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G-protein coupled receptors (GPCRs) rep-
resent the single most important class of drug
targets – ~50% of current drugs target GPCRs,
~20% of the top 50 best-selling drugs target
GPCRs: >US$23.5 billion in pharmaceutical
sales per annum are ascribed to medications
that address this target class [1,2]. GPCRs are
associated with almost every major thera-
peutic category or disease class, including
pain, asthma, inflammation, obesity, cancer,
as well as cardiovascular, metabolic, gastroin-
testinal and CNS diseases [3]. The significance
of GPCRs as a drug target lies in their physio-
logical roles as cell-surface receptors responsi-
ble for transducing exogenous signals into in-
tracellular response(s) [4,5]. There are 400–700
GPCRs in the human genome and ligands for
~200 of these have been discovered [3,6–8].
Although there is little conservation at the
amino acid level among GPCR sequences, all
of the receptors share a characteristic motif,
consisting of seven distinct hydrophobic
transmembrane regions (each is 20–30 amino
acids in length), an extracellular N-terminus
and an intracellular C-terminus (Fig. 1) [3–5].

Protein microarrays for drug candidate
profiling
GPCRs are successfully used as drug targets
because the binding of natural ligands to their

paired GPCR(s) can be moderated by appro-
priate small molecule drugs [1,2]. Effective en-
gineering of these drugs is essential, however,
because aberrant binding to such a physiolog-
ically significant target class can lead to seri-
ous side effects. Structural data on GPCRs is
limited and rational drug design is a challenge
[3,9,10]; designing drugs that do not bind to
non-targeted GPCRs is almost impossible.
Currently, selectivity studies are conducted
downstream in the drug discovery process;
discarding compounds because of adverse
binding at this stage makes the drug discov-
ery process both expensive and time consum-
ing. Given these considerations, and the
strong possibility that so-called ‘orphan’
GPCRs – recently discovered as a result of the
sequencing of the human genome [11,12] –
could be valuable targets [6], there is a strong
need for technologies that enable screening
against multiple GPCRs simultaneously.

The value of the parallel analysis enabled
by DNA microarrays [13] has inspired the de-
velopment of protein arrays [14]. Beyond the
use of protein abundance profiling as an ana-
logue to gene expression profiling [15,16],
protein arrays offer the possibility of highly
parallel investigations of protein–small
molecule and protein–protein interactions
[17–20]. Because proteins are the primary can-
didates against which drugs are designed, the
use of protein arrays for profiling candidate
drug compounds is particularly attractive.
Given the significance of GPCRs and other
membrane-bound proteins (e.g. ion-chan-
nels), the lack of membrane-protein microar-
rays has been viewed as a major gap in pro-
tein microarray technology [14]. We recently
fabricated GPCR microarrays using conven-
tional robotic pin printing, and assays for
screening compounds with these arrays
[17–19].
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class, coupled with the increased pace of target identification and
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technologies to screen multiple GPCRs simultaneously. To address this

need, GPCR microarrays that require the co-immobilization of lipid

molecules and the probe receptors of interest have been fabricated, using

conventional robotic printing technologies. Assays to screen compounds

for their pharmacological properties (binding affinity, relative potency
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GPCR microarray technology
The fabrication of GPCR microarrays presents fundamen-
tally different issues from that of conventional DNA and
protein microarrays [17–19]. Figure 1 is an idealized repre-
sentation of a GPCR immobilized in a microarray. GPCRs re-
quire association with a lipid membrane to retain its cor-
rectly folded conformations and functions [21], therefore,
GPCR microarrays need co-immobilization of the probe
GPCR and the lipid membrane in which it is embedded.
Furthermore, the lipid membrane needs to be offset from
the surface to avoid the physical contact-induced misfold-
ing or dysfunction of the extra-membrane domains of the
receptor. An additional requirement is the need for the re-
ceptor–lipid complex to be stably associated with the surface
throughout the assay. Covalent immobilization of the entire
membrane is not desirable because lateral mobility is an in-
trinsic and physiologically important property of native
membranes. For GPCRs, the GPCR–G protein complexes
should be preserved after being arrayed onto a surface be-
cause the correct configuration of the receptor and the G
protein itself are prerequisites for the binding of agonists to
the receptor with physiological binding affinities [4].

GPCR contents
Cell membrane preparations containing GPCRs from a cell
line overexpressing the receptor can be used directly, for

fabrication of GPCR microarrays [17]. These GPCR mem-
brane preparations were obtained from commercial ven-
dors [Biosignal Packard (currently distributed by Amersham
Biosciences, http://www1.amershambiosciences.com);
PerkinElmer Life Sciences, http://lifesciences.perkinelmer.
com/index.asp; Euroscreen, http:// www.euroscreen.be;
Sigma Chemical, http://www.sigmaaldrich.com], and used
with or without further modifications. [The cell line used,
the concentration of the active receptor (Bmax in pmol mg-1

of total protein) and the total protein concentration were
specified by these vendors]. As expected, experiments sug-
gested that the Bmax value is the single most important fac-
tor influencing array performance; Bmax values of >1 pmol
mg−1 are required to get a reasonable signal:background
ratio (data not shown). Homogeneity and the buffer com-
position of membrane preparations also have a significant
role in printing quality and array performance. The homo-
geneity affects the packing density and uniformity of
membrane fragments within a microspot; more homoge-
neous membrane fragments result in improved printing re-
producibility. The buffer composition of the membrane
preparation not only affects the functionality of the mem-
brane proteins but also the wetting and de-wetting proper-
ties of the pin used for printing – an important factor in
producing arrays of high quality.

Because of the direct use of unpurified membrane prepa-
rations from cells overexpressing the GPCRs of interest,
endogenous receptors or other membrane-bound proteins
in the preparations might cause problems with assay sensi-
tivity and binding specificity. However, following exami-
nation of >16 different GPCRs, binding specificity and
assay sensitivity were considered to be acceptable [17–19;
and additional data not published]. Although there is no
fundamental limit to the number of GPCRs in an array,
practical limits on numbers are imposed by buffer compat-
ibility, crosstalk between different ligands and a given re-
ceptor, and the availability of labelled ligands with high
specificity and binding affinity.

Surface chemistry
Despite the discovery of supported lipid bilayers almost two
decades ago [22], the interaction between membranes and
surfaces is still poorly understood. It is believed to involve a
delicate interplay of hydrophobic, electrostatic and surface
hydration forces, that depends on the composition of the
membrane and the functionality of the surface [23]. The na-
ture of the surface determines the structure of lipid mem-
branes supported on a substrate [18] and, thus, it was
hypothesized that an ideal surface chemistry is one that
provides supported membranes with the following charac-
teristics: lateral fluidity, mechanical stability and correctly
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Figure 1. Schematic representation of a GPCR microarray in a
96-well microplate.
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folded conformation(s) of embedded proteins. Previously,
lateral fluidity was the primary focus [23], however, all
three characteristics were now considered significant for the
practical realization of membrane microarray technology.

Lateral fluidity was examined using traditional fluor-
escence recovery after photobleaching (FRAP) experiments
[23]. Tests for stable association with the surface and cor-
rect folding of the extramembrane domains were utilitar-
ian in nature. The stability of supported membranes was
examined by the ability of printed membrane microspots
to resist desorption when drawn through the buffer–air in-
terface. Owing to the importance of the extracellular N-ter-
minus for ligand-binding to GPCRs, the ability of printed
GPCR microspots to specifically bind to cognate ligands
would provide information on whether the extramem-
brane domain was correctly folded and, simultaneously,
serve as the litmus test for the technology.

A variety of surfaces have been investigated – some by
design and some by screening. Of those tested, amine-pre-
senting surfaces provide the best combination of those
characteristics outlined previously: model lipid mem-
branes are immobilized onto amine-presenting surfaces
[e.g. γ-aminopropylsilane (GAPS)-derivatized surfaces] with
rapid kinetics while maintaining the desired structures
(preserved lateral fluidity and significant mechanical sta-
bility) [17; and additional data no shown]. Ligand binding
to GPCR microarrays on these surfaces is specific; binding
affinities are similar to those obtained using traditional
methods [17–19]. Here, the focus will be on GPCR micro-
arrays on GAPS-coated surfaces.

Printing technologies
Membrane microarrays can be fabricated in two, funda-
mentally different, ways. The first approach uses the direct
immobilization of membranes onto micropatterned
substrates consisting of membrane-binding and non-
membrane-binding regions [24,25]. However, extending
this approach to the fabrication of microspots of different
compositions is challenging because of registration issues.
The second approach uses direct printing of solutions of
membranes or membrane proteins onto membrane-bind-
ing surfaces. Previously, printing of biomembranes was
performed on substrates immersed in a buffer because of
concerns about reduced membrane stability upon exposure
to air [26–28].

The advent of DNA microarray technology has led to the
development of several printing technologies that are
capable of production-scale fabrication; the adoption of
these methods with appropriate modifications would
greatly facilitate the fabrication of membrane microarrays.
It is known that lipid membranes are susceptible to

environmental changes; lipid membranes supported on
solid substrates are especially susceptible to desorption
and/or deterioration in structure when withdrawn through
an air–water interface [24,28]. As discussed previously,
these issues have impeded the development of membrane
microarrays, hence, the printing technologies referred to
here generally involve printing and post-printing processes
under ambient conditions.

Quill- and solid-pin printing have been examined as
methods for fabricating GPCR microarrays; quill-pin (by
Cartesian Technologies, http://www.cartesiantech.com) has
been found to be more suitable for the large scale fabrication
of GPCR microarrays [17,18]. Considerable optimization is
required to print high-quality microarrays – currently, a sin-
gle insertion of the pin into the GPCR sample can yield sev-
eral hundred microspots leading to sample usage of ~0.5 nL
or less per data point under optimal conditions. Other print-
ing technologies, such as piezo type and ink-jet printers
should be feasible but, as yet, have not been tested. It is im-
portant to understand the potential issues arising with each
particular printing technology. For example, thermal ink-jet
printing might adversely affect the integrity of GPCR com-
plex, due to denaturation of the proteins or as a result of
phase transitions of the membrane itself.

Labelled ligands
The work here has focused primarily on fluorescence de-
tection because of the availability of fluorescence-based
microarray scanners. However, the need for labelled lig-
ands might limit the implementation of this technology in
the drug discovery process. There are increasing numbers
of fluorescently labelled ligands that are commercially
available (see: Molecular Probes, http://www.probes.com;
Phoenix Pharmaceuticals, http://phoenixpeptide.com;
Amersham Biosciences; PerkinElmer; Sigma Chemical).
Radioactivity-based detection should also be feasible, using
high-resolution phosphorimagers (e.g. the Typhoon™
9410, Amersham Biosciences), and could even provide su-
perior data relative to fluorescence-based detection because
of reduced problems with non-specific binding.

The ideal fluorescent ligands for GPCR microarray appli-
cations should have a high binding affinity (Kd) of several
nanomolar, and a high specificity. For multiplexed binding
assays using GPCR microarrays, a cocktail of fluorescently
labelled ligands might be required. Alternatively, a single
type of labelled ligand could be used as a probe for several
different receptors, should it bind to these receptors with
the desired affinity and specificity. For example, Bodipy-
TMR (tetra- methylrhodamine)-CGP12177 binds to the β1
and β2 adrenergic receptors with similar affinity (Kd of
1–2 nM, data not shown). CGP12177 is an antagonist to β1
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and β2 receptors [29]. It is not essential that the labelled
ligands give rise to similar intensity after binding to their
respective receptors on the microarray. The effects of dif-
ferent compounds or compound concentrations on recep-
tors can be measured in several ways, including absolute
signal intensity, relative signal intensity or a ratiometric
analysis with the use of two different dyes. Labelled ligands
in the cocktail could be agonists and/or antagonists; the
concentration of each ligand in the cocktail should be
slightly greater (1–10-fold) than the Kd of the ligand to the
paired receptor(s) to maximize total binding signal(s).

Bioassays for compound profiling
Several types of assays for compound profiling using GPCR
microarrays have been described:
(i) Saturation assay to determine binding constants of la-
belled ligands to their receptors [17,18]. To do this, two
subsets of microarrays are incubated individually with a
buffered solution containing labelled ligand at different
concentrations in the absence and presence of its unla-
belled counterpart ligand in excess. The amount of specific
binding is determined by subtracting the fluorescence sig-
nals of the first set of arrays from those of the second set of
arrays, incubated with the labelled ligand (at the same
concentration) and excess unlabelled ligand. Scatchard
analysis was used to estimate the Kd [18]. To date, data has
been obtained on more than 10 receptor–ligand pairs and
the affinities estimated using microarrays are essentially

the same as those obtained using other methods. An exam-
ple – the binding of BT-motilin 1–16 to human motilin
receptor microarrays – is shown in Figure 2.
(ii) Competitive binding assay to examine the relative po-
tency of compounds against the binding of a pre-selected
labelled ligand to receptor(s) [17,18]. For this purpose,
multiple sub-arrays are treated individually with a given
compound at varying concentrations in the presence of a
labelled ligand or a cocktail of labelled ligands at a fixed
concentration. The fluorescence intensity of each receptor
microspot is examined as a function of the compound
concentration, and an IC50 value is subsequently extracted.
The relative potencies of two different ligands (ICI118551
and xamoterol) against the binding of Bodipy-TMR-
CGP12177 have been examined using human β1-adrenergic
receptor microarrays (Fig. 3); results show that the relative
potencies obtained using β1 microarrays are comparable to
those obtained using homogeneous assays.

The tolerance of GPCR microarrays to DMSO (dimethyl
sulfoxide) has been examined; DMSO concentrations of up
to 5% in the assay solution have no obvious effect on lig-
and binding to the receptors in the microarrays (data not
shown).

Bioassays for compound selectivity screening
The selectivity of a potential drug compound for a targeted
GPCR over other GPCRs is an extremely important factor
in drug development. GPCRs can be selectively arrayed –
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Figure 2. Saturation profile for the binding of fluorescently labelled ligands to GPCRs in the microarrays. (a) Plot of the fluorescence
intensity [in relative fluorescence units (RFU)] of motilin receptor (MOTR) arrays as a function of the concentration of Bodipy-TMR-motilin
1–16 in the absence (equal to the total signal) and presence (representing the nonspecific signal) of excess unlabelled motilin 1–16. (b)
Plot of the fluorescence intensity of the MOTR arrays due to the specific binding as a function of BT-motilin 1–16. (c) Scatchard plot for
estimating the binding constant for BT-motilin 1–16.
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functionally, physiologically, or family-based; and the
‘themed’ GPCR arrays can be used for compound selectiv-
ity screening:

Screening compounds against GPCRs from different families
A microarray consisting of the β1-adrenergic receptor,
neurotensin receptor subtype 1 (NTR1) and dopamine-
receptor subtype 1 (D1) was used to demonstrate this assay
[17]. The results show that fluorescently labelled neuro-
tensin (BT-NT) specifically binds to NTR1 in the microarrays;
only excess neurotensin, (not CGP12177 nor SCH23390)
inhibits the binding of BT-NT to the NTR1 [17] – neu-
rotensin is a natural agonist for NTR1. These results
demonstrate that the immobilized GPCRs retain their
native specificity in the array.

Screening compounds against GPCRs within a family
Microarrays consisting of three members from the adren-
ergic receptor subfamily (β1, β2, and α2A) have been used
for compound selectivity screening [17,18]; the results
show that fluorescently labelled CGP12177 specifically
binds to the β1 and β2 arrays. Furthermore, ICI118,551, a
drug compound targeted towards adrenergic receptors,
was found to have significantly higher affinity for β2 
(Ki value of 0.6 nM) relative to β1 (Ki value of 25 nM)
[17,18], consistent with that reported in the literature
[30]. The ability to measure small changes in fluorescence
(~twofold) confirms the overall robustness of these assays
and because the affinity of a ligand depends on whether
the GPCR is complexed to a G-protein, the data indirectly
indicate that the GPCR-G protein complex is preserved in
the microspots.

Applications of GPCR microarrays in drug discovery
A wide range of technologies are available to screen com-
pounds against GPCRs. The increased pace of target
identification [11,12] and the increasing size of compound
libraries [9,10] continues to drive the development of these
technologies, which can now be classified as either cell-
based or GPCR-membrane-based [31]. The cell-based assays
use intact cells that express or overexpress a GPCR of inter-
est; these assays offer the advantage that the functional ac-
tivation of GPCRs by candidate compounds can be moni-
tored – readout is mainly based on the generation of
secondary messengers [e.g. Ca2+, cAMP, Ins(1,4,5)P3 and so
on]. Cell-based assays, including reporter gene assays, β-
arrestin and GPCR-GFP translocation assays (i.e. receptor
internalization and endosome formation) have been de-
scribed [31]. GPCR-membrane-based assays use membrane
preparations obtained from a cell-line stably overexpress-
ing the receptor. Compound binding is monitored through
competition assays, using a fluorescent or radioactive
ligand as a probe [4]. Non-cell-based assays to monitor the
activation of GPCRs are mostly limited to monitoring 
GTP-GDP exchange at the GPCR-associated Gα protein
using GTP analogues (35S -GTPγS or Eu-GTP) [4,32].

Despite the interest and the overwhelming number of
current and future GPCR targets, few methods have been
described for the simultaneous study of multiple GPCRs.
Recently, two research groups have suggested that arrays of
transiently transfected cell clusters or GPCR-transfected
cells on barcoded substrates, could be used for multiplexed
compound screening [33,34]. (GPCR microarrays are natu-
rally suited to the simultaneous analysis of multiple
GPCRs.) Figure 4 suggests how GPCR microarrays can con-
tribute to the various stages of drug discovery – they can be
used at all stages of drug discovery before preclinical test-
ing, although their greatest relevance is in the lead identifi-
cation and validation stages (Fig. 4a). To date, most studies
have involved spatially segregated arrays on slides, al-
though the feasibility of fabricating and using GPCR mi-
croarrays in a microplate format has also been examined.
An ideal product would be GPCR microarrays at the bottom
of 96- or 384-well plates (Fig. 4b), the choice of content
depending on the stage of drug discovery and individual
customer needs, as discussed in the following section.

Target validation
One of the fundamental applications of protein arrays is
target validation. By profiling the differential expression of
proteins using antibody arrays and correlating the changes
to a disease phenotype [14–16], several putative targets (and
biomarkers) to a particular disease can be identified. GPCR
microarrays (and microarrays of other receptors or
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Figure 3. The concentration-dependent inhibition of Bodipy-TMR-
CGP12177 (BT-CGP) binding by ICI118551 and xamoterol to
microarrays of the β1-adrenergic receptor (β1) [shown in relative
fluorescence units (RFU)]. The relative differences in affinity are
consistent with the known relative potencies of these inhibitors.
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membrane-bound molecules) could also serve an analogous
function as bait molecules to identify differentially
expressed proteins (other ‘bait’ molecules include peptides
and aptamers).

Lead identification and lead validation
Although membrane microarrays could prove to be useful
in target validation, the primary application of GPCR mi-
croarrays is in the area of lead identification and validation.
Lead validation (‘secondary screening’) will be discussed first
because the applicability of GPCR microarrays to biochemi-
cal pharmacology studies (potency, selectivity) is clear from
the experiments described previously. A key question, how-
ever, is whether the binding assays can be conducted in a
multiplexed manner; that is, whether the assays are feasible
if the sample ‘target’ solution contains a cocktail of labelled
ligands and one (or more) candidate drug compound(s).
Experiments to demonstrate the feasibility of estimating Kd

values for labelled ligands (crosstalk issues might limit the
number of receptor–ligand pairs) simultaneously with IC50

values for compounds (unpublished results) have been suc-
cessful. The use of label-independent methods of detection
will obviate the need for competition assays and, therefore,
the need to use cocktails of labelled ligands [35].

The use of GPCR microarrays for identifying ‘hits’ dur-
ing primary screening is equally powerful. Two scenarios

are discussed here: primary screening
against GPCRs with known ligands
and screening against orphan GPCRs.

GPCRs with known ligands The tech-
nology described previously can be
adopted readily once robustness and
feasibility in a 384-well format is
demonstrated. The use of arrays con-
taining both GPCR targets and other
GPCRs that would subsequently be the
subject of selectivity studies is envi-
sioned. The ability to integrate aspects
of hit identification and selectivity
screening into one assay is attractive
because it can streamline the process
of drug discovery significantly and can
lead to substantial cost savings.

Orphan receptors Cell-based assays
[for example, the measurement of Ca2+

flux using a fluorometric imaging plate
reader system (FLIPR®, by Molecular
Devices, http://www.moleculardevices.
com) dominate primary screening [31];
the lack of known ligands precludes
the use of competition assays, and a

random screen of available labelled ligands would be inef-
fective by comparison with monitoring GPCR activation
using cell-based assays. Nevertheless, cell-based assays are
cumbersome, difficult to reproduce and not suited to
screening against multiple GPCRs.

Figure 1 suggests that the GPCR–G protein complex is
maintained in the microarray, yielding the interesting pos-
sibility of using GPCR microarrays in the study compound
agonism. Preliminary results suggest that it is possible to
monitor the activation of arrayed GPCRs using GTPγS ana-
logues, although further experimental work is required to
confirm feasibility (data not shown). The ability to conduct
functional assays using GPCR microarrays opens the door
for de-orphanizing ‘orphan’ receptors – an exciting possi-
bility that would change our perception of the potential of
protein arrays.

Concluding remarks
GPCR microarrays comprise a powerful drug discovery
technology. It offers multiplexing, requires minimal sam-
ple quantities, offers archivability of precious receptors, is
amenable to a variety of platforms, including HTS and can
be used broadly across several stages of drug discovery. 
The monitoring of agonism (or antagonism) using GPCR
microarays is also a very exciting possibility. Most of the
infrastructure and several key components needed to
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Figure 4. The use of GPCR microarrays in drug discovery. (a) Drug discovery processes
and the targeted applications of GPCR microarray technologies. (b) Potential product
concept: microarrays of multiple GPCRs in 384-well microplate. (c) GPCR microarrays
can also be used in target identification and are well suited for applications in lead
identification and optimization.
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implement this GPCR microarray technology in drug dis-
covery are commerically available. For example, the newest
generation of Cartesian printers provide the ability to print
large numbers of GPCR microarrays in a microplate format,
and several scanners that enable the detection of micro-
arrays in a microplate are available [e.g. the LS 400 fluor-
escence detection scanner from Tecan (http://www.
tecan.com) and the Typhoon™ 9410 for radioactive detec-
tion]. GPCR microarrays can be stored for extended peri-
ods of time under dry conditions at 4°C – an additional
practical advantage that should see GPCR microarrays
emerge as one of the dominant technologies for screening
against this most important class of targets.

GPCRs constitute one class of key membrane-bound
molecules; however, the scope of membrane microarray
technology extends well beyond GPCRs. The fabrication of
microarrays containing GPCRs and the epidermal growth
factor (EGF)-receptor [35] have been demonstrated, as has
multiplexed compound screening using these arrays (un-
published results). The use of microarrays of lipids deriva-
tized with carbohydrates (gangliosides) for screening of
toxins and inhibitors has been published recently [36].

Acknowledgements
We would like to thank Anthony G. Frutos, Yulong Hong,
Ann M. Ferrie, Fang Lai, Brian L. Webb and Jinling Peng for
past and continued contributions to this project.

References
1 Drews, J. (2000) Drug discovery: a historical perspective. Science

287, 1960–1963
2 Ma, P. and Zemmel, R. (2002) Value of novelty. Nat. Rev. Drug Discov.

1, 571–572
3 Pierce, K.L. et al. (2002) Seven-transmembrane receptors. Nat. Rev. Mol.

Cell Biol. 3, 639–650
4 Haga, T. and Berstein, G. eds. (1999) G Protein-Coupled Receptors, CRC

Press, Boca Raton
5 Morris, A.J. and Malbon, C.C. (1999) Physiological regulation of G

protein-linked signaling. Physiol. Rev. 79, 1373–1430
6 Howard, A.D. et al. (2001) Orphan G-protein coupled receptors and

natural ligand discovery. Trends Pharmacol. Sci. 22, 132–140
7 Wise, A. et al. (2002) Target validation of G-protein coupled receptors.

Drug Discov. Today 7, 235–246
8 Watling, K.J. eds. (2001) The Sigma-Rbi Handbook of Receptor

Classification and Signal Transduction, Sigma-RBI, Natick, MA
9 Rademan, J. and Jung, G. (2000) Integrating combinatorial synthesis

and bioassays. Science 287, 1947–1948
10 Schreiber, S.L. (2000) Target-oriented and diversity-oriented organic

synthesis in drug discovery. Science 287, 1964–1968
11 Venter, J.C. et al. (2001) The sequences of the human genome. Science

291, 1304–1351
12 Hopkins, A.L. and Groom, C.R. (2002) The druggable genome. Nat. Rev.

Drug Discov. 1, 727–730
13 Schena, M. et al. (1995) Quantitative monitoring of gene expression

patterns with a complementary DNA microarray. Science 270, 467–470
14 Mitchell, P. (2002) A perspective on protein microarrays. Nat.

Biotechnol. 20, 225–229

15 MacBeath, G. and Schreiber, S.L. (2000) Printing proteins as
microarrays for high-throughput function determination. Science
289, 1760–1763

16 Schweitzer, B. et al. (2000) Immunoassays with rolling circle DNA
amplification: a versatile platform for ultrasensitive antigen detection.
Proc. Natl. Acad. Sci. U. S. A. 97, 10113–10119

17 Fang, Y. et al. (2002) Membrane protein microarrays. J. Am. Chem. Soc.
124, 2394–2395

18 Fang, Y. et al. (2002) G protein-coupled receptor microarrays.
Chembiochem 3, 987–991

19 Fang, Y. et al. (2002) Membrane biochips. Biotechniques 33, S62–S65
20 Zhu, H. et al. (2001) Global analysis of protein activities using protein

chips. Science 293, 2101–2105
21 Karlsson, O.P. and Lofås, S. (2002) Flow-mediated on-surface

reconstitution of G-protein coupled receptors for applications in
surface plasmon resonance biosensors. Anal. Biochem. 300, 132–138

22 Tamm, L.K. and McConnell, H.M. (1985) Supported phospholipid
bilayers. Biophys. J. 47, 105–113

23 Wong, J.Y. et al. (1999) Polymer-cushioned bilayers. II. an investigation
of interaction forces and fusion using the surface forces apparatus.
Biophys. J. 77, 1458–1468

24 Groves, J.T. et al. (1997) Micropatterning fluid lipid bilayers on solid
supports. Science 275, 651–653

25 Bieri, C. et al. (1999) Micropatterned immobilization of a G protein-
coupled receptor and direct detection of G protein activation. Nat.
Biotechnol. 17, 1105–1108

26 Kam, L. and Boxer, S.G. (2003) Spatially selective manipulation of
supported lipid bilayers by laminar flow: Steps toward biomembrane
microfluidics. Langmuir 19, 1624–1631

27 Groves, J.T. and Boxer, S.G. (2002) Micropattern formation in
supported lipid membranes. Acc. Chem. Res. 35, 149–157

28 Cremer, P. and S.and Boxer, S.G. (1999) Formation and spreading of
lipid bilayers on planar glass supports. J. Phys. Chem. B 103, 2554–2559

29 Galitzky, J. et al. (1998) On the presence of a putative fourth b-
adrenoceptor in human adipose tissue. Trends Pharmacol. Sci.
19, 164–165

30 Bilski, A. et al. (1980) ICI 118551, a potent b2 adrenoreceptor
antagonist. Br. J. Pharmacol. 69, 292–296

31 Hemmila, I.A. and Hurskainen, P. (2002) Novel detection startegies for
drug discovery. Drug Discov. Today 7, S152–S156

32 Hurskainen, P. et al. (2001) Time-resolved fluorometry in bioanalytical
assays. Chem. Today 5, 22–24

33 Ziauddin, J. and Sabatini, D.M. (2001) Microarrays of cells expressing
defined cDNAs. Nature 411, 107–110

34 Beske, O.E. and Goldbard, S. (2002) High-throughput cell analysis using
multiplexed array technologies. Drug Discov. Today 7, S131–S135

35 Fang, Y. et al. (2002) Arrays of biological membranes and methods and
use thereof. US patent application, US2002/0094544 A1

36 Fang, Y. et al. (2003) Ganglioside microarrays for toxin detection.
Langmiur 19, 1500–1505

761

DDT Vol. 8, No. 16 August 2003 reviewsresearch focus

www.drugdiscoverytoday.com

Access Drug Discovery Today
online at:

http://www.drugdiscoverytoday.com


