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(7) ABSTRACT

A membrane receptor reagent and assay is disclosed in
which liposomes are bound to an evanescent wave emitting
surface. Membrane receptors on the liposome’s fluid lipid
bilayer membrane are labeled with a fluorescent or lumi-
nescent moiety. These membrane receptors are free to dif-
fuse randomly throughout the liposome surface, and thus
tend to redistribute according to externally applied forces.
The evanescent wave-emitting surface additionally contains
reagents that reversibly bind to the membrane receptors,
tending to bring them closer to region of high evanescent
wave intensity. Test analytes that disrupt or promote the
association between the membrane receptors and the surface
reagents act to change the average distance between the
membrane receptors and the evanescent wave emitting
surface, resulting in a change in the fluorescent or lumines-
cent signal. This reagent and assay system functions with
physiologically important membrane receptors such as
GPCR receptors, other 7-tm receptors, drug transport
proteins, cytochrome P450 membrane proteins and other
clinically important membrane components. The reagent
and assay methods may be incorporated into microarrays,
capillaries, flow cells and other devices, and used for drug
discovery, ADMET, and other biomedically important

assays.

18 Claims, 10 Drawing Sheets
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MEMBRANE RECEPTOR REAGENT AND
ASSAY

This application claims the priority benefit of provisional
patent applications 60/389,679; and 60/400,396 both
entitled “Tethered receptor-ligand reagent and assay”, filed
Jun. 17, 2002 and Jul. 31, 2002; and provisional patent
application No. 60/428,137; entitled “Membrane receptor
reagent and assay”, filed Nov. 21, 2002.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention generally concerns reagents and methods
useful for membrane receptor-ligand binding assays.

2. Description of the Related Art

Much of modern pharmacology and biochemistry is
focused on the interactions between different types of bio-
logical signaling molecules and their corresponding mem-
brane receptors. Structurally, these membrane receptors are
often G-Protein Coupled Receptors (GPCR) from the
7-transmembrane (7tm) protein family, and other types of
related 7-transmembrane proteins such as ion channels.

Biological signaling molecules and membrane receptors
are present in many physiological processes, and are par-
ticularly important for nervous system function. Indeed,
nervous system membrane receptor systems, such as the
dopamine, serotonin, and opioid receptor families, have
been found to be involved in many mental disorders, such as
anxiety, depression, and drug abuse. Furthermore, these
membrane receptors have been found to be excellent drug
targets. GPCR reactive drugs are involved in many other
biological processes as well. Kenakin, Annu Rev Pharmacol
Toxicol 2002;42:349-79).

To date, however, only a small number of the many
possible interactions between the millions of potential can-
didate drug ligands, and the thousands of different mem-
brane receptors, have been well characterized. With the
recent advances in both genomics and nucleic acid microar-
ray technology, the cellular distribution and sequence of
these membrane receptors and receptor families are now
readily available. As a result, one of the key challenges
going forward is to utilize this new knowledge to aid in the
development of next generation drugs.

Modern drug discovery and development is a multi-step
process. Usually, one or more medically important target
receptors are identified, a large number of prototype lead
drugs are synthesized, and appropriate High Throughput
Screening (HTS) assays are conducted to assess the proper
differential binding to an initial set of selected target and
non-target receptors. Those lead candidates that survive the
process are then subjected to progressively more expensive
and stringent assays; whole cell assays, animal studies,
Absorption, Distribution, Metabolism, Excretion, Toxicity
(ADMET) studies, and finally human Phase I, II, and III
studies. The expense and time involved in the later stages,
typically hundreds of millions of dollars and many years, are
such that it is enormously important that optimal leads be
found as early in the process as possible.

One of the best ways to exploit the recent advances in
genomics is to use the information to clone and express these
membrane receptors in a pure state, and use these cloned
receptors for HTS lead identification and optimization. In
theory, the later stages of drug development could be sig-
nificantly streamlined if low-cost and efficient HTS methods
were developed to initially optimize a lead’s specific binding
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to its target receptor, and to detect any unwanted cross-
reaction with non-target receptors.

At present, however, membrane HTS screening methods
are sub-optimal. Membrane proteins are hydrophobic, and
typically only assume their correct physiological conforma-
tion in a lipid bilayer membrane environment. Moreover,
many membrane receptor proteins rely upon certain aspects
of lipid bilayers, such as receptor lateral mobility, associa-
tion with lipid rafts, association with other proteins, small
molecule cofactors etc., for proper function. Such faithful
recreations of native membrane structures are difficult to
reproduce in a synthetic, in-vitro, environment.

As a result, present membrane HTS screening methods
usually rely upon the binding of radioactively labeled
ligands to natural membrane receptors (e.g. receptors
obtained from natural sources such as cultured cells). These
natural membrane receptors are often bound to a solid phase,
such as a filter or microwell plate. Radioactive ligand is
applied to the sample, followed by one or more washing
steps. The bound radioactive ligand is then detected by its
radioactive scintillation signal. Thus relatively large quan-
tities of membrane proteins and candidate drug ligands are
required for each assay. For example, even the optimized
Packard Bioscience FlashPlate™ system requires 25 to 50 ul
of fluid for each assay point.

Although the use of natural membranes has strong physi-
ological merit, it is slow, expensive, and cumbersome. An
alternate membrane receptor HTS methodology that could
return physiologically useful data with cloned membrane
receptors would be highly advantageous, as it would enable
the many recent genomic insights to be easily and rapidly
used.

An ideal membrane-receptor HTS methodology would
have a number of other characteristics as well. At present,
HTS methods are typically restricted to large, well-financed,
commercial organizations. This is because the present meth-
odologies require the use of large quantities of expensive
membrane receptors, expensive synthetic drug candidates,
and expensive automation. If alternative methods could be
devised to reduce the quantities of receptors and synthetic
drug candidates by several orders of magnitude, the financial
and logistical burden of HTS studies would be greatly eased.
This would enable a much larger number of receptors and
drug candidates to be screened, and could also make HTS
methods feasible in smaller scale settings, such as academic
laboratories.

One good way to accomplish this goal is by the devel-
opment of suitable membrane receptor microarray technol-
ogy.

Microarray technology: In recent years, microarrays have
become widely used for genomic and proteomic
biotechnology, biomedical research, and biomedical diag-
nosis. In particular, microarray methods have become
widely used for nucleic acid research, and a large number of
nucleic acid microarrays are commercially available from
Affymetrix Inc., Incyte Pharmaceuticals, Inc., and many
other companies. These methods (reviewed in Schena,
Microarray Biochip Technology (2000) Eaton Publishing.
Natick, Mass.) generally work by binding a large number of
nucleic acid microsamples to the surface of a flat support.
Samples containing one or more unknown complementary
nucleic acids are then exposed to the nucleic acid
microarray, and the sample is allowed to hybridize to the
microarray. Hybridized nucleic acids are then detected by
various means, and the overall nucleic acid composition of
the unknown sample is assessed.













































