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analyses are also disclosed.
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WAVEGUIDE AND ASSAY

This application claims priority of U.S. Provisional Application Serial
No. 60/287,038, filed 27 April 2001, the disclosure of which is hereby

incorporated by reference in its entirety.

FIELD OF THE INVENTION

This invention relates to the field of waveguides and to assays that use

such waveguides for biochemical, chemical, and other kinds of analyses.

BACKGROUND OF THE INVENTION

There are a wide variety of assays available in the art, including, but
not limited to, those that assay for the presence or absence or amount of a

polynucleotide, protein, organism, or other molecular species and the like.

Recent efforts have attempted to employ waveguide technology in
performing such assays. The presence and/or absence and/or quantity of a
material to be analyzed (the "analyte") is determined by use of fluorescent
material that functions as a reporter with the fluorescent material being
excited during the assay and the light emitted from the fluorescent material
being directed to a detector by the use of a waveguide.
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One such example is an optrode. (see refs. 1-3). The optrode is an
optical fiber having probe molecules, typically antibodies, immobilized at its
distal ends. Excitation light is delivered through the fiber to the probe-target-
reporter complexes that form at the end of the fiber. The resultant fluorescent
emission is wave-guided back up the fiber to an optical system that delivers
the emitted light to a photomultiplier tube or other detector. The key role of the
fiber in this sensor is that both excitation and emission light is guided through
the fiber very efficiently due to the phenomenon of total internal refiection
(TIR). Optical fibers are specially designed so that the index of refraction of
the fiber (ny) is greater than the index of refraction of the material cladding the
fiber (nc). When light, introduced into the fiber from any source, strikes the
fiber-cladding interface, it will be reflected with essentially 100% efficiency,
due to the phenomenon of TIR, as long as the angle of incidence is less than
the critical angle (8c), which is defined as

0, = sin”! (nd ny.

Sensitivity of such sensors is greatly enhanced by the efficiency with
which light is guided via TIR from the probe-derivatized surface of the sensor,
through the fiber, to the detector.

Recently this basic approach has been expanded upon to develop
manifolds in which several probes are applied as small spots on the distal
surface of a single fiber optic. Optical systems were designed to assess
interactions between probes and targets individually. A similar, but more
powerful system has been devised in which micron-scale optical fibers are
configured as a manifold in which indentations at the end of the manifold
receive small beads of different colors, each of which is derivatized with a
different oligonucleotide probe, and to which the corresponding target and
reporter are bound (4). This system provides a reusable fiber-optical manifold
that can be used to assess hybridization of any set of targets to their
respective probes.
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Optrodes have found applications in a number of areas, but have
significant limitations in that the area is limited to which probe molecules can
be coupled. This limits the sensitivity of the sensor. Another limitation is that
fluorescence emitted from any molecule located in the vicinity of the sensing
terminus of the fiber will be picked up by the fiber, which contributes
significant levels of background noise.

Another sensor is an evanescent wave-based sensor (1,5,6). When
light strikes the interface between the optical fiber and the surrounding
medium, which is of lower index of refraction, it undergoes total internal
reflection. However, an electromagnetic component of the light passes
through the interface, and is propagated through the surrounding medium in a
direction parallel to the fiber. This is called the evanescent wave. it penetrates
only a short distance (a fraction of the wavelength of the light used) into the
medium surrounding the fiber, decaying exponentially as a function of the
wavelength of the light. However, this wave can effectively excite fluorescent
compounds located close to the fiber surface.

Although other designs have been devised (7), the most common
design for evanescent wave-based sensors is to immobilize probe molecules
on the walls (not the distal end) of the fiber. Probe-target-reporter complexes
formed on the surface of the fiber are detected when the evanescent wave
excites the reporter fluor molecules, which emit flucrescence, and which when
it strikes the fiber wall at appropriate angles will enter the fiber and be wave-
guided up the fiber to the detector.

This design has the advantage over the optrode that fluor molecules in
the bulk solution surrounding the fiber are not excited because the
evanescent wave does not propagate significantly into the bulk solution
phase. Only free fluors that happen to be located within about 0.5 wavelength
of the fiber wall will be excited. This reduces background fluorescence that is
picked up by the bulk solution surrounding the fiber.
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The disadvantage of this approach is that the power of the evanescent
wave is at most 2% of the power of the excitation light within the fiber. Thus,
effective excitation of the probe-target-reporter complexes can be challenging.
Similarly, a large proportion of the fluorescence emitted by probe-target-
reporter complexes fails to be coupled into the fiber, because of the
unfavorable geometry of the system. Both of these features limit the sensitivity

and utility of evanescent wave sensors.

Another sensor involves the use of non-evanescent-wave-based fiber
optic systems (8). The limitation with evanescent wave-based sensors is the
inefficiency with which excitation light can be transmitted out of the fiber to the
probe-target-reporter layer, and the inefficiency with which fluorescence is
coupled back into the fiber to be waveguided to the detector. Other
mechanisms have been used in attempts to increase these efficiencies. For
instance, attempts have been made to match the index of refraction of the
probe layer with that of the fiber. The intention in this design is to inciude the
probe layer within the waveguide so that a larger portion of the exciting light
reaches probe-target-reporter complexes, and a larger portion of emitted
fluorescence is coupled into the waveguide. Empirical evidence indicates that
fibers constructed based on this principle function with somewhat improved

efficiency compared to evanescent wave-based sensors.

A further example is a surface plasmon resonance-based sensor
(1,9,10). Sensors based on the surface plasmon resonance phenomenon
have the advantage that they directly detect changes in index of refraction at
the surface of the optical system due to binding of target to probe. Thus, this
method does not require the use of fluorescent or other reporter molecules.

This optical system consists in simplest form of a prism, one surface of
which is coated with a thin metal film (usually gold or silver). Probe molecules
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are attached to the other surface of the metal film, which is also in contact
with a solution that may contain the analyte or target of interest.

The evanescent wave generated by light impinging on the prism-metal
interface at a certain incident angle, termed the resonant angle or SPR angle,
will couple with and excite the free-electron plasma of the metal film. That is,
electromagnetic coupling occurs between the free electrons of the metal film
and the evanescent wave of the light that undergoes total internal refiection at
the SPR angle within the prism. This generates a resonant wave that
propagates along the surface of the metal. Dissipative processes within the
metal film absorb some of the energy of this resonant wave. As a result, the
light incident upon the prism-metal interface at the SPR angle is reflected with
attenuated intensity. In other words, at the SPR angle, light energy is
transformed into dissipative surface plasmons within the metal. This is
observed as attenuation of the total internal reflection in the prism.

The SPR angle depends not only on the properties of the metal film but
also on the dielectric constant (and thus the index of refraction) of the medium
immediately adjacent (within a fraction of one wavelength) to the other surface
of the metal film. This is because of interaction between the evanescent field
of the SPR wave and the medium immediately adjacent to the metal film.
Materials that bind to the surface of the metal film alter the dielectric constant
(and index of refraction) in fhat zone, altering the SPR angle. This is observed
as a change in the angle at which total internal reflection is attenuated.

This change in the SPR angle is a sensitive indicator of binding to the
metal surface, and can act as a sensor for specific molecular species (target
molecules) present in a solution that bathes the metal surface. To accomplish
this, probe molecules are bound to the metal film. When target molecules are
present in the solution bathing the metal film, they form complexes with the
immobilized probe. This changes the index of refraction immediately adjacent
to the metal surface, which, in turn, alters the SPR angle. The change in SPR
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angle can be directly measured. With proper calibration, such a system can
be used to directly and guantitatively measure the formation of probe-target

complexes.

BRIEF SUMMARY OF THE INVENTION

In one aspect, the present invention relates to a fluidic waveguide
comprising a container and a fiuid that fills said container, wherein said fiuid
has a refractive index greater than the refractive index of the wall of said
container and wherein said fluid acts as a waveguide when contacted with

electromagnetic radiation.

In another aspect, the present invention relates to a fluidic waveguide
comprising a container and a fluid that fills said container, wherein the interior
surface of said container is covered by an optical coating element and said
fluid has a refractive index higher than the refractive index of said coating
element and wherein said fluid acts as a waveguide when contacted with
electromagnetic radiation.

In preferred embodiments of this invention, said optical coating has a
width or thickness of at least 100 Angstroms, preferably a width or thickness
of at least 100 Angstroms but not more than one micrometer, most preferably
a width or thickness of at least 500 Angstroms but not more than one
micrometer, especially'a width or thickness of at least 0.1 micrometer but not
more than one micrometer, most especially a width or thickness of at least

one micrometer

In a further aspect, the present invention relates to a fluidic waveguide,
comprising a container and a fluid that fills said container, wherein said fluid
has a refractive index less than or equal to the refractive index of the wall of

said container, wherein the outer surface of said container is covered by an
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external medium wherein the wall of said container has a refractive index
greater than the refractive index of said medium and whereby said fluid and
said container function together as a composite waveguide when contacted
with excitatory electromagnetic radiation.

in a still further aspect, the present invention relates to a fluidic
lightguide comprising a container and a fluid that fills said container, and an
internally reflective coating element covering the outer surface of said
container wherein said container functions as a lightguide when contacted

with electromagnetic radiation.

in preferred embodiments, the fluidic waveguides and/or lightguides of
the invention, whether composite or otherwise, may comprise a probe. In
further embodiments thereof, said probe is attached to the inner surface of the
wall of the container or is in solution in the liquid filling said container or may

be attached to solids present in the cavity of the container.

In other preferred embodiments, the probe may be one or more of an

ofigenucleotide, an antibody, an aptamer, a catalyst and an enzyme.

In further preferred embodiments, the waveguides and/or lightguides of
the invention may comprise a reporter molecule, especially where said
reporter molecule is a member selected from the group consisting of a
fluorophore and reagents capable of producing a fluorophore.

Still  further preferred embodiments of the waveguides and/or
lightguides of the present invention includes cases where these comprise a
probe and one or more reporter molecules that generate a signal when said
probe is contacted with an analyte, especially where the probe is attached to
the inner surface of the wall of said container. In one such preferred

embodiment, the reporter molecule is a quantum dot.
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The present invention also relates to a manifold of integrated non-
identical fluidic lightguides and/or lightguides, including manifolds of both
waveguides and lightguides, as disclosed herein. In a preferred embodiment,

said manifold is portable.

In additional preferred embodiments of the waveguides, lightguides
and manifolds of the invention, the fluid in the container is a liquid, or possibly
agel.

The present invention also relates to a method of determining an
analyte in a sample comprising contacting said analyte with a waveguide or
lightguide of the invention, including manifolds of these, contacting said
waveguide or lightguide with electromagnetic radiation and detecting a signal
wherein said signal indicates the presence of said analyte in said sample,

thereby determining said analyte in said sample.

When said waveguide comprises an optical coating, said optical
coating is thicker than one wavelength, preferably more than two
wavelengths, of said electromagnetic radiation.

In preferred embodiments of the methods of the invention, the source
of electromagnetic radiation is a laser or a white light source.

In additional preferred embodiments, the intensity of said signal is
proportional to the amount of said analyte in said sample and/or wherein said
detection of a signal comprises detecting electromagnetic radiation. In one
preferred embodiment, the signal is produced by a fluorescent molecule.

In another preferred embodiment of the methods of the invention, the
analyte comprises a reporter molecule that generates a signal when the probe
is contacted with the analyte.
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DETAILED DESCRIPTION OF THE INVENTION

in one aspect, the present invention relates to fluidic a waveguide that
results from introduction of a fluid, preferably a liquid, but also possibly a gel,
into a container that is in the form of a channel, tube, or other hollow structure,
wherein the refractive index of said fluid is greater than the refractive index of
the walt of the container. Said fluid, preferably a liquid, in the container
functions as a waveguide in the sense that light directed into the fluid at
angles less than the critical angle for the system undergoes total internal
reflection at the interface between the fluid and container.

In another aspect, the present invention relates to a fluidic waveguide,
as defined above, for delivering emitted fluorescent light from a fluorophore to
a light detector that is comprised of a container that is in the form of a
channel, tube, or other hollow structure that contains a fluid, preferably a
liquid, but could also be a gel, with the container further including a
fluoraphore (in the liquid and/or on a wall of the container) wherein the
refractive index of the fluid, preferably a liquid, is greater than the refractive
index of the wall of the container. The fluid, preferably a liquid, in the container
functions as a waveguide to direct light emitted from the fluorophore to a light

detector.

Thus, the present invention relates to a fluidic waveguide comprising a
container and a fluid that fills said container, wherein said fluid has a refractive
index greater than the refractive index of the wall of said container and
wherein said fluid acts as a waveguide when contacted with electromagnetic

radiation.

The container for the fluid, preferably a fiquid, is advantageously a
channel, tube, or other hollow structure, ranging in diameter from a few
microns to a few millimeters, and preferably from a millimeter to a few
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centimeters in length, but could be of either larger or smaller dimensions and
the term “container” is understood herein to encompass ali such structures.

The fluid, preferably a liquid, in the lumen of the container may include
dissolved solids and may be comprised of one, two or more fluids. Thus, the
term “fluid” encompasses "gas," "gel," "liquid," and the fatter encompasses a

“salution.” The fluid could also include a suspension.

The lumen or open portion of the container may include a solid in
addition to a fluid. In such a case, the refractive index of the liquid and the
solid should be essentially equal to each other.

In a preferred embodiment, the interior or fumen of the container is
essentially filled with fluid, or a combination of liquid and solid, in which case
the liquid and solid have essentially equal refractive indexes.

In accordance with another aspect of the present invention, there is
provided a fluidic wave guide for use in an assay for an analyte that uses a
fluorescent material as the reporter material for the assay, wherein the
container in which all or a portion of the assay is performed, and/or fluid in the
container, functions as a waveguide to transmit emitted light from the
fluorescent reporter to a light detector, with such emitted light being used as a
read-out of the assay for determining analyte.

The container for the fiuid can be in the form of a tube, as described

above.

The assay reagents include an analyte, a probe, or a probe system,
and a reporter in the form of fluorescent material or material that becomes
fluorescent through physical, chemical or biochemical processes.
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The probe, or probe system, includes a material that interacts with
analyte (binds to or reacts with the analyte, or catalyzes the chemical
transformation of the analyte) and may further include one or more materials
that interact with a materia! that interacts with the materiat that detects, or
interacts with, the analyte or with a material produced by interaction with a
material produced by the interaction between the analyte and the material that
interacts with the analyte.

The reporter may be originally present in the assay reagents or may be
produced and become part of the assay reagents during the assay.
Alternatively, the reporter may be chemically linked to the probe or probe

system.

In one embodiment, the lumen or opening in the container, which may
be in the form of a capillary tube, includes a solid in addition to the fluid, with
such solid functioning as a support for all or a portion of the probe, or probe
system. The solid is preferably porous or gel-like so that the opening in the
tube can include lquid as well as the solid. As hereinabove indicated, the
refractive index of the solid in the lumen and the fluid, preferably a liquid, in
the lumen shouid be essentially equal to each other whereby the solid and
fluid, preferably a liquid, in the lumen function as a composite waveguide.

In a preferred embodiment, all or a portion of the probe, or probe
system, may be attached to the wall of the container. This coating of probe on
the wall of the container may also include a reporter molecule or group or
reporter moiety. Fluorescent material and the reporter may be attached or '
linked to a probe material attached to the container wall. Alternatively, the

reporter may reside in the fluid present in the lumen of the container.

Thus, the present invention relates to a fluidic waveguide comprising a
container and a fiuid that fills said container, wherein the interior surface of
said container is covered by a optical coating element and said fluid has a
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refractive index higher than the refractive index of said coating element and
wherein said fiuid acts as a waveguide when contacted with electromagnetic
radiation. As used herein, the term "optical coating element" refers to a
coating that acts to alter the optical properties of the system, such as a

refractive coating.

In preferred embodiments of this invention, said coating has a width of
at least 100 Angstroms, preferably a width of at least 100 Angstroms but not
more than one micrometer, most preferably a width of at least 500 Angstroms
but not more than one micrometer, especialy a width of at least 0.1
micrometer but not more than one micrometer, most especially a width of at

feast one micrometer

A device in accordance with the invention includes:

1. A container, which is preferably a tube, channel, or other hollow
structure, all encompassed in the term “tube,” or “tubular sensor
element.”

a. The tubular sensor element is to be distinguished from other
tubular or channel-like elements that may be used in a fluidics
system of the analytical device as a whole, in that the tubular
sensor element is the site where the core analytical events of
the over-all analytical process take place. In particular, the
tubular sensor element is not merely a fluidic element but
functions as an optical unit and can also function as a chemical
unit in that it acts as a waveguide and may include a probe or
probe molecules to interact with an analyte passing through the
container,

b. The tube can be made of glass or related materials, plastics,
semiconductor materials, and the like.

c. The tube can be cylindrical or conical or of other geometry
selected to achieve optimal optical and fluidic function.

12
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d. The composition, shape, chemistry, and optical, as well as other

characteristics of the tube are dictated by the following:

i. The optical design of the system.

ii. The fluidic design of the system.

iii. The chemistry of the analytical process and of the analyte
or target molecule.

iv. The chemistry of the probe molecule and reporter
system.

v. Other relevant characteristics of the analytical system.

2. Afluidics or microfluidics system.
a. The fluidics system can be integrated into, or it can be attached

1o, the tubular sensor element of the device.

. The fluidics system can function to accomplish the delivery,

removal, and movement of fluids to and through the detector
tube.

. This system can also function to fractionate, process, or

otherwise modify the analytical sample before it is delivered to
the tubular sensor element, and can include a range of
functional elements including but not limited to electrophoretic
elements, filtering elements, size-sorting elements, pumps, and

others.

. Fluidics functions can be accomplished by very simple manual

procedures that make use of capillary action or other simple
processes, or by complex fluidic, electrical, electronic, or

mechanical systems.

3. A fluid, preferably a liquid, that fills the lumen of the tubular sensor
element, whose physical, chemical, and optical characteristics depend
on the following:

a. The optical design of the system,
b. The fluidic design of the system,
c. The physics and chemistry of the analyte,
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d. The physics and chemistry of the detection system (probe and
reporter).
4. Probe molecules.
a. The physical, chemical, and biological properties of the probe
5 molecules, and their location within the analytical system will be
dependent on the following:
i. The optical design of the system.
ii. The fluidic design of the system.
ii. The chemistry of the analytical process, the reporter
10 system, and the analyte or target molecule.
iv. Other relevant characteristics of the analytical system.
b. Probes may be

i. Attached to or coated on the inner wall of the tubular

sensor element,
15 ii. Present in solution in the liquid contained in the lumen of
the tube,
iii. Attached to solid material located in the lumen of the
tubular sensor element.
c. If the probe molecules are coated onto, or immohilized to the
20 inner walls of the tube or to a solid material located in the lumen
of the tube, then this is accomplished by processes that
preserve the chemical and physical activity and specificity of the
probe molecules towards the analytes or targets of interest.
d. The molecular recognition process between probe and analyte
25 may take the following non-limiting forms:

i. In some cases, this process is a simple binding reaction,
in which an intermolecular complex is formed between
analyte and probe. The formation of this complex
immobilizes the analyte to the inner wall or to the solid

30 material in the lumen of the tubular sensor element. The
immobilized probe-analyte complex is then detected by a
reporter system that may function via a variety of
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mechanisms, such as the binding of dyes specific for the
structure of that complex, or the binding of fluorescently
labeled antibodies, nucleic acid mofecules, or other
molecules that recognize either the analyte or the
analyte-probe compiex.

In some cases, the probe-target recognition system is
designed such that binding of the probe to the analyte
may catalyze or otherwise bring about molecular
transformations of the analyte, generating fiuorescent
products either directly or via finked reactions.

e. Non-exhaustive examples of probe molecuies are as follows:

iii.

Single stranded ofigomers or polymers of nucleic acid or
nucleic acid analogues, which can specifically interact
with and bind fo analyte nucleic acid molecules based on
sequence homology between the probe and analyte
nucleic acid molecules. This interaction occurs primarily
via hydrogen bond-based interactions between the

nucleotides of the two nucleic acid strands;

ii. Antibodies and aptamers, which can specifically interact

with and bind to a wide variety of molecules and
molecular complexes. Potential targets include, but are
not limited to, the following: small organic molecules,
biologically important polymers such as proteins, nucleic
acids, and carbohydrates, other man made
polymers/molecules, and complex biological structures
such as membrane-protein complexes, receptor-target
complexes, antibody-antigen complexes, cell surface
markers, cells of any organism, and the like.;

Enzymes, which can interact with, and catalyze the
chemical transformation of, a diverse range of molecular

species;
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Other biological molecules, molecular complexes, and
larger biological entities, and organic or inorganic
molecular species, either natural or synthetic, that can (a)
bind to, (b) chemically react with, or (c) catalyze the
transformation of analytes carried in the tubular sensor

element.

5. Opfical system
a. The optical system will be designed to efficiently deliver

excitation light to the reporter molecules for analytical and/or

chemical purposes and to collect fluorescence emitted light from

the reporter.
b. The characteristics of the optical system will be dependent on

the following:

iii.
iv.
c. Light

The physics and chemistry of the analytical process, the
reporter system (fluorescent dyes), and the analyte or

target molecule,

ii. The physical and optical characteristics of the tubular

sensor element and the fluid (and porous solid) contained
in the lumen of the fube,

The fluidic design of the system,

Other relevant characteristics of the system.

will be delivered to the probe surface via a fluidic

waveguide whose functional elements can include the following:

iv.

The fluid, preferably a liquid, phase alone or in
combination with a porous solid phase that matches the
refractive index of the liquid contained in the lumen of the
tube,

ii. A probe coating on the inner wall of the tubular sensor

element,
Optical coatings on the inner wall of the tube,
The tube wall, itself,

16
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v. Optical coatings and cladding applied to the outer surface

of the tubular sensor element.

d. The indexes of refraction of the following elements wili be
adjusted to achieve the desired optical characteristics of the

system for the particular application of interest:

i.
ii.

The tubular sensor element,

The material (fluid, preferably a liquid, and solid) in the
lumen of the tube.

The optical coatings and treatments of the inner surface
of the tube. (including that of the probe molecule layer, if
applicable).

iv. The optical coatings and treatments of the outer surface

of the tube, if such surface exists.

e. In addition to the fluidic waveguide, the primary elements of the

optical system will include but are not restricted to the following:

Light source or sources,

Detector for emitted fluorescence,

Lenses, filters, gratings, monochrometers, beam splitters,
coatings, and other devices to control, modify, and

modulate the excitation and emission light,

. All components will be optimized to achieve the maximum

sensitivity, consistency, and quality of the optical signal.

6. Coatings—The device may include a variety of coatings, treatments,

modifications of the inner and outer surfaces of the tube or other

elements, such as porous solids contained in the lumen of the tube, to

confer desired optical, chemical, and physical properties to the system.

a. Coatings can be deposited by any process, whether chemical,

physical, or other.

b. Coatings can be deposited in any order appropriate to achieve

the desired optical, chemical and physical properties.

c. The order of placement of the probe surface with respect to

other coatings can vary.
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d. The coating on the inner wall of the tube, which may include
probe and other assay reagents, may function in conjunction
with the liquid in the lumen of the tube as a composite
waveguide. Alternatively the thickness of the coating may be
controlied such that it is less than one wavelength of the emitted
light, whereby essentially only the fluid, preferably a liquid,
functions as a wave guide for the emitted light.

In a preferred embodiment, the fluid, preferably a liquid, phase in the
lumen of the tube, which includes a portion of the assay reagents (for
example, the analyte), has an index of refraction (m) that is greater than the
index of refraction of the inner wall of the tube (n,). The index of refraction of
the coating on the inner wall of the tube that is exposed to the fluid, preferably
a liquid, phase in the lumen has an index of refraction (nc) that is equal to or
greater than or in some cases less than the index of refraction of the fluid,

preferably a liquid, phase.

In this embodiment, the fuid, preferably a liquid, phase alone functions
as a waveguide, or the fluid, preferably a liquid, phase and the assay reagent
coating applied to the inner wall of the tube constifute a composite waveguide.
The desired configuration of indexes of refraction is achieved by selecting
materials for the tube, or inner coatings of the tube, that are of low n, and for
the fluid, preferably a liquid, that are of high n. For instance there are
urethane polymers that have n as low as 1.35, while even common solutes
such as sucrose increase the n of aqueous solutions well above 1.35. It
should be noted that coatings used to lower the n of the tube must be greater
in thickness than 1 wavelength of the emission light and preferably 2 or more
wavelengths thick. Solutes used to fortify the lumenal fluid, preferably a liquid,
are selected on the basis of two primary criteria: (1) they have a high index of
refraction, and (2) they do not inhibit or interfere with, but may even enhance,
the chemistry involved in the probe-analyte-reporter recognition process. High
n can be achieved in the probe coating by adjusting the aftachment chemistry
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to achieve probe densities that are sufficient to increase n, of the layer above
that of the tube. Other strategies can also be used. TIR occurs at the interface
between the probe coating and the tube wall or at the interface between the
fluid, preferably a liquid, and the coating, depending on the indexes of
refraction of these elements and depending upon the thickness of the

coatings.

Electromagnetic radiation, such as excitatory light, for example, from a
laser or a white light source, is delivered through the waveguide to probe-
analyte-reporter complexes optionally part of the waveguide. Fluorescence
emitted at angles below the critical angle for TIR for the interface between an
assay reagent coating and the container wall or fluid, preferably a liquid, will
be waveguided through the lumen-probe-coating composite or the fluid,
preferably a liquid, to a detector. Light emitted in the direction of the detector
will be delivered directly to the detector, while light emitted toward the
opposite end of the tube will propagate to that end of the tube, where it will
encounter a reflective surface that will reflect it toward the detector.

Fluorescence emitted at angles greater than the critical angle for TIR
will pass through the inner wall of the tube, and will be lost through the wall.
Alternatively, a coating of reflective material can be applied to reflect this light
back into the tube wall, where it can propagate directly or indirectly towards
the detector. This light will be recovered with lower efficiency, due to the
inefficiency of such reflective surfaces, but contributes to increasing the

overall efficiency of light/signal recovery.

In another preferred embodiment, the inner wall of the tube is coated
with a highly reflective material that allows efficient reflection of both the
excitation and emission wavelengths. The container wall serves as a support
in this design, but does not serve a functional role in the optics of this system.
In this embodiment, the index of refraction of the fluid, preferably a liquid, in
the lumen of the container, such as a tube, is not critical to the functioning of
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the analytical system, nor is that of the probe coating, as long as that coating
is thin in comparison with the wavelength of the excitation light used in the
analytical system. Under these conditions, the fiuid, preferably a liquid, in the

lumen of the tube and the probe coating function as a composite light guide.

In this embodiment electromagnetic radiation, such as excitatory light,
for example, from a laser or a white light source, is delivered through this
composite light guide to probe-analyte complexes that are suspended in and
are actually an integral part of the lightguide. Fluorescence emitted at all
angles will be reflected toward one end of the container or the other. That
which is emitted in the direction of a detector will be guided directly to the
detector, while light emitted toward the opposite end of the container
propagates to that end of the container, where it will encounter a reflective
surface that will deflect it toward the detector.

Unlike the other embodiments, the reflective process used in this
configuration to guide light to a detector is less efficient than the total internal
reflection (TIR) process. TIR occurs only when light impinges upon an
interface between two materials of different indexes of refraction, traveling
from the material of greater index of refraction to the material of lower index of
refraction, where the light is reflected back into the material of higher
refractive index. Because the light guide in this particular embodiment does
not function by TIR, light intensity will be progressively reduced as it
propagates via multiple reflections along the light guide, with some emissions
being completely dampened and thus extinguished. The degree of reduction
depend on several factors, including the angle at which the light strikes the
tube wall (the higher the angle the more reflections will be required for the
light to traverse the length of the tube and strike the detector, and the greater
the loss of signal intensity), the characteristics of the reflective coating
(because different coatings confer different efficiencies of reflection), and the
wavelength of light (because efficiency of reflection for different surfaces
varies for different wavelengihs of incident light).
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In another preferred embodiment the n of the lumenal fluid, preferably
a liquid, is less than or equal to the n of coatings on the inner wall (including
the coating of probe molecules), the n of the tube wall, and the n of the tube
wall will be greater than n of the surrounding medium. In this case, the tube,
inner coatings, and lumenal fluid will all function as a singie composite optical
waveguide. Electromagnetic radiation, such as excitatory light, will be
delivered to the probe-analyte-reporter complexes attached to the inner
surface of the tube both via the fluid contained in the lumen of the tube and
via the walls of the tube.

Fluorescence emitted by the immobilized probe-analyte-reporter
complexes will be collected across the whole cross-section of the composite
waveguide, which includes the fluid within the lumen and the wall of the tube,
as well as any coatings on the walls of the tube that are capable of
transmitting light. Only very low angles will be delivered directly, without
reflection or refraction through the lumen to the detector. The remainder of the
light will impinge upon the wall of the tube, will enter the wall and will be
refracted and strike the outer wall. Some of that light, that which impinges on
the outer surface of the wall at angles less than or equal fo the critical angle
for TIR from the outer wall surface, will underge TIR and will be guided by the
composite wave guide either to the detector, or to the opposite end of the
wave guide where it will be reflected back toward the detector.

Light that strikes the outer surface of the wall at angles greater than the
critical angle for TIR will be lost through the wall of the tube. Alternatively, a
coating of reflective material can be applied to the outer wall of the tube to
reflect light having incident angles greater than the angle of TIR back into the
composite waveguide, where it can propagate directly or indirectly to the
detector. This light will be recovered with lower efficiency, due to the
inefficiency of such reflective surfaces, but will contribute to increasing the

overall efficiency of light/signal recovery.
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A device in which biotin molecules were immobilized to the inner wall of
a tube as a model probe, and a solution was introduced into the tube, which
contained fluorescently tagged streptavidin as a model target molecule has
been described (11). In that device, electromagnetic radiation was delivered
from a source perpendicular to the tube, and that portion of the emitted
fluorescence that happened to be coupled into the wall of the tube was
detected by an optical system that captured light only from the tube wall.

In contrast, the core concept underlying the fluidic waveguide sensor of
the present invention is the use of the fluid contained in a tube or container,
either alone or in conjunction with other components of the system, as a
waveguide or composite waveguide. The elements or components that can
form composite fluidic waveguides include, in addition to the fluid contained in
the chamber or tube, the probe layer, the tube wall, and coatings on the inner
and outer surfaces of the tube or chamber. Various combinations and
permutations of these elements can be employed to form compesite fluidic
waveguides. The advantage of this design is that it allows a substantially
larger fraction of emitted light to be captured and guided to the detector,
thereby resulting in greater efficiency and sensitivity.

Tubes have also been used in biosensors (1,12,13), wherein
fluorescent reporter molecules are pre-bound to a probe malecule, which is in
turn attached to the wal of the tube. When target molecules are transported
through the system, they displace the fluorescent reporter molecules. These
are flushed through the tube to a downstream fluorescence detector, where
they are quantified. This system clearly differs from the fluidic waveguide
sensor of the present invention in that it does not employ waveguide
principles in the optics of the detection system and does not integrate the
tube, or the fluid contained therein, optically into the sensor design, but uses
the tube only as a reaction vessel for the chemicallbiochemical components of
the analytical process.
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The invention described herein is not restricted as to the kinds of
compounds, bio-molecules or biological entities that it can detect or quantify.
However, all of these can be understood and described within the context of
the probe-target-reporter model described in the following paragraphs.

Interactions between molecules can be highly specific. Such
interactions can serve as the basis for a detection system. For instance, if
Molecule A interacts with Molecule B in a highly specific manner, and if one
has available a system for detecting that interaction, then it is often possible to
design a system that uses Molecule A as a detector for Molecule B or visa

versa.

Such systems consist of three basic elements:

1. The probe molecule. This is that component or participant in the
molecular interaction that has been chosen to play a functional role
in the analytical system.

2. The target molecule or analyte. This is the other participant in the
molecular interaction, the participant that the analytical system is
designed to detect or quantify.

3. The indicator or reporter molecule or system. This is a third
molecule or chemical/physical system whose function, as part of the
analytical system, is to indicate or “report” whether or not, and to
what extent, target molecules may have interacted with probe
molecules.

The following embodiments provide non-limiting representative
examples of different probe-target-reporter systems that may be used in the
assay and assay product of the present invention. In all cases, interaction of
probe and target takes place within a fluidic waveguide or in another vessel
and is subsequently introduced into a fluidic waveguide. The reporter system

is designed to transduce the molecular interaction between probe and target
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molecules into an optical signal, which is then guided to the optical detector of
the system. In addition, there are instances in which elements of one system
described in these paragraphs can be used interchangeably in a second
system. For instance, fluorescently labeled aptamers could be used as the
indicator system for detection of the formation of probe-target complexes
consisting of an antigen bound to an antibody.

In a preferred embodiment, nucleic acid molecules (or analogs
thereof), including synthetic oligonucleotides, PCR amplicons, and cDNA
molecules that correspond in sequence to the target nucleic acid molecules of
interest, will function as the probe. Nucleic acid molecules complementary to
the probe, which interact with it through mechanisms that rely primarily on
hydrogen bonding, will function as the target or analyte.

Reporters useful with such probe-target pairs include:

A. An intercalating dye that binds specifically to double stranded DNA,
which fluoresces to a much greater degree when bound to double
stranded DNA than when free in solution, can function as the
reporter in this system. Such a dye will serve as an indicator of the
formation of complexes between probe and target nucleic acid
molecules. Useful dyes are well known in the art and may include
such entities as ethidium bromide.

B. Dyes can be incorporated directly into the target nucleic acid
molecules, themselves, such that interaction of target with probe is
accompanied by accumulation of dye molecules at the inner surface
of the wall of the tubular sensor element.

C. A third nucleic acid molecule, which is labeled with a fiuorescent
dye, and can hybridize to a region of the target molecule that is in
close proximity to the site where the probe nucleic acid molecule

hybridizes, can be used to indirectly label probe-target complexes.
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Another embodiment is an antibody that recognizes a molecule or
class of molecules of interest. Here, a protein or other biological or synthetic
molecule of interest serves as the analyte or target for the antibody probe.

Reporters useful with the such probe-target combinations include:

A. A second antibody that recognizes the target molecule and that
is labeled directly with a fluorescent dye, such that it can be used as an
indicator of the formation of complexes between probe and target.

B. A second antibody that recognizes the target molecule and that has
been modified to carry out a second function in addition to
recognition and binding of the target molecule. This second function
serves to generate a fluorescent or colored product that can be
measured by the analytical system, serving as an indicator of the

formation of complexes between probe and target.

A third type of embodiment is an aptamer that recognizes a molecule
or class of molecules that is of interest analytically. The targets can be
proteins, nucleic acids, and other biomolecules and synthetic molecules that
are recognized by, and can bind to, the aptamer. A second aptamer, the
indicator aptamer, functions as the reporter in this system. The indicator
aptamer binds to another region of the target molecule, or binds to the
immobilized aptamer-target molecular complex. The indicator aptamer must
be modified to carry a dye molecule or be linked to a catalytic element that
can generate an indicator substance (fluorescent) while this aptamer is bound
to the probe-target complex.

Another embodiment is an antigen used as a probe of sera to detect
the presence of IgE antibodies specific for that antigen. Such a probe
functions as an indicator that the serum donor is allergic to that antigen. An
antibody, typically IgE, recognized by the probe antigen, functions as the
target. The reporter is a second antibody specific for human IgE, which has
been labeled with a fluorescent dye.
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Other examples are receptors, such as hormone receptors, or other
proteins, such as avidin, that bind with high specificity and high affinity to
another biomolecule or synthetic molecule. Molecular species or complex
recognized by the probe function as target, and -examples of appropriate
reporters are as follows:.

A. A molecular species identical with or similar to the target molecule
will be labeled with fluorescent dye. The probe molecules attached
to the wall of the tubular sensor element will be saturated with this
labeled molecular species. When an unknown that contains target
molecules is introduced into the system the target molecules will
displace the fluorescently labeled indicator molecules, which will be
flushed from the sensor, reducing the fluorescent signal measured
by the detector.

B. Alternatively, the fluorescence displaced from the walls of the
tubular sensor element into the solution present in the lumen of the
sensor tube could be measured directly using optics that can
differentiate between fluorescence free in solution in the lumen of
the tube and fluorescence immobilized to the walls of the tubular
sensor element.

One additional type of embodiment is an enzyme specific for the target
compound. An analyte of interest, which is recognized with high specificity by
the probe, functions as target. The probe enzyme catalyzes the conversion of
target analyte to a second compound. In some cases, this compound might,
itself, be fluorescent and thus be directly detectable using the optics of the
sensor system. Alternatively, the compound generated by the initial reaction
could serve as a substrate for a second enzymatic reaction that would
generate a fluorescent compound. The second enzyme could be either bound
to the wall of the tubular sensor element or present in solution in the lumen of
the container. Example: The enzyme luciferase could be attached to the
container walls. This enzyme catalyzes an ATP- and luciferin-dependent
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reaction, generating light. Introducing into the sensor a sample of unknown
compossition that has been fortified with luciferin will lead to the generation of
light if and only if ATP is present in the unknown. The extent of light
production will be proportional to the amount of ATP present. Thus, this
system can be used to quantify ATP levels in biological materials.

The fluidic waveguide technology addresses a critical-need in the
biosensor field, namely the need for sensitive and versatile analytical or
detector elements or modules that can be readily integrated into fluidic
systems. Other elements or modules are also very important, such as
modules that combine and mix additional reagents with the sample, and
modules that can fractionate complex mixtures of biological molecules or
cells. However, an expanded range of detector systems for fluidic systems is
a critical need. The fluidic waveguide constitutes a new and powerful class of
analytical elements that fulfills this need.

In accordance with the foregoing, the present invention relates to a
method of determining an analyte in a sample comprising contacting said
analyte with a waveguide or lightguide of the invention, including manifolds of
these, contacting said waveguide or lightguide with electromagnetic radiation
and detecting a signal wherein said signal indicates the presence of said
analyte in said sample, thereby determining said analyte in said sample.

When said waveguide comprises a optical coating, said optical coating
element is thicker than one wavelength, preferably more than two

wavelengths, of said electromagnetic radiation.

In preferred embodiments of the methods of the invention, the source

of electromagnetic radiation is a laser or a white light source.

In additional preferred embodiments, the intensity of said signal is
proportional to the amount of said analyte in said sample and/or wherein said
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detecting a signal comprises detecting electromagnetic radiation. In one
preferred embodiment, the signal is produced by a fluorescent molecule.

In another preferred embodiment of the methods of the invention, the
analyte comprises a reparter molecule that generates a signal when the probe

is contacted with the analyte.

In another embodiment, probes, and/or targets (analytes), and/or
reporters undergo biochemical, and/or chemical, and/or physical processes in
another container, wherein said processes generate fluorescent complexes
and/or derivatives from said probes, targets (analytes), and reporters, and
said complexes and/or derivatives are transported to, and introduced into, a
fluidic waveguide, in which detection of said fluorescent complexes and/or
derivatives takes place.

For example, the waveguide or lightguide may comprise a reporter
molecule, with or without a probe. Thus, the waveguide or lightguide is
available for use in detection, either qualitative or quantitative, and without a
probe, of the accurrence of a reaction, such as a chemical reaction, whereby
the products are permitted to enter the fluid of the waveguide where the
reporter is contacted with said products to provide a signal indicating the
occurrence or extent of such reaction. The reporter molecule may react with
one or more of said products and may include a fluorescent molecule or other
label. The reporter may aiso comprise reagents that combine or otherwise
react to form, for example, a fluorescent fabel that intern provides the
appropriate detectable signal. The products of the reaction may themselves
comprise a reporter molecule, such as a fluorescent label. All such
embodiments, based on the devices and methods disclosed herein, are
specifically contemplated by the present invention and other embodiments in
keeping with the disclosure herein will no doubt suggest themselves to those
of skill in the art.
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WHAT IS CLAIMED IS:

1. A fluidic waveguide comprising a container and a fiuid that fills said
container, wherein said fluid has a refractive index greater than the refractive
index of the wall of said container and wherein said fluid acts as a waveguide

when contacted with electromagnetic radiation.

2. The fluidic waveguide of claim 1 further comprising a probe.

3. The fluidic waveguide of claim 2 wherein said probe is attached to

the inner surface of the wall of the container.

4. The fluidic waveguide of claim 2 wherein said probe is in solution in

the fluid that fills said container.

5. The fluidic waveguide of claim 2 wherein said probe is attached to a
solid present in the cavity of the container.

6. The fluidic waveguide of claim 2-5 wherein said probe is a member
selected from the group consisting of an oligonucleotide, an antibody, an

aptamer, a catalyst and an enzyme.

7. The fluidic waveguide of claim 1 further comprising a reporter
molecule.

8. The fluidic waveguide of claim 7 wherein said reporter molecule is a
member selected from the group consisting of a fluorophore and reagents
capable of producing a fluorophore.

9. The fiuidic waveguide of claim 1 further comprising a probe and one

or more reporter molecules that generate a signal when said probe is
contacted with an analyte.
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10. The fluidic waveguide of claim 9 wherein said probe is a member
selected from the group consisting of an oligonucleotide, an antibody, an
aptamer, a catalyst and an enzyme and said reporter molecule is a member
selected from the group consisting of a fluorophore and reagents that produce

a fluorophore when said probe is contacted with an analyte

11. The fluidic waveguide of claim 9 wherein said reporter molecule is

attached to the inner surface of said container.

12. The fluidic waveguide of claim 9 wherein said reporter molecule is

a quantum dot.

13. A fluidic waveguide comprising a container and a fluid that fills said
container, wherein the interior surface of said container is covered by an
optical coating element and said fluid has a refractive index higher than the
refractive index of said optical coating element and wherein said fluid acts as
a waveguide when contacted with electromagnetic radiation.

14, The fluidic waveguide of claim 13 wherein said coating has a width

of at least 100 Angstroms.

15. The fluidic waveguide of claim 13 wherein said coating has a width

of at least 100 Angstroms but not more than one micrometer.

18. The fluidic waveguide of claim 13 wherein said coating has a width
of at least 500 Angstroms but not more than one micrometer

17. The fluidic waveguide of claim 13 wherein said coating has a width
of at least 0.1 micrometer but not more than one micrometer

18. The fluidic waveguide of claim 13 wherein said coating has a width
of at least one micrometer
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19. The fluidic waveguide of claim 13 to 18 further comprising a probe.

20. The fluidic waveguide of claim 19 wherein said probe is attached to

the inner surface of the wall of the container.

21. The fluidic waveguide of claim 19 wherein said probe is in solution
in the fluid that filis said container.

22. The fluidic waveguide of claim 19 wherein said probe is attached to

a solid present in the cavity of the container.

23. The fluidic waveguide of claim 19-22 wherein said probe is a
member selected from the group consisting of an oligonucleotide, an

antibody, an aptamer, a catalyst and an enzyme.

24. The fluidic waveguide of claim 13 further comprising a reporter
molecule.

25. The fluidic waveguide of claim 24 wherein said reporter molecule is
a member selected from the group consisting of a fluorophore and reagents

capable of producing a fluorophore.

26. The fluidic waveguide of claim 13 further comprising a probe and
one or more reporter molecules that generate a signal when said probe is
contacted with an analyte.

27. The fluidic waveguide of claim 26 wherein said probe is a member
selected from the group consisting of an oligonucieotide, an antibody, an
aptamer, a catalyst and an enzyme and said reporter molecule is a member
selected from the group consisting of a fluorophore and reagents that produce
a fluorophore when said probe is contacted with an analyte
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28. The fluidic waveguide of claim 26 wherein said reporter molecule is
attached to the inner surface of said container.

29. The fluidic waveguide of claim 26 wherein said reporter molecule is

a quantum dot.

30. A fluidic waveguide, comprising a container and a fluid that fills said
container, wherein said fluid has a refractive index less than or equal to the
refractive index of the wall of said container, wherein the outer surface of said
container is covered by an external medium wherein the wall of said container
has a refractive index greater than the refractive index of said medium and
whereby said fluid and said container function together as a composite

waveguide when contacted with excitatory electromagnetic radiation.

31. The fluidic waveguide of claim 30 further comprising a probe.

32. The fluidic waveguide of claim 31 wherein said probe is attached to
the inner surface of the wall of the container.

33. The fluidic waveguide of claim 31 wherein said probe is in solution
in the fluid that fills said container.

34. The fluidic waveguide of claim 31 wherein said probe is attached to
a solid present in the cavity of the container.

35. The fluidic waveguide of claim 31-34 wherein said probe is a
member selected from the group consisting of an oligonucleotide, an

antibody, an aptamer, a catalyst and an enzyme.

36. The fluidic waveguide of claim 30 further comprising a reporter
molecule.
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37. The fluidic waveguide of claim 36 wherein said reporter molecule is
a member selected from the group consisting of a fluorophore and reagents
capable of producing a flucrophore.

38. The fluidic waveguide of claim 30 further comprising a probe and
one or more reporter molecules that generate a signal when said probe is

contacted with an analyte.

39. The fiuidic waveguide of claim 38 wherein said probe is a member
selected from the group consisting of an oligonucleotide, an antibody, an
aptamer, a catalyst and an enzyme and said reporter molecule is a member
selected from the group consisting of a fluorophore and reagents that produce
a fluorophore when said probe is contacted with an analyte

40. The fluidic waveguide of claim 36-39 wherein said reporter
molecule is attached to the inner surface of said container.

41, The fluidic waveguide of claim 36-39 wherein said reporter

molecule is a quantum dot.

42. A manifold of integrated non-identical fluidic waveguides of claims
1-41.

43. The manifold of claim 42 wherein said manifold is portable.
44. The fluidic waveguide of claims 1-43 wherein said fluid is a liquid.

45, The fluidic waveguide of claims 1-43 wherein said fluid is a gel.

46. A fluidic lightguide comprising a container and a fluid that fills said

container, and an internally reflective coating element covering the outer
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surface of said container wherein said container functions as a lightguide

when contacted with electromagnetic radiation.

47. The fluidic lightguide of claim 46 further comprising a probe.

48, The fluidic lightguide of claim 47 wherein said probe is attached to

the inner surface of the wall of the container.

49. The fluidic lightguide of claim 47 wherein said probe is in solution in
the liquid filling said container.

50. The fluidic lightguide of claim 47 wherein said probe is attached to
solids present in the cavity of the container.

51. The fluidic lightguide of claim 47-50 wherein said probe is a
member selected from the group consisting of an oligonucleotide, an
antibody, an aptamer, a catalyst and an enzyme.

52. The fluidic lightguide of claim 47 further comprising a reporter
molecule.

53. The fluidic lightguide of claim 52 wherein said reporter molecule is
a member selected from the group consisting of a fluorophore and reagents
capable of producing a fluorophore.

54. The fluidic lightguide of claim 47 further comprising a probe and
one or more reporter molecules that generate a signal when said probe. is
contacted with an analyte.

55. The fluidic lightguide of claim 54 wherein said probe is a member

selected from the group consisting of an oligonuclectide, an antibody, an
aptamer, a catalyst and an enzyme and said reporter molecule is a member
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selected from the group consisting of a fluorophore and reagents that produce
a fluorophore when said probe is contacted with an analyte

56. The fluidic lightguide of claim 52-55 wherein said reporter molecule

is attached to the inner surface of the wall of said container.

57. The fluidic lightguide of claim 52-55 wherein said reporter molecule
is a quantum dot.

58. A manifold of integrated non-identical fluidic lightguides of claims
47-57.

59, The manifold of claim 58 wherein said manifold is portable.

60. The fluidic lightguide of claims 47-59 wherein said fluid is a liquid.

61. The fluidic lightguide of claims 47-59 wherein said fluid is a gel.

62. A method of determining an analyte in a sample comprising
contacting said analyte with a waveguide of claim 1-45, contacting said
waveguide with electromagnetic radiation and detecting a signal wherein said
signal indicates the presence of said analyte in said sample, thereby
determining said analyte in said sample.

63. The method of claim 62 wherein, if said waveguidé is the fluidic
waveguide of claim 13-29 said optical coating element is thiéker than one

wavelength of said electromagnetic radiation.

64. The method of claim 62 wherein the source of electromagnetic

radiation is a laser.
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65. The method of claim 62 wherein the source of electromagnetic
radiation is a white light source.

66. The method of claim 62 wherein the intensity of said signal is

proportional to the amount of said analyte in said sample.

67. The method of claim 62 wherein said detecting a signal comprises
detecting electromagnetic radiation.

68. The method of claim 62 wherein said signal is produced by a

fluorescent molecule.

69. A method of determining an analyte in a sample comprising
contacting said analyte with a waveguide of claim 1-45, wherein said analyte
comprises a reporter molecule that generates a signal when said probe is
contacted with said analyte, contacting said waveguide with electromagnetic
radiation and detecting a fluorescent signal, thereby determining said analyte.

70. The method of claim 69 wherein, if said waveguide is the fluidic
waveguide of claim 12, said optical coating element is thicker than one
wavelength of said electromagnetic radiation.

71. The method of claim 69 wherein the source of electromagnetic
radiation is a laser.

72. The method of claim 69 wherein the source of electromagnetic
radiation is a white light source.

73. The method of claim 69 wherein the intensity of said signal is
proportional to the amount of said analyte in said sample.

74. The method of claim 69 wherein said detecting a signal comprises
detecting electromagnetic radiation.
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75. The method of claim 69 wherein said signal is produced by a

fluorescent molecule.

76. A method of determining an analyte in a sample comprising
contacting said analyte with a lightguide of claim 46-61, contacting said
lightguide with electromagnetic radiation and defecting a signal wherein said
signal indicates the presence of said analyte in said sample, thereby

determining said analyte in said sample.

77. The method of claim 76 wherein the source of electromagnetic

radiation is a laser.

78. The method of claim 76 wherein the source of electromagnetic

radiation is a white light source.

79. The method of claim 76 wherein the intensity of said signal is
proportional to the amount of said analyte in said sample.

80. The method of claim 76 wherein said detecting a signal comprises
detecting electromagnetic radiation.

81. The method of claim 76 wherein said signal is produced by a

fluorescent molecule.

82. A method of determining an analyte in a sample comprising
contacting said analyte with a lightguide of claim 46-61, wherein said analyte
comprises a reporter molecule that generates a signal when said probe is
contacted with said analyte, contacting said lightguide with electromagnetic

radiation and detecting a fluorescent signal, thereby determining said analyte.
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83. The method of claim 82 wherein the source of electromagnetic

radiation is a laser.

84. The method of claim 82 wherein the source of electromagnetic

radiation is a white light source.

85. The method of claim 82 wherein the intensity of said signal is
proportional to the amount of said analyte in said sample.

86. The method of claim 82 wherein said detecting a signal comprises

detecting electromagnetic radiation.

87. The method of claim 82 wherein said signal is produced by a

fluorescent molecule.
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