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FLUID DELIVERY SYSTEM AND METHOD
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tion. The government has certain rights in the invention.

BACKGROUND OF INVENTION
1. Field of Invention

This invention relates to a method and apparatus for the
delivery and/or storage of one or more fluids and, in par-
ticular, to a method and apparatus for storing and delivering
chemical and biological reagents.

2. Discussion of Related Art

The delivery of fluids plays an important role in fields
such as chemistry, microbiology and biochemistry. These
fluids may include liquids or gases and may provide
reagents, solvents, reactants, or rinses to chemical or bio-
logical processes. Often, more than one fluid is delivered to
a reaction vessel or site to promote interaction between the
fluids or components of the fluids. Intermittent rinse fluids
may also be used to remove unwanted reactants or to prepare
a reactor, reaction site or assay site.

While various microfluidic devices and methods, such as
microfiuidic assays, can provide inexpensive, sensitive and
accurate analytical platforms, fluid delivery to the platform
can add a level of cost and sophistication that may require
testing to be performed in a laboratory rather than in the
field, where it may be most useful.

As chemical and biochemical platforms become smaller
due to improvements in areas such as microfluidics, smaller
reagent quantities are required to do a similar number of
assays or reactions. Typically, however, smaller size plat-
forms do not diminish the need to supply multiple reagents
and rinses to a reaction site. For instance, some microfluidic
assays may require less than a microliter of reagent fluids,
but two, three or more different fluids may need to be
supplied in accurate quantities and in proper sequence.

For microfluidic assays and reactors, fluids are often
supplied by an operator using a micropipette. A fluid may be
pipetted into an inlet of a microfluidic system and the fluid
may be drawn through the system by application of a
vacuum source to the outlet end of the microfluidic system.
Reagents may also be pumped in, for instance by using
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different syringe pumps filled with the required reagents.
After one fluid is pumped into the microfluidic device, a
second can be pumped in by disconnecting a line from the
first pump and connecting a line from a second pump.
Alternatively, valving may be used to switch from one
pumped fluid to another. Different pumps are used for each
fluid to avoid cross contamination. This may be of particular
relevance when two fluids contain components that may
react with each other or, when mixed, can affect the results
of an assay or reaction.

Continuous flow systems may use a series of two different
fluids passing serially through a reaction channel. Fluids can
be pumped into a channel in serial fashion by switching,
through valving, the fluid source that is feeding the tube. The
fluids constantly move through the system in sequence and
are allowed to react in the channel. For example, a PCR
reaction can be run using continuous flow. See Obeid et al.,
“Microfabrication Device for DNA and RNA Amplification
by Continuous-Flow Polymerase Chain Reaction and
Reverse Transcription-Polymerase Chain Reaction with
Cycle Number Selection,” Analytical Chemistry, 2003, 75,
288-295.

The utility of fluid systems may be affected by the storage
time, or shelf life, of any reagents that are to be used with
a system. A portable microfluidic system can be transported
to almost any location, but when reagents must be freshly
prepared, the usefulness of the system in the field can be
diminished. This may be true in particular for biological and
biochemical based systems that may rely on reagents that,
for example, are unstable, have short shelf lives or must be
stored under special conditions, such as refrigeration.

An accurate early and ongoing determination of a disease
condition is important for the prevention and treatment of
human and animal diseases. One class of diagnostic tech-
niques uses immunoassay reactions to detect the presence of
either an antigen or an antibody in a sample taken from a
subject. These immunoassay methods include, for example,
ELISA, immunochromatographic assays (strip tests, dip-
stick assays and lateral flow assays), and sandwich assays.
Accuracy, reliability, and ease of use of these types of assays
has improved, but often testing requires laboratory condi-
tions, power supplies, and training that may not be available
in some areas where testing is desired.

One type of sandwich assay uses gold conjugated anti-
bodies to enhance detection. For example, see PCT publi-
cation W0/91/01003. Enhancement of a gold colloid signal
can be achieved by staining the gold colloids with silver.
First, an antigen is immobilized onto a solid polystyrene
substrate. A human anti-HIV antibody is then captured by
the antigen and is therefore itself immobilized on the sub-
strate. The antibody is then exposed to anti-human IgG
labeled with a colloidal gold particle and thus labeled IgG
becomes bonded to the antibody. The antigen-antibody-IgG
complex is then exposed to a solution containing silver ions
and these become nucleated around the gold particles as
solid silver particles having a dark color to the eye.

The development of microfluidics and microfluidic tech-
niques has provided improved chemical and biological
research tools, including platforms for performing chemical
reactions, combining and separating fluids, diluting samples,
and generating gradients. For example, see U.S. Pat. No.
6,645,432, hereby incorporated by reference herein.

SUMMARY OF INVENTION

In one aspect, the invention is a method, the method
comprising providing a first and a second fluid maintained
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separately from each other in a common vessel, transferring
the first and second fluids in series from the vessel to a
reaction site to carry out a predetermined chemical or
biochemical reaction, and avoiding contact between the first
and second fluids, at least until after the fluids have been
applied to the reaction site.

In another aspect, an apparatus is provided, the apparatus
comprising a sealed vessel, a first static fluid disposed in the
vessel, a second static fluid disposed in the vessel, and a
third static fluid disposed in the vessel, wherein the third
fluid separates the first and second fluids, and at least the first
and second fluids are selected for use in a predetermined
chemical or biological reaction in a predetermined sequence.

In another aspect, another method is provided, the method
comprising flowing a first fluid into a vessel, flowing a
second fluid into the vessel, the second fluid being substan-
tially immiscible with the first fluid, flowing a third fluid into
the vessel, wherein the third fluid is substantially immiscible
with the second fluid and wherein the third fluid is not
contacting the first fluid, and sealing the fluids in the vessel.

In another aspect another apparatus is provided, the
apparatus comprising a sealed vessel comprising a chamber,
defining a continuous void, containing a first fluid and a
second fluid, the first and second fluids constructed and
arranged to be deliverable from the vessel separately for
sequential use in a predetermined chemical or biological
reaction wherein the sealed vessel is constructed and
arranged for storing the first and second fluids for at least
one hour prior to use of the first and second fluids in the
predetermined chemical or biological reaction.

In another aspect an assay kit is provided, the kit com-
prising a surface including a microfluidic channel, at least
one of an antibody or an antigen associated with a portion of
the microfluidic channel, a vessel, a first static fluid disposed
in the vessel, the first static fluid comprising a metal colloid
associated with an antibody or an antigen, a second static
fluid disposed in the vessel, the second static fluid compris-
ing a metal precursor, a third static fluid disposed in the
vessel wherein the third fluid separates the first and second
fluids, and instructions for performing the assay.

In another aspect, another method is provided, the method
comprising providing a first and a second fluid statically
maintained separately from each other in a common vessel
for greater than one minute, applying in series the first and
second fluid to a reaction site, and avoiding contact between
the first and second fluids, at least until after the fluids have
been applied to the reaction site.

In another aspect a method is provided, the method
comprising providing a first and a second fluid maintained
separately from each other in a common vessel, transferring
the first and second fluids in series from the vessel to a
reaction site to carry out a predetermined chemical or
biochemical reaction, allowing a component of the first fluid
to become associated with the reaction site, and allowing a
component of the second fluid to become associated with the
component of the first fluid.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, are not intended to be
drawn to scale. In the drawings, each identical or nearly
identical component that is illustrated in various figures is
represented by a like numeral. For purposes of clarity, not
every component may be labeled in every drawing. In the
drawings:

FIG. 1 is an illustration of one embodiment of an assay of
the invention;
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FIG. 2 is an illustration of an assay including a detector;

FIG. 3 is a schematic illustration of an optical detector;

FIG. 4 is a graph illustrating absorbance versus analyte
concentration;

FIG. 5 illustrates graphically and in a photocopy of a
micrograph the amount of opaque material present at high
and low analyte concentrations;

FIG. 6 provides photocopies of micrographs showing the
formation of opaque material at various analyte concentra-
tions;

FIG. 7 provides graphical data regarding four different
assay techniques;

FIG. 8 provides graphical data indicating absorbance vs.
time of exposure and provides photocopies of micrographs
showing an opaque material;

FIG. 9 provides a side view of an assay detection system;

FIG. 10 provides graphical data comparing apparent
absorbance by two different techniques;

FIG. 11 provides additional graphical data comparing
absorbance by two different techniques;

FIG. 12 is a schematic illustration of a vessel containing
fluid plugs;

FIG. 13 illustrates a technique for filling a vessel;

FIG. 14 illustrates another technique for filling a vessel;

FIG. 15 illustrates one embodiment of delivering a series
of fluids to an assay device;

FIGS. 16 a, b and ¢ illustrate graphically the fluorescence
response to a series of sequentially applied fluid plugs;

FIG. 17 provides a schematic illustration of various fluid
reagent plugs in a vessel;

FIG. 18 illustrates a method for making a microfluidic
assay device.

FIG. 19 provides a schematic illustration of associated
components from the reagent fluids of the vessel of FIG. 17;

FIG. 20 is a photocopy of a fluorescent micrograph of an
assay completed on the device of FIG. 18;

FIG. 21 provides another illustration of various fluid
reagent plugs in a vessel;

FIG. 22 illustrates an embodiment showing a change in
response that varies with a change in antibody concentra-
tion; and

FIG. 23 illustrates graphically a change in fluorescence
against cartridge storage time.

DETAILED DESCRIPTION

This invention is not limited in its application to the
details of construction and the arrangement of components
set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments
and of being practiced or of being carried out in various
ways. Also, the phraseology and terminology used herein is
for the purpose of description and should not be regarded as
limiting. The use of “including,” “comprising,” or “having,”
“containing”, “involving”, and variations thereof herein, is
meant to encompass the items listed thereafter and equiva-
lents thereof as well as additional items.

The invention relates to a method and apparatus for the
delivery of fluids. The term “fluid” is used herein, as it is
commonly by those skilled in the art, to include both liquids
and gases, including gaseous mixtures. Also included are
aqueous and non-aqueous solvents, solutions and suspen-
sions.

A “reaction site” is a location where a chemical, physical
or biochemical process occurs. These processes may include
any of, for example, chemical reactions, electrochemical
photochemical reactions, chemical and biological assays
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such as disease condition assessment, immunoassays,
nucleic acid binding and/or identification, and protein bind-
ing and/or identification. Also included are finishing pro-
cesses, surface treatments and phase-altering reactions.

As used herein, “immiscible” is used according to its
common meaning in the art. Specifically, a first fluid is
immiscible in a second fluid if the first fluid is not substan-
tially soluble in the second fluid. In some instances, a first
fluid may be immiscible in a second fluid if it is less than
0.1%, less than 1%, less than 10% or less than 50% soluble
in a second fluid under environmental conditions at which
the fluids are stored or used.

“Integral article” means a single piece of material, or
assembly of components integrally connected with each
other. As used herein, the term “integrally connected,” when
referring to two or more objects, means objects that do not
become separated from each other during the course of
normal use, e.g., cannot be separated manually; separation
requires at least the use of tools, and/or by causing damage
to at least one of the components, for example, by breaking,
peeling, etc. (separating components fastened together via
adhesives, tools, etc.).

“Instructions” can and often do define a component of
promotion, and typically involve written instructions on or
associated with packaging of compositions of the invention,
optionally as part of a kit. Instructions also can include any
oral or electronic instructions provided in any manner. The
“kit” typically, and preferably defines a package including
both any one or a combination of the components or devices
of the invention and the instructions, but can also include
components or devices of the invention and instructions of
any form that are provided in connection with the compo-
nents or devices in a manner such that a clinical professional
will clearly recognize that the instructions are to be associ-
ated with the components or devices.

In some, but not all embodiments, all or some of the
components of the systems and methods described herein
are microfluidic. “Microfluidic,” as used herein, refers to a
device, apparatus or system including at least one fluid
channel having a cross-sectional dimension of less than 1
mm, and a ratio of length to largest cross-sectional dimen-
sion of at least 3:1. A “microfluidic channel,” as used herein,
is a channel meeting these criteria.

The “cross-sectional dimension” of the channel is mea-
sured perpendicular to the direction of fluid flow. Most fluid
channels in components of the invention have maximum
cross-sectional dimensions less than 2 mm, and in some
cases, less than 1 mm. In one set of embodiments, all fluid
channels containing embodiments of the invention are
microfiuidic or have a largest cross sectional dimension of
no more than 2 mm or 1 mm. In another embodiment, the
fluid channels may be formed in part by a single component
(e.g. an etched substrate or molded unit). Of course, larger
channels, tubes, chambers, reservoirs, etc. can be used to
store fluids in bulk and to deliver fluids to components of the
invention. In one set of embodiments, the maximum cross-
sectional dimension of the channel(s) containing embodi-
ments of the invention are less than 500 microns, less than
200 microns, less than 100 microns, less than 50 microns, or
less than 25 microns.

A “channel,” as used herein, means a feature on or in an
article (substrate) that at least partially directs the flow of a
fluid. The channel can have any cross-sectional shape (cir-
cular, oval, triangular, irregular, square or rectangular, or the
like) and can be covered or uncovered. In embodiments
where it is completely covered, at least one portion of the
channel can have a cross-section that is completely enclosed,
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or the entire channel may be completely enclosed along its
entire length with the exception of its inlet(s) and outlet(s).
A channel may also have an aspect ratio (length to average
cross sectional dimension) of at least 2:1, more typically at
least 3:1, 5:1, or 10:1 or more. An open channel generally
will include characteristics that facilitate control over fluid
transport, e.g., structural characteristics (an elongated inden-
tation) and/or physical or chemical characteristics (hydro-
phobicity vs. hydrophilicity) or other characteristics that can
exert a force (e.g., a containing force) on a fluid. The fluid
within the channel may partially or completely fill the
channel. In some cases where an open channel is used, the
fluid may be held within the channel, for example, using
surface tension (i.e., a concave or convex meniscus).

The channel may be of any size, for example, having a
largest dimension perpendicular to fluid flow of less than
about 5 mm or 2 mm, or less than about 1 mm, or less than
about 500 microns, less than about 200 microns, less than
about 100 microns, less than about 60 microns, less than
about 50 microns, less than about 40 microns, less than
about 30 microns, less than about 25 microns, less than
about 10 microns, less than about 3 microns, less than about
1 micron, less than about 300 nm, less than about 100 nm,
less than about 30 nm, or less than about 10 nm. In some
cases the dimensions of the channel may be chosen such that
fluid is able to freely flow through the article or substrate.
The dimensions of the channel may also be chosen, for
example, to allow a certain volumetric or linear flowrate of
fluid in the channel. Of course, the number of channels and
the shape of the channels can be varied by any method
known to those of ordinary skill in the art. In some cases,
more than one channel or capillary may be used. For
example, two or more channels may be used, where they are
positioned inside each other, positioned adjacent to each
other, positioned to intersect with each other, etc.

A “plug” is defined herein as a continuous volume of a
first fluid, the boundaries of which are defined by a wall or
walls of a vessel and one or more interfaces with a second
fluid that is substantially immiscible with the first fluid. An
example of a plug would be a one microliter volume of an
aqueous solution in a capillary tube bounded by air at both
ends of the one microliter volume. Another example of a
plug would be a one milliliter volume of a non-aqueous
liquid in a sealed length of tubing, the non-aqueous fluid
being bounded at one end by the sealed end of the tubing and
at the opposing end by an aqueous liquid.

If a fluid is “statically maintained” in a vessel, the fluid
does not change its position in relation to the vessel although
it may, for example, expand or contract or vibrate in its
statically maintained position. The vessel containing the
fluid may be moved or re-oriented while the fluid is statically
maintained.

If a fluid is of the same “type” as a second fluid, it means
that the two fluids serve the same purpose in an assay or
reaction, although they may be of different volumes. For
example, two different rinse solutions would be considered
the same type of solution while a solution including a
reagent would not be of the same type as a rinse solution.

If two fluids are “distinct” from each other, they are not
intermixed and fill separately distinguishable volumes. For
instance, two fluids may be distinct if they are immiscible or
if they are physically separated, such as by a separation fluid.

The term “binding” refers to the interaction between a
corresponding pair of molecules that exhibit mutual affinity
or binding capacity, typically specific or non-specific bind-
ing or interaction, including biochemical, physiological,
and/or pharmaceutical interactions. Biological binding






