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(57) ABSTRACT 

The present invention relates to a method for detection of 
receptor antagonists comprising the following steps: (I) a 
sample containing the receptor antagonist is fractionated by 
use of a liquid-based separation means, preferably capillary 
electrophoresis, (II) a fraction containing the receptor 
antagonist or modulator is fed directly to a biosensor (9) 
Which is activated by an appropriate receptor agonist and, as 
a result of this activation, is generating a measurable 
response, said agonist being fed to the biosensor through the 
liquid-based separation means together With the antagonist 
or modulator, said activation of the biosensor (9) being 
pulsed by delivery of the receptor agonist to the biosensor 
for short period of times, said periods being separated by 
other periods When no agonist is delivered to the biosensor, 
and (III) the change of the response resulting from deacti 
vation of the receptor agonist-activated biosensor by the 
receptor antagonist or modulator is measured, preferably by 
means of a patch clamp electrode 

It is further possible to resensitiZe the biosensor desensitized 
as above by use of pulsed superfusion of the biosensor. 

The present invention also relates to an apparatus usable for 
practicing the above mentioned method. 
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BIOSENSORS AND METHODS OF USING THE 
SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method and an 
apparatus for detection of endogenous and synthetic receptor 
antagonists and receptor modulators, such as eg drugs and 
pharmaceutically active substances. More speci?cally, the 
present invention relates to a method and an apparatus based 
on the use of a miniaturised liquid-based separation tech 
nique coupled to a biosensor activated by a receptor agonist 
and thus giving rise to a measurable response that is affected 
in a measurable Way by the receptor antagonist to be 
detected. 

BACKGROUND OF THE INVENTION 

[0002] Biologically active compounds generally lack fea 
tures enabling sensitive detection thereof by conventional 
techniques, and their roles in biochemical and physiological 
processes are therefore often dif?cult to elucidate. 

[0003] The detection of biologically active compounds is 
of particular interest in the pharmaceutical ?eld, e.g. during 
development of neW drugs. Since many native and synthetic 
substrates constituting commercial drugs act as inhibitors of 
dysfunctional events in the human body, it is of importance 
to ?nd systems that enable screening or detection of mol 
ecules With that mode of action. 

[0004] In recent years, there has been an exponential 
increase in the number of compounds Which are interesting 
for screening. Synthetic libraries from drug companies and 
natural products have been some of the sources of these 
compounds. The compounds origin from a broad spectrum 
of different organisms, such as bacteria, insects, plants and 
marine organisms. This, together With the introduction of 
combinatorial libraries for the manufacturing of several 
thousands of compounds have led to a great demand for neW 
screening techniques Which are faster and more selective 
than the ones used today. KnoWn methods used for drug 
screening are generally based on pure chemical binding 
betWeen compounds extracted from, for example, natural 
products and target molecules, such as receptors, enZymes or 
nucleic acids. The target molecules can also be included in 
biological systems, such as living cells, Where the merits of 
chemical recognition and biological ampli?cation are com 
bined. 

[0005] The use of speci?c target molecules for the evalu 
ation of a compound’s biological potential is based on the 
creation of systems of biological relevance for the analysed 
compound. Strategies in this ?eld often include expression 
of cloned cDNA in different cell systems for the production 
of a functional target molecule in its natural environment. 

[0006] There are also examples of screening systems 
Which are based on cell effects Where the response cannot be 
traced to a single target molecule. 

[0007] Several different techniques are presently used for 
biological screening and characterisation of potential drugs, 
and some examples of these techniques are given beloW. 

[0008] Microphysiometry: 
[0009] During the groWth of a typical biological cell, 
carbon-containing nutrients such as glucose are taken up and 
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acidic metabolic products such as lactic acid are released. In 
microphysiometry these changes in metabolic rate are 
recorded as changes in the rate of acidi?cation of the 
medium surrounding the cells (see eg Raley-Susman, K. 
M., et al., J. Neurosci. 121773, 1992; Baxter, G. T., et al., 
Biochemistry 31110950, 1992; Bouvier, C., et al., J. Recept. 
Res. 131559, 1993; and McConnell, H. M., et al., Science 
25711906, 1992). Virtually any molecule that affects the cell 
can be detected by this method. Such molecules include 
neurotransmitters, groWth factors, cytokines and so forth. 
The microphysiometry is unable to distinguish betWeen 
different antagonists acting on the same receptor system and 
can therefore not be used for binary or more complex 
solutions of such agents. Other draWbacks of this system are 
the loW-level detection, measuring changes in pH is far less 
selective than measuring responses on the receptor level, and 
sloW recovery rates. 

[0010] Immunoassays: 

[0011] This group of techniques is based on in vitro 
procedures for screening of speci?c antigens (see eg Tu, J ., 
et al., Clin. Chem. 441232, 1998; Pinilla, C., et al., Biomed. 
Pept. Proteins Nucleic Acids 1:199, 1995; TaW?k, D. S., et 
al., Proc. Natl. Acad. Sci. USA 901373, 1993; and Houghten, 
R. A., et al., Biotechniques 131412, 1992). Antibodies, often 
immobilised, are used as targets for antigens. The antigen 
antibody interaction is detected by a second antibody, Which 
is labelled by eg an radioactive isotope. The problems With 
these immuno-based techniques are related to the dif?culties 
in raising speci?c antibodies for small molecules that are 
identical or resemble endogenous compounds. Another 
problem is related to the handling of radioactive substances. 

[0012] Use of Combinatorial Libraries: 

[0013] Synthetic combinatorial libraries have proven to be 
a valuable source of diverse structures useful for large-scale 
biochemical screening (see eg Sastry, L., et al., Ciba Found 
Symp. 1591145, 1991; Huse, W., Ciba Found Symp. 159191, 
1991; Persson, M. A., et al., Proc. Natl. Acad. Sci. USA 
8812432, 1991; Kang, A. S., et al., Proc. Natl. Acad. Sci. 
USA 8814363, 1991; Houghten, R. A., et al., Nature 354184, 
1991; Clackson, T., et al, Nature 3521624, 1991; and 
Ostresh, J. M., et al., Proc. Natl.-Acad. Sci. 91111138, 1991). 
The libraries are generated by a combination of solution and 
solid-phase chemistries and are cleaved off the solid-support 
for screening. When mixtures of compounds are screened, 
hoWever, the possibility exists that the most active com 
pound Will not be identi?ed. 

[0014] Separation Techniques Coupled to Mass Spectrom 
etry1 

[0015] Separation techniques such as liquid chromatogra 
phy, gas chromatography and capillary electrophoresis 
coupled to mass spectrometry or tandem-mass spectrometry 
create analytical systems available for structure evaluation 
(see eg Hsieh, S., et al., Anal. Chem. 7011847, 1998; 
Tretyakova, N.Y., et al., J. Mass. Spectrom. 331363, 1998; 
Bonnichsen, R., et al., Zacchia 61371, 1970; Taylor, G. W., 
et al., Br. J. Clin. Pharmacol. 421119, 1996; and McComb, 
M. E., et al., J. Chromatogr. A 80011, 1998). Mass spec 
trometry gives information about the molecular Weight of 
the analysed molecule. With re?ned and controlled fragmen 
tation of large molecules it is also possible to extract 
information about the sequence. 
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[0016] Enzyme Assays Using Proteases: 

[0017] Many proteases have become targets for drug dis 
covery (see eg Carroll, C. D., et al., Adv. Exp. Med. Biol. 
4361375, 1998; Ferry, G., et al., M01. Divers. 2:135, 1997; 
and Jiracek, J., et al., J. Biol. Chem. 270121701, 1995), from 
viral proteases required for the generation of active viral 
proteins to mammalian proteases that process pro-hormones 
to their active mature forms. Assays have been developed in 
bacterial systems to screen for compounds that inhibit 
protease activity. Most of these involve the co-expression of 
both the protease and a target reporter gene (the gene that 
encoded the protein Which creates a measurable effect) in the 
same cell. Anumber of in vitro biochemical assays have also 
been developed. In most of these cases, a peptide containing 
the protease cleavage site is labelled at one end using either 
a radioactive or a ?uorescent tag. The other end of the 
peptide molecule is adhered to a plate or a bead. In the 
presence of an active protease, the peptide is cleaved and the 
labelled end is released. The loss of signal from the labelled 
end of the peptide molecule after Washing re?ects the 
activity of the protease and can be easily monitored. For 
detection of protease inhibitor the grade of maintenance of 
the signal can instead be measured. These assays are, 
hoWever, often time consuming since they involve genetic 
engineering. 

[0018] A signi?cant limitation of the above mentioned 
methods is the capacity; the number of compounds that can 
be rapidly evaluated is extremely loW. Alternative methods 
for high through-put screens are needed. 

[0019] Another major disadvantage of these knoWn bio 
logical screening systems is that they involve extensive 
multi-step puri?cation and isolation of the compounds 
Which are to be tested. 

[0020] Capillary-based separation methods for identifying 
bioactive analytes in a mixture have earlier been described 
in WO 96/10170 (PCT/US95/12444). The methods 
described herein is hoWever not fully satisfying for detection 
of antagonists. In the application detection of antagonists is 
mentioned. HoWever, it seems that the agonist needed for 
detection of antagonists is then either included in the bathing 
solution or fed to the cell by a second capillary or tube 
system. A major draWback With this solution is that the 
agonist Would immediately dissipate from the surface of the 
cell-based biosensor When the separation process is started. 
This eliminates the effect of pre-activation Which is neces 
sary for accurate biosensor-detection of antagonists. 

SUMMARY OF THE INVENTION 

[0021] The disadvantages of the above mentioned meth 
ods for drug screening can be eliminated With the method 
according to the present invention. 

[0022] The present invention provides methods and appa 
ratus for detection of biologically active analytes separated 
by liquid-based separation means. The analytes or antago 
nists to be detected act can act as ligands, Which mean that 
they can bind to a speci?c receptor or receptors. The method 
employs cell-based biosensors expressing speci?c receptors 
to serve as ligand detectors. An important feature of the 
invention is that the receptor, comprising the functional unit 
of the detector, is preactivated by constantly including a 
receptor-speci?c agonist or modulator into the liquid-based 
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separation means. Analytes, such as antagonists, is detected 
in that they modulate or inhibit the pre-activated receptor 
response. The use of a pre-activated or constantly activated 
biosensor is one of the most important characteristics of the 
present invention. 

[0023] Thus, the present invention relates to a method for 
detection of at least one receptor antagonist and/or at least 
one receptor modulator, comprising the folloWing steps: 

[0024] a sample containing the receptor antagonist or 
modulator is fractionated by use of a liquid-based 
separation means, 

[0025] (II) a fraction containing the receptor antago 
nist or modulator is fed directly to a biosensor (9) 
Which is activated by an appropriate receptor agonist 
and, as a result of this activation, is generating a 
measurable response, said agonist being fed to the 
biosensor through the liquid-based separation means 
together With the antagonist or modulator, said acti 
vation of the biosensor being pulsed by delivery of 
the receptor agonist to the biosensor for short period 
of times, said periods being separated by other 
periods When no agonist is delivered to the biosen 
sor, and 

[0026] (III) the change of the response resulting from 
deactivation of the receptor agonist-activated bio 
sensor by the receptor antagonist or modulator is 
measured. The present invention also relates to an 
apparatus for detection of a receptor antagonist com 
prising a capillary electrophoresis separation capil 
lary containing an electrolyte supplemented With an 
appropriate receptor agonist, the sample inlet part of 
Which is connected to a high-voltage poWer supply 
through a buffer vial containing a buffer supple 
mented With an appropriate receptor agonist and the 
grounded outlet part of Which ends close to a patch 
clamped biosensor that is activated by the receptor 
agonist and deactivated by the fractionated antago 
nist; the apparatus further comprising a patch clamp 
electrode and means to record currents detected by 
the patch clamp electrode. 

[0027] The method and the apparatus according to the 
present invention enables a one-step fractionation immedi 
ately folloWed by detection. This is a big advantage com 
pared to knoWn techniques Which involves several separa 
tion steps. 

[0028] The present invention also relates to an apparatus 
and method for better resolution of the separated analytes or 
antagonists due to a periodic resensitisation of the biosensor 
by an interlocked pulsed ?oW system. 

[0029] The methods and the apparatuses according to the 
invention have a variety of uses. For example, they are 
Well-suited for drug screening since many drugs or pharma 
ceutically active components are receptor antagonists or 
receptor modulators, but they can also be used for applica 
tions in other areas such as environmental, food, and cos 
metic industries. 

[0030] When the method or the apparatus according to the 
invention is used for screening of antagonists or drugs they 
provide a number of advantages over methods according to 
prior art. Since cell biosensors of the type described herein 
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by themselves are not particularly useful at identifying 
antagonists or drugs acting as inhibitors in a mixture of 
antagonists or drugs, it is a great advantage to use the 
method according to Which they are pre-activated by a 
selective agonist Which is incorporated into the running 
buffer in the liquid-based separation means. An advantage of 
this system is that the state of the biosensor, that is the degree 
of receptor activation, is knoWn through this continuous 
activation by an agonist. An another signi?cant advantage of 
the present invention is that long-time eXposure of the cell 
by agonist or antagonist can be avoided by displacement of 
the cell from the outlet of the liquid-based separation means. 
This is in contrast to keeping the concentration of the agonist 
at a high level in the buffer solution in the Petri-dish, as 
described in the above mentioned patent application PCT/ 
US95/12444. The fact that the agonist according to the 
present invention is present in the liquid-based separation 
means Where the separation of the antagonist takes place 
provides a very important advantage compared to the meth 
ods described in WO 96/10170 since this results in a 
pre-activation of the biosensor enabling accurate detection 
of antagonists. 

[0031] The characterising features of the invention Will be 
evident from the folloWing description and the appended 
claims. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

[0032] The invention Will noW be described in further 
detail hereinafter With reference to the accompanying draW 
ings on Which: 

[0033] FIGS. 1A-C shoWs, for comparison, absorbance 
detection, patch clamp detection and interlocked pulsed 
patch-clamp detection, coupled to capillary electrophoresis. 

[0034] FIG. 1A shoWs the separation and detection of 
analyte 1 and analyte 2, With similar migration times, by 
absorbance detection in capillary electrophoresis. The 
recorded trace gives gaussian distributed and overlapping 
peaks. 

[0035] FIG. 1B shoWs capillary electrophoresis-patch 
clamp detection of the same separation of analyte 1 and 
analyte 2, as in FIG. 1A. Notable is that only analyte 1 is 
detected due to desensitisation. 

[0036] FIG. 1C shoWs a theoretical prediction of that 
repeated resensitisation of the detector by interlocked puls 
ing gives an increased resolution in CE-PC detection of 
analyte 1 and analyte 2. 

[0037] FIG. 2 shoWs a preferred embodiment of the 
apparatus according to the invention, namely a capillary 
electrophoresis-patch clamp detection system. 

[0038] FIGS. 3A-B shoWs an enlarged part of the capillary 
electrophoresis-patch clamp detection system according to 
FIG. 2. 

[0039] FIG. 3A shoWs the electrophoresis capillary. The 
capillary, into Which a receptor antagonist has been injected, 
is ?lled With a receptor agonist-supplemented buffer and its 
How is directed onto the surface of a patch-clamped cell. 

[0040] FIG. 3B shoWs the same capillary and the same 
patch-clamped cell at a later point of time When the receptor 

Dec. 5, 2002 

antagonists have migrated through the entire length of the 
capillary and started to antagonise the binding of receptor 
agonists. 
[0041] FIGS. 4A-B shoW a model of a device constructed 
for sWitching betWeen superfusion and electrophoresis. 

[0042] Fig. A shoWs the device consisting of tWo fused 
silica capillaries Which are mounted in parallel. The cell, 
Which is attached to the patch clamp electrode, is placed in 
front of one of the tWo capillaries by a micromanipulator. 

[0043] FIG. 4B illustrates hoW the receptors at the cell 
surface are resensitised due to superfusion of the cell by a 
physiological buffer When the cell is in position one. 

[0044] FIG. 4C illustrates-hoW electrophoretically sepa 
rated analytes are detected by means of patch-clamp When 
the cell is in position tWo. 

[0045] FIGS. 5A and B shoW a schematic draWing pre 
senting a second strategy for resensitisation of a receptor 
system used in patch clamp detection. This superfusion 
system comprises a micropipette Which is placed close to the 
cell in the vicinity of the electrophoresis capillary outlet. A 
buffer ?oW from the micropipette is applied leading to 
Washing of the analytes from the surface of the patch 
clamped cell. Dissociation of the analytes from the receptors 
makes the cell detector resensitised. When the buffer How is 
interrupted the electrophoretically separated analytes are 
able to bind to the receptors at the cell surface and an 
ion-channel mediated current is recorded by the patch-clamp 
ampli?er system. 

[0046] FIGS. 6A-C shoWs electropherograms illustrating 
controls and detection of Mg2+ ions. 

[0047] FIG. 6A illustrates a control trace shoWing activa 
tion of NMDA receptors by NMDA and glycine, 

[0048] FIG. 6B illustrates a blocked response of the 
NMDA receptor-mediated current by separated Mg2+ ions. 

[0049] FIG. 6C shoWs a control-trace presenting the unaf 
fected NMDA receptor response after injection of HEPES 
saline containing NMDA and glycine. 

[0050] FIG. 7 shoWs current-to-voltage relationships 
obtained during constant activation of the NMDA receptor 
and during the attenuation of this response by separated 
Mg2+ ions. 

[0051] FIG. 8 shoWs an electropherogram illustrating 
patch clamp detection in capillary electrophoresis of 6-cy 
ano-7-nitroquinoXaline-2,3-dione (CNQX) and 6,7 
dichloro-3-hydroXy-2-quinoXaline-carboXylic acid 
(DCQXC). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0052] BeloW are de?nitions and explanations of several 
terms used in the description and in the appended claims. 

[0053] The term “liquid-based separation means” refers to 
any method or apparatus for separation of a miXture of 
analytes or antagonists that are dissolved in a physiologi 
cally buffer, solution or any other liquid. EXamples could be 
variations of capillary electrophoresis, such as capillary 
Zone electrophoresis, capillary gel electrophoresis, micellar 
electrokinetic capillary electrochromatography, capillary 
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isolectric focusing, capillary isotachophoresis, and af?nity 
capillary electrophoresis, as Well as variations of micro 
liquid chromatography, such as open tube liquid chroma 
tography. 
[0054] The term “cell-based biosensor” refers to an intact 
cell, a part of an intact cell (such as a membrane patch), or 
a cell in electrical communication With a patch-clamp glass 
electrode or another material, a patch or piece of a cell 
membrane Which is in electrical communication With a solid 
material as, for example, a glass-capillary, plastic or silicon 
surface or anything related. 

[0055] The term “target molecule” refers to a macromol 
ecule composed of a protein, glycoconjugates or lipids, 
Which interacts With or binds to a ligand, analyte, an antigen 
or anything related. A target molecule can be a receptor, an 
antibody, an enZyme, or anything related. The binding of an 
analyte, ligand or antigen may trigger a physiological rel 
evant process Which signals the ligand’s or the analyte’s 
biological activity. A target molecule may be associated to 
an arti?cial or a natural lipid monoor bilayer membrane, 
such as a plasma membrane, mitochondrie membrane or 
golgi membrane. 

[0056] The term “receptor” refers to a macromolecule 
capable of speci?cally interacting With a ligand molecule. 
Receptors may be associated With lipid bilayer membranes, 
such as the extracellular, golgi or nuclear membranes, and/or 
be present as free or associated molecules in the cell’s 
cytoplasm. Further, receptors may be either native to the cell 
biosensor, i.e. normally expressed by the cell from Which the 
cellbiosensor is derived, or recombinant, i.e. expressed in 
transfected cells or xenopus oocytes. 

[0057] The term “ligand” refers to a molecule Which binds 
to a receptor Which either becomes activated or inactivated. 
Ligands can act on the receptor as agonists or antagonists or 
by modulating the response of the receptor by other agonists 
or antagonists. Binding of the ligand to the receptor is 
typically characterised by a high binding af?nity. 

[0058] As used in the description beloW and in the claims, 
the term “receptor antagonist” relates to receptor antagonists 
as Well as to receptor modulators. BeloW, the term antagonist 
is used in the singular form, but the invention is of course 
also applicable to mixtures of different antagonists and/or 
receptor modulators. 

[0059] To decrease the time needed for screening and to 
minimise the number of puri?cation steps, screening of 
receptor antagonists and receptor modulators using biosen 
sors, Which include target molecules (i.e. receptors), is 
according to the present invention coupled, preferably on 
line, to a miniaturised liquid-based separation technique. 
This combination of a separation technique and an on-line 
biosensor is based on a highly ef?cient one-at-a-time recep 
tor antagonist delivery to the biosensor for functional detec 
tion. 

[0060] The miniaturised liquid-based separation means 
used according to the present invention are suitable for 
separating ligand analytes in picoliter and nanoliter vol 
umes. Preferably, the miniaturised liquid-based separation 
means used is capillary electrophoresis. The capillary elec 
trophoresis can eg be any different mode of capillary 
electrophoresis knoWn in the art, such as capillary Zone 
electrophoresis, CZE (see eg Jorgenson, J. W., Trends Anal. 
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Chem. 3151, 1984, and Altria, K., et al., Anal. Proc. 231453, 
1986), capillary gel electrophoresis, CGE (see eg Hjertén, 
S., et al., J. Chromatogr. 3271157, 1985; Hjertén, S., et al., 
Protides Biol. Fluids 331537, 1985; Cohen, A. S., et al, 
Chromatographia 24:14, 1987; and Cohen, A. S., et al., J. 
Chromatogr. 3971409, 1987), micellar electrokinetic capil 
lary electrochromatography, MECC (see eg Terabe, S., et 
al., Anal. Chem. 611251, 1989, and Tsuda, T., et al., J. 
Chromatogr. 2481241, 1982), capillary electrochromatogra 
phy, CEC (see eg Knox, J. H., Chromatographia 261329, 
1988, and Jorgenson, J. W., et al., J. High Resolut. Chro 
matogr. Chromatogr. Commun. 8:407, 1985), capillary iso 
tachophoresis, CIPT (see eg Everaerts, F. M., et al, Isota 
chophoresis: Theory. Instrumentation. and Application, 
Elsevier, Amsterdam, 1976, and Bocek, P., et al., Anal. 
Isotachophoresis, VCH Verlagsgesellschaft, Weinhein, 
1988), or af?nity capillary electrophoresis, ACE (see eg 
Chu, Y-H, et al., J. Med. Chem. 3512915, 1992; Avila, L. Z., 
et al., J. Med. Chem. 361126, 1993; and GomeZ, F. A., et al., 
Anal. Chem. 6611785, 1994). 

[0061] In its simplest and most common embodiment 
capillary electrophoresis is a miniaturised separation tech 
nique that fractionates chemical species on the basis of 
differences in their ratios of electrical charge-tofrictional 
drag in a solution. Since different molecules have different 
charge-to-frictional drag ratios, separated components 
migrate at characteristic rates, making identi?cation pos 
sible. With capillary electrophoresis it is possible to separate 
complex chemical mixtures With high ef?ciency (up to 106 
theoretical plates) in typically less than 20 minutes. Since 
capillary electrophoresis handles samples doWn to 10-18 
liter, it is Well suited for micro- and nanotechnology appli 
cations. 

[0062] In its simplest and most common embodiment, a 
capillary electrophoresis system consists of a narroW-bore 
(inner diameter 5-75 pm fused-silica capillary (usually With 
a length of 20 to 100 cm) ?lled With an electrolyte solution. 
The ends of the capillary are placed in electrolyte-containing 
reservoirs having either a cathode or an anode connected to 
a high-voltage source. When an electrical ?eld is applied 
across the solution-?lled fused silica capillary, a layer of 
mobile charge that accumulates along the counter-charged 
fused silica surface induces electroosmosis (bulk solution 
?oW). Under typical operating conditions for capillary elec 
trophoresis this sheath of ions is positively charged, and 
consequently, drags bulk solution from the anode to the 
cathode. A practical result of electroosmosis How is that 
during a separation in free-solution capillary electrophore 
sis, all species—Whether possessing positive, neutral, or 
negative charge—can be made to migrate in the same 
direction past a single detector. 

[0063] The biosensor used according to the present inven 
tion is preferably an eukaryotic or a prokaryotic cell con 
taining speci?c receptors, a con?uent layer of such cells, a 
part of a cell membrane containing speci?c receptors or a 
cluster of cells containing speci?c receptors. It is also 
possible to use a detector based on receptors inserted into or 
on liposomes, lipid ?lms or other materials as a plastic 
surface or any related material. 

[0064] The cells used for the biosensor, including a target 
molecule or a recombinantly expressed target protein, pref 
erably a receptor, can be human, bacterial and/or yeast cells. 
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Mammalian tissue cultured cells such as Chinese hamster 
ovary (CHO) cells, NIH-3T3 and HEK-293 cells, for 
example, are especially advantageous as cellbased biosen 
sors expressing recombinant target molecules, in that they 
provide an environment that is similar to the milieu of the 
natural human cells (see eg Beohar, N., et al., J. Biol. 
Chem. 27319168, 1998; Park, K., et al., J. Membr. Biol. 
163187, 1998; and Hirst, R. A., et al., J. Neurochem. 
7012273, 1998). To a great degree permeability, post-trans 
lational processing, signalling and coupling to other cellular 
factors in these cells are similar to these processes in most 
mammalian cells. 

[0065] Another cell-system frequently used for expression 
of recombinant proteins is yeast (see eg Li, Z., et al., Eur. 
J. Biochem. 2521391, 1998). Yeast cells offer a number of 
advantages; they are Well characterised, they are easy to 
manipulate genetically and fast groWing. It has also been 
shoWn that they contain the machinery for post-translational 
modi?cation and they possess intracellular signalling sys 
tems. 

[0066] Furthermore, Gurdon and colleagues (see Gurdon, 
J. B., et al., Nature 2331177, 1971) opened a broad spectrum 
of possibilities for the study of the function of proteins by 
demonstrating the ability of Xenopus oocytes to synthesise 
exogenous proteins When injected With mRNA. The oocyte 
model is a particularly attractive approach to the investiga 
tion of the structure-function relations of membrane pro 
teins. Consequently, expression of functional receptors for 
neurotransmitters and ion-channels Were demonstrated in 
oocytes in the beginning of the 1980s (see SumikaWa, K., et 
al., Nature, London 2921862, 1981, and Barnard, E. A., et al., 
Proc. R. Soc. London Ser. B 2151241, 1982). 

[0067] Thus, living cells used as biosensors are particu 
larly advantageous because of the physiological and func 
tional information Which can be extracted from a receptor 
induced response. 

[0068] As stated above, the present invention involves the 
use of receptor agonists making it possible to detect receptor 
antagonists. Nearly all cells possess on their surface a Wide 
range of various receptors speci?c for appropriate agonists 
as Well as antagonists. When binding a speci?c agonist, the 
receptor is activated and undergo a conformational change 
Which triggers a cellular response. 

[0069] These receptors have evolved their speci?city dur 
ing billions of years, Which makes them very suitable as 
highly speci?c functional units in biosensors. Glutamate 
receptors, for example, play a crucial role in neurotransmis 
sion, the formation of neuronal circuits, in synaptogenesis 
and synaptic plasticity, including long-term potentiation 
(LTP) and long-term depression Excessive activation 
of glutamate receptors is also thought to contribute to the 
neurodegeneration Which takes place in a Wide range of 
neurological insults such as brain ischemia (see eg Bene 
viste, H., et al., J. Neurochem. 4311369, 1984, and Hagberg, 
H., et al., J. Cereb. Blood FloW Metab. 51413, 1985) and 
epilepsy (see eg Aram, J. A., et al., J. Pharmacol. Exp. Ther. 
2481320, 1989; Yeh, G. C., et al., Proc. Natl. Acad. Sci USA 
8618157, 1989; and Hosford, D. A., et al., Soc. Neurosci. 
Abstr. 1511163, 1989). 

[0070] The roles of glutamate receptors are strongly 
coupled to their ion-permeability properties, both in the 
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normal and dysfunctional brain. Their selective permeability 
to Na", K+ and Ca2+, makes them mediators of synaptic 
transmission in many neurons of the central nervous system 
(CNS). A key event in glutamate induced cell death, for 
example, is increased intracellular Ca 2+ Which generates 
free radicals and endonucleases (see eg Siesjo, B. K., et al., 
J. Cereb. Blood FloW Metab. 91127, 1989, and Coyle, J. T., 
et al., Science 2621689, 1993) as Well as transcriptional 
activation of speci?c “cell death”. Thus naturally expressed 
receptors, as for example glutamate receptors, constitute 
excellent and selective detectors for detection and discov 
ering of endogenous drug candidates, Which may modulate 
or inhibit a Wide range of receptor systems involved in the 
development of various diseases. 

[0071] Bacteria such as Escherichia coli, Bacillus sp. and 
Staphylococcus aureus as Well as yeast such as Saccharo 
myces cerevisiae provide alternative expression systems for 
cloned recombinant mammalian genes as Well as microbial 
targets. Bacteria are genetically Well characterised, have a 
short generation time, are easy to manipulate and inexpen 
sive to groW. Thus these ampli?cation systems provides a 
means of producing sufficient material of cDNA expressing 
a speci?c protein, Which can be used in production of mRNA 
for injection in Xenopus oocytes or for transfection into 
mammalian tissue cultured cells. 

[0072] The advantage With expressing recombinant genes 
in a cell-based biosensor used according to the invention is 
that the receptors in any of the cell- or cell membrane-based 
biosensors can be of any kind, e.g. ligand-gated ion chan 
nels, metabotropic, hematopoetic, tyrosinekinase-coupled 
etc. Biosensors, expressing recombinant receptors, can also 
be designed to be sensitive to drugs Which may inhibit or 
modulate the development of a disease. This sensitivity of 
the biosensor Will be governed by the role of a speci?c 
recombinant receptor in disease development. Thus, the 
choice of the biosensor is based on the receptor antagonist 
one Wishes to screen. For example, it is possible to use liver 
cells in order to study receptor antagonists used in pharma 
ceuticals meant to affect the liver. 

[0073] Since the receptor antagonist to be detected binds 
to the biosensor, e.g. containing cell receptors, Without 
eliciting a response, the biosensor system needs to be 
activated, preferably constantly and preferably by a receptor 
agonist, in order to enable detection. The activation caused 
by the receptor agonist is changed, normally decreased, by 
the receptor antagonist and this change of the response is 
detectable. 

[0074] As stated above, the biosensor is either pre-acti 
vated or constantly activated by use of a receptor agonist. 
This receptor agonist is preferably included in the buffer 
solution in the liquid-based separation means. 

[0075] The detection of the response generated by the 
activated biosensor and of the change of the response caused 
by the receptor antagonist to be detected are made by an 
appropriate technique depending on the type of the gener 
ated response. The response can eg be a transmembrane 
current measured by patch clamp or tWo-electrode voltage 
clamp, it can be ?uorescence from voltage-sensitive dyes or 
it can be ?uorescence from calcium-chelated ?uorophores, 
such as Fura and Fluo-3 (Ca2+ chelating dyes), Which are 
included in measurements of intracellular calcium coupled 
to activation of metabotropic receptors in the cell membrane. 



US 2002/0182642 A1 

The preferred detection technique according to the invention 
is patch clamp detection, and the generated response mea 
surable is thus an electrical current. 

[0076] KatZ and Thesleff discovered that the macroscopic 
endplate conductance falls Within a feW seconds When 
acethylcholine (ACh) is added to an endplate (see KatZ, B., 
and Thesleffr S., J. Physiol., London, 138:63, 1957). This 
process is called desensitisation. Desensitised channels Were 
unresponsive to added ACh and recover their sensitivity 
only some seconds or even minutes after the removal of 
ACh. Generally, a broad range ligand-receptor interactions 
at cell surfaces, Which triggers cell responses With varying 
characteristics, ie increased conductance across the cell 
membrane, activation of Gprotein coupled intracellular cas 
cade processes, phosphorylation of proteins or triggering of 
intracellular modulations of transcription, desensitise. Such 
receptor properties may cause problems in detecting antago 
nists With similar electrophoretic migration times When 
biological samples are separated and detected by the CE-PC 
technique, Where the receptor systems comprises the func 
tional unit in the detector. 

[0077] If tWo analytes (analyte 1 and analyte 2), as for 
example glutamate and aspartate, With similar migration 
times are separated and detected by a conventional detector 
such as an absorbance detector, the recorded trace Will give 
gaussian distributed and overlapping peaks, as illustrated in 
FIG. 1A Where the separation and detection of analyte 1 and 
analyte 2, With similar migration times, by absorbance 
detection in capillary electrophoresis is shoWn. Even if the 
responses are improperly resolved, the trace gives informa 
tion about tWo existing compounds in the sample. HoWever, 
if the same sample is separated by the CE-PC technique, 
analyte 2 Will not be detected When both analytes activate 
the same desensitising receptor system. The receptor popu 
lation Will be activated and desensitised by analyte 1 before 
analyte 2 reaches the receptor surface leading to a single 
response in the electropherogram, as illustrated in FIG. 1B, 
Where capillary electrophoresis-patch clamp detection of the 
same separation of analyte 1 and analyte 2 as in FIG. 1A is 
shoWn. Notable is that just analyte 1 is detected due to 
desensitisation. A solution to this problem involves pulsed 
resensitisation of the environment surrounding the cell 
based detector. This Will reactivate the receptors at a speci?c 
frequency due to repeated dissociation of the eluating ana 
lytes from the binding site of the receptor. The reactivation 
of the receptor population enables the analytes to repeatedly 
give desensitised responses Which Will be presented With a 
gaussian distribution, as illustrated in FIG. 1C., Where a 
theoretical prediction of that repeated resensitisation of the 
detector by interlocked pulsing gives an increased resolution 
in CE-PC detection of analyte 1 and analyte 2 is shoWn. This 
Will also improve the quantitative abilities of the technique. 

[0078] BeloW, preferred embodiments of the present 
invention Will be described. 

[0079] According to the ?rst preferred embodiment the 
miniaturised separation technique is capillary electrophore 
sis and the biosensor is a patch-clamped cell or part of a cell 
membrane, and the detection means are thus a patch clamp 
electrode. 

[0080] According to the patch clamp technique, a cell or 
part of a cell is ?rmly attached by suction to the tip of a glass 
micropipette, or a patch clamp electrode, and manipulated to 
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yield one of several desired con?gurations, i.e., outside-out, 
inside-out, or Whole-cell recording modes. The outside-out 
and inside-out con?gurations refer to the Word “patch”, that 
is a small piece of cell membrane Which is attached to the tip 
of an electrode for recording of single ion-channel currents 
(see eg Hamill, O. P., et al., P?ug. Arch. 391:85, 1981). 

[0081] The patch clamp technique utilises in its simplest 
embodiment a highly sensitive feedback current-to-voltage 
converter, Which has the ability to measure sub-picoampere 
currents. The measuring principle of patch clamp relies on 
the fact that the ionic ?oW across a cell membrane can be 
measured as an electrical current if the membrane potential 
is held constant, typically for neuronal cells in the range —30 
to —90 mV. 

[0082] There are three main reasons to use the patch clamp 
technique to measure small currents crossing the cell mem 
brane: 

[0083] (1) Clamping the voltage eliminates the capaci 
tive current, except for a brief time folloWing a step to 
a neW voltage. 

[0084] (2) Except for the brief charging time, the cur 
rents that How are proportional only to the membrane 
conductance, ie to the number of open ion-channels. 

[0085] (3) If ion-channel gating is determined by the 
transmembrane voltage alone, voltage clamp offers 
control over the key variable that determines the open 
ing and closing of ion channels. 

[0086] A preferred embodiment of the apparatus accord 
ing to the present invention is shoWn in FIG. 2. The inlet 
end, ie the sample injection end, of a fused silica capillary 
electrophoresis separation capillary 1 is connected to a 
high-voltage poWer supply 2, preferably a positive high 
voltage poWer supply, through a buffer vial 3. The buffer vial 
3 is preferably housed in a polycarbonate holder equipped 
With a safety interlock to prevent electric shock. The capil 
lary is grounded, e.g. approximately 5 cm above the outlet 
4. The grounding can be accomplished by use of another 
buffer vial 5. The outlet 4 of the capillary 1 is positioned in 
a cell bath 6. The cell bath 6 contains the same media as the 
one used as electrolyte in the capillary electrophoresis 
capillary 1 With one exception—the media in the electro 
phoresis capillary 1 also comprises agonists Which is lacking 
in the media in the cell bath. The same media as used in the 
cell bath is also used in the inlet buffer vial 3 and in the 
buffer vial 5. The use of only one media enables avoiding 
liquid junction potentials. The tip 7 of the patch clamp 
electrode 8 holding the patch-clamped cell 9 is preferably 
positioned approximately 5-25 pm from the capillary outlet 
4 by means of at least one micropositioner 10, 11 controlling 
the capillary and/or the path clamp electrode. According to 
one embodiment, the Whole system is placed in a Faraday 
cage (not shoWn). The patch clamp electrode is connected to 
a I-V-converter 12. In order to facilitate positioning of the 
capillary and the patch clamp electrode holding the cell, the 
cell bath is preferably placed on a microscope objective 13. 

[0087] The function of the biosensor, in this case a patch 
clamped cell, is illustrated in FIGS. 3A and 3B. 

[0088] The capillary electrophoresis capillary 1 in FIG. 
3A is ?lled With a receptor agonist-supplemented buffer With 
its ?oW directed onto the surface of a patch-clamped cell 9. 
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The receptor agonists, shown in FIGS. 3A and 3B as 
un?lled stars, continuously activate the ligand-gated ion 
channels 19 in the cell membrane 20 Which, in this case, are 
permeable to sodium ions. Thus, When the receptor agonists 
bind to the receptors the sodium channels open and sodium 
ions diffuse from the outside of the cell into the cytoplasm. 
This ?ux of ions can be measured With the patch clamp 
electrode 8, preferably an Ag/AgCl-electrode, connected to 
a patch clamp ampli?er, as an inWard current, provided that 
the cell membrane is kept at a constant potential. In the 
capillary 1 there are also receptor antagonists, shoWn in 
FIGS. 3A and 3B as ?lled tailed stars, i.e. the compound 
that are to be screened, Which have been injected into the 
capillary 1 and have migrated a distance proportional to the 
charge-to-friction drag ratio of the receptor antagonist and 
the applied ?eld strength. 

[0089] In FIG. 3B the receptor antagonists have migrated 
through the entire length of the capillary electrophoresis 
capillary 1 and started to antagonise the binding of receptor 
agonists. When the receptor antagonists bind to the recep 
tors, the sodium permeable ion channel close and the inWard 
transmembrane currents decrease. This decreased current is 
detected With the patch clamp electrode 8. 

[0090] According to this preferred embodiment of the 
invention the receptors in the cell membrane are constantly 
activated by bathing of the cells in a solution containing 
speci?c receptor agonists. Preferably the separation tech 
nique used, in this case capillary electrophoresis, both 
deliver the receptor agonists and fractionates the receptor 
antagonists. 
[0091] Thus, this preferred embodiment of the invention 
can be used for detection of any natural and synthetic 
receptor antagonists or receptor modulators that inhibit or 
negatively modulate receptor/ion-channel functions and 
effectively decrease receptor agonist-evoked membrane cur 
rents. This preferred embodiment of the invention thus offers 
possibilities to identify endogenous and synthetic receptor 
antagonists and to determine their mode of action on any 
ionotropic receptor system. 

[0092] Another advantage of this preferred embodiment of 
the invention is that When ionotropic receptors are used in 
the capillary electrophoresis-patch clamp system, it is pos 
sible to gain full recovery of the detection system in milli 
seconds after the bioactive molecule has been Washed aWay 
from the cell. 

[0093] Another preferred embodiment of the present 
invention relates to re-activation of desensitising detector 
systems coupled to interlocked-pulsed superfusion, i.e. 
interlocked superfusion of the desensitised biosensor is used 
to resensitise the biosensor. This can be performed by 
pulsing the activation of the biosensor by delivery of the 
receptor agonist to the biosensor for short period of times, 
said periods being separated by other periods When no 
agonist is delivered to the biosensor, Which is further 
described beloW. 

[0094] According to the present invention it is thus pos 
sible to improve the resolution of the detected bioactive 
analytes by using a method or apparatus according to Which 
a pulsed How of a buffer solution Washes an area around the 
biosensor constituting the detector Which is coupled to a 
separation system. Practically, this can be performed in tWo 
Ways, as illustrated in FIGS. 4A-C, and FIG. 5, respectively. 
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[0095] The strategy illustrated in FIGS. 4A-C involves 
tWo capillaries. One of the capillaries, capillary 1, is used for 
electrophoretic separations and for delivery of the agonist to 
the biosensor, and the other capillary 14 is used for delivery 
of buffer, for rinsing of the biosensor, in front of the capillary 
outlet. A means 15 ?xes the capillaries 1, 14 parallelly 
together. The position of the capillaries ?xed together is 
controlled by a micromanipulator 10. In this system a 
sWitching mode places the patch-clamped cell 9 either at the 
outlet of the capillary 14 coupled to the superfusion system 
16—position one—or at the outlet of the electrophoresis 
capillary 1—position tWo, as illustrated in FIGS. 4B and 
4C. In FIG. 4B the situation When the cell is placed in 
position one is illustrated. In this position the receptors at the 
cell-surface are resensitised due to superfusion of the cell by 
a physiological compatible buffer When the cell is position 
one. In FIG. 4C the situation When the cell is placed in 
position tWo is illustrated. In this position the electrophoreti 
cally separated analytes are detected by means of patch 
clamp. Thus by shifting the capillaries at a speci?c fre 
quency a train of desensitised responses is attained, an 
example of Which is illustrated in FIG. 1C. 

[0096] A second strategy is illustrated in FIGS. 5A and 
5B. This set up involves a superfusion system comprising 
AMENDED SHEET a glass micropipette 17 Which is placed 
close to the cell 9 in the vicinity of the capillary outlet 4. The 
buffer ?oW applied from the glass-micropipette 17 leads to 
Washing of the analytes from the surface of the patch 
clamped cell 9, as shoWn in FIG. 5A. The dissociation of the 
analytes from the receptors makes the cell detector resensi 
tised. When the buffer How is interrupted, as shoWn in FIG. 
5B, the electrophoretically separated analytes are able to 
bind to the receptors at the cell surface and an ion-channel 
mediated current is recorded by the patch-clamp ampli?er 
system. The buffer ?oW from the pipette 17 is pulsed at a 
speci?c frequency by a external device (not shoWn in the 
?gure) thereby reactivating the receptors for detection. The 
pulsing device can be any appropriate device knoWn to 
persons skilled in the art (see eg Smart, T. G., J. Physiol. 
4471587, 1992). 

EXAMPLES 

[0097] These examples are intended to further illustrate 
the invention and should in no Way be considered to limit the 
scope of the invention. 

[0098] In the examples beloW the folloWing materials and 
methods Were used. 

[0099] Biosensor-Compatible Buffers: 

[0100] Separation of mixtures of glutamate receptor 
antagonists Were performed using cell-based biosensor 
compatible buffers. A cell-based biosensor-compatible 
buffer is a buffer Which effectively keeps the cell-based 
biosensor in a functional and viable condition during the 
course of the experiment or the analysis procedure. 

[0101] A slightly modi?ed standard HEPES-saline buffer 
containing 140 mM NaCl, 5 mM KCl, 1 mM MgCl2, 1 mM 
CaCl2, 10 mM glucose and 10 mM HEPES (pH 7.4, NaOH) 
Was used as extracellular and capillary buffer in examples 1 
and 2 except in the separation of Mg2+ Where MgCl2 Were 
omitted. As described in the examples, the preferred agonist 
Were only included in the capillary solution. 
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[0102] Acute Isolation of Neurons from the Olfactory 
Bulb of the Rat: 

[0103] The cells used Were interneurons from rat olfactory 
bulb acutely isolated according to the procedures described 
by Jacobson et al. (see Jacobson, I., Neurosci. Res. Comm. 
8:11, 1991, and Jacobson, I., et al., Neurosci. Res. Comm. 
10:177, 1992). 
[0104] NeWborn or adult rats (10-200 g) Were anaesthe 
tised With halothane (ISC Chemicals Ltd., Avonmouth, 
England) and decapitated. The olfactory bulbs Were dis 
sected and sliced into four pieces and placed in an incubation 
chamber. the chamber contained proteases from Aspergillus 
oryZae (2.5 mg/ml) Which Were dissolved in pre-Warmed 
(32° C.) HEPES-saline buffer (see above). After 0.25-30 
min., the slices Were Washed With the same buffer solution 
for 20 min. The solutions Were constantly perfused With 
95% O2 and 5% CO2 during both the enZymatic treatment 
and the Washing. The slices Were then kept at 20° C. in a 
HEPES-saline buffer containing 1 mM CaCl2, and bubbled 
With 95% O2 and 5% CO2. The slices Were then disinte 
grated by shear forces by gentle suction through the tip of a 
?repolished Pasteur pipette. The cell suspension Was then 
placed in a Petri dish and diluted With a Ca2+-containing (1 
mM) HEPES-saline buffer. The Petri dish Was transferred to 
the microscope stage. Viable interneurons Were harvested up 
to six hours after the interruption of the enZymatic treatment. 
Chemicals and enZymes Were obtained from Sigma (St 
Louis, Mo., USA). 
[0105] Capillary Electrophoresis: 
[0106] The capillary electrophoresis separations Were per 
formed in fused silica capillaries (length: 25-50 cm, inner 
diameter: 50 pm) from Polymicro Tech., Phoenix, AriZ., 
USA. The electrophoresis Was performed by applying a 
positive potential of 12 kV to the inlet of the capillary by a 
high voltage supply, manufactured by LKB, Bromma, SWe 
den. Since the high voltages produce electrical ?eld 
strengths of several hundred volts per centimeter, the outlet 
of the capillary Was fractured and grounded 5 cm above the 
outlet to create an almost ?eld free region at the position of 
the cell detector. The injections Were made hydrodynami 
cally by placing the capillary inlet in sample solution 20 cm 
above the outlet end for 10 sec. 

[0107] Patch-Clamp Detection: 

[0108] The patch clamp detection Was performed in the 
Whole-cell con?guration as described by Hamill, et al. (see 
Hamill, O. P., et al, P?ug. Arch. 391:85, 1981). The tip of the 
patch clamp electrode Was placed 5-25 pm from the centre 
of the capillary outlet. Patch pipettes Were fabricated from 
thick-Walled borosilicate glass (code no GC150-10, Clark 
Electromedical Instruments, Pangbourne, Reading, UK). 
The diameters and the resistances of the tips Were about 2-5 
pm and 5-15 MQ, respectively. The estimated series resis 
tance Was alWays less than 50 M9. The experiments Were 
performed at room temperature of 18-22° C. The electrodes 
(reference and patch electrodes), contained a solution of 100 
mM KF, 2 mM MgCl2, 1 mM CaCl2, 11 mM EGTA, 10 mM 
HEPES; the pH Was adjusted to 7.2 With KOH. 

[0109] The signals Were recorded With a patch clamp 
ampli?er (Model List L/M EPC-7, List-Electronic, Darms 
tadt, Germany), digitised (20 kHZ, PCM 2 A/D VCR 
adapter, Medical Systems Corp., NY, USA), and stored on 
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videotape. For the production of electropherograms the 
signals from the videotape Were digitised at 2 HZ. 

[0110] It is of outmost importance to sample the signals at 
proper rates for gaining complete information. 

[0111] For spectral analysis of Whole-cell currents (see 
Colquhoun, D., et al., Proc. R. Soc. Lond. B. Biol. Sci. 
199:231, 1981) the signal from the videoadaptor Was ?ltered 
With an 8 pole ButterWorth ?lter (bandWith 3 kHZ) and 
digitised at 6 HZ. Records Were divided into 0.7 s blocks 
prior to calculation of the spectral density and the mean 
poWer spectrum Was calculated by averaging all poWer 
spectra obtained from these blocks (at least 20). The receptor 
agonist-induced poWer spectra Were subtracted from poWer 
spectra obtained during membrane resting conditions. The 
resulting poWer spectra Were ?tted by a double LorentZian 
function using a least-squares Levenberg-Marquardt algo 
rithm With proportional Weighting. 

[0112] The relationships betWeen the current and the volt 
age (I-V) Were obtained from current responses evoked by 
continues perfusion of receptor agonist, and from blocked 
responses activated by electrophoretically separated recep 
tor antagonist. The holding potential Was changed by using 
a voltage ramp (—80 to +40 mV, duration 3 to 7 s, pClamp 
softWare, Axon Instruments; Foster City, Calif., USA). For 
elimination of responses evoked by voltage-dependent ion 
channels, the I-V curve obtained betWeen the responses Were 
subtracted from the ramp obtained during the receptor 
agonist- or receptor antagonist-activated responses. 

Example 1 

Separation and Detection of Mg2+ 

[0113] In this example Mg2+ ions, that reversibly block the 
N-methyl-D-aspartate receptor in a voltage-dependent man 
ner, Were separated and detected by the patch-clamped cells. 

[0114] The N-methyl-D-aspartate receptors on the cells 
Were activated by N-methyl-D-aspartate (agonist) and gly 
cine (co-agonist), continuously delivered from the electro 
phoresis capillary. 

[0115] The electrolyte in the capillary electrophoresis cap 
illary and in the inlet vial used in this example Was a 
Mg2+-free HEPES-saline containing 200 pM N-methyl-D 
aspartate (NMDA) and 20 pM glycine. The same buffer Was 
used in the cell bath, but Without NMDA and glycine. 

[0116] In FIG. 6A there is a control trace shoWing acti 
vation of NMDA receptors by NMDA (200 pM) and glycine 
(20 pM), delivered to the cell through the capillary electro 
phoresis capillary. The response occurs immediately folloW 
ing the start of the electrophoresis. 

[0117] Mg2+ ions (2 mM) hydrodynamically injected into 
the electrophoresis capillary migrate through the capillary in 
less than a minute and are detected as a transient Gaussian 
distributed attenuation of N-methyl-D-aspartate-activated 
current responses at a holding potential of —70 mV. 

[0118] This is illustrated in FIG. 6B by an electrophero 
gram shoWing a blocked response of the NMDA receptor 
mediated current by separated Mg2+ions migrating at 
approximately 20 s. The response is ?tted to a Gaussian 
function. 
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[0119] In FIG. 6C there is a control trace presenting the 
unaffected NMDA receptor response after injection of 
HEPES-saline containing 200 pM NMDA and 20 pM gly 
cine. 

[0120] The current-to-voltage relationships obtained dur 
ing constant activation of the NMDA receptor and during the 
attenuation of this response by separated Mg2+ ions are 
shoWn in FIG. 5. The relationships display the characteristic 
features, i.e. blockade of inWard currents at membrane 
resting potentials and unaltered outWard currents at positive 
potentials. The current-to-voltage relationship for the 
NMDA receptor by activation of NMDA in Mg2+-free media 
is represented by open squares, and in Mg2+-containing 
media by ?lled diamonds. The plot in FIG. 7 is based on 
averages of three normalised current amplitudes at each 
decade (from —80 mV to +40 mV). 

Example 2 

Separation and Detection of 6-cyano-7-nitroqui 
noXaline-2,3-dione and 6,7-dichloro-3-hydroXy-2 

quinoXaline-carboXylic Acid 

[0121] Since glutamate receptors are implicated in a Wide 
range of diseases in the central nervous system (CNS) of 
mammals, including AlZheimer’s disease and Parkinson’s 
disease, and CNS dysfunctional processes such as epilepsy 
and neuronal death due to mechanical trauma and stroke, 
6-cyano-7-nitroquinoXaline-2, 3-dione and its analogues can 
be useful as drugs protecting against such diseases and 
disorders (see Honore, T., et al., Science 241: 701 (1988)). 

[0122] 6-cyano-7-nitroquinoXaline-2,3-dione (CNQX) 
and 6,7-dichlcro-3-hydroXy-2-quinoXaline-carboXylic acid 
(DCQXC), both Which reversibly block a-amino-3-hydroXy 

5-methyl-4-isoXaZolepropionate (AMPA) and kainate receptors, belonging to the glutamate receptor superfamily, 

Were separated by capillary electrophoresis and detected 
online by patch-clamped cells. 

[0123] The electrolyte in the capillary electrophoresis cap 
illary, the medium in the cell bath and the buffer used in this 
eXample are the same as used in eXample 1, With the 
eXception that the agonist in this eXample Was kainate 
instead of NMDA and glycine. 

[0124] Non-desensitising AMPA receptors Were activated 
by 100 pM KA (agonist) continuously delivered from the 
electrophoresis capillary. 
[0125] At a holding potential of —70 mV CNQX and 
DCQXC Were detected at characteristic migration times as 
transient attenuations of KA-activated current responses. 
This is shoWn in FIG. 8. 

1. A method for detection of a receptor antagonist or a 
receptor modulator, characterised in that it comprises the 
folloWing steps: 

(I) a sample containing the receptor antagonist or modu 
lator is fractionated by use of a liquid-based separation 
means, 

(II) a fraction containing the receptor antagonist or modu 
lator is fed directly to a biosensor (9) Which is activated 
by an appropriate receptor agonist and, as a result of 
this activation, is generating a measurable response, 
said agonist being fed to the biosensor through the 
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liquid-based separation means together With the 
antagonist or modulator, said activation of the biosen 
sor (9) being pulsed by delivery of the receptor agonist 
to the biosensor for short period of times, said periods 
being separated by other periods When no agonist is 
delivered to the biosensor, and 

(III) the change of the response resulting from deactiva 
tion of the receptor agonist-activated biosensor (9) by 
the receptor antagonist or modulator is measured. 

2. A method according to claim 1, Wherein the response 
generated from the biosensor (9) is measured during the 
periods When no agonist is delivered to the biosensor. 

3. A method according to claim 1 or 2, Wherein the 
desensitised biosensor is resensitised by superfusion of the 
biosensor. 

4. Amethod according to claim 3, Wherein the superfusion 
is performed by use of a column, placed in parallel to the 
liquid-based separation means. 

5. Amethod according to claim 3, Wherein the superfusion 
is performed by use of a glass pipette placed With its outlet 
adjacent to the outlet of the liquid-based separation means. 

6. A method according to any one of the claims 1-5, 
Wherein the fractionation in step (I) is achieved by a micro 
column separation technique. 

7. A method according to claim 6, Wherein the microcol 
umn separation technique is capillary electrophoresis. 

8. A method according to any one of claims 1-7, Wherein 
the response generated by the biosensor (9) is an electrical 
current. 

9. A method according to claim 8, Wherein the electrical 
current is measured by the use of a patch clamp technique or 
a tWo-electrode voltage clamp technique. 

10. Amethod according to any one of claims 1-7, Wherein 
the response generated by the biosensor (9) is ?uorescence. 

11. A method according to any one of the claims 1-10, 
Wherein the biosensor (9) is constituted by at least one cell 
or part of a cell comprising at least one receptor for the 
agonist used and for the antagonist to be detected. 

12. A method according to any one of the claims 1-11, 
Wherein the antagonist to be detected is a substance affecting 
ligand-gated ion channels. 

13. An apparatus for detection of a receptor antagonist or 
a receptor modulator comprising a capillary electrophoresis 
separation capillary (1) containing an electrolyte supple 
mented With an appropriate receptor agonist, the sample 
inlet part of Which is connected to a high-voltage poWer 
supply (2) through a buffer vial (3) containing a buffer 
supplemented With an appropriate receptor agonist and the 
grounded outlet part (4) of Which ends close to a patch 
clamped biosensor (9) that is activated by the receptor 
agonist and deactivated by the fractionated antagonist; the 
apparatus further comprising a patch clamp electrode (8) and 
means to record currents detected by the patch clamp 
electrode. 

14. An apparatus according to claim 13 Wherein the 
capillary electrophoresis capillary (1) is a fused silica cap 
illary. 

15. An apparatus according to claim 13 or 14 further 
comprising at least one micropositioner (10) connected to 
the capillary and/or the patch clamp electrode. 
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16. An apparatus according to any one of the claims 
13-15, wherein the patch-clamped biosensor (9) is placed in 
a cell bath 

17. An apparatus according to claim 16, Wherein the 
electrolyte, the buffer and the cell bath are constituted of the 
same medium, With the only difference that the electrolyte 
and the buffer but not the cell bath are supplemented With an 
appropriate agonist. 

18. An apparatus according to any one of the claims 13-17 
further comprising a second capillary (14) for delivery of a 
buffer not comprising any agonist, said second capillary (14) 
being connected to a superfusion system (16), said apparatus 
also comprising means (10) for sWitching the position of the 
capillaries so that the patch-clamped biosensor (9) alterna 
tively is placed in front of the outlet of the ?rst capillary (1) 
and in front of the outlet of the second capillary (14). 
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19. An apparatus according to any one of the claims 13-17 
further comprising means (17) for superfusing the patch 
clamped biosensor (9) With a buffer not comprising any 
agonist. 

20. An apparatus according to claim 19 further compris 
ing means for pulsing the How of the buffer delivered from 
the superfusion means. 

21. A method according to claim 20, Wherein said means 
(17) is a micropipette. 

22. An apparatus according to any one of the claims 
13-21, Wherein the biosensor (9) is constituted of at least one 
cell or part of a cell comprising receptors for the antagonist 
or modulator to be detected. 


