invention

were unobvious at the outsst to a person skilled in the art

1)

1n view of the fact that I was not considered possible
wilithout an undue burden to screzen the high throuchpur of

test compounds which may be achieved by the invention.

PCT/GB99/01871
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In addition to the advantage of a high-throughput of test
compounds, embodiments of the screen and method of the

invention may provide functional assays (cf. say ligand

binding) 1in which the mode of action (eg. blocking or
enhancing) of the test compound on voltage gated ion
channels 1s measured via changes 1n membrane resistance
or by recording the current flowing through i1on channels

in the membrane directly.

The invention will now be described by reference to the
following examples of preferred embodiments and

accompanying drawings in which:

Figures 1A and 1B show an epithelial cell version of a

screen according to an embodiment of the invention.

Figures 2A and 2B show an embodiment of the screen of the

invention having a perforated substrate.

Figure 3 shows adaption of a commerclally availlable

multiwell plate for wuse 1in a screen according to an

embodiment of the invention. The figure shows an integral

multi—recording electrode head cluster.

Figure 4 shows an embodiment using a movable recording
head wherein a single recording head reads single wells

sequentially.
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Figures 5a to 5e show an embodiment of a fluid matrix
system wherein an array of miniature recording chambers
are created by dispensing droplets on to the recording
substrate 1n a pre-determined pattern and density. Figure
5 (f) shows the full sandwich (recording configuration)

of the system.

Figures 6a to 6d show a further embodiment of a fluid
matrix system wherein multiple arrays of droplets are

sandwiched together.

Figure 7 shows a pore formed i1n a substrate, according to
the invention. The light micrograph shows a pore 1in a
thin glass substrate. The pore, which was approximately 2
micrometers in diameter, was manufactured by using pulses
of focussed laser enerqgy followed by a combination of
fire polishing and plasma modification. The scale bar 1is

10 micrometers across.

Examples

An embodiment of the screen of the invention comprises a
multi well plate with 1integrated recording devices, by
which means a massively parallel voltage clamp (MPVC) can
be performed on a plurality of wells in a plate within
short periods of time (ca. 1-60s) . Preferably

commercially available 96 or 384 well plates are

employed, or the 96 or 384 position array format 1s

adopted.
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An embodliment c¢I the screen oI the invention preferab]
provlides a thrcughput c¢f test compounds in excess of 20,000
per week wlith pona Ii.de electrophysiological 'read-out' of
functicnal 1on channel activity. An embodiment of the
screen may provide high resolution both in terms of time;
for a 96 well plate, Ilms/point/voltage clamp setup. The

sensitivity to modulation of channel activity is >1%.

An embodiment of the present invention provides a method
which comprises the steps of measuring transepithelial
electrical resistance across a contiguous layer of cells
expressing predominantly an ion channel of interest. It
wlill be apparent to a person skilled in the art that the
method depends on adherence of the cells to a substrate that
allows formation of tight junctions between adjacent cells
such that a high-resistance sheet 1is formed.' Changes 1in
activity of the 1on channels expressed in the membranes of
individual cells are reflected by changes in the resistance
aCross the sheet as & whole. In a reiinement ‘:c:‘;f this
empodiment of the i1nvention, access to the interior of the

cells comprising the sheet 1s obtained bv means which permit

population current and voltage clamp recoxding to be made.

Transepithelial resistance measurements have been carried

out as fcllows:

a) Epithelial/ endothelial type cells.

PCT/CB99/01871
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The overall transep:ithelial resistance 1s composed of twc
princlipal  componeants, the sum o©f the 'whole—call
conductcances oI The incividual cells making-up the

pseudo-epithelum and the sum of the 1intercellular

conductance pathwavs.

Naturally-occurring epithelial (and endothelial) cells form
tight junctions wlith one another. This tight packing reduces
the leakage of 1ions/ solutes between cells, resulting in
relatively low numbers of intercellular conductance pathways
across the membrane as a whole. Thus, where conditions
permit tight Junctions to form, changes in the cell
transmembrane conductance are measureable. One approach to
this method was to select a host cell with appropriate
growth properties. Cell-types which also express native ion
channels at low levels are considered suitable for
expression of cloned 1on channels. A large hurdle for a
person skilled in the art 1n thls approach lay in obtaining

cells 1n which the latter 1s true.

b) Transepithelial resistance measurement in non-epithelial

cells.

Ln alternative to the approach described above 1s to use
non-epithelial cells that are known to express negligible

numbers of 1on channels of tThelr own as a baslc expression

system for cloned cells which express 1on channels o:

PCT/GB99/01871
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choice. There arz several cell-types thet 2fulfill <this
critericn. However, & large nurdls tc a person skilled ir
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The art was presants that they do not Icrm contiguous
layers of cells 1n culture with tight junctions. In an
embodiment of the 1nvention there 1s provided a high

resistance ‘epithelial’ laver i1n which this hurdle has been

overcome.

Transepithelial current measurement (massively parallel

voltage clamp (MPVC)

An embodiment of the invention was obtained by gaining
access to the interior of cells 1n the ‘epithelium’ by
disrupting or permeabilizing one face of each cell
contributing to the cell layer. This has been carried out
by chemical methods, for example by allowing certaln types
of antiblotics (eg. amphoéericin) or detergents (digitonin)
to come 1nto contact with one face of the cell suriface oOr
through physical disruption eg. using rﬁgﬂi'voltaéé'fields

(electropcratlion/ 1ntegral zapper).
Electrical recording Systems

A numper o©of systemns navs p2en developed and thevy are

outrtlin=sd below:
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Pilot test systems

For pilot <tTesting oI the 1integrityv of pseudo-epithaliizl

layers, <transepitnelial resistance was measured using a

chamber 1nto which permeable tissue culture SUpports were
5 inserted (Fig 1l). Cells were grown in culture to confluency
on thls support. In the case of perforated substrates, the
material (eg. coverslip) was inserted in a purpose-built
test rig which permitted variation in the pressure in the
lower compartmenﬁ and/ or upper chamber and at the same time
10 allowed resistance measurements to be made (Fig 2). To avoid
polarization of the electrodes, an oscillating voltage
signal was passed across the cell-layer via linear or
circular electrodes positioned above and below the permeable
support on which the layver of cells was growing and the
15 impedance of the cell-layer was measured. In the case of
permeabilized cell-layvers (Figures 1lb and 2b), voltage and
current-clamp recording Wwas carried out using a

voltage-clamp amplifler 1interfaced with a computer toO

control experimental protoccels and sample the darta.

20 Scale-ups and operational systems

{1}

in ei1ther TERM or MPVC commer-ial secreens uril:-=

multiwell plate msasuring systam (Flg 3) or eguivalent (2gG.

Diezo-dlspenser). This was desrived o some extent from the

v ARl Ntacndns s ar oA vl .  dAe o ad . A v dumathi o davusacalr 1 orawmsd LS. cwuand. ™ T . e
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p:lot test ril¢ but reguired tTh2s desigrn <22 an inzte
raceralng head c¢f whlch emoodiments ¢©I the 1avantion incliucge

a number of possibilities. They zare described below.

1) single reccrding head which reads single wealls

4

sequentlally (Figure 4).

i1) moveable linear row of recording heads (eg. 12 for a 96
well plate system; 24 for a 384 well system) which are moved

across the plate 1n 8 (86 well) or 16 (384 well) steps.

iii) electrode matrlx built into the plate with multiplexing
10 for recording headstage & acgquilsition system. For larger
density plates multiple voltage-clamps were used tc maintaln

sampling frequency and therefore time resolution (Figure 3).

iv) droplet system (Figure J).

Multiwell plate adaptation Rt

15 Embodiments of +the scresen oI the present 1nvention
preferably include an 1integral automated pipettor 1in the

working versions c¢i TERM ana M2PVC.

Draeforaply embodim=snts ©f Tnse screen oI the 1nvention

include a facilicty for washing recording heads between use

N ANI v IA 8andi s B APl % T ARl A L S wlen A PR s Beal il NS U Al a AL A ARk vd B end BEEA Y cdl v s b b s 1Al Bha e ANariias .t & e b
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substrate (cr other suppor:t) and/ or the STep oI obtaining

U

a cell-line having the ability to form shests andg having low

or negligible numbers of native ion channels.

Epithelial cell approach

Naturally occurrirg cell-lines and engineered cell-lines

have been developed. They are described below:

10 Naturally-occurring cell-lines

Cell-lines referred to in the literature have been evaluated

tor 'off the shelf' suitability. Initial candidares included

BECV-304, RBE4 and Co6 glioma cells. Criteria for use were:

a) ability to form contiguous lavers of celils with tight

15 junctions; transepitchelial resistance of >1250cm 2.

D) low to negligible numbers oI background voltage-gated ion

channe.s as assessed by whole cell patch clamp by standard

metnods. Preierably the conduct

-t s A S

(1)

— i " " o )
D2 Level 18 <Z2nf8 per cell.
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Engineered cell-lines
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If background conductances of the naturally-occurring cell-
lines were above the threshold given 1n (b) above, the
cell-line was assessed for possible gene knock-out to

engineer a novel host cell.

Artificial epithelia

Perforated substrates

Perforated substrates have been developed as set out below:

Laser-generated substrates

a) Prototypes

" o

Glass coverslips were perrtorated 1n a seguential fashion (1
hole at a tTime) using & laser energy source in conjunction
wlith automated stage under computer control and an inverted

optlcCs mlcroscope. This permitted prototypes to be

L 3 wabk  Am

constructed with fine control of parameters such as focal

area, laser power and tilme CI exposure. The abilitv tO

achleve high resistance s=a&ling pbetween cells and substrate

3

was tested using coverslips created 1n this way.

- L camo s A suna st mmlde o DEP S B il 2 B s h m ol AL & e AN & c s A A% s s 2s %aia 2l 8. - S VR
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Grid patterns were reprocucibly generated in varlarie
fcrmats by means ¢I a computer-controllad stage which was

1nTerraced with the laser v.a the computar. Coverslins of

various macterials ncluding glass (as well as pnlastics and

(n

other Dbliocompatlible materials) wer=s used. Their diameters
were 10mm (90 well plate) or Smm (384 well plate); and of
variable thickness (ca.l-20um). Pores were generated with
diameters varying between 0.5u and 1l0p. The profile cof the
pore, 1ts taper and 1internal and external diameters were
1C evaluated to optimise sealing with the test cells. It 1s
important to establish the appropriate level of smoothness
of the pore. Pore density was optimized for signal-to-
nolse characteristics, fidelity of voltage-clamp recording

and statistical considerations.

15 To encourage sealing between cell and pore, a number of

approaches were taken (Fig l). They are outlined below:

1) negative pressure in lower liguid compartment eg. using
a venturi effect caused by flowing solution across tne
ventral orifice and/or by supplying the flowing solution at

20 a reduced overall pressure.
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iii) coating of zthe coverslip wi2Th anti-achesicn materieal
rhat 1s burnsed off In tThe pore reglon <cCurinc the »ore
manuiacturing prccess (le. laser .nduced DOore Iormation;

iv) facility to jog or vibrate coversllip tTo encourage cells

ind' pores before adhering to the substrate at non-pore

o §

to '

locations

v) either a coverslip carousel or multiwell plate carousel

to permit centrifugation.

vi) application of voltage fleld across pores to move cells

into pore mouth.

Surprisingly, laser induced pore formation provided

remarkable results.

Figure 7 shows a typical pore produced by this methed. When
physiological soluticns were added TO eitnher side of the
pore, trans-substrate resilstances, tvplcally 1n the range
200 kOhms to 400 kOhms, were rcutinely observed. Wlith the

sddition of cells, —he observed resistance was approximately



10

WO 99/66329

CA 02334770 2000-12-08

|
{a)
N
|

b) Scale-ups

3ulk perforation and simulzansous recording (sezling) wers
evaluated. The approach comprilised 'flash:ing' the whole
bottom surface o0i a multiwell plate (or egquivalent matrix)
with a high energy laser source. With appropriate well
structure, the precise location of the reqguired pores was
known and with apodropriate titration of cell density, a high
probability of a having a cell 'in residence' was achieved.
The plate was 'perforated and the ventral cell surface
breached almost simultaneously. This reguired a much higher

energy laser than that used 1in protoypes (above).

c) Cell-types

Although Chinese hamster ovary (CHO) cells have been used to
develop the invention, 1t will be apparent to a person of
ordinary skill in the art that a wide variety of cell-lines
and primary cells such as neurones isolated from- intact

tissues may be emploved.

Other perforation methods

(/)

Alternative methods of perZorating ¢lass coverslips andg
other materials have been svaluated such as etching, casting

glass or plastics sheets.

PCT/GB99/01871
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Porous rubber

1,
O
s

POrous rubber substrates are commerclally available

(b
(D

growing cells 1in <cell-culture. The porosity has been

evaluated 1D the context of The resistance and

5 current-measuring applications described herein.

Other materials

It will be appafent to a person skilled in the art that
additional materials such as PTFE, PETP etc. may be employed
in accordance with the present invention. These have the
10 advantage of having high dielectric constants but also of
being manufactured in extremely thin sheets. This has the
advantage of reducing the minimum series resistance in the

whole system and also facilitating the i1ntroduction of

exogenous substances to the cell cytosol.

15-- Multi-well plate recording apparatus

The basal multi-well plate rescordiling apparatus preferably
accommodates a Se¢-well/ locaticn format. Preferably
multiples of the Sb-well IZIormat are ccnstructed with a

minlmal expansion to 264 well Zormat. An advantage oI
20 increasing well-densiTy 1s That the amount of test compound

used 1s reduced and fewer platas are used with concomitant

r compound. testad.
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evaluateg: -

a) &£ TQRM workstation designed to interface with

commerclally-availlable robois and plate processor

D) Fully 1ntegrated stand-alcne system which provides plate

5 handling, solution changes and recording headstages.
Fluid Matrix System

An array of minlature recording chambers were created by
dispensing droplets containing a suspension of cells onto
the recording substrate 1in a pre-determined pattern and
10 density (see Figure 5). The substrate can be of any of the
types described above eg. perforated glass, plastic, rubber,
etc. The complete recording configuration is accomplished
by placing a 'li1d’, or moveable recording  head,
incorporating recording electrodes over the matrix of
L5 droplets such that a meniscus of the droplet solution is
established as exemplified 1n Fi1g 5. An array of droplets
may also be generated on the reverse of the porous substrate
Lo provide & concuctiling pathway to at least one reference
electrode and also the means by which substances may be

2%

GC2 CI the substrate and nhence cell

(o

20 applied to the lower sur
membhrane s Similar] = ST - e = 17 v £ 4=

~mbranes. imlilarly, reag=ants can be applied via a further

cdroplet matrix applied to the ‘recording plate’ as shown 1n

Figure 6. Drug solutions may be dirspensed onto a recording

oAl dd bl f Lot a4 Bl 48 et Lads t 14004« 't af U AL Bt PLan *1 2 aofallle . v Bdde ol 20 abdAbFaM s or 2B ad s o " Coam &t AN 2 & "2 .. . 08 RAS 9% 2 8 =B8822 =2 =2 B = = Smemmas_ e __p
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“head” clate; <tThe »Dlate ey then b2 inverted; and -—r=

inverted plate mev then be docked with the cell matrix to
pring the drug into contact w.th the cells. The advantage

of thls approach is that sheets oI substrate can be designed
without the need to transrier substrate discs to multiwell
plates and also obviates complex chamber design with seals,
‘O’ =-rings and the 1like. The 1nvention c¢an still
accommodate addition of solutions and has the additional

advantage o¢f using very small volumes and thus small

quantities of reagents and cells.

.- i iv. VL . - s 5. s & mels . o = SR . & B . . .
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A structure for use 1in a high throughput screening
process, which comprises a biological membrane adhered
with a high resistance seal to a porous or perforated

substrate wherein:

(1) the Dbilological membrane comprises an ion
channel or transporter;

(11) the substrate has pores of diameters between
0.5um and 10um; and

(111) the structure comprises genetically
engineered cells which have been englneered to

predominantly express an 1lon channel or transporter.

2. A structure for use in a high throughput screening
process, which comprises a biological membrane adhered
with a high resistance seal to a porous or perforated
substrate, wherein:

(1) the structure comprises voltage gated ion

channels; and

(11) the substrate has pores of diameters between

0.5um and 10um.

3. A structure for use 1in a high throughput screening
process, which comprises a biological membrane adhered
with a high resistance seal to a porous or perforated
substrate, wherein:

(L) the structure comprises an 1ion channel which
shows specificity for an ion selected from the group
consisting of sodium, potassium, calcium, and chloride;

and

(11) the substrate has pores of diameters between

0.5um and 10um.
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4. A structure according to any one of claims 1 to 3
wherein the biological membrane comprises a contiguous
layer of «cells which is capable of adhering to a
substrate with a high resistance seal whereln each cell

forms a tight junction with adjacent cells and expresses

an ion channel or transporter which 1s localised 1in the

cell membrane.

5. A structure according to any one of claims 1 to 4
which comprises cells having an ion channel  or

transporter which naturally resides 1in the cell membrane

thereof or, it can be inserted by transfection with cDNA

and/or cRNA encoding the ion channel or transporter.

6. A structure according to any one of claims 1 to S
which comprises a plurality of 1ons channels or

transporters which are predominantly pre-selected 1on

channels or transporters of i1nterest.

7. A structure according to claim 2 or 3 which comprises
genetically engineered cells which have been englneered

to predominantly express an ion channel or transporter.

8. A structure according to claim 1 or 3 which comprises

voltage gated ion channels.

9. A structure according to any one of claims 4 to 7
wherein the cells are selected from the group consisting
of HEK-293 cells; genetically modified Chinese hamster
ovary (CHO) <cells; primary neuronal tissue; skeletal
muscle cells; smooth muscle cells; cardiac muscle cells;

immune cells; epithelial cells; and endothelial cells.
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10. A structure according to claim 1 or 2 having an 1on .
channel which shows specificity for an 1on selected from
the group consisting of sodium, potassium, calcium and

chloride.

11. A structure according to any one of claims 4 to 10

-

wherein the contiguous layer of cells 1is capable of

adhering with a high resistance seal to a substrate
"selected from the group which comprises glass, plastics,

rubber, polytetraflurotethylene (PTFE), PTFE/glass fabric

and polyethylene terephthalate (PETP).

12. A structure according to any one of claims 1 or 3 and
5 to 11 which comprises a pseudo-epithelium wherein one
face of a contiguous layer of cells 1s permeabilized

thereby providing access to the 1nterior of the cells.

13. A structure according to any one of claims 1 to 4

which comprises a pseudo-epithelium whereiln one face of a

o

contiguous layer of <cells 1s permeabilized thereby

providing access to the interior of the cells.

14. A structure according to claim 11 which comprises a
pseudo-epithelium wherein one face of the contiguous
layer of cells is permeabilized by an antibiotilic selected
from the group which comprises amphotericin and nystatin;
or detergent selected from the group whilich comprises
digitonin and saponin; or physical disruption using a
high voltage field; or by enzymatic digestion of a part

of the membrane using an enzyme.

15. A structure according to any one of claims 1 to 14

wherein the substrate 1s perforated.
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16. A structure according to any one of claims 1 to 15

which comprises a perforated coverslip.

17. A structure according to any one of claims 1 to 16

wherein the pores are of diameter between 1 pm and /7 pm.

18. A structure according to claim 17 wherein the pores

are of diameter 1 to 2 um.

19. A structure according to any one of claims 1 to 18

F

which comprises a coverslip having a grid of pores.

20. A structure according to any one of claims 1 to 16

g
p—

d

wherein the perforated substrate 1s manufactured o:

material selected from the group consisting of glass,

plastics, rubber, polytetraflurotethylene (PTFE),
PTFE/glass fabric and polyethylene terephthalate (PETP.

21. A high throughput screening apparatus for detecting
and assaying compounds with activity on voltage gated

ions channels which comprises a structure accordling to

any one of claims 1 to Z20.

22. A high throughput screening apparatus according to

claim 21 which comprises:

a plurality of chambers, each having a permeable

peripheral surface providing a  substrate for the

biological membrane;

a plurality of wells each capable of receiving a

chamber and a test compound 1n a physiological solution

Or non-physioclogical solution comprilising dimethyl
sulphoxide;
a plurality of reference electrodes, having

electrical contact with each well;
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a movable recording head carrying at least one
recording electrode;

means for measuring electrical resistance or
impedance between the recording and reference electrodes;
wherein electrical current may pass between the recording
and reference electrodes through the permeable peripheral
surface of each chamber only via 1on channels or

transporters in the biological membrane.

23. A high throughput screening apparatus according to
claim 22 wherein the wells are provided by a multiwell

plate.

24, A high throughput screening apparatus according to

claim 21 which comprises an array of droplets on the

porous supstrate.

25. A high throughput screening apparatus according to
any one of claims 21 to 24 which comprises a recording
head having a single recording electrode capable of being

moved to visit each chamber sequentially.

26. A high throughput screening apparatus according to
any one of claims 21 to 24 which comprises a recording
head having a plurality of recording electrodes arranged

1n a line.

27. A high throughput screening apparatus according to
any one of claims 21 to 24 which comprises a recordilng
head having a plurality of recording electrodes arranged

in a matrix.

28. A method of manufacturing the structure of any one of

claims 1 to 20 which comprises the steps of selecting the
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substrate, perforating it, 1introducing a bioleogical
membrane to the substrate and sealing each pore with

biological membrane.

29. A method according to claim 28 which comprises the
steps o0of simultaneously perforating a substrate and

sealing the pores with the biological membrane.

30. A method of screening for the detection or assay of

compounds with activity on ion channels or transporters

-

which comprises use of the structure of any one of claims

F
p—

1 to 20, wherein the method comprises the steps of

placing a Dbiological membrane which expresses ion
channels or transporters of interest in contact with test
compound in physiological solution, or non-physiological
solution comprising dimethyl sulphoxide, and measuring
the resistance or 1mpedance of the biological membrane

under the 1i1nfluence of test compound.

31. A method according to claim 30 wherein ion channel

activity 1s monitored by trans-epithelial resistance

measurements (TERM) across an intact cell layer.

32. A method according to claim 30 which comprises the
step of permeabilizing a contiguous cell layer to provide
access to the interior of the cells ©permitting
intracellular voltage and current measurements to be

made.

33. A method according to claim 32 wherein a contiguous
cell layer 1s permeabilized by antibiotic selected from
the group which comprises amphotericin and nystatin; or
detergent selected from the group which comprises

digitonin and saponin; or physical disruption using a
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high voltage fileld; or by enzymatic digestion of a part
of the cell membrane using an appropriate enzyme thereby

permitting intracellular voltage or current measurements

L0 made.

34. A method according to any one of claims 30 to 33

which 1ncludes the step of multiplexing up to 384
recording elements to a data acquisition system utilizing

multiple voltage-clamp amplifiers.

35. A method according to any one of claims 30 to 34
which comprises the step of placing an array of droplets
having ion channels or transporters of 1nterest therein
on a porous substrate and screening test compounds for

activity on the ion channels or transporters.

36. A method according to any one of claims 30 to 34
which comprises the step of placing biologlical membrane
having 1on channels or transporters of 1interest and test
compounds 1n physiological solution, or non physiological

solution comprising dimethyl sulphoxide, 1n a plurality

of chambers and screening the test compounds for activity

on the i1ion channels or transporters.

37. A method according to claim 28 or 29 wherein,
subsequent to pore formation, the substrate is exposed to
localised heat and/or to electrical plasma in order to
impart an appropriate raised level of smoothness to the

pore(s).
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