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(57) ABSTRACT

Membrane laminates, where at least one membrane in the
laminate contains a reagent which is confined to its respec-
tive membrane, are described, as well as methods of pre-
paring such laminates by applying a reagent to a membrane
in a laminate. Also described are related methods of impreg-
nating a single membrane with reagent. The methods pref-
erably employ a gravure coating process. Also described are
laminates for use in determination of HDL-associated cho-
lesterol and assay devices containing them.
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REAGENT-CONTAINING MEMBRANES AND
LAMINATES AND METHODS OF THEIR
PREPARATION

[0001] This patent application claims priority under 35
US.C. § 119(e) to U.S. provisional patent application Ser.
No. 60/517,596, filed Nov. 4, 2003, and under 35 US.C. §
120 to PCT application no. PCT/EP2004/008495, filed on
Jul. 29, 2004 designating the U.S., both of which are hereby
incorporated in their entirety by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a method of
impregnating a membrane or membrane laminate with a
uniform and controlled amount of reagent. In particular
aspects, the invention relates to preparing membrane lami-
nates containing impregnated reagents, where the reagents
are limited to a single respective layer of the laminate, and
to such reagent-containing membranes and laminates and
assay devices containing them.

BACKGROUND OF THE INVENTION

[0003] Diagnostic assays employing a strip format, where
a porous material such as a fibrous strip or membrane is
impregnated with diagnostic reagents, are in common use
due to convenience, speed and reduced need for manipula-
tion of reagents by the user. Uniform and reproducible
application of reagents is important in the production of such
devices, to ensure consistency and accuracy of test results.

[0004] Various methods have been employed for applying
reagents to such test strips. For example, a porous membrane
can be impregnated with a reagent simply by contacting the
membrane with a solution of the reagent. To achieve uni-
form impregnation, a saturating amount of solution is typi-
cally used. However, this approach often produces non-
uniform distribution of reagents. In particular, it is
unsatisfactory for laminated membranes, since it generally
does not limit dispersion of the reagent to a single layer,
particularly if the layers are of similar materials. Spray
coating or syringe coating of reagent to a surface of a
membrane or laminate can provide better control of the
amount of reagent applied, thus reducing the risk of disper-
sion to underlying layers in a laminate. However, coating by
these methods also tends to be non-uniform, producing
concentration gradients with more reagent in the center of
the application area.

[0005] Another approach to applying reagents to different
layers in a laminate is to coat or impregnate the layers
separately, followed by lamination. However, thermal or
ultrasonic lamination may be unsuitable for heat sensitive
reagents. The use of an adhesive between layers may reduce
the need for heating, but it leads to possible contamination
of assay chemistry. It is also important to retain porosity of
porous membranes, and any of these techniques can be
detrimental in this respect.

[0006] Accordingly, there is a need for a method for
uniform application of reagents to membranes, and in par-
ticular to separate membranes in a laminate, without cross
contamination between layers, and without exposing the
reagents to excessive heat. Ideally, such a process would
uniformly apply a controlled volume of reagent to one or
both sides of such a laminate.
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SUMMARY OF THE INVENTION

[0007] In one aspect, the invention provides a method of
applying a reagent to a membrane in a membrane laminate,
comprising first and second laminated membranes. The
method comprises:

[0008] (a) providing a laminate of the first and second
membranes, having an outer first membrane surface,
a laminated first membrane surface, a laminated
second membrane surface, and an outer second
membrane surface;

[0009] (b) applying a controlled volume of a solution
of a first reagent to the outer first membrane surface,
by contacting the surface with a solid support having
a surface containing recesses filled with the solution,

and
[0010] (c) drying the first membrane in the laminate,
[0011] to produce a laminate containing the first

membrane impregnated with the first reagent,
wherein the first reagent does not contact the second
membrane in the laminate.

[0012] Preferably, the method further comprises impreg-
nating the second layer with a second reagent, by (d)
applying a controlled volume of a solution of the second
reagent to the outer second membrane surface, by contacting
the surface with a support containing recesses filled with the
solution, and (¢) drying the second membrane in the lami-
nate, to produce a laminate containing the second membrane
impregnated with the second reagent, wherein the second
reagent does not contact the first membrane in the laminate.

[0013] The support preferably has a planar or cylindrical
surface. Typically, the support is a rotating gravure cylinder,
having a plurality of recesses or cells formed in the surface,
as discussed further below. Preferably, said applying occurs
simultaneously across the entire width of the first membrane
outer surface, to produce a uniform application across the
width of the membrane.

[0014] The “controlled volume™ of solution is generally no
more than a saturating amount of the solution, with respect
to the absorptive capacity of the respective membrane, and
is typically a subsaturating amount, as defined below. In
certain embodiments, a given (first or second) reagent does
not contact the laminated surface of the respective mem-
brane in the finished laminate; that is, it penetrates only
partially through the depth of the respective membrane. In
other embodiments, a given (first or second) reagent con-
tacts the laminated surface of the respective membrane in
the finished laminate; that is, it impregnates the full thick-
ness of the respective membrane, but it does not contact the
other membrane in the laminate.

[0015] In one embodiment, at least the first membrane is
an asymmetric membrane, i.e. having a small pored surface
and a large pored surface. The second membrane may also
be an asymmetric membrane. In selected embodiments, the
outer first membrane surface is the large pored surface of the
first membrane. In a further embodiment, the outer second
membrane surface is the small pored surface of the second
membrane. Such an embodiment is illustrated in FIG. 1,
which shows a laminate 10 of first membrane 12 and second
layer 14, having outer first membrane surface 16, laminated
first membrane surface 18, laminated second membrane
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surface 20, and outer second membrane surface 22. The
laminated first membrane surface and laminated second
membrane surface jointly form a laminate interface.

[0016] At least one of the reagents may be a heat sensitive
reagent, such that laminating a membrane containing said
reagent to a further membrane would produce a detrimental
change in the reagent.

[0017] In one embodiment, the first reagent comprises
reagents effective to selectively remove non-HDL lipopro-
teins from a blood fluid sample passing through the first
membrane, and the second reagent comprises reagents effec-
tive to produce an optically detectable signal proportional to
a quantity of HDL-associated cholesterol in the second
membrane.

[0018] Inarelated aspect, the invention provides a method
of applying a reagent to a membrane, by applying a con-
trolled volume of a solution of said reagent to a first surface
of the membrane, by contacting the surface with a support
having a surface containing recesses filled with the solution.
Again, the support preferably has a planar or cylindrical
surface, and is typically a rotating gravure cylinder.

[0019] The controlled amount of reagent may be a sub-
saturating amount. In one embodiment, following applica-
tion of reagent and, preferably, drying, the reagent does not
contact the opposite surface of said membrane; that is, it
penetrates only partially through the depth of the membrane.
The application of reagent preferably occurs simultaneously
across the entire width of the first surface of the membrane.
Accordingly, the concentration of the reagent is preferably
uniform across the length and width of said membrane.

[0020] The membrane may be an asymmetric membrane,
having a small pored surface and a large pored surface; in
one embodiment, the first surface, to which reagent is
applied, is the large pored surface. In other embodiments,
the first surface is the small pored surface. In one preferred
embodiment, the reagent comprises reagents effective to
selectively remove non-HDL lipoproteins from a blood fluid
sample passing through the membrane; alternatively, the
reagent includes reagents effective to selectively precipitate
non-HDL (LDL and VLDL) lipoprotein particles in the
sample, and the precipitated LDL and VLDL particles are
prevented by filtration from passing through the membrane.
In this embodiment, when the membrane is an asymmetric
membrane, the reagent is applied to the large pored surface.
In another preferred embodiment, the reagent comprises
reagents effective to produce an optically detectable signal
proportional to a quantity of HDL-associated cholesterol in
the membrane. In this embodiment, when the membrane is
an asymmetric membrane, the reagent is applied to the small
pored surface.

[0021] In another aspect, the invention provides a mem-
brane laminate for use in a diagnostic assay, comprising first
and second laminated membranes which are joined at a
laminate interface, wherein the first membrane in said lami-
nate is impregnated with a first reagent, the second mem-
brane is impregnated with a second reagent, and the reagent
in at least one of the membranes is absent in a laminar region
of that membrane adjacent the laminate interface, such that
the reagents in the two membranes are physically separated
by at least that laminar region.
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[0022] Preferably, the concentration of each reagent or
reagent system is uniform across the length and width of the
respective membrane.

[0023] In selected embodiments, at least one said reagent
is heat sensitive, such that laminating a membrane contain-
ing said reagent to a further membrane would produce a
detrimental change in the reagent.

[0024] Preferably, at least the first membrane is an asym-
metric membrane, having a small pored surface and a large
pored surface. In selected embodiments, the small pored
surface faces the laminate interface. The second membrane
may also be an asymmetric membrane; in selected embodi-
ments, its large pored surface faces the laminate interface.

[0025] 1In a preferred embodiment, the first reagent com-
prises reagents effective to selectively remove non-HDL
lipoproteins from a blood fluid sample passing through said
first membrane; alternatively, the first reagent includes
reagents effective to selectively precipitate non-HDL (LDL
and VLDL) lipoprotein particles in the sample, and the
precipitated LDL and VLDL particles are prevented by
filtration from passing through the laminate interface. In
these embodiments, the second reagent comprises reagents
effective to produce an optically detectable signal propor-
tional to a quantity of HDL-associated cholesterol in the
second membrane. Preferably, in such a laminate, the
reagent in the second membrane is absent in a laminar region
of that membrane adjacent the laminate interface.

[0026] In arelated aspect, the invention provides an assay
device for assaying HDL in a blood or serum sample,
comprising

[0027] (a) a substrate having a sample-receiving well
for receiving an aliquot of the sample,

[0028] (b) a membrane laminate comprising first and
second laminated membranes which are joined at a
laminate interface, wherein

[0029] (i) the first membrane is impregnated with
reagents effective to selectively precipitate LDL
and VLDL lipoprotein particles in the sample, and
the precipitated LDL and VLDL particles are
prevented by filtration from passing through the
laminate interface;

[0030] (ii) the second membrane is impregnated
with reagents effective to produce an optically
detectable signal proportional to a quantity of
HDL-associated cholesterol in the second mem-
brane; and

[0031] (iii) the reagent in at least one of the mem-
branes, and preferably the second membrane, is
absent in a laminar region of that membrane
adjacent the laminate interface, such that the
reagents in the two membranes are physically
separated by at least that laminar region.

[0032] In the laminate, as described above, the concentra-
tion of each reagent is preferably uniform across the length
and width of the membrane. The device also comprises (c)
a filter between the sample-receiving well and the first
membrane of the laminate, for removing red blood cells in
the sample as the sample migrates from the sample-receiv-
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ing well to the laminate, wherein the well, filter and laminate
are or can be placed in fluid communication with each other.

[0033] These and other objects and features of the inven-
tion will become more fully apparent when the following
detailed description of the invention is read in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a cross section view of two laminated
asymmetric membranes to which reagents may be applied in
accordance with one embodiment of the invention;

[0035] FIG. 2 is a schematic diagram showing a coating
system for application of reagents to a laminate, in accor-
dance with one embodiment of the invention; and

[0036] FIG. 3 is a side view of an assay device incorpo-
rating a membrane laminate, in accordance with one
embodiment of the invention.

DETAILED DESCRIPTION OF THE

INVENTION
[0037] 1. Reagent Application Method
[0038] The invention provides methods of impregnating

or coating a laminate of at least two membranes with at least
one reagent, such that each reagent is confined to its respec-
tive membrane. Preferably, the laminate includes at least two
membranes, each containing a different reagent or reagent
system.

[0039] One example of such a laminate is a membrane
assembly used in a device designed for measuring the
concentration of HDL-associated cholesterol in a blood
sample which also containing LDL and VLDL particles. See,
for example, Jones et al., US Appn. Pubn. Nos. 2003/
0166291 and 2003/0224471, which are incorporated herein
by reference. However, the invention is useful for any
application employing a laminate as described above, hav-
ing reagents impregnated in at least one, and preferably two,
membrane layers, where each reagent must be confined to its
respective layer.

[0040] The exemplary HDL assay laminate, as described
further below, includes an HDL test membrane, in which
HDL concentration is measured, and a reagent membrane,
containing a binding and/or precipitation reagent, such that
the membrane is effective to selectively remove non-HDL
lipoproteins from the fluid sample, before the sample con-
tacts the test membrane.

[0041] Preferably, each of the membranes in the laminate
is a porous asymmetric membrane; that is, a membrane
having a pore size gradient across its thickness. An exem-
plary two-membrane layer 10 comprising two asymmetric
membranes 12 and 14 is shown in cross section in FIG. 1,
with the preferred orientation shown, with larger pores at 24
and smaller pores at 26 in membrane 12.

[0042] In order for the HDL assay to function accurately,
the HDL test reagent must be restricted to it respective layer.
If the HDL reagent is present in the reagent layer, the color
developed in the assay reaction will generally represent
some fraction of non-HDL cholesterol in addition to the
analyte, HDL-associated cholesterol.
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[0043] The applicants have found that a gravure printing
process, in which fluid is applied to a substrate from recesses
in a solid plate, or, typically, a rotating cylinder, allows
controlled-volume deposition of different reagents to oppo-
site surfaces of a laminated membrane. By controlling the
deposition volume, each reagent can be limited to its respec-
tive layer in the laminate.

[0044] 1In gravure coating, a network of depressions, typi-
cally closely spaced cells, is etched on the surface of a metal
cylinder. The cells are loaded with fluid, and the rotating
cylinder transfers the fluid to a substrate. The cells have a
defined volume, thus limiting the amount of liquid that can
be transferred to the substrate. Typically, a cylinder has a
volume of about 30-50 ul per square inch of cylinder surface
(about 4.5-8 ul per cm?). (In this sense “cylinder surface”
assumes a smooth surface, corresponding to the surface area
of the substrate contacted by the cylinder; it does not include
the additional surface area provided by the recesses them-
selves.) Other volume capacities can also be used. The
recesses are generally uniformly sized and closely spaced,
such that, upon transfer of liquid drops to the membrane,
they coalesce into a uniform layer of liquid.

[0045] A gravure coating system that may be used in
carrying out the processes described herein is shown at 30 in
FIG. 2. (As used herein, “coating” a membrane includes
applying a reagent such that it penetrates beyond the surface
and may impregnate the entire thickness of the membrane.)

[0046] The laminated membrane or “web”32 is fed from a
roll 34. The gravure cylinder 36 is typically copper or
copper-plated steel or aluminum; a thin layer of chrome is
often applied for durability. As described above, the surface
of the cylinder is etched with a plurality of small cells
effective to hold a defined quantity of liquid. A cylinder is
chosen with a pattern of recesses or wells that is effective to
apply a uniform coating with the given coating system. The
cylinder may be partially submerged in a bath or tray of the
fluid to be applied. Alternatively, as preferred for the instant
method, a reagent chamber 38 may be used to deliver
reagent solution to the cylinder via conduits 40. The cham-
ber reduces exposure of the reagents to the atmosphere.

[0047] As the cylinder turns, the excess solution is wiped
off the cylinder by a flexible doctor blade 41 which contacts
the cylinder between the reagent chamber or tray and the
membrane 32. Solution remaining in the recessed cells is
then transferred to the desired surface of the membrane.

[0048] In one embodiment, the membrane 32 is held in
tangential contact (i.c., contacting a few degrees of the
circumference of the cylinder) with the gravure cylinder by
a takeup cylinder 42, a process referred to as “kiss” gravure.
Alternatively, the web may pass between the gravure cyl-
inder 36 and an impression cylinder, as shown at 42'. In this
process, takeup cylinder 42 is generally absent. In an offset
gravure process (not shown), fluid is transferred from the
gravure cylinder to a rubber-coated transfer roll, which then
applies the solution to the substrate.

[0049] The substrate is then passed through a dryer 44,
preferably an IR dryer blower, and taken up on takeup roll
46. The other surface of the laminate can then be coated in
a similar manner.

[0050] The gravure coating process may be carried out in
a direct mode, where the cylinder rotates in the same



US 2005/0124019 Al

direction as the membrane feed. Alternatively, in reverse
gravure, as illustrated in FIG. 2, the rotational direction of
the cylinder is opposite to the travel direction of the mem-
brane. This arrangement results in a shearing force being
applied to the solution as it is transferred to the substrate,
which can result in a smoother coating.

[0051] The volume of reagent solution applied to the
membrane as it contacts the gravure roll is limited by the
volume of the cells on the cylinder surface, as noted above.
The amount actually transferred from the cells to the mem-
brane depends on additional factors, such as cylinder speed,
roll pressure, web speed, and solution components. Accord-
ingly, the amount transferred to the membrane can be further
controlled by proper selection of the system configuration,
contact time between the membrane and cylinder (deter-
mined by web speed and direction relative to gravure
rotation speed and direction) and surfactant level. Surfactant
is included to facilitate transfer of the solution to the
membrane surface, which might otherwise repel an aqueous
solution, depending on the hydrophobicity of the membrane
material.

[0052] For asymmetric membranes, the penetration of
reagent into the membranes is also dependent on pore size
and distribution. For example, with reference to FIG. 1,
solution applied to surface 16 (large pored) will be drawn
into the membrane by capillary action to a significantly
greater extent than solution applied to surface 22 (small
pored).

[0053] Accordingly, application of a controlled volume of
reagent solution to one side of a membrane on the outer
surface of a laminate, followed by drying, produces a
laminate in which the reagent does not penetrate beyond that
membrane. The controlled amount may be a subsaturating
amount; that is, a volume of the solution which is less than
that which would, if applied to a selected membrane, pen-
etrate the entire membrane by capillary flow. A saturating or
near-saturating volume may also be used.

[0054] In accordance with the invention, an amount of
reagent solution is applied to the membrane to give the
desired amount of penetration into the thickness or depth of
the membrane. By simultaneously applying the controlled
amount of solution across the width of the membrane, the
application method also provides a uniform concentration of
reagent across the length and width of the membrane. By
“uniform” is meant that there are no significant concentra-
tion gradients or changes across the length or width of the
membrane. This uniformity is effective to give consistent
assay readings for sample presented to different points on the
surface of the laminate. Preferably, following application of
reagent and drying, the amount or concentration of reagent
present at different points on the surface of a membrane in
the laminate, or at different points on a given laminar surface
parallel to this surface, varies by no more than about 5%.

[0055] The application method is useful for heat sensitive
reagents, where lamination of a membrane containing the
reagent, under normal thermal lamination conditions, would
produce a detrimental change in the reagent and/or its
function in an assay carried out on the laminate. Such a
change could include a change in the morphology or distri-
bution of the reagent as well as chemical changes in the
reagent.

[0056] The application method may also be advanta-
geously used to apply a controlled amount of reagent in a
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uniform manner to a single membrane, by contacting the
surface of the membrane with a planar or cylindrical support
having a surface containing a pattern of recesses filled with
the solution. Again, the support is typically a rotating
gravure cylinder, as described above. As in laminate coating,
the application of reagent by this method preferably occurs
simultaneously across the entire width of the first surface of
the membrane; accordingly, the concentration of the reagent
is substantially uniform across the length and width of the
membrane.

[0057] The controlled amount of reagent may be a sub-
saturating amount. In one embodiment, following applica-
tion of reagent and, preferably, drying, the reagent does not
contact the opposite surface of the membrane; that is, it
penetrates only partially through the depth of the membrane.

[0058] The method is advantageous even when a saturat-
ing amount is to be applied, in that it produces a membrane
in which reagents are impregnated more uniformly, as
compared to prior art methods such as submersion in a
saturating amount of solution or spray coating.

[0059] The invention also provides membranes impreg-
nated with reagents in accordance with this method. Of
particular interest are membranes for use in diagnostic
assays.

[0060] The membrane may be an asymmetric membrane,
having a small pored surface and a large pored surface; the
reagent may be applied to either surface. In one preferred
embodiment, the reagent comprises reagents effective to
selectively remove non-HDL lipoproteins from a blood fluid
sample passing through the membrane; alternatively, the
reagent includes reagents effective to selectively precipitate
non-HDL (LDL and VLDL) lipoprotein particles in the
sample, and the precipitated LDL and VLDL particles are
prevented by filtration from passing through the membrane.
In these embodiments, when the membrane is an asymmet-
ric membrane, the reagent is preferably applied to the large
pored surface. In another preferred embodiment, the reagent
comprises reagents effective to produce an optically detect-
able signal proportional to a quantity of HDL-associated
cholesterol in the membrane. In this embodiment, when the
membrane is an asymmetric membrane, the reagent is pref-
erably applied to the small pored surface.

[0061] Also contemplated, in addition to gravure coating
methods as described above, are letterpress or relief appli-
cation methods, where fluid, such as a reagent solution, is
applied from raised patterns or projections on a surface; that
is, the printing surface is raised above the non-printing
surface. Letterpress printing methods are known in the art
for conventional printing of substrates such as paper. Gen-
erally, a roller or dauber is used to apply fluid to the raised
surface of the support, preferably a planar or cylindrical
support, which is then contacted with the substrate. Prefer-
ably, the fluid, such as a reagent solution, has a consistency
sufficient to temporarily adhere to the raised pattern or
projections, so that it can be applied to the substrate in a
controlled manner.

[0062]

[0063] In another aspect, the invention provides laminated
membranes having reagents impregnated in at least one, and
preferably two, membrane layers, where each reagent (or
reagent system) is confined to its respective layer. Generally,

II. Membrane Laminates
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different layers contain different reagent systems. Preferably,
the reagent is applied to a laminated membrane in accor-
dance with the methods described above, preferably a gra-
vure coating method as described above. Of particular
interest are membrane laminates for use in diagnostic assays.

[0064] Such a laminate comprises first and second lami-
nated membranes, impregnated with first and second
reagents, respectively, which are joined at a laminate inter-
face. Each of the first and second reagents is confined to its
respective membrane in the laminate. Preferably, at least one
of the first and second reagents is absent in a laminar region
of the respective membrane adjacent the laminate interface,
such that the reagents in the two membranes are physically
separated by at least that laminar region.

[0065] Preferably, the concentration of each said reagent is
uniform across the length and width of the respective
membrane containing that reagent. This uniformity is effec-
tive to give consistent assay readings for sample presented
to different points on the surface of the laminate. Preferably,
the amount of reagent present at different points on the
surface of a membrane in the laminate, or at different points
on a given laminar surface parallel to this surface, varies by
no more than about 5%.

[0066] In one embodiment, the laminate is one designed
for use in determining the level of HDL-associated choles-
terol in a fluid sample. See, for example, Jones et al., US
Appn. Pubn. Nos. 2003/0166291 and 2003/0224471, cited
above. In this case, the first membrane contains reagents
effective to selectively remove non-HDL lipoproteins from
a blood fluid sample passing through the membrane. The
non-HDL lipoproteins may be removed, for example, by
selective binding to a reagent contained or immobilized
within the membrane. Alternatively or in addition, these
components are removed by selective precipitation by the
reagent and are prevented by filtration from passing through
the laminate interface into the second membrane.

[0067] Such reagents include polyanionic compounds,
such as sulfonated polysaccharides, heparin, or phospho-
tungstate, in combination with a group II cation, such as
Mg**, Mn*, or Ca**. A preferred reagent is a sulfonated
polysaccharide, such as dextran sulfate, having a typical
molecular weight of 50-500 KDa, in combination with
magnesium acetate or chloride, optionally buffered to main-
tain neutral pH. The reagents may also be immobilized to the
membrane.

[0068] The HDL test membrane contains reagents for
quantification of HDL-associated cholesterol, as is known in
the art. See, for example, co-owned U.S. Pat. No. 5,213,964,
U.S. Pat. No. 5,213,965, U.S. Pat. No. 5,316,196 and U.S.
Pat. No. 5,451,370, each of which is incorporated herein by
reference. Typically, the assay reagents include cholesterol
esterase, for releasing free cholesterol from HDL, choles-
terol oxidase, for producing H,O, by reaction with free
cholesterol, peroxidase, and a coupled dye system which is
converted, in the presence of peroxidase and H,0,, to a
distinctively colored signal reaction product. Assay reagents
are known in the art for quantification of other blood
components, e.g. total cholesterol, triglycerides, or glucose,
and frequently comprise similar enzyme/coupled dye sys-
tems.

[0069] Preferably, at least the first membrane is an asym-
metric membrane, having a small pored surface and a large

Jun. 9, 2005

pored surface. The small pored surface preferably faces the
laminate interface, such that the large pored surface is on the
outer surface of the laminate. This orientation allows free
access of sample into the membrane through the larger
pores, and prevents passage of any precipitated or other solid
material through the smaller pores. The second membrane
may also be an asymmetric membrane, preferably having its
large pored surface facing the laminate interface, and the
small pored surface on the other surface of the laminate. This
orientation presents the more uniform surface of the mem-
brane for optical scanning and quantitation of assay results.

[0070] The preparation of asymmetric membranes is
described, for example, in U.S. Pat. No. 4,629,563, U.S. Pat.
No. 5,171,445, U.S. Pat. No. 5,886,059, U.S. Pat. No.
5,536,408, U.S. Pat. No. 5,562,826, and U.S. Pat. No.
4,774,192; in D. R. Lloyd, “Materials Science of Synthetic
Membranes”, ACS Symposium 269:1-21 (1985). They are
commercially available in a variety of pore sizes and pore
size ratios. Materials of fabrication include polysulfones,
polyethersulfones, polyamides, polyether amides, polyure-
thanes, cellulose acetate, polyvinyl pyrrolidone, polysty-
renes and modified polystyrenes, as well as blends, copoly-
mers, and laminar composites. For further description of
preferred membrane types see e.g. US Appn. Pubn. Nos.
2003/0166291 and 2003/0224471, cited above. An exem-
plary asymmetric membrane is a polysulfone or polyether-
sulfone membrane, such as BTS 83 membranes provided by
Pall Corporation (San Diego, Calif.).

[0071] In the exemplary HDL assay laminate, each mem-
brane typically has a thickness of about 100-150 ¢m and an
absorption capacity of about 80 ul/sq in (about 12.4 ul/cm?).
Minimum pore sizes typically range from 0.01 to 10 um,
with maximum/minimum pore size ratios up to 100 or more.

[0072] In one embodiment, the laminate includes at least
one reagent which is heat sensitive, such that laminating a
membrane containing the reagent to a further membrane
produces a detrimental change in the reagent. The detrimen-
tal change could include any or all of a change in morphol-
ogy, distribution or the actual chemical structure of the
reagent. Such laminates are advantageously prepared by the
reagent application methods described herein, preferably a
gravure coating method as described herein.

[0073]

[0074] Membrane laminates for use in diagnostic assays,
such as the HDL assay laminate described herein, are
typically incorporated into an assay device for convenient
use. The invention accordingly provides assay devices con-
taining membrane laminates as described herein. For
example, an assay device for assaying HDL in a blood or
serum sample comprises:

[0075] (a) a substrate having a sample-receiving well
for receiving an aliquot of a blood fluid sample,

[0076] (b) a membrane laminate comprising first and
second laminated membranes which are joined at a
laminate interface, and

[0077] (c) a filter between the sample-receiving well
and the first membrane of the laminate, for removing
red blood cells in the sample, as the sample migrates
from the sample-receiving well to the laminate. The
membrane laminate of (b) is a laminate as described

II. Assay Devices
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above, where the first membrane is impregnated with
reagents effective to selectively precipitate non-HDL
(LDL and VLDL) lipoprotein particles in said
sample, and the precipitated LDL and VLDL par-
ticles are prevented by filtration from passing
through the laminate interface; and the second mem-
brane is impregnated with reagents effective to pro-
duce an optically detectable signal proportional to a
quantity of HDL-associated cholesterol in said sec-
ond membrane. Preferably, the reagent in at least one
of these membranes is absent in a laminar region of
that membrane adjacent the laminate interface, such
that the reagents in the two membranes are physi-
cally separated by at least that laminar region. It is
particularly preferred that the HDL assay reagents
are absent in a laminar region of the second mem-
brane adjacent the laminate interface. Such laminates
are advantageously prepared by the reagent applica-
tion methods described herein, preferably a gravure
coating method as described herein.

[0078] Preferably, the concentration of each reagent is
uniform across the length and width of the membrane
containing the reagent, as described above. The membranes
are preferably asymmetric membranes, oriented as described
above, where the outer surface of the reagent membrane is
the large pored (dull) surface and the outer surface of the
assay membrane is the small pored (shiny) surface.

[0079] The sample well, filter and laminate of (a)-(c)
above are or can be placed in fluid communication with each
other. For example, these elements may reside on a common
substrate, or they may reside on one or more separate
substrates and be brought into fluid communication during
the course of the assay. Different embodiments of such an
assay device include those described in Jones et al., US
Appn. Pubn. Nos. 2003/0166291 and 2003/0224471, cited
above.

[0080] One embodiment is shown in FIG. 3. The appara-
tus 50 includes a main body or support 52 which defines the
sample well 54. The well is in fluid contact with a sieving
pad 60, which may be carried in a notched region 58 formed
in the upper edge of the support. The fluid contact may be
direct, or as in the device shown in FIG. 3, provided by a
capillary conduit 56 formed in the plate at the base of the
well. The support is preferably a plastic plate, with the well,
notched region and/or capillary formed by standard molding
or machining methods.

[0081] Sieving pad 60 carried in region 58 functions to
partially remove large particulate matter (including blood
cells) as the sample migrates through the pad matrix in a
bottom-to-top direction as shown in the figure. Pad 60 is
preferably formed of a glass fibrous matrix of material
designed to draw aqueous fluid by surface wetting, and to
retard the movement of blood cells as the blood sample is
drawn through the matrix. One exemplary pad is a glass fiber
filter, such as a GF/D or PDOO0S filter supplied by Whatman.
The pad is dimensioned to absorb a defined volume of
sample fluid, e.g. about 15-25 ul. Sieving pad 60 may
additionally contain red blood cell capture reagents, such as
lectins, antibodies specific for red blood cell surface mem-
brane proteins, thrombin, or ion exchange agents.

[0082] The sieving pad, 60, in turn, contacts an elongate
strip or sample distribution matrix 62 which extends along
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the upper edge of plate 52. This strip may also be supported
by foam cushions or other supports. Matrix 62 serves to
distribute sample fluid from a central sample-application
region 64, which is in fluid contact with pad 60, to sample-
collection regions such as 66, 68 within the matrix. The
matrix is preferably formed of glass fibers. The packing
density and thickness of the matrix are such as to absorb and
distribute volumes of sample fluid, e.g., 10-25 ul, supplied
to the sample-application region of the strip to the sample-
collection regions of the strip. One exemplary strip material
is a F-165-25A glass fiber filter available from Whatman,
having a packing density of about 0.2 gm/cm® and a thick-
ness of about 0.12 mm.

[0083] Device 50 also includes a reaction bar 70 com-
posed of an elongate support 72,and one or more multiple
wettable, absorbent reaction test strips, shown as 74, 76, 78
and 80, carried on the lower surface of the support, as
shown. Elements 74 and 86 form a membrane laminate as
described herein, where 74 is the HDL assay membrane and
86 is the reagent membrane.

[0084] Support 72 is transparent or has windows or open-
ings which allow the pads to be viewed through the support.
Each test pad used in a particular assay contains analyte-
dependent reagents effective to produce an analyte-depen-
dent change in the pad which can be detected in a known
manner.

[0085] The reaction bar is mounted on support 52 by
mounting means effective to (a) maintain the device in a
sample-distribution position, wherein the test membrane/
reagent membrane laminate is spaced apart from the sample
distribution matrix, and to (b) transfer the device to a test
position, where the test membrane/reagent membrane lami-
nate and the sample distribution matrix are in fluid commu-
nication. The mounting means can also be used to break such
fluid communication after a desired amount of sample has
entered the test pads, and/or after a determined contact time,
by transferring the device from the test position to a position
in which the test strip(s) are not in fluid communication with
the sample distribution matrix (which may be the same as
the “sample-distribution” position). Such transferring can be
controlled by monitoring the reflectance at the top surface of
the test pad, which reflects extent of wetting, as described in
co-owned U.S. Pat. No. 5,114,350. Alternatively, when the
absorption capacity and rate of sample uptake of the pad
material are known, the quantity of sample can be controlled
with sufficient accuracy by using a predetermined contact
time.

[0086] The mounting means can include, for example, a
pair of resilient members, such as elastomeric blocks 82, 84,
which act to bias the test membrane/reagent membrane
laminate toward a non-transfer or sample-distribution posi-
tion, at which the laminate is spaced apart from the sample
distribution matrix. By compression or release of the resil-
ient members, fluid communication between sample distri-
bution matrix 62 and the laminate can be selectively estab-
lished and separated. The fluid communication may be via
direct contact or through an intermediate element. The
support blocks could be compressed by means of springs or
a piston-like action. Alternatively, external mechanical
devices could engage the main body 52 and/or support 62
and move one towards the other. An exemplary system is the
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Cholestech LDX® Analyzer, a self-contained, automated
analyzer advantageous for use with assay devices such as
described herein.

EXAMPLES

[0087] Exemplary HDL assay laminates were prepared by
gravure coating, as disclosed herein, and HDL assays on
known standards were run using the laminates. The data
showed excellent precision, demonstrating the effectiveness
of the disclosed process for applying controlled and uniform
quantities of the assay reagents.

[0088] The membrane laminate employed was a laminate
of two BTS-83 polysulfone asymmetric membranes, lami-
nated with the small pored (shiny) side of one membrane
contacting the large pored (dull) side of the second mem-
brane, prepared by Pall Corporation, San Diego Calif.
Widths of up to about 5 inches were used for coating.

[0089] Standard precipitation and HDL assay reagent mix-
tures were used. The precipitation solution included 3.9
mg/ml dextran sulfate (500,000 MW) and 7.9 mM
Mg(OAc), in water. A surfactant (Pluronic L64, produced by
BASE, at a level of 0.05%) was also added to facilitate
uptake onto the membrane. The HDL assay reagent solution
contained 80.3 U/ml cholesterol oxidase, 473 U/ml choles-
terol esterase, 440 U/ml horseradish peroxidase, 4.14 mg/ml
4-aminoantipyrine, and 26.5 mg/ml TOOS (3{ethyl(3-me-
thylphenyl)amino]-2-hydroxy propanesulfonic acid) in
water, with 3 mg/ml CHAPS added as surfactant.

[0090] A flexographic press with gravure cylinder was
used to apply a constant volume of reagent solution to a
rubber roller which was in contact with the membrane
laminate (offset gravure process). The cylinder used for this
experiment was a 65 line/inch, 30 BCM roll, where BCM
refers to billion cubic microns, or microliters, per square
inch of surface.

[0091] The precipitation reagents were first applied to the
dull side of the first membrane. Following application, the
membrane was dried with an IR dryer blower. The HDL
calorimetric assay reagents were then applied to the shiny
side of the second membrane of the laminate, in a similar
manner, and dried with an IR dryer blower.

[0092] The following HDL assay data was from laminated
membranes prepared as described above, cut into 0.22 inch
sections and assembled into assay cassettes, such as
described in US Appn. Pubn. No. 2003/0166291 and 2003/
0224471, cited above. Assays were carried out according to
standard procedures. The samples (eight HDL standards)
were analyzed in an LDX® analyzer, and the mean of eight
cassettes was taken for each standard. Excellent precision
and correlation with the standard values were obtained.

HDL standard (mg/dL) LDX ® mean result

32.6 33.9
425 40.8
76.2 755
62.3 58.9
532 52.4
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-continued

HDL standard (mg/dL) LDX ® mean result

457 47.7
49.5 530

[0093] In the offset gravure process used for the above
experiment, up to four passes of reagent solution were
applied to each side of the membrane. Coat weight for each
pass was determined by the loss in weight of the coating
solution, and good consistency was observed from one pass
to another.

[0094] A direct gravure process was found to apply the
solution more efficiently than the offset process, generally
making repeated passes unnecessary for this system. In a
preferred process, the gravure cylinder spins in a direction
opposite to the web feed direction (i.e., reverse gravure, as
shown in FIG. 2), and the web contacts the cylinder without
an impression cylinder (“kiss” gravure, as shown at 42 in
FIG. 2). A cylinder is chosen with a pattern of wells that is
effective to apply a uniform coating with the given coating
system.

[0095] Membranes were coated using the reverse/kiss
gravure process, with web speeds of 5-10 ft/min and cylin-
der rotation speeds of about twice the web speed for the
precipitation reagent coating and about the same as the web
speed for the HDL assay reagent coating. The quantity of
solution applied to the membrane in these runs was gener-
ally about 65% of the saturating volume for the precipitation
reagents, and about 45% of the saturating volume for the
HDL assay reagents.

It 1s claimed:

1. A method of applying a reagent to a membrane in a
membrane laminate, the method comprising:

(a) providing a laminate of first and second membranes,
said laminate having an outer first membrane surface,
a laminated first membrane surface, a laminated second
membrane surface, and an outer second membrane
surface,

(b) applying a controlled volume of a solution of a first
reagent to said outer first membrane surface, by con-
tacting said surface with a support having a surface
containing recesses filled with said solution, and

(c) drying said first membrane in said laminate,

to produce a laminate containing said first membrane
impregnated with said first reagent, wherein said first
reagent does not contact the second membrane in said
laminate.
2. The method of claim 1, wherein said controlled amount
is a subsaturating amount.

3. The method of claim 1, further comprising:

(d) applying a controlled volume of a solution of said
second reagent to said outer second membrane surface,
by contacting said surface with a support having a
surface containing recesses filled with said solution,
and
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(¢) drying said second membrane in said laminate,

to produce a laminate containing said second membrane
impregnated with said second reagent, wherein said
second reagent does not contact the first membrane in
said laminate.

4. The method of claim 3, wherein said controlled amount
of (d) is a subsaturating amount.

5. The method of claim 4, wherein said second reagent
does not contact the laminated second membrane surface.

6. The method of claim 1, wherein at least said first
membrane is an asymmetric membrane, having a small
pored surface and a large pored surface.

7. The method of claim 6, wherein said outer first mem-
brane surface is the large pored surface.

8. The method of claim 6, wherein said second membrane
is an asymmetric membrane, having a small pored surface
and a large pored surface.

9. The method of claim 8, wherein said outer second
membrane surface is the small pored surface.

10. The method of claim 1, wherein said support is a
rotating gravure cylinder.

11. The method of claim 1, wherein said first reagent
comprises reagents effective to selectively remove non-HDL
lipoproteins from a blood fluid sample passing through said
first membrane.

12. The method of claim 1, wherein said first reagent
includes reagents effective to selectively precipitate non-
HDL lipoprotein particles from a blood fluid sample,
whereby the precipitated particles are prevented by filtration
from passing through the laminated first membrane surface.

13. The method of claim 12, wherein said second reagent
comprises reagents effective to produce an optically detect-
able signal proportional to a quantity of HDL-associated
cholesterol in said second membrane.

14. The method of claim 1, wherein said applying occurs
simultaneously across the entire width of the first membrane
outer surface.

15. The method of claim 1, wherein said first reagent is
heat sensitive, such that laminating a membrane containing
said reagent to a further membrane produces a detrimental
change in the reagent.

16. The method of claim 4, wherein said second reagent
is heat sensitive.

17. A method of applying a reagent to a membrane, the
method comprising:

applying a controlled volume of a solution of said reagent
to a first surface of said membrane, by contacting said
surface with a support having a surface containing
recesses filled with said solution.

18. The method of claim 17, wherein said controlled
amount is a subsaturating amount.

19. The method of claim 1, wherein said membrane is an
asymmetric membrane, having a small pored surface and a
large pored surface.

20. The method of claim 19, wherein said first surface is
the large pored surface.

21. The method of claim 19, wherein said first surface is
the small pored surface.

22. The method of claim 17, wherein said support is a
rotating gravure cylinder.

23. The method of claim 17, wherein said applying occurs
simultaneously across the entire width of said first surface of
the membrane.
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24. The method of claim 17, wherein, following said
applying, the concentration of said reagent is uniform across
the length and width of said membrane.

25. A membrane laminate for use in a diagnostic assay,
comprising

first and second laminated membranes which are joined at
a laminate interface, wherein

said first membrane in said laminate is impregnated with
a first reagent,

said second membrane is impregnated with a second
reagent, and

the reagent in at least one of said membranes is absent in
a laminar region of that membrane adjacent the lami-
nate interface, such that the reagents in the two mem-
branes are physically separated by at least that laminar
region.
26. The laminate of claim 25, wherein the concentration
of each said reagent is uniform across the length and width
of said membrane.

27. The laminate of claim 25, wherein at least said first
membrane is an asymmetric membrane, having a small
pored surface and a large pored surface.

28. The laminate of claim 27, wherein said small pored
surface faces said laminate interface.

29. The laminate of claim 28, wherein said second mem-
brane is an asymmetric membrane, having a small pored
surface and a large pored surface.

30. The laminate of claim 29, wherein said large pored
surface faces said laminate interface.

31. The laminate of claim 25, wherein at least one said
reagent is heat sensitive, such that laminating a membrane
containing said reagent to a further membrane produces a
detrimental change in the reagent.

32. The laminate of claim 25, wherein said first reagent
comprises reagents effective to selectively remove non-HDL
lipoproteins from a blood fluid sample passing through said
first membrane.

33. The laminate of claim 25, wherein said first reagent
includes reagents effective to selectively precipitate LDL
and VLDL lipoprotein particles in said sample, and the
precipitated LDL and VLDL particles are prevented by
filtration from passing through the laminate interface.

34. The laminate of claim 33, wherein said second reagent
comprises reagents effective to produce an optically detect-
able signal proportional to a quantity of HDL-associated
cholesterol in said second membrane.

35. An assay device for assaying HDL in a blood or serum
sample, comprising

(2) a substrate having a sample-receiving well for receiv-
ing an aliquot of the sample,

(b) a membrane laminate comprising first and second
laminated membranes which are joined at a laminate
interface, wherein

(1) said first membrane in said laminate is impregnated
with reagents effective to selectively precipitate LDL
and VLDL lipoprotein particles in said sample, and
the precipitated LDL and VLDL particles are pre-
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9
vented by filtration from passing through the lami- and
nate interface; (c) a filter between the sample-receiving well and the first
(ii) said second membrane is impregnated with reagents membrane of the laminate, for r.emoving red blood cells
effective to produce an optically detectable signal in the sample, as the sample migrates from the sample-
proportional to a quantity of HDL-associated cho- receiving well to the laminate, wherein said well, filter
lesterol in said second membrane; and and laminate are or can be placed in fluid communi-

cation with each other.
36. The device of claim 35, wherein the concentration of
each said reagent is uniform across the length and width of
said membrane.

(iii) the reagent in at least one of said membranes is
absent in a laminar region of that membrane adjacent
the laminate interface, such that the reagents in the
two membranes are physically separated by at least
that laminar region; ok ok ko



patsnap

TREBHR(OF) EHAFWENMEEMRRESE S
[F(RE)E US20050124019A1 K (nE)A 2005-06-09
HiFs US10/981981 RiFH 2004-11-04

[FR]E B (TR A(E) JONES RONALDHE
i (E R AGR) JONES RONALD M.

LFTEHIE(ERR)A(E) CHOLESTECH CORPORATION

[FRI& B A JONES RONALD M

b1 PN JONES, RONALD M.

IPCH %S C12M1/34 C12Q1/60 GO1N33/52 GO1N33/53 GO1N33/543 GO1N33/555 GO1N33/567 GO1N33/92
CPCH%5 GO01N33/526 G01N33/92 GO1N33/5436 G01N33/54353

£ £4X PCT/EP2004/008495 2004-07-29 WO

60/517596 2003-11-04 US

SNEBEEE Espacenet USPTO

ESEE)

ERTREME  HHAREMRFNEL —NMNESERTEE AERNE
7, AR BRI e AN E R E AR R BV AR SR B R X R EATR
o BHRT RIAFIRREMROMERFE. ZFEMLERAMMRRS
Bk R T AT MEHDLAXEE BN R EMBMSEeNNE

B



https://share-analytics.zhihuiya.com/view/d2cca70c-7368-431c-8935-8df4c23826fc
https://worldwide.espacenet.com/patent/search/family/034636388/publication/US2005124019A1?q=US2005124019A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220050124019%22.PGNR.&OS=DN/20050124019&RS=DN/20050124019

