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POROUS SOLID PHASE FOR BINDING
ASSAY, AND BINDING ASSAY METHOD
USING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to an improved porous
solid phase for binding assay, which prevents the problems of
poor flow progression of the test sample, poor sensitivity, and
disturbance of the measurement waveform that are associated
with the binding assays in which porous solid phases (e.g.
membranes) are used for detecting test sample components.
The present invention also relates to a binding assay method
that uses the said porous solid phase. More specifically, the
present invention provides a porous solid phase for binding
assay (binding assay porous solid phase) in which at least one
surfactant has been incorporated prior to addition of a test
sample, the at least one surfactant being selected from the
group consisting of: (A) a sugar-containing surfactant that
comprises a compound shown by the general formula (1), (B)
a sugar-containing surfactant that comprises a sucrose fatty
acid ester wherein the constituent fatty acid has 5 to 14 carbon
atoms, and (C) a steroid surfactant, and a binding assay
method that uses the said binding assay porous solid phase.

BACKGROUND ART

[0002] When a binding assay (e.g., immunochromatogra-
phy) that detects a test sample component using a porous solid
phase (e.g., membrane) is performed, poor flow progression
of the test sample in the porous solid phase may occur due to
various reasons. For example, the poor flow progression of
the test sample may occur when the test sample contains a
substance (e.g., blood cell) that is larger than the pores of the
porous solid phase and therefore cannot easily migrate/pass
through the pores of the porous solid phase, or when a com-
ponent that has been solubilized in the test sample becomes
insoluble during the assay and clogs the porous solid phase. In
such cases, the analytes, free labeled-antibodies, and the com-
plexes of the analytes and the labeled antibodies, as well as
other substances (e.g. oxidases) that are contained in the test
sample and may have similar activities as the marker sub-
stances of the detection reagents, all of which are normally
expected to migrate/pass freely through the porous solid
phase, may cease to migrate/pass through it and may linger in
undesired locations in the porous solid phase. As a result, the
expected signal intensity normally associated with a presence
of the analyte may be lost, which makes the detection difficult
(making the assay impossible or causing false negative
results), or non-specific reactions that interfere with the
detection of the signals may occur (making the assay impos-
sible or causing false positive results), so that the reliability or
reproducibility of the test may deteriorate.

[0003] Conventionally, clogging of the porous solid phase
has been prevented by removing impurities (e.g., a substance
(e.g., blood cell) that is larger than the pores of the porous
solid phase, or a component that easily becomes insoluble)
contained in the test sample, by centrifugation or filtration or
via precipitation, adsorption, or the like under specific con-
ditions, before applying the test sample to the porous solid
phase. However, each of the above manipulations is time-
consuming, and a loss of the test sample is unavoidable during
the manipulation. Moreover, these manipulations require
extra costs. If the test sample contains infectious pathogenic
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microorganisms, the persons who carry out the test (e.g.,
physicians or researchers) may be subjected to a high risk of
infection.

[0004] Methods that involve addition of surfactants to incu-
bation media (e.g., Patent Document 1) have been widely
used for the purpose of preventing non-specific interferences
during the binding assays. However, depending on the type of
the surfactant added, a capture reagent (e.g., antibody) bound
to the solid-phase carrier may be removed from the carrier, or
a binding reaction between the solid-phase carrier and the
antibody may be hindered in the first place, so that the specific
signal may decrease considerably and the desired detection
sensitivity may not be achieved. Also, when the above method
is applied to a binding assay that utilizes a porous solid phase,
even if the surfactant (e.g., the glycoside surfactant disclosed
in Patent Document 1) does not affect the detection sensitivity
per se, the absolute amount of the test sample component in
the assay system may be decreased due to dilution of the test
sample, so that, in effect, the desired detection sensitivity may
not be ensured. Moreover, Patent Document 1 only aims at
preventing non-specific interferences. In Patent Document 1,
poor flow progression of the test sample is neither mentioned
nor suggested, and therefore it is not recognized as a problem
to be solved.

[0005] Inan immunocassay where whole blood is used as a
test sample, the pretreatment of the test sample with centrifu-
gation may be omitted if a blood cell separation pad is pro-
vided between the whole blood loading area and the porous
solid phase (membrane) on the binding assay strip. According
to this method, the blood cell components are retained in the
separation pad and prevented from flowing into the porous
solid phase over a short period of time, while the plasma
components are allowed to flow into the immunochromatog-
raphy membrane ahead of the blood cell components; thus the
assay 1is not affected by the presence of the blood cell com-
ponents.

[0006] Even in this case, however, poorness of sample flow
progression (migration or passage) may still occur due to
reasons other than clogging caused by the size of the impu-
rities. Examples of these other reasons include a high viscos-
ity of test sample, and drying of the porous solid phase during
the assay. Highly viscous test samples (e.g., a test sample that
contains a large amount of solid components such as blood
cells or a large amount of proteins, or a test sample which has
lost water due to evaporation) inherently have poor fluidity
and therefore take long time to make progression in the
porous solid phase, resulting in uneven progression and a lack
of assay reproducibility.

[0007] Conventionally, when a test sample that contains
solid components or has high viscosity (e.g., blood (whole
blood), plasma, serum, saliva, sputum, or feces) is assayed by
immunochromatography, it is necessary to dilute the test
sample with an appropriate diluent (incubation medium) in
advance. Phosphate buffered saline (PBS) or the like is used
as the diluent, and bovine serum albumin (BSA) or the like is
commonly added to the diluent in order to improve the dis-
persibility of the test sample. However, commercially avail-
able BSA may contain impurities such as immunoglobulin
which may cause non-specific reactions. The problems asso-
ciated with the inclusion of a surfactant in the diluent have
been mentioned above. Also mentioned above is the fact that
any attempts at solving the problems by modifying the con-
stituents of the diluent will still suffer from the most funda-
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mental problem, namely a reduction in the amount or con-
centration of the analyte available for the assay, caused by the
dilution.

[0008] Ithas been reported (Patent Document 2) that, when
a porous membrane for chromatographic assay is laminated
for increasing its mechanical strength and for preventing
evaporation (drving) of the fluid during the chromatographic
assay, the porous membrane may become less hydrophilic
due to the effect of an adhesive component used in the lami-
nation, causing poor flow progression of the test sample.
Patent Document 2 solves this poor flow progression problem
by improving the hydrophilicity of the membrane based on an
alternative choice of adhesive component along with a treat-
ment of the membrane with an alkylsulfonic acid surfactant
prior to lamination. However, Patent Document 2 does not
recognize, or present a solution to, the problem of poor flow
progression associated with test samples containing solid
components or having high viscosity.

[0009] As a component in an enzyme immunoassay which
uses a porous membrane as a solid-phase carrier, Patent
Document 3 discloses a washing solution for the enzyme
immunoassay solid phase that contains an alkyl glycoside
surfactant or a steroid surfactant. The washing solution dis-
closed in Patent Document 3 is used for the purpose of wash-
ing off the test sample-derived substances that could cause
non-specific reactions, or free marker substances, which have
failed to pass/migrate through the porous membrane and thus
remained on the membrane, after the test sample or the
marker substances (which are capable of immunologically
binding the analytes in the test sample) are added to the
solid-phase carrier. The washing solution disclosed in Patent
Document 3 is added to the solid-phase carrier separately
from the test sample, and following the immunological reac-
tion, for the purpose of removing the substances remaining on
the porous membrane. Therefore, it requires a separate prepa-
ration step and a separate addition step independent of the test
sample, making the assay procedure more complicated. The
method of Patent Document 3 has been conceived by assum-
ing a situation where some substances will remain on the
membrane and need to be washed off, and thus it does not
contain any consideration for preventing clogging of the
membrane in the first place. Therefore, poor flow progression
of the test sample, which is the problem addressed in the
present invention, cannot be improved by the method dis-
closed in Patent Document 3.

[0010] A flow-through assay, such as the one described in
the examples of Patent Document 3, may include a washing
step. However, when testing a number of test samples at once,
such an assay may require an auxiliary means such as pres-
surization and suction (e.g., increasing the volume of the
water-absorbing pad under the membrane) in order to obtain
reproducible results within a practical time frame, making the
assay system less advantageous in terms of convenience and
cost.

[0011] A method involving a use of a non-ionic surfactant
for washing a solid substrate (array) on which physiologically
active substances are immobilized has been disclosed (Patent
Document 4). Patent Document 4 discloses an alkyl glucoside
surfactant as the non-ionic surfactant. However, the invention
of Patent Document 4 relates to an assay in which the array
(having proteins or peptides immobilized thereon) is used for
detecting the protein kinase activities contained in the lysates
prepared from cultured cells, and its method involves wash-
ing the array prior to the detection in order to prevent the
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lysate components from being non-specifically adsorbed on
the surface of the array substrate. Specifically, the method
involves adding the surfactant-containing washing solution
onto the array and then draining it from the array. Thus, the
sole objective of Patent Document 4 is prevention of non-
specific reactions, and similarly to Patent Document 1 dis-
cussed above, Patent Document 4 neither mentions nor sug-
gests the issue of poor flow progression of test samples, not
recognizing this issue as a problem to be solved.

[0012] In immunochromatography, the detection of the
complex of the analyte and the detection reagent may be
carried out by measuring the intensities of the reflected lights
and calculating the absorbance (reflection absorbance) based
on the measured intensities. The reflection absorbance is cal-
culated from the ratio of the reflected light intensities mea-
sured at the measurement line and at its adjacent areas, but in
this procedure, the measurement waveform (profile) may
sometimes show disturbance near the measurement line
(where the complex is detected) on the upstream or down-
stream side (particularly on the downstream side) due to an
elevated intensity of the reflected light therein. When the
concentration of the analyte contained in the test sample
(specimen) is low, this disturbance of the measurement wave-
form cannot be ignored in determining the baseline. Thus,
accuracy of detection of specific signals (peaks) may be lost,
and the measurement itself may be rendered impossible.
Since such disturbance of measurement waveform does not
appear at a fixed frequency or to a fixed extent, the reproduc-
ibility of the assay is reduced, and an appropriate correction
of the measured value (i.e. evaluation of the measurement
waveform) may be necessary in each measurement.

[0013] In a common immunochromatography that uses a
white membrane and optical detection means, the disturbance
of measurement waveform may be recognized even with the
naked eye, as a phenomenon in which the corresponding area
on the membrane becomes whiter, as if bleached out, than the
surrounding areas.

[0014] No prior arts have addressed the problem of the
disturbance of the measurement waveform, and therefore no
known solution exists for this problem.
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0019] An object of the present invention is to provide a

binding assay porous solid phase that enables a test sample
(e.g., whole blood) to be analyzed promptly, conveniently,
accurately, and inexpensively without requiring a pretreat-
ment (e.g., centrifugation) of the sample or an additional
manipulation after the addition of the test sample, and a
binding assay method using the said porous solid phase.

Means for Solving the Problems

[0020] The inventors have conducted extensive research on
how to prevent the problems of poor flow progression of the
test sample in the porous solid phase, poor sensitivity, poor
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reproducibility, and disturbance of measurement waveforms
that are associated with the binding assays that detect test
sample components using porous solid phases (e.g., mem-
branes), which has let to the completion of the present inven-
tion.

[0021] Specifically, the present invention provides: a bind-
ing assay porous solid phase in which at least one surfactant
has been incorporated prior to addition of a test sample, the at
least one surfactant being selected from the group consisting
of (A) a sugar-containing surfactant that comprises a com-
pound shown by the general formula (I), (B) a sugar-contain-
ing surfactant that comprises a sucrose fatty acid ester
wherein the constituent fatty acid has 5 to 14 carbon atoms,
and (C) a steroid surfactant, and; a binding assay method
using the said binding assay porous solid phase. The details
are given in [1]-[24] below.

[1] A porous solid phase for binding assay in which at least
one surfactant has been incorporated prior to addition of a test
sample, the at least one surfactant being selected from the
group consisting of:

(A) a sugar-containing surfactant that comprises a compound
shown by the following general formula (I),

RLG), o

wherein R' represents a substituted or unsubstituted linear or
branched alkyl group having 5 to 10 carbon atoms, G repre-
sents a residue derived from a reducing sugar having 5 or 6
carbon atoms, and x is a number from 1 to 3 that indicates the
degree of condensation of the reducing sugar, and R' and G
are linked by an ether bond via an oxygen atom or a sulfur
atom,

(B) a sugar-containing surfactant that comprises a sucrose
fatty acid ester wherein the constituent fatty acid has 5 to 14
carbon atoms, and

(C) a steroid surfactant.

[2] The porous solid phase for binding assay according to [1],
wherein the sugar-containing surfactant (A) is n-octyl-p-D-
glucoside and/or n-heptyl-p-D-thioglucoside.

[3] The porous solid phase for binding assay according to [1],
wherein the sugar-containing surfactant (B) is sucrose mono-
caproate and/or sucrose monolaurate.

[4] The porous solid phase for binding assay according to [1],
wherein the steroid surfactant (C) is sodium cholate and/or
3-[(3-cholamidopropyl)dimethylammonio]-2-hydroxypro-
panesulfonic acid (CHAPS).

[5] The porous solid phase for binding assay according to any
one of [1] to [4], wherein the binding assay is an immunoas-
say.

[6] The porous solid phase for binding assay according to any
one of [1] to [5], wherein the binding assay is a lateral-flow
format, dipstick format, or flow-through format membrane
assay.

[7] The porous solid phase for binding assay according to any
oneof[1] to [6], wherein a capture reagent is immobilized on
the porous solid phase.

[8] The porous solid phase for binding assay according to [ 7],
wherein the capture reagent is an antibody, a specific capture
substance, or an antigen.

[9] A binding assay strip comprising the porous solid phase
according to any one of [1] to [8].

[10] The binding assay strip according to [9], further com-
prising a conjugate release pad that comprises a detection
reagent.
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[11] The binding assay strip according to [10], wherein the
detection reagent is a labeled antibody, a labeled specific
capture substance, or a labeled antigen.

[12] The binding assay strip according to [11], wherein the
label comprises two types of colloidal gold that differ in
particle diameter.

[13] The binding assay strip according to any one of [10] to
[12], wherein the conjugate release pad comprises an amino
acid.

[14] The binding assay strip according to [9], further com-
prising a sample pad and/or a blood cell separation pad.

[15] The binding assay strip according to [14], wherein the
sample pad comprises an anticoagulant.

[16] A binding assay strip for a lateral-flow format binding
assay, comprising;

(1) a sample pad;

(2) aconjugate release pad that comprises a detection reagent
and is placed beneath the sample pad in contact with the
sample pad;

(3) a blood cell separation pad that is placed between the
conjugate release pad and a porous solid phase (4) below; and
(4) the porous solid phase on which a capture reagent is
immobilized,

wherein the porous solid phase is the porous solid phase for
binding assay according to any one of [1] to [8].

[17] A device comprising the binding assay strip according to
any one of [9] to [16].

[18] A binding assay method implemented by the use of the
porous solid phase according to any one of [1] to [8].

[19] A binding assay method implemented by the use of the
binding assay strip according to any one of [9] to [16].

[20] A binding assay method that tests a presence of a com-
plex of a detection reagent and an analyte that forms when a
test sample migrates and/or passes through the porous solid
phase according to [1], the analyte being originating from the
test sample and captured by a capture reagent immobilized on
the said porous solid phase.

[21] The binding assay method according to any one of [18]
to [20], wherein the test sample is whole blood.

[22] A method of preventing poor flow progression of a test
sample in a lateral-flow or dipstick format binding assay,
comprising a use of a porous solid phase for binding assay in
which at least one surfactant has been incorporated prior to
addition of the test sample, the at least one surfactant being
selected from the group consisting of:

(A) a sugar-containing surfactant that comprises a compound
shown by the following general formula (1),

R-G), o

wherein R’ represents a substituted or unsubstituted linear or
branched alkyl group having 5 to 10 carbon atoms, G repre-
sents a residue derived from a reducing sugar having 5 or 6
carbon atoms, and x is a number from 1 to 3 that indicates the
degree of condensation of the reducing sugar, and R' and G
are linked by an ether bond via an oxygen atom or a sulfur
atom,

(B) a sugar-containing surfactant that comprises a sucrose
fatty acid ester wherein the constituent fatty acid has 5 to 14
carbon atoms, and

(C) a steroid surfactant.

[23] The method according to [22], wherein the test sample
has an Ht value of 50% or higher.

[24] A method of preventing disturbance in a measurement
waveform of a test sample in a lateral-flow or dipstick format



US 2011/0104709 Al

binding assay, comprising a use of a porous solid phase for
binding assay in which at least one surfactant has been incor-
porated prior to addition of the test sample, the at least one
surfactant being selected from the group consisting of:

(A) a sugar-containing surfactant that comprises a compound
shown by the following general formula (1),

R'-(G), @

wherein R' represents a substituted or unsubstituted linear or
branched alkyl group having 5 to 10 carbon atoms, G repre-
sents a residue derived from a reducing sugar having 5 or 6
carbon atoms, and x is a number from 1 to 3 that indicates the
degree of condensation of the reducing sugar, and R* and G
are linked by an ether bond via an oxygen atom or a sulfur
atom,

(B) a sugar-containing surfactant that comprises a sucrose
fatty acid ester wherein the constituent fatty acid has 5 to 14
carbon atoms, and

(C) a steroid surfactant.

Effects of the Invention

[0022] The present invention provides: a novel binding
assay porous solid phase that is used for a binding assay in
which the detection of a test sample component is carried out
by using a porous solid phase, comprising at least one surfac-
tant prior to addition of the test sample, the at least one
surfactant being selected from the group consisting of (A) a
sugar-containing surfactant that comprises a compound
shown by the general formula (I), (B) a sugar-containing
surfactant that comprises a sucrose fatty acid ester wherein
the constituent fatty acid has 5 to 14 carbon atoms, and (C) a
steroid surfactant, and; a novel binding assay method using
the said porous solid phase. According to the present inven-
tion, it is possible to perform a binding assay with excellent
reproducibility, in which poor flow progression of the test
sample in the porous solid phase is prevented, and in particu-
lar, false negatives and false positives that would be otherwise
seen with a test sample that contains a solid component or has
high viscosity are prevented. Since neither a pretreatment of
the test sample (including preparation of a diluent or a wash-
ing solution) nor a washing step after the addition of the test
sample is necessary, the operation is easy and convenient.
Moreover, the present invention enables a superb assay per-
formance characterized with high sensitivity and lack of dis-
turbance in the measurement waveform.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 shows a schematic configuration diagram of
a binding assay strip (test strip).

[0024] FIG. 2 shows a result of a test in which a model
whole blood having a high Ht value was used as a test sample,
which verified the present invention’s effect of preventing the
poor flow progression of the test sample (Example 3).
[0025] FIG. 3 shows a result of a test in which a model
whole blood having a high Ht value was used as a test sample,
which verified the present invention’s effect of preventing the
poor flow progression of the test sample in terms of repro-
ducibility of the measurements (Example 4).

[0026] FIG. 4 shows a result of a test in which a model
whole blood having a high Ht value was used as a test sample
and the concentration of each surfactant was varied, which
verified the present invention’s effect of preventing the poor
flow progression of the test sample in terms of reproducibility
of the measurements (Example 5).
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[0027] FIG. 5 shows a schematic configuration diagram of
a test strip comprising a control line (Example 6).

[0028] FIG. 6 shows a resultofa test in which concentrated
plasma was used as a test sample, which verified, in terms of
reproducibility of the measurements, the present invention’s
effect of improving the poor flow progression of the test
sample at the test line (Example 7).

[0029] FIG. 7 shows a result of a test in which concentrated
plasma was used as a test sample, which verified, in terms of
reproducibility of the measurements, the present invention’s
effect of preventing the poor flow progression of the test
sample at the control line (Example 7).

[0030] FIG. 8 shows a resultofa test in which concentrated
plasma was used as a test sample, which verified, in terms of
reproducibility of the measurements, the present invention’s
effect of preventing the poor flow progression of the test
sample at the test line (Example 9).

[0031] FIG. 9 shows a result of a test in which concentrated
plasma was used as a test sample, which verified, in terms of
reproducibility of the measurements, the present invention’s
effect of preventing the poor flow progression of the test
sample at the control line (Example 9).

[0032] FIG. 10 shows aresult of a test in which two types of
colloidal gold differing in particle diameter were used with
the porous solid phase of the present invention, which verified
the present invention’s effect of preventing the poor flow
progression of the test sample (Example 10).

[0033] FIG. 11 shows a result of a test in which a model
whole blood having a high Ht value was used as a test sample
and the concentration of sodium cholate was varied, which
verified the present invention’s effect of preventing the poor
flow progression of the test sample in terms of assay repro-
ducibility (Example 11)

[0034] FIG. 12 shows a result of a test in which concen-
trated plasma was used as a test sample and the porous solid
phase was pretreated either with a surfactant of the present
invention or other surfactants, which verified whether the
effect of preventing the disturbance in the measurement
waveform was present with each surfactant (Example 12).
[0035] FIG. 13 shows a result of a test in which concen-
trated plasma was used as a test sample and the porous solid
phase was pretreated either with a surfactant of the present
invention or other surfactants, which verified whether an
improved sensitivity/reproducibility could be improved (Ex-
ample 12).

[0036] FIG. 14 shows a result of a test in which concen-
trated plasma was used as a test sample and a surfactant of the
present invention and other surfactants were used in a differ-
ent way than the present invention’s method to test whether
the disturbance in the measurement waveforms could be pre-
vented (Example 13).

[0037] FIG. 15 shows a result of a test in which concen-
trated plasma was used as a test sample and a surfactant of the
present invention and other surfactants were used in a differ-
ent way than the present invention’s method to test whether
sensitivity/reproducibility could be improved (Example 13).
[0038] FIG. 16 shows aresultofatestin which whole blood
collected from a healthy person was used as a test sample and
various anticoagulants were added to the sample pad to verify
the effect of preventing the poor flow progression of the test
sample in terms of measurement reproducibility (Example
14),

[0039] FIG. 17 shows a result of a test in which plasma
collected from a healthy person was used as a test sample and
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various amino acids were added to the conjugate release pad
to verify the effect of preventing the poor flow progression of
the test sample in terms of measurement reproducibility (Ex-
ample 15).

BEST MODE FOR CARRYING OUT THE
INVENTION

[0040] The term “test sample” used herein refers to blood
(whole blood), serum, plasma, lymph, urine, feces, ascites,
pleural effusion, tissues/cells, and the like. The term “test
sample” used herein includes a test sample component sepa-
rated/fractionated from whole blood or the like by centrifu-
gation, filtration, purification, or the like, a test sample com-
ponent extracted with an organic solvent or the like, a test
sample component solubilized with a surfactant or the like, a
test sample component diluted with a buffer or the like, a test
sample component modified/altered by achemical reaction or
the like, and so on, that may be subjected to the assay using the
binding assay porous solid phase according to the present
invention. A test sample of the present invention is liquid
(fluid) at the time it is added to, and makes progression in, the
binding assay porous solid phase according to the present
invention. Test samples of the present invention may also
include such things as plant, river water, and soil. The term
“progression” used herein comprises both “migration” which
refers to the flow of liquid in the horizontal direction as the
porous solid phase is placed with its largest surface facing
upward (i.e. the flow in the porous solid phase lengthwise)
and “passage” which refers to the flow of liquid in the vertical
direction as the porous solid phase is placed with its largest
surface facing upward (i.e. the flow of liquid across the thick-
ness of the porous solid phase).

[0041] Preferred embodiments of the present invention are
described below, in which whole blood is mainly used as an
example of test sample.

[0042] The term “test sample component” used herein
refers to a component contained in the test sample. Specific
examples of the test sample components include: coagulation
or fibrinolysis markers such as fibrin degradation products
(e.g., D-dimer), soluble fibrin, TAT (thrombin-antithrombin
complex), and PIC (plasmin-plasmin inhibitor complex); car-
diovascular-related markers such as oxidized LDL and BNP
(brain natriuretic peptide); metabolism-related markers such
as adiponectin, tumor markers such as CEA (carcinoembry-
onic antigen), AFP (a-fetoprotein), CA19-9, CA125, and
PSA (prostate-specific antigen); inflammation-related mark-
ers such as CRP (C-reactive protein), IgA, IgG, and 1gM;
infectious disease-related markers such as influenza, HIV
(human immunodeficiency virus), HBV (hepatitis B virus),
HCYV (hepatitis C virus), toxoplasma, chlamydia, and syphi-
lis; allergen-specific IgE (immunoglobulin E), hormones,
drugs, nucleic acid chains and fragments thereof that involve
single nucleotide polymorphisms (SNPs), and the comple-
mentary strands of the said nucleic acid chains. The term “test
sample component” may herein also be referred to as “ana-
Iyte”.

[0043] The present invention’s advantageous effect of pre-
venting the poor flow progression in the porous solid phase of
the test samples that contain solid components or have high
viscosity may be most beneficial for, for example, whole
blood sample that contains a high proportion of blood cells
and a less-than-normal amount of plasma and has a high
hematocrit (Ht) value (referred to as “high Ht value sample™),
oratest sample that lacks fluidity due to a high protein content
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or other reasons (referred to as “high viscosity test sample”).
These test samples have low water (liquid) contents.
Examples of the high Ht value samples include samples hav-
ing a Ht value of 50% or higher which exceeds the standard
range. The high Ht value may be due to an increase of red
blood cells caused by some disease, or an abnormal decrease
of the plasma volume per unit amount of whole blood caused
by dehydration, for example. The test samples that have, for
one reason or another, suffered evaporation of water and been
dried/concentrated after they were collected or after the bind-
ing assay was initiated may also benefit from the present
invention.

[0044] The term “capture reagent” used herein refers to a
reagent that specifically binds to and forms a complex with
the test sample component, and may include an antibody to an
antigen, a “specific capture substance”, and an antigen to an
antibody. The term “specific capture substance” includes a
receptor for a ligand, a complementary strand or an aptamer
for a nucleic acid chain, a lectin for a specific sugar-contain-
ing substance, and the like. A person having ordinary skill in
the art would readily appreciate that, depending on the choice
of analyte to be tested, the design of the assay system, etc., a
test sample component (e.g. antigen to antibody) of the
present invention recognized as such in one situation may
become a capture reagent of the present invention in another
situation. A person having ordinary skill in the art would also
readily appreciate that the capture reagent may be of any type
as long as it can form a complex with the test sample compo-
nent, and may be a whole substance or a functional fragment
thereof. For example, if the capture reagent is an antibody, it
may be a polyclonal antibody, a monoclonal antibody, a func-
tional fragment thereof (e.g., Fab, Fab', F(ab"),, and Fv), and
SO o1

[0045] Theterm “detection reagent” used herein is synony-
mous with the term “conjugate”, and refers to a capture
reagent that is labeled with a detection marker, or something
that has the same properties as, or is equivalent in the binding
assay to, the labeled analyte. Specific examples of the detec-
tion reagents include a labeled antibody, a labeled specific
capture substance, a labeled antigen, and the like. Examples
of the known markers include visualizable microparticles
such as metal colloid particles (e.g., colloidal gold) and col-
ored latex particles, enzymes such as horseradish peroxidase,
alkaline phosphatase, and p-D-galactosidase, radioisotopes
such as iodine-125 (**°I), luminescent substances such as
acridinium compounds and luminol, fluorescent substances
such as fluorescein isothiocyanate and a europium (I11) che-
late, and the like. The antibody or the like may be labeled by
any known labeling method (i.e.,a method of introducing and
binding a marker substance) without limitation.

[0046] The term “sample pad” used herein refers to a part
that accepts the test sample that may contain the test sample
component (analyte), and includes any material or shape that
can, in the form of a pad, absorb a liquid test sample and allow
the liquid and the test sample component to pass through.
Specific examples of materials suitable for the sample pad
include, but are not limited to, glass fibers, acrylic fibers,
hydrophilic polyethylene materials, dry papers, pulp, fabrics,
and the like. It is preferable to use a glass fiber pad (manu-
factured by Lydall) as sample pad. The sample pad may
function as a sample pad per se, or may additionally be given
the functional role of a conjugate release pad or a blood cell
separation pad which usually accepts the test sample from the
sample pad.
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[0047] Thesample pad may comprise a blocking reagent or
the like that is commonly used in binding assays in order to
prevent or suppress non-specific reactions (adsorption) inside
the binding assay porous solid phase. Examples of such a
reagent include HeteroBlock (“500-11-001” manufactured
by Omega Biologicals, Inc.) and the like. Further, the sample
pad may comprise one or more anticoagulants, for example,
in order to prevent blood coagulation and suppress non-spe-
cific reactions that would occur due to blood coagulation
during the assay (in particular, before the analyte reaches the
porous solid phase). As anticoagulant, heparin, citric acid,
sodium fluoride (NaF), or a chelating agent (or salt or hydrate
thereof) may be used, as long as the effects of the present
invention are not impaired by it. Examples of the chelating
agent include EDTA, CyDTA, DTPA, and the like.

[0048] The term “conjugate release pad” used herein refers
to a part that contains a detection reagent that specifically
reacts with the test sample component, and allows the detec-
tionreagent and the test sample component to form a complex
through the specific reaction when the test sample passes
through the conjugate release pad. The conjugate release pad
may be placed adjacent to the porous solid phase by itself.
Alternatively, the conjugate release pad may be placed in
contact with the sample pad on one side and also with a blood
cell separation pad (described below) on the other side, so that
it accepts the test sample that has passed through the sample
pad by a capillary flow and then transports the test sample to
the blood cell separation pad also by a capillary flow. A person
having ordinary skill in the art would readily appreciate that
the choice of one or more of the sample pad, the conjugate
release pad, and the blood cell separation pad, and how the
chosen parts are placed relative to the porous solid phase for
binding assay, may be changed as appropriate depending on
the intended purpose of the strip design and the like.

[0049] Examples of a material suitable for conjugate
release pad include, but are not limited to, papet, a cellulose
mixture, nitrocellulose, polyester, an acrylonitrile copolymer,
glass fibers, and nonwoven fibers (e.g., rayon). Itis preferable
to use a glass fiber pad (“No. 8964 manufactured by Pall
Corporation) as conjugate release pad.

[0050] The conjugate release pad may comprise a “control
reagent” to ensure the reliability of the assay, such as a
marker-labeled antibody that does not react with the test
sample component, and a highly antigenic protein (e.g., key-
hole limpet hemocyanin (KLH)) that is labeled with a marker.
The control reagent may be any component (substance) that is
not expected to be present in the test sample and makes
appropriate combination with a control capture reagent (de-
scribed below). The conjugate release pad may further com-
prise one or more of stabilizer, solubilizer and the like, so that
the detection reagent (and optionally the control reagent) is
maintained in a stable state and becomes dissolved and flu-
idized promptly and effectively upon contact with the test
sample, to facilitate the specific reaction between the detec-
tion reagent and the analyte that may be contained in the test
sample. Examples of the stabilizer and the solubilizer include
bovine serum albumin (BSA), sucrose, casein, amino acids,
and the like. The amino acid is preferably glycine or serine.
[0051] The term “blood cell separation pad” used herein
refers to a part that is placed adjacent to the said conjugate
release pad so that the blood cell separation pad receives the
test sample that has passed through the conjugate release pad
by a capillary flow, and then transports the test sample to the
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porous solid phase, which is placed in contact with the other
side of the blood cell separation pad, by a capillary flow.

[0052] The blood cell separation pad is formed of a hydro-
philic and absorptive material that has an inherent ability of
filtering out part of the cellular components contained in the
test sample, and, if the test sample is whole blood, that may
separate part of the cellular components contained therein
from the plasma or the serum. Even ifthe test sample does not
contain cellular components, it may contain solid compo-
nents that are larger than the pores of the blood cell separation
pad, which may be separated in the same manner as the
cellular components. Therefore, a person having ordinary
skill in the art would readily appreciate that the blood cell
separation pad may be used to separate not only blood cells,
but also solid components in general contained in the test
sample.

[0053] Examples of a material suitable for the blood cell
separation pad include, but are not limited to, water-absorb-
ing or non-water-absorbing fibrous or non-fibrous matrix
such as a hydrophilic inorganic powder (e.g., silica gel, alu-
mina, and diatomaceous earth); a sponge material; a clayey
material; cloth; a hydrophilic natural polymer material such
as acellulose material (especially cellulose porous beads) and
fiber-containing paper (especially filter paper or chromatog-
raphy paper); and a synthetic or modified natural polymer
such as cellulose acetate, polyvinyl chloride, polyacrylamide,
polyacrylate, polyurethane, crosslinked dextran, agarose, and
other crosslinked or non-crosslinked water-insoluble hydro-
philic polymers. Further examples of a material suitable for
the blood cell separation pad include, but are not limited to, a
fibrous or non-fibrous matrix such as a glass fiber matrix; and
a synthetic polymer such as polypropylene, polyethylene,
nylon, polyvinylidene fluoride, and polysulfone. A hard
porous plastic also may be useful as a material for the blood
cell separation pad as long as it can separate blood corpuscle
components contained in whole blood and has a sufficient
porosity to allow plasma or serum to pass through and come
in contact with the porous solid phase. It is preferable to use
a polysulfone pad (“BTS-SP300” manufactured by Pall Cor-
poration) as blood cell separation pad.

[0054] The term “absorber” used herein refers to a liquid-
absorbing part that absorbs the test sample that has migrated/
passed through the capture reagent-carrying area of the bind-
ing assay porous solid phase to control the flow progression of
the test sample. In a lateral-flow or a dipstick format, the
absorber may be provided on the downstream end of the strip,
and in a flow-through format, the absorber may be provided
beneath the membrane on which the capture reagent is immo-
bilized, for example. Examples of the absorber include, but
are not limited to, filter paper. It is preferable to use the 740-E
filter paper manufactured by Whatman.

[0055] The term “porous solid phase” used herein refers to
a porous membrane that is commonly used for a binding
assay. The flow progression of the test sample takes place in
the porous solid phase and the detection of the test sample
component is ultimately carried out therein. The material for
the porous solid phase is not limited, and for example, the
porous solid phase may be produced from polyethylene, poly-
ethylene terephthalate, nylon, glass, a polysaccharide (e.g.,
cellulose or cellulose derivative), a ceramic, or the like. Spe-
cific examples include glass fiber filter paper and cellulose
filter paper available from Millipore, Toyo Roshi, and What-
man.
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[0056] The capture reagent is immobilized on the porous
solid phase. The capture reagent may be immobilized on the
porous solid phase by any means, as long as the capture
reagent becomes immobilized on the porous solid phase
directly or indirectly via physical adsorption, a chemical
bond, or the like. For example, an antibody or an antigen may
be adsorbed and immobilized on a membrane by applying or
“spotting” a solution containing the antibody or the antigen
onto the membrane, and then drying the membrane. The
“control capture reagent” mentioned above in connection
with the conjugate release pad also may be immobilized on
the porous solid phase by a similar means. The control capture
reagent is a reagent for ensuring the reliability of the assay.
For example, if the labeled antibody is derived from a mouse,
an anti-mouse antibody (the type of the anti-mouse specificity
may be chosen as appropriate) for example may be a control
capture reagent. If the conjugate release pad comprises a
control reagent such as labeled KILH, an anti-KL.H antibody
or the like may be used as a control capture reagent. The
position on the porous solid phase at which the control cap-
ture reagent is immobilized may be appropriately chosen
depending on the design of the assay system. For example,
when a lateral-flow or dipstick format and a labeled mouse-
derived antibody are used, and an anti-mouse antibody is used
as a control capture reagent, the anti-mouse antibody is nor-
mally immobilized on the downstream side of the capture
reagent for the test sample component. When a flow-through
format is used, the anti-mouse antibody is normally immobi-
lized at an appropriate distance (or an appropriate interval ifa
plurality of test sample components are being detected) from
the immobilization position of the capture reagent for the test
sample component. In summary, the optimal positions for
immobilizing the control capture reagents may be chosen by
taking account of the design of the assay system and the
combination of the control reagent and the control capture
reagent.

[0057] The term “strip” used herein refers to a product in
which the binding assay porous solid phase is fitted with at
least one of the sample pad, the conjugate release pad, the
blood cell separation pad, and the absorber as appropriate.
Assuming that the assay involves no dilution of the test
sample and no extra steps other than the addition of the test
sample, the strip may comprise atleast a binding assay porous
solid phase fitted with a conjugate release pad. The strip is
usually formed on a solid phase support such as an adhesive
plastic sheet. The solid phase support, as well as the adhesive
component, should be made of a material that does not hinder
the capillary flow of the test sample. The porous solid phase
may be laminated for the purpose of increasing its mechanical
strength and preventing evaporation (drying) of water during
the assay (see Patent Document 2). When a polyester film or
the like is layered on the upper side of the porous solid phase
so that the porous solid phase is covered in the lamination,
advantageous effects for the flow progression of the test
sample, such as an improved speed of the flow progression,
may be observed. The strip may be installed in or mounted on
a container (housing) that is appropriate with respect to the
size of the strip, the manner and the position of the addition of
the test sample, the immobilization position of the capture
reagent, the signal detection method, and the like. Such a
product is referred to as a “device”.
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[0058] One of the surfactants that may be used in the
present invention is

(A) a sugar-containing surfactant that comprises a compound
shown by the following general formula (I):

R(G), @

wherein R represents a substituted or unsubstituted linear or
branched alkyl group having 5 to 10 carbon atoms, G repre-
sents a residue derived from a reducing sugar having 5 or 6
carbon atoms, and x is a number from 1 to 3 that indicates the
degree of condensation of the reducing sugar, and R' and G
are linked by an ether bond via an oxygen atom or a sulfur
atom.

[0059] Examples of the linear or branched alkyl group hav-
ing 5 to 10 carbon atoms that may be used in the present
invention include, but are not limited to, pentyl group, 3-me-
thylbutyl group, hexyl group, methylpentyl group, heptyl
group, 4-methylhexyl group, 5-methylhexyl group, 4-ethyl-
pentyl group, octyl group, 6-methylheptyl group, 5-methyl-
heptyl group, 5,5-dimethylhexyl group, nonyl group, decyl
group, and the like. The alkyl group may be substituted with
any substituent as long as the effects of the present invention
are not impaired by the substitution. Examples of the sub-
stituent include a halogen atom (e.g., chlorine atom, fluorine
atom, and iodine atom), a hydroxyl group, and the like. A
preferable R' is a linear alkyl group having 7 or § carbon
atoms (n-heptyl group or n-octyl group).

[0060] Examples of thereducing sugar having 5 or 6 carbon
atoms include glucose, galactose, and fructose. The reducing
sugar may be of the a-form or the f-form, but the f-form is
preferred. The reducing sugar may form a condensate with an
identical or a different reducing sugar. Specific examples of
the condensate include maltose (condensate of two glucose
molecules), sucrose (condensate of one glucose molecule and
one fructose molecule), and the like. x is a number from 1 to
3 that indicates the degree of condensation of the reducing
sugar. It should be noted that x is an average value, which may
be determined by the proton NMR. x is preferably from 1 to
2

[0061] R'and G are linked by an ether bond via an oxygen
atom or a sulfur atom to form a glycosidic bond or a thiogly-
cosidic bond. A specific example of such a structure is R and
a glucose that are linked by an ether bond via an oxygen atom
or a sulfur atom attached to the position 5 carbon of the
glucose.

[0062] Specific examples of the compound shown by the
general formula () include: alkyl glucoside derivatives such
as n-heptyl-p-D-glucoside (n-heptyl-B-D-glucopyranoside),
n-octyl-f-D-glucoside (n-octyl-B-D-glucopyranoside),
n-nonyl-f-D-maltopyranoside, n-decyl-B-D-glucopyrano-
side, and n-decyl-f-D-maltopyranoside; alkyl thioglucoside
derivatives such as n-heptyl-p-D-thioglucoside (n-heptyl-p-
D-thioglucopyranoside), n-octyl-f-D-thioglucoside (n-oc-
tyl-p-D-thioglucopyranoside), n-nonyl-p-D-thiomaltopyra-
noside, octyl-p-D-thiogalactopiranoside, and n-dodecyl-f-
D-maltoside; and the like. Among these, n-octyl-p-D-
glucoside or n-heptyl-p-D-thioglucoside is especially
preferable for preventing the poor flow progression of the test
sample and for improving the sensitivity of the assay. For
preventing the disturbance of the measurement waveform,
n-octyl-f-D-glucoside,  n-heptyl-p-D-thioglucoside,  or
n-dodecyl-p-D-maltoside is preferable.
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[0063] Another surfactant that may be used in the present
invention is (B) a sugar-containing surfactant that comprises
asucrose fatty acid ester wherein the constituent fatty acid has
5 to 14 carbon atoms.

[0064] Examples of the fatty acid having 5 to 14 carbon
atoms include pentanoic acid (valeric acid), hexanoic acid
(caproic acid), heptanoic acid (enanthic acid), octanoic acid
(caprylic acid), nonanoic acid (pelargonic acid), decanoic
acid (capric acid), dodecanoic acid (lauric acid), and tetrade-
canoic acid (myristic acid). Among these, a fatty acid having
6 or 12 carbon atoms (i.e., hexanoic acid (caproic acid) or
dodecanoic acid (lauric acid)) is preferable.

[0065] The number of fatty acid molecules attached to one
sucrose molecule via an ester bond may be, for example, 1 to
3. Itis preferable to use a sucrose fatty acid ester in which one
fatty acid molecule is attached to one sucrose molecule via an
ester bond. Specific examples of such a compound include
sucrose monocaproate and sucrose monolaurate.

[0066] The term “sugar-containing”, in the context of
“sugar-containing surfactant” as used herein, means that the
surfactant selected from the group consisting of (A) a com-
pound shown by the general formula (I) and (B) a sucrose
fatty acid ester wherein the constituent fatty acid has 5 to 14
carbon atoms contains a sugar moiety or a sugar-derived
moiety within its structure.

[0067] Still another surfactant that may be used in the
present invention is (C) a steroid surfactant.

[0068] The term “steroid surfactant™ used herein refers to
an ionic or nonionic surfactant in which the hydrophobic
group has a steroid skeleton. Specific examples of the steroid
surfactant include cholates, deoxycholates, dehydrocholates,
taurocholates, glycocholates, 3-[(3-cholamidopropyl)dim-
ethvlammonio]propanesulfonic acid, 3-[(3-cholamidopro-
pyl)dimethylammonio]-2-hydroxypropanesulfonic acid
(CHAPS), N,N-bis(3-D-gluconamidopropyl)cholamide, ste-
roid saponin (e.g., digitonin), and the like. Among these,
sodium cholate, CHAPS, and the like are preferable for pre-
venting the poor flow progression of the test sample and for
improving the sensitivity of the assay. For preventing the
disturbance of the measurement waveform, sodium cholate,
CHAPS, or digitonin is preferable.

[0069] Thesurfactants mentioned above may be used either
individually or in combination. These surfactants are nor-
mally used at a concentration of 0.001 to 2.0% (w/v). A
person having ordinary skill in the art would be able to deter-
mine experimentally the optimal concentration of the surfac-
tant, taking into consideration the presence of other compo-
nents/elements besides the surfactant in the binding assay to
be performed, the material of the membrane, and the like, to
maximize the effects of the present invention. For example,
the concentration of the surfactant is preferably in the range of
0.001 to 0.5%, more preferably 0.01 to 0.5%, and still more
preferably 0.01 to 0.1%.

[0070] The surfactant of the present invention is used in the
form of a solution. The surfactant may be incorporated into
the porous solid phase prior to the addition of the test sample
by immersing the porous solid phase in a solution of the
surfactant and then drying the porous solid phase, for
example.

[0071] In the method according to the present invention
where the surfactant is incorporated into the porous solid
phase, the test sample need not be pretreated, and a decrease
in detection sensitivity due to dilution of the test sample is
precluded. Moreover, if a conjugate release pad is provided,
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the extra step of adding the detection reagent after the addi-
tion of the test sample will be unnecessary. Therefore, a
binding assay can be performed easily. The pretreatment of
the test sample, which has been performed in the conventional
methods, would make the assay results variable depending on
the timing of the addition of the washing solution or other
factors. However, the use of the porous solid phase of the
present invention, comprising the surfactant in advance, not
only eliminates the trouble of performing a pretreatment, but
also eliminates the need of mastery (in terms of adjusting the
timing of the washing solution etc.) on the part of the user,
thereby improving the accuracy of the assay. The timing of
the addition of the washing solution needs to be further
adjusted depending on the lot-to-lot variation of the strips, but
this issue is less problematic in the present invention as dis-
cussed above.

[0072] Inorderto maximize the effects of the present inven-
tion and to provide the most practical embodiment, it is
important to immobilize the surfactant onto the porous solid
phase and turn it into a dry state before use. The surfactant of
the present invention needs to be immobilized at least in the
test sample migration area of the porous solid phase, in the
case of a lateral-flow or dipstick format. The test sample
migration area of the porous solid phase starts at the section to
which the test sample is introduced (either directly or through
a conjugate release pad or the like), encompasses the migra-
tion path of the test sample, and ends at the section where the
capture reagent is immobilized. However, it is preferable that
the immobilization of the surfactant extends to the end of the
porous solid phase. Also, it is important to immobilize the
surfactant uniformly over the migration area of the test
sample so that the test sample could migrate evenly. As
described above, the porous solid phase for binding assay
according to the present invention enables orderly progres-
sion (migration/passage) of a test sample, even of a high
viscosity, and hence an assay with excellent reproducibility,
in which the detection sensitivity is not compromised. It
should be noted that the concentrations of the surfactant men-
tioned above are primarily intended for the method of incor-
porating the surfactant into the porous solid phase by immer-
sion, mentioned above. Therefore, if a different method is
employed for incorporating the surfactant into the porous
solid phase, for example spraying of the surfactant onto the
porous solid phase or modification/processing of the porous
solid phase material itself, an appropriate concentration of the
surfactant may be determined for that method, where the
results obtained in the immersion method serve as reference
points.

[0073] The expression “immobilize the surfactant onto the
porous solid phase and turn it into a dry state before use”
means a state where the surfactant is incorporated into the
porous solid phase and cannot easily come off or be removed
from the porous solid phase; it does not necessarily require
physical adsorption or chemical bonding. Therefore, the
immobilization, as the word is intended in this context, may
be achieved by immersing the porous solid phase into the
surfactant solution and then drying the porous solid phase. In
short, it will be sufficient if the porous solid phase somehow
holds the surfactant in a dry state prior to the assay.

[0074] The surfactant solution of the present invention
described above may, in addition to the surfactant, further
comprise a buffer that is commonly used in binding assays as
a component in the blocking solution, washing solution or
diluent, such as phosphate buffer, Tris buffer, and Good’s
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buffer. The pH of the buffered solution is not limited, but is
preferably in the range of 5 to 9. Furthermore, additional
components that are commonly added to the buffers, such as
asalt(e.g., sodium chloride)and a preservative, may be added
to the surfactant solution.

[0075] Moreover, the surfactant solution of the present
invention described above may, in addition to the surfactant of
the present invention, further comprise an additional surfac-
tant (e.g., polyoxyethylene nonionic surfactant such as poly-
oxy sorbitan monolaurate or polyoxyethylene mono-p-iscoc-
tylphenyl ether) that is commonly used in binding assays and
that does interfere with the assay system, at a concentration
commonly used in this technical field.

[0076] A binding assay method that utilizes the binding
assay porous solid phase according to the present invention is
described below by taking an immunoassay as an example. A
test sample is applied to a binding assay strip that comprises
a sample pad that accepts the test sample, a conjugate release
pad comprising a labeled antibody (as a detection reagent), a
blood cell separation pad for separating cellular components,
and the porous solid phase of the present invention compris-
ing the surfactant, on which an antibody (as a capture reagent)
is immobilized. When the test sample passes through the
conjugate release pad, the labeled antibody reacts with the
test sample component (analyte) to form a specific complex.
The complex makes progression (migration/passage) through
the membrane by the capillary action, and the signal derived
from the marker within the specific complex that has been
captured by the antibody immobilized on the membrane is
measured. In the binding assay method according to the
present invention, since the surfactant is dried and immobi-
lized beforehand on the test sample migration area of the
porous solid phase, the test sample shows excellent fluidity
and can migrate evenly through the porous solid phase, even
when the test sample contains a solid component or is highly
viscous. Moreover, the frequency of the phenomenon in
which an area around the line containing the capture reagent
becomes white (on the upstream or downstream side) can be
reduced in the binding assay according to the present inven-
tion.

[0077] Specific examples of such immunoassays include a
“flow-through format” immunoassay, a “dipstick format”
immunoassay, and a “lateral-flow format” immunoassay.
[0078] In the “lateral-flow format”, a liquid test sample is
added dropwise to the device and allowed to progress (mi-
grate) in the horizontal direction through the porous solid
phase to which a capture reagent, which can specifically bind
the test sample component (analyte), has been applied. The
detection reagent that specifically binds the analyte, the ana-
Iyteitself, and the capture reagent immobilized on the porous
solid phase together form a ternary complex on the porous
solid phase, and the marker comprised in the detection
reagent is then detected or quantified. The “flow-through
format™ has the same assay principle as the lateral-flow for-
mat, but differs from the lateral-flow format in that a liquid
test sample progresses (passes) in the vertical direction
through the porous solid phase.

[0079] The “dipstick format” differs from the above two
formats in that a part of the strip is dipped into a predeter-
mined amount of a liquid test sample. Here, the progression
(migration) of the test sample is achieved as the test sample
ascends the porous solid phase.

[0080] The beneficial effect of preventing poor flow pro-
gression of the test sample, achieved in the porous solid phase
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of the present invention, will be greater with the progression
distance traveled by the test sample being longer. In other
words, a binding assay with excellent reproducibility can be
performed when the present invention is used in combination
with the “lateral-flow format™ or “dipstick format™ in which
the test sample migrates along the longest side of the porous
solid phase. Since the porous solid phase according to the
present invention comprising the surfactant suppresses poor
flow progression of the test sample, it is useful for a binding
assay that does not include a washing step, and it is especially
suitable for a lateral-flow or dipstick format binding assay.

[0081] The porous solid phase of the present invention
comprising the surfactant, the conjugate release pad, and the
like may be produced by modifying/altering the methods
described in the following examples as appropriate. The reac-
tions involving the test sample and the marker may be carried
out in any order during the assay, as long as the porous solid
phase for binding assay according to the present invention can
be utilized. A signal from the marker may be measured
according to commonly known methods. For example, when
colloidal gold is used as the marker, the absorbance or the
intensity of reflected light may be measured. When a radio-
isotope is used as the marker, the radiation dose may be
counted by using a counter.

EXAMPLES

[0082] The present invention is further described below by
way of examples. However, the present invention is not lim-
ited to the following examples.

Comparative Example 1

Production of an Immunochromatographic Device
Using a Conventional Binding Assay Porous Solid
Phase

(1) Production of Colloidal Gold-Labeled Anti-D
Dimer Antibody (Anti-DD Antibody Conjugate)

[0083] 10 ml of 2 mmol/l borate buffer solution (pH 8.0)
containing 92.4 pg/ml of an anti-D dimer monoclonal anti-
body (anti-DD antibody) was added to 200 ml of potassium
carbonate buffer solution (pH 8.0) containing colloidal gold
(1 OD/ml) (particle diameter: 40 nm). The mixture was
stirred at room temperature for 10 minutes. After the addition
of 20 ml of a 10% bovine serum albumin (BSA) aqueous
solution to the colloidal gold-anti-DD antibody mixture, the
mixture was stirred further for 5 minutes, and centrifuged
(10,000 rpm) at 10° C. for 45 minutes to obtain a sediment
(conjugate). The conjugate was diluted with (suspended in) a
Conjugate Dilution Buffer (manufactured by Scripps) to 17
OD/ml. The absorbance was measured at 524 nm (i.e., the
maximum absorption wavelength of the colloidal gold).

(2) Production of a Conjugate Release Pad

[0084] The conjugate prepared in (1) was mixed with a
1.33% casein and 4% sucrose solution (pH 7.5) to prepare a
conjugate solution (4 OD/ml). A glass fiber pad (width: 13.0
mm, length: 254 mm, thickness: 0.56 mm) (“No. 8964~
manufactured by Pall Corporation) was impregnated with 1.2
volumes (relative to the volume of the pad) of the conjugate
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solution. The pad was dried at 70° C. for 30 minutes in a dry
oven to obtain a conjugate release pad.

(3) Production of a Membrane on which Anti-DD
Antibody is Immobilized (Porous Solid Phase for
Binding Assay)

[0085] A ‘line’ of 10 mmol/1 phosphate buffer solution (pH
7.2) containing 1 mg/ml of anti-DD antibody and 2.5%
sucrose was drawn (1 pl/cm) on a nitrocellulose membrane
(short side: 25 mm, long side: 254 mm, thickness: 0.235 mm)
(“HF240” manufactured by Millipore) at a position which
was 11 mm from the edge of a long side, along the long side
of the membrane, by using an immunochromatography dis-
penser “XYZ3050” (manufactured by BIODOT). The mem-
brane was dried at 70° C. for 45 minutes in a dry oven to
obtain a membrane on which anti-DD antibody is immobi-
lized.

(4) Production of a Sample Pad

[0086] A glass fiber pad (short side: 16 mm, long side: 254
mm, thickness: 0.55 mm) (manufactured by Lydall) was
impregnated with 1.15 volumes (relative to the volume of the
pad) of the sample pad impregnation solution (20 mmol/l
Tris-HCl buffer (pH 7.2) containing 25 mmol/l of NaCl, 0.5%
sucrose, and 0.25 mg/ml of HETERO BLOCK (*500-11-
001” manufactured by Omega Biologicals)). The pad was
dried at 70° C. for 45 minutes in a dry oven to obtain a sample
pad.

(5) Production of a Binding Assay Strip (Test Strip)

[0087] The above membrane on which anti-DD antibody
had been immobilized (d) was bonded to an adhesive plastic
sheet (g). A blood cell separation pad (¢) (“BTS-SP300”
manufactured by Pall Corporation) was placed at the end of
the membrane opposite to the side where the anti-DD anti-
body (e) had been applied. An absorber (f) (“740-E” manu-
factured by Whatman) was placed at the other end of the
membrane, namely the same side where the anti-DD antibody
had been applied. A conjugate release pad (b) produced in (2)
was placed to overlap the blood cell separation pad, and the
sample pad (@) produced in (4) was placed to overlap the
conjugate release pad. Finally, a polyester film (%) was lami-
nated on the top to cover the porous solid phase and the
absorber. The resulting structure in which these parts were
layered on each other was cut to a width of 6 mm to obtain a
test strip. The test strip had a width of 6 mm and a length of 70
mm. The test strip was installed in/mounted on a plastic
housing (not shown in FIG. 1) which was designed specifi-
cally for this purpose and had a sample addition window and
a detection window, to obtain an immunochromatographic
device. FIG. 1 is a schematic configuration diagram of the test
strip.

Example 1

Production of an Immunochromatographic Device
Using the Test Strip According to the Present Inven-
tion

(1) Production of a Membrane of the Present Inven-
tion on which Anti-DD Antibody is Immobilized
(Porous Solid Phase for Binding Assay)

[0088] A nitrocellulose membrane (“HF240” manufac-
tured by Millipore) was immersed in a 10 mmol/l phosphate
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buffer (pH 7.2) containing a surfactant of the present inven-
tion shown in Table 1 at a concentration of 0.05% (w/v), and
shaken at room temperature for 30 minutes. After excess
liquid was removed, the membrane was dried at 37° C. for 1
hour in a dry oven. The resultant membrane containing the
surfactant was then processed in the same manner as in step
(3) of Comparative Example 1 to obtain a membrane of the
present invention on which anti-DD antibody was immobi-
lized.

(2) Production of an Immunochromatographic
Device of the Present Invention

[0089] A test device of the present invention was produced
in the same manner as in step (5) of Comparative Example 1,
using the conjugate release pad produced in step (2) of Com-
parative Example 1, the sample pad produced in step (4) of
Comparative Example 1, and the above-mentioned mem-
brane of the present invention on which anti-DD antibody was
immobilized.

Example 2

Verification of the Effect of Preventing Poor Flow
Progression of Test Samples Displayed by the Bind-
ing Assay Porous Solid Phase According to the
Present Invention [1]

(1) Preparation of Model Whole Blood Having a
High Ht Value

[0090] Whole blood was centrifuged to obtain a blood cell
layer. Plasma obtained from the same whole blood was added
to the blood celllayer to obtain the model whole blood having
a Ht value of 70%.

(2) Test Method

[0091] 100 pl of the model whole blood was applied to the
sample pad of the test strip of the device according to the
present invention which was produced in Example 1, and
after 15 minutes, whether or not the purplish red line, which
originated from the conjugate and indicated the edge of the
progressing liquid, reached the absorber located at the end of
the test strip was examined with the naked eye. If the purplish
red line had reached the absorber located at the end of the test
strip, it was judged that the porous solid phase had prevented
poor flow progression of the test sample. The results are
shown in Table 1. On a related note, in a test in which the
conjugate was applied directly onto the membrane of Com-
parative Example 1, whether the adhesive plastic sheet was
present or not did not make any observable difference in the
flow progression rate of the test sample.

TABLE 1
Name of the surfactant of ~ Surfactant
the present invention classification Effect
Example 1-1 1n-Octyl-B-D-glucoside Alkyl glucoside O

Example 1-2 n-Heptyl-pB-D-thioglucoside Alkyl glucoside O

Example 1-3  Sucrose monocaproate Sucrose fatty acid O
ester

Comparative no surfactant no surfactant X

Example 1
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(3) Test Results

[0092] In the test strip of Comparative Example 1, the pur-
plish red line did not reach the anti-DD antibody line. On the
other hand, in the test strips of the present invention compris-
ing n-octyl-p-D-glucoside, n-heptyl-f-D-thioglucoside, or
suicrose monocaproate, it was confirmed that the purplish red
line had migrated to the absorber located at the end of the test
strip.

[0093] It wasjudged from the above that n-octyl-p-D-glu-
coside, n-heptyl-p-D-thioglucoside, and sucrose monoca-
proate each had an effect of preventing poor flow progression
of the test sample in the porous solid phase for binding assay
(marked “O” in the “Effect” column of Table 1).

Example 3

Verification of the Effect of Preventing Poor Flow
Progression of Test Samples Displayed by the Bind-
ing Assay Porous Solid Phase According to the
Present Invention [2]

(1) Preparation of Purified D Dimer (DD)-Contain-
ing Model Whole Blood (DD Model Whole Blood)
Having a High Ht Value

[0094] Whole blood was centrifuged to obtain a blood cell
layer. A 10 mmol/l Tris-HCI buffer (pH 8.0) containing puri-
fied DD and plasma obtained from the same whole blood was
added to the blood cell layer, to obtain the model whole blood
containing DD at the final concentration of 1.0 pg/ml and
having an Ht value of 70% after the reconstitution.

(2) Test Method

[0095] 100 pl of the DD model whole blood was applied to
the sample pad of the immunochromatographic device com-
prising the binding assay porous solid phase of the present
invention (comprising n-octyl-p-D-glucoside) produced in
Example 1, and changes in the reflection absorbance (here-
after, in Examples, referred to as “the absorbance”) in the
detection window of'the test device was measured at | minute
intervals (from 1 minute to 15 minutes after the addition of the
sample) by using an immunochromatography reader “ICA-
1000” (manufactured by Hamamatsu Photonics K.K.). The
same equipment was used for measuring the absorbance in all
Examples.

(3) Test Results

[0096] Inthe test strip comprising the binding assay porous
solid phase of the present invention, an increase in the absor-
bance was observed 10 minutes after the addition of the DD
model whole blood, and the absorbance continued to increase
linearly until 15 minutes after the addition of the DD model
whole blood. Nearly identical results were obtained in two
measurements (“Example” in FIG. 2). In the test strip com-
prising the binding assay porous solid phase of Comparative
Example 1, an increase in the absorbance was not observed
until 14 minutes after the addition of the DD model whole
blood in the first measurement, and the increase in the absor-
bance at 15 minutes after the addition of the DD model whole
blood was lower than that observed in the test strip of the
present invention at 10 minutes after the addition of the DD
model whole blood. In the second measurement, an increase
in the absorbance was observed at 11 minutes after the addi-
tion of the DD model whole blood. However, the absorbance
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measured at 15 minutes after the addition of the DD model
whole blood was lower than that obtained in the test strip of
the present invention (“Comparative Example” in FIG. 2).
[0097] Itwas thus confirmed that the test strip of the present
invention can perform assays with excellent reproducibility
even when whole blood having an extremely low fluid content
(e.g. having an Ht value of 70%) is used as a test sample, and
that the present invention has a marked effect of preventing
poor flow progression of test samples in binding assay porous
solid phase.

Example 4

Verification of the Effect of Preventing Poor Flow
Progression of Test Samples Displayed by the Bind-
ing Assay Porous Solid Phase According to the
Present Invention 3]

(1) Preparation of DD Model Whole Blood

[0098] DD model whole blood was prepared in the same
manner as in Example 3.

(2) Production of an Immunochromatographic
Device According to the Present Invention

[0099] An immunochromatographic device was produced
in the same manner as in Example 1 using n-octyl-f-D-
glucoside, n-heptyl-p-D-thioglucoside, or sucrose monolau-
rate as the surfactant.

(3) Test Method

[0100] 100 plof the DD model whole blood was applied to
the sample pad of the immunochromatographic device of the
present invention produced in (2) above, and after 15 minutes,
the absorbance in the detection window of the test device was
measured (n=5). The CV (%) of the measured values was
calculated, and compared with that obtained in an immuno-
chromatographic device comprising a test strip with a con-
ventional binding assay porous solid phase.

(4) Test Results

[0101] The test strip according to the present invention
showed a markedly lower CV (%) as compared with the
conventional test strip (see FIG. 3). It was thus confirmed that
the use of the binding assay porous solid phase of the present
invention enables even those test samples having extremely
high Ht values to be assayed with excellent reproducibility,
and that the present invention prevents poor flow progression
of test samples in binding assay porous solid phase and
enables accurate measurements.

Example 5

Verification of the Effect of Preventing Poor Flow
Progression of Test Samples Displayed by the Bind-
ing Assay Porous Solid Phase According to the
Present Invention [4]

(1) Preparation of Purified D Dimer (DD)-Contain-
ing Model Whole Blood (DD Model Whole Blood)
Having a High Ht Value

[0102] Whole blood was centrifuged to obtain a blood cell
layer. A 10 mmol/l Tris-HCI buffer (pH 8.0) containing a
purified DD and plasma obtained from the same whole blood
were added to the blood cell layer to obtain model whole
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blood containing DD at the final concentration of 1.0 pg/ml
and having an Ht value of 62%.

(2) Production of a Membrane on which Anti-DD
Antibody is Immobilized (Binding Assay Porous
Solid Phase)

[0103] A membrane on which anti-DD antibody is immo-
bilized (binding assay porous solid phase) was produced in
the same manner as in step (1) of Example 1, except that the
concentration of the surfactant added to the 10 mmol/l phos-
phate buffer (pH7.2) was 0,0.01,0.05,0.075,0r0.10% (w/v).

(3) Test Method

[0104] The test method described in step (3) of Example 4
was used. The CV (%) of the measured values was calculated
to determine the optimal concentration range.

(4) Test Results

[0105] As shown in FIG. 4, the use of each surfactant
ensured excellent reproducibility at each concentration
tested, as compared with the conventional method. When the
CV value was equal to or smaller than 15% (i.e. half of that
obtained with the conventional method), it was judged that
the use of the surfactant was effective. Each surfactant used in
the present Example invariably yielded CV values of less than
15% in the concentration range of 0.01 to 0.10%. It was thus
confirmed that the use of each of these surfactants provides a
satisfactory effect as compared with the conventional
method.

Example 6

Production of an Immunochromatographic Device
Comprising a Control Line

(1) Production of Colloidal Gold-Labeled KLH
(KLH Conjugate) for Control Line

[0106] 10 ml of a 2 mmol/l phosphate buffer (pH 6.1) in
which KLH powder had been dissolved (620 pg/ml) was
added to 200 ml of a potassium carbonate buffer (pH 8.0)
containing colloidal gold at 1 OD/ml (particle diameter: 40
nm). The mixture was stirred at room temperature for 10
minutes. After the addition of 20 ml of 10% bovine serum
albumin (BSA) aqueous solution to the colloidal gold-KT.H
mixture, the mixture was stirred for 5 minutes, and centri-
fuged (10,000 rpm) at 10° C. for 45 minutes to obtain a
sediment (conjugate). The conjugate was diluted with (sus-
pended in) a Conjugate Dilution Buffer (manufactured by
Scripps) to 17 OD/ml. The absorbance was measured at 531
nm (i.e., the maximum absorption wavelength of the colloidal
gold).

(2) Production of a Conjugate Release Pad

[0107] The anti-DD antibody conjugate produced in step
(1) of Comparative Example 1 and the KLH conjugate pro-
duced in the step (1) above were mixed with a 1.33% casein
and 4% sucrose solution (pH 7.5) to prepare a conjugate
solution in which the concentrations of the conjugates were 4
OD/ml and 4.5 OD/ml, respectively. A glass fiber pad (width:
13.0 mm, length: 254 mm, thickness: 0.56 mm) (“No. 8964~
manufactured by Pall Corporation) was impregnated with 1.2
volumes (relative to the volume of the pad) of the conjugate
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solution. The pad was dried at 70° C. for 30 minutes in a dry
oven to obtain a conjugate release pad.

(3) Production of a Membrane on which Anti-DD
Antibody and Anti-KL.H Polyclonal Antibody are
Immobilized (Binding Assay Porous Solid Phase)

[0108] A nitrocellulose membrane was immersed in a 10
mmol/l phosphate buffer (pH 7.2) containing the surfactant of
the present invention at the specified concentration as in step
(1) of Example 1, and shaken at room temperature for 30
minutes. After excess liquid was removed, the membrane was
dried at 37° C. for 1 hour in a dry oven. ‘Lines’ of a 10 mmol/1
phosphate buffer (pH 7.2) containing 1 mg/ml anti-DD anti-
body and 2.5% sucrose, and of a 10 mmol/l phosphate buffer
(pH7.2) containing 0.5 mg/ml anti-KILH polyclonal antibody
and 2.5% sucrose, were drawn (1 pl/cm) on a nitrocellulose
membrane (short side: 25 mm, long side: 254 mm, thickness:
0.235 mm) (“HF240” manufactured by Millipore) along the
long side, at the positions which were 11 mm from one end of
the long side and 15 mm from the same end, respectively, by
using an immunochromatography dispenser “XYZ3050”
(manufactured by BIODOT). The membrane was dried at 70°
C. for 45 minutes in a dry oven to obtain a membrane on
which anti-DD antibody had been immobilized.

(4) Production of a Sample Pad

[0109] A sample pad was produced in the same manner as
in step (4) of Comparative Example 1.

(5) Production of an Immunochromatographic
Device

[0110] A test strip comprising a control line, and an immu-
nochromatographic device, were produced in the same man-
ner as in step (5) of Comparative Example 1 using the conju-
gate release pad produced in (2) above, the membrane
produced in (3) above, and the sample pad produced in (4)
above. F1G. 5 is a schematic configuration diagram of the test
strip.

[0111] In Examples 7 and 9 below, the term “test line”
refers to a line (which will appear in (e) in FIG. 5) detected
when the test sample reaches the position on the membrane
(d) where the anti-DD antibody (e) is immobilized, and the
term “control line” refers to a line (which will appear in (j) in
FIG. 5) detected when the test sample reaches the position on
the said membrane where the control capture reagent (anti-
KLH polyclonal antibody) is immobilized.

Example 7

Verification of the Effect of Preventing Poor Flow
Progression of Test Samples Displayed by the Bind-
ing Assay Porous Solid Phase According to the
Present Invention [5]

(1) Preparation of Purified D Dimer (DD)-Contain-
ing Concentrated Plasma (DD Concentrated Plasma)

[0112] Lyophilized plasma (0.5 ml) collected from a
healthy person was dissolved in 0.25 ml of purified water to
prepare a 2-fold concentrated plasma. A 10 mmol/l Tris HC1
buffer (pH 8.0) containing purified DD was added to the



US 2011/0104709 Al

concentrated plasma to prepare the DD concentrated plasma
having a final DD concentration of 1.0 pg/ml.

(2) Test Method

[0113] 100ulofthe DD concentrated plasma was applied to
the sample pad of the immunochromatographic device pro-
duced in Example 6, and after 15 minutes, the absorbance in
the detection window of the test device was measured (n=5).
The CV (%) of the measured values was calculated, and
compared with that obtained with a conventional immuno-
chromatographic device (i.e., the same as the immunochro-
matographic device of Example 6 except that the surfactant
according to the present invention was not included).

(3) Test Results

[0114] FIG. 6 shows the results of the detection at the test
line, and FIG. 7 shows the results of the detection at the
control line. The use of each of the surfactants according to
the present invention produced lower CV (%) as compared
with that measured in the conventional immunochromato-
graphic device. The reproducibility of the detection at the
control line was poor in the conventional method because the
edge of the progressing test sample did not reach the test line.
However, the reproducibility was greatly improved when the
binding assay porous solid phase of the present invention was
used, due to the prevention of poor flow progression of the test
sample. It was thus confirmed that the binding assay porous
solid phase of the present invention enables a twofold-con-
centrated plasma test sample to be assayed with excellent
reproducibility, and that the present invention prevents poor
flow progression of test samples in binding assay porous solid
phase and enables accurate measurements,

Example 8

Verification of the Effect of Preventing Poor Flow
Progression of Test Samples Displayed by the Bind-
ing Assay Porous Solid Phase According to the
Present Invention [6]

(1) Materials and Test Method

[0115] The same materials and test method described in
Example 2 were used, except that sodium cholate or CHAPS
was used as the surfactant.

TABLE 2

Name of the

surfactant of the Surfactant

present invention classification Effect
Example Sodium cholate Steroid O
Example CHAPS Steroid O
Comparative no surfactant no surfactant X
Example

(2) Test Results
[0116] The test strip of the present invention comprising

sodium cholate allowed the purplish red line to reach the
absorber located at the end of the test strip, similarly to the
surfactants shown in Example 2.

[0117] Therefore it was judged that sodium cholate and
CHAPS were effective in preventing poor flow progression of
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the test sample in the binding assay porous solid phase
(marked “O” in the “Effect” column of Table 2).

Example 9

Verification of the Effect of Preventing Poor Flow
Progression of Test Samples Displayed by the Bind-
ing Assay Porous Solid Phase According to the
Present Invention [7]

(1) Materials and Test Method

[0118] The same materials and test method described in
Example 4 were used, except that sodium cholate or CHAPS
was used as the surfactant.

(2) Test Results

[0119] FIG. 8 shows the results of the detection at the test
line, and FIG. 9 shows the results of the detection at the
control line. The test strip according to the present invention
treated with sodium cholate or CHAPS showed a markedly
lower CV (%) at the test line as well as the control line,
compared to the conventional test strip (see FIGS. 8 and 9).
The CV (%) in the conventional method was quite high for the
detection at the control line. This was because the test sample
did not reach the control line due to poor flow progression. It
was thus confirmed that a test sample having a high Ht value
can be assayed with excellent reproducibility also with the
use of sodium cholate or CHAPS.

Example 10

Use of Two Types of Colloidal Gold Differing in
Particle Diameter

(1) Addition of 60 nm Colloidal Gold-Labeled
Anti-D Dimer Antibody

[0120] 10 mlofa 2 mmol/l borate buffer (pH 8.0) contain-
ing 46.2 ng/ml of an anti-D dimer monoclonal antibody (anti-
DD antibody) was added to 200 ml of a potassium carbonate
buffer (pH 8.0) containing colloidal gold (particle diameter:
60 nm) at 1 OD/ml. The mixture was stirred at room tempera-
ture for 10 minutes. After the addition of 10 ml of a 10%
bovine serum albumin (BSA) aqueous solution, the colloidal
gold-anti-DD antibody mixture was stirred for 5 minutes, and
centrifuged (10,000 rpm) at 10° C. for 45 minutes to obtain a
sediment (conjugate). The conjugate was diluted with (sus-
pended in) a Conjugate Dilution Buffer (manufactured by
Seripps) to 17 OD/ml. The absorbance was measured at 531
nm (i.e., the maximum absorption wavelength ofthe colloidal
gold).

(2) Production of a Conjugate Release Pad

[0121] A 40 nm colloidal gold-labeled anti-DD antibody
and a 60 nm colloidal gold-labeled DD antibody were mixed
with a 1.33% casein and 4% sucrose solution (pH 7.5) to
prepare a conjugate solution in which each antibody was
adjusted to 4 OD/ml. A glass fiber pad (width: 13.0 mm,
length: 254 mm, thickness: 0.56 mm) (“No. 8964 manufac-
tured by Pall Corporation) was impregnated with 1.2 volumes
(relative to the volume of the pad) of the conjugate solution.



US 2011/0104709 Al

The pad was dried at 70° C. for 30 minutes in a dry oven to
obtain a conjugate release pad.

(3) Production of an Immunochromatographic
Device According to the Present Invention

[0122] An immunochromatographic device was produced
in the same manner as in Example 1, except that the conjugate
release pad produced in (2) above was used. n-Heptyl-p-D-
thioglucoside was used as the surfactant.

(3) Preparation of Purified D Dimer
(DD)-Containing Model Whole Blood (DD Model
Whole Blood) Having a High Ht Value

[0123] Whole blood was centrifuged to obtain a blood cell
layer. A 10 mmol/l Tris-HCI buffer (pH 8.0) containing puri-
fied DD and plasma obtained from the same whole blood
were added to the blood cell layer, to obtain DD model whole
blood having an Ht value of 60%. The DD concentration was
adjusted to 0, 3.0, or 15 pg/ml.

(4) Test Results

[0124] In the assay system in which two types of colloidal
gold differing in particle diameter were used, the use of the
porous solid phase of the present invention improved the
detection sensitivity as compared with the conventional
method (in which colloidal gold of single particle diameter
was used), and enabled the test sample containing the analyte
at a high concentration to be analyzed in a more quantitative
fashion (FIG. 10).

Example 11

Verification of the Effect of Preventing Poor Flow
Progression of Test Samples Displayed by the Bind-
ing Assay Porous Solid Phase According to the
Present Invention [8]

(1) Preparation of Purified D Dimer (DD)-Contain-
ing Model Whole Blood (DD Model Whole Blood)
Having High Ht Value

[0125] Whole blood was centrifuged to obtain a blood cell
layer. A 10 mmol/l Tris-HCI buffer (pH 8.0) containing puri-
fied DD and plasma obtained from the same whole blood
were added to the blood cell layer to obtain model whole
blood containing DD at the final concentration of 1.0 ng/ml
and having an Ht value of 60%.

(2) Production of a Membrane on which Anti-DD
Antibody is Immobilized (Binding Assay Porous
Solid Phase)

[0126] A membrane on which anti-DD antibody was
immobilized (binding assay porous solid phase) was pro-
duced in the same manner as in step (1) of Example 1, except
that sodium cholate was used as the surfactant and the con-
centration of the surfactant added to the 10 mmol/l phosphate
buffer (pH 7.2) was 0, 0.01, 0.05, 0.075, 0.1, or 0.5% (w/v).

(3) Test Method

[0127] The test method described in step (3) of Example 4
was used. The CV (%) of the measured values was calculated
to determine the optimal concentration range.

(4) Test Results

[0128] AsshowninFIG. 11, the use ofthe surfactant ateach
concentration tested provided excellent reproducibility as
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compared with the conventional method. When the CV value
was equal to or smaller than 10% (i.e. half of that obtained in
the conventional method), it was judged that the use of the
surfactant was effective. The surfactant used in the present
Example invariably yielded CV values of less than 10% in the
concentration range of 0.01 to 0.5%. It was thus confirmed
that the use of the surfactant provides a satisfactory effect as
compared with the conventional method.

Example 12

Comparison of the Effects of Preventing Disturbance
in the Measurement Waveforms Obtained with the
Pretreatments of the Binding Assay Porous Solid
Phases with the Surfactant of the Present Invention
and with Other Surfactants

(1) Preparation of Purified D Dimer (DD)-Contain-
ing Concentrated Plasma (DD Concentrated Plasma)

[0129] Lyophilized plasma (0.5 ml) collected from a
healthy person was dissolved in 0.25 ml of purified water to
prepare a 2-fold concentrated plasma. A 10 mmol/l Tris HC1
buffer (pH 8.0) containing purified DD was added to the said
concentrated plasmato prepare DD concentrated plasma hav-
ing a final DD concentration of 1.0 pg/ml.

(2) Production of an Immunochromatographic
Device

[0130] A membrane on which anti-DD antibody and anti-
KLH polyclonal antibody were immobilized was produced in
the same manner as in step (3) of Example 6, except that
0.05% n-heptyl-p-D-thioglucoside, 0.05% Tween 20, or
0.05% Triton X-100 was used as the surfactant in the 10
mmol/l phosphate buffer (pH 7.2). An immunochromato-
graphic device was produced in the same manner as in step (5)
of Example 6 using the said membrane.

(3) Test Method

[0131] 120plofthe DD concentrated plasma was applied to
the sample pad of the immunochromatographic device pro-
ducedin (2) above, and after 15 minutes, the absorbance in the
detection window of the test device was measured (n=5). The
shape of the measurement waveform was examined in each
measurement.

[0132] The immunochromatographic device of the present
invention (n-heptyl-p-D-thioglucoside pretreatment) was
compared with the immunochromatographic device compris-
ing a nitrocellulose membrane that was not impregnated with
surfactant (conventional method), and the immunochromato-
graphic device in which the surfactant used for impregnating
the solid phase was Triton X-100 or Tween 20 (Triton X-100
pretreatment or Tween 20 pretreatment).

(4) Test Results

[0133] FIG. 12 shows the shapes of the measurement wave-
forms under the different experimental conditions. To the left
of the figure is the upstream side, to the right is the down-
stream side, and a downward peak represents a signal. The
peak appearing first corresponds to the test line, and the peak
appearing subsequently corresponds to the control line. Since
the reflection absorbance is calculated from the ratio between
the reflected light intensities at the peak and around the peak,
a change in the reflected light intensity around the peak
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affects the accuracy of the measurement. Therefore, it would
be ideal if the reflected light intensity around the peak is
unchanged.

[0134] As shown in FIG. 12, an upward change in the
reflected light intensity was observed around the peaks in the
waveforms in (&) conventional method, (¢) Triton X-100 pre-
treatment and (d) Tween 20 pretreatment. In particular, a
drastic change in the reflected light intensity was observed in
the porous solid phase pretreated with Tween 20 ((d) in FIG.
12).

[0135] Inthe porous solid phase pretreated with the surfac-
tant according to the present invention, however, a change in
the reflected light intensity around the peaks was not observed
(() in FIG. 12).

[0136] FIG. 13 shows the distribution of reflection absor-
bance at the test line. When the porous solid phase pretreated
with the surfactant according to the present invention was
used, the variance of the measured reflection absorbance val-
ues was small (i.e. reproducibility was excellent), and the
sensitivity was high. On the other hand, the variance of the
measured values was large in other conditions. In particular,
when Tween 20 was used, the reflection absorbance could not
be even calculated (i.e. measurement was impossible) some-
times.

Example 13

Comparison of the Effects of Preventing Disturbance
in Measurement Waveforms Among Different Meth-
ods of Incorporating Surfactant to Porous Solid
Phase

(1) Preparation of Purified D Dimer (DD)-Contain-
ing Concentrated Plasma (DD Concentrated Plasma)

[0137] DD concentrated plasma was prepared in the same
manner as in Example 12.

(2) Preparation of Solid Phase Washing Solutions

[0138] n-Heptyl-p-D-thioglucoside, Tween 20, or Triton
X-100 was added to a 10 mmol/l phosphate buffer (pH 7.2)
(final concentration: 0.05% (w/v)) to prepare a solid phase
washing solution.

(3) Test Method

[0139] 120ulofthe DD concentrated plasma was applied to
the sample pad of the test strip according to the present
invention or the test strip produced by the conventional
method. The absorbance in the detection window of the test
device of the present invention was measured 15 minutes after
the addition of the DD concentrated plasma. For the test
device of the conventional method, 50 pl of the solid phase
washing solution was added 5 minutes after the addition of
the DD concentrated plasma, and the absorbance in the detec-
tion window was measured 15 minutes after the addition of
the DD concentrated plasma.

(4) Test Results

[0140] When the surfactant of the present invention was
added to the porous solid phase in the form of the solid phase
washing solution, the disturbance of measurement waveform
was not prevented (arrows in FIG. 14 (¢)). Likewise, the
disturbance of measurement waveform was not prevented
when (b) the conventional method, (d) the solid phase wash-
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ing solution containing Triton X-100, or (e) the solid phase
washing solution containing Tween 20 was used (FIG. 14).
[0141] In contrast, when the porous solid phase was pre-
treated with the surfactant according to the present invention,
a change in reflected light intensity around the peaks was not
observed (FIG. 14 (@)).

[0142] FIG. 15 shows the distribution of the reflection
absorbance at the test line. When the porous solid phase
pretreated with the surfactant according to the present inven-
tion was used, the variance of the measured reflection absor-
bance values was small (i.e. reproducibility was excellent)
and the sensitivity was high. On the other hand, variance of
the measured values was large under other conditions.
[0143] It was thus confirmed that the porous solid phase
according to the present invention may prevent not only the
poor flow progression of test samples but also the disturbance
in the measurement waveforms, and that it is capable of
performing assays with higher sensitivity and greater repro-
ducibly as compared with the conventional method or the use
of a solid phase washing solution (FIG. 15).

Example 14

Verification of the Effect of Improving the Repro-
ducibility Associated with an Addition of Anticoagu-
lant to the Sample Pad

(1) Preparation of Purified D Dimer (DD)-Contain-
ing Whole Blood (DD Whole Blood)

[0144] A 10 mmol/l Tris HCI buffer (pH 8.0) containing
purified DD was added to whole blood collected from a
healthy person to prepare DD whole blood having a final DD
concentration of 1.0 pg/ml.

(2) Production of an Immunochromatographic
Device Using a Sample Pad Containing an
Anticoagulant

[0145] An immunochromatographic device was produced
in the same manner as in Comparative Example 1, except that
the sample pad was impregnated with the sample pad impreg-
nation solution to which an anticoagulant was added. The
types and the final concentrations of the anticoagulants were
as follows.

EDTA-2Na (EDTA: 1 or 5 mmol/l)
Diethylenetriamine-N,N,N'.N",N"-pentaacetic acid (DTPA:
1 mmol/l)
trans-1,2-Diaminocyclohexane-N,N,N'N'-tetraacetic ~ acid
(CyDTA: 1 mmol/1)

(3) Test Method

[0146] 120 pl of the DD whole blood was applied to the
sample pad of the immunochromatographic device which had
been treated with the anticoagulant, and after 15 minutes, the
absorbance in the detection window of the test device was
measured.

(4) Test Results

[0147] When the test strips comprising the sample pads
treated with the anticoagulants were used, the reproducibility
was improved, regardless of the types of anticoagulants, as
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compared with the test strip comprising the sample pad not
treated with anticoagulant (FIG. 16).

Example 15

Verification of the Effect of Improving the Repro-
ducibility Associated with an Addition of Amino
Acid to the Conjugate Release Pad

(1) Preparation of Purified D Dimer (DD)-Contain-
ing Plasma (DD Plasma)

[0148] A 10 mmol/l Tris HCI buffer (pH 8.0) containing
purified DD was added to plasma collected from a healthy
person to prepare DD plasma having a final DD concentration
of 1.0 pg/ml.

(2) Addition of Amino Acid to the Conjugate Release
Pad

[0149] An immunochromatographic device was produced
in the same manner as in Comparative Example, except that
the conjugate release pad was produced with the conjugate
solution to which an amino acid had been added. The amino
acid added was serine, glycine, glutamine, arginine, or ala-
nine. The final concentration of the amino acid was 10 mmol/l
in each case.

(3) Test Method

[0150] 120 pl of the DD plasma was applied to the sample
pad of the immunochromatographic device having the con-
jugate release pad containing the amino acid, and after 15
minutes, the absorbance in the detection window of the test
device was measured.

(4) Test Results

[0151] The reproducibility was improved when an amino
acid was added to the conjugate release pad. In particular, the
reproducibility was improved considerably when serine or
glycine was added (FIG. 17).

[0152] To summarize the results of the Examples, it is con-
cluded from the test results that the use of the binding assay
porous solid phase treated with the surfactant according to the
present invention allows even highly viscous test samples to
flow/progress properly in the porous solid phase, suppresses
the disturbance in measurement waveforms, and enables
assays with high sensitivity and excellent reproducibility. The
reproducibility can be further improved by combining the
binding assay porous solid phase of the present invention with
asample pad treated with an anticoagulant and/or a conjugate
release pad treated with an amino acid.

INDUSTRIAL APPLICABILITY

[0153] According to the present invention, it has become
possible to allow even a highly viscous test sample to flow/
progress properly in a porous solid phase, and perform assays
thereof with excellent reproducibility while preventing false
negatives and false positives, by using one or more surfactants
selected from (A)-(C) below in the binding assay porous solid
phase in which the test sample is allowed to flow/progress:
(A) a sugar-containing surfactant that comprises a compound
shown by the general formula (I), (B) a sugar-containing
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surfactant that comprises a sucrose fatty acid ester wherein
the constituent fatty acid has 5 to 14 carbon atoms, and (C) a
steroid surfactant.

KEYS TO SYMBOLS
[0154] (@) Sample pad
[0155] () Conjugate release pad
[0156] (c) Blood cell separation pad
[0157] (d) Porous solid phase (membrane)
[0158] (e) Capture reagent (antibody)
[0159] (/) Absorber
[0160] (g) Adhesive plastic sheet
[0161] (%) Polyester film
[0162] (;) Control capture reagent

1. A porous solid phase for binding assay in which at least
one surfactant has been incorporated prior to addition ofa test
sample, the at least one surfactant being selected from the
group consisting of’

(A) a sugar-containing surfactant that comprises a com-

pound shown by the following general formula (I),

R'-@), 0y

wherein R' represents a substituted or unsubstituted linear
or branched alkyl group having 5 to 10 carbon atoms, G
represents a residue derived from a reducing sugar hav-
ing 5 or 6 carbon atoms, and x is a number from 1 to 3
that indicates the degree of condensation of the reducing
sugar, and R* and G are linked by an ether bond via an
oxygen atom or a sulfur atom,

(B) a sugar-containing surfactant that comprises a sucrose

fatty acid ester wherein the constituent fatty acid has 5 to
14 carbon atoms, and

(C) a steroid surfactant.

2. The porous solid phase for binding assay according to
claim 1, wherein the sugar-containing surfactant (A) is n-oc-
tyl-p-D-glucoside and/or n-heptyl-f-D-thioglucoside.

3. The porous solid phase for binding assay according to
claim 1, wherein the sugar-containing surfactant (B) is
sucrose monocaproate and/or sucrose monolaurate.

4. The porous solid phase for binding assay according to
claim 1, wherein the steroid surfactant (C) is sodium cholate
and/or  3-[(3-cholamidopropyl)dimethylammonio]-2-hy-
droxypropanesulfonic acid (CHAPS).

5. The porous solid phase for binding assay according to
any one of claims 1 to 4, wherein the binding assay is an
immunoassay.

6. The porous solid phase for binding assay according to
claim 1, wherein the binding assay is a lateral-flow format,
dipstick format, or flow-through format membrane assay.

7. The porous solid phase for binding assay according to
claim 1, wherein a capture reagent is immobilized on the
porous solid phase.

8. The porous solid phase for binding assay according to
claim 7, wherein the capture reagent is an antibody, a specific
capture substance, or an antigen.

9. A binding assay strip comprising the porous solid phase
for binding assay according to claim 1.

10. The binding assay strip according to claim 9, further
comprising a conjugate release pad that contains a detection
reagent.

11. The binding assay strip according to claim 10, wherein
the detection reagent is a labeled antibody, a labeled specific
capture substance, or a labeled antigen.
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12. The binding assay strip according to claim 11, wherein
the label comprises two types of colloidal gold that differ in
particle diameter.

13. The binding assay strip according to claim 10, wherein
the conjugate release pad contains an amino acid.

14. The binding assay strip according to claim 8, further
comprising a sample pad and/or a blood cell separation pad.

15. The binding assay strip according to claim 14, wherein
the sample pad contains an anticoagulant.

16. A binding assay strip for a lateral-flow format binding
assay, comprising:

(1) a sample pad;

(2) aconjugate release pad that contains a detection reagent
and is placed beneath the sample pad in contact with the
sample pad;

(3) a blood cell separation pad that is placed between the
conjugate release pad and a porous solid phase; and

(4) the porous solid phase, on which a capture reagent is
immobilized, wherein the porous solid phase is the
porous solid phase for binding assay according to claim
1.

17. A device comprising the binding assay strip according

to claim 9.

18. A binding assay method, comprising using the porous
solid phase for binding assay according to claim 1.

19. A binding assay method, comprising using the binding
assay strip according to claim 9.

20. A binding assay method, comprising testing the pres-
ence of a complex of a detection reagent and an analyte,
wherein the complex is formed when a test sample migrates
and/or passes through the porous solid phase according to
claim 1, the analyte being originating from the test sample
and captured by a capture reagent immobilized on the said
porous solid phase.

21. The binding assay method according to claim 18,
wherein the test sample is whole blood.

22. A method of preventing poor flow progression of a test
sample in a lateral-flow format or dipstick format binding
assay, comprising using a porous solid phase for binding
assay in which at least one surfactant has been incorporated
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prior to addition of the test sample, the at least one surfactant
being selected from the group consisting of:
(A) a sugar-containing surfactant that comprises a com-
pound shown by the following general formula (I),

R'-(G), M

wherein R represents a substituted or unsubstituted linear
or branched alkyl group having 5 to 10 carbon atoms, G
represents a residue derived from a reducing sugar hav-
ing 5 or 6 carbon atoms, and x is a number from 1 to 3
that indicates the degree of condensation of the reducing
sugar, and R* and G are linked by an ether bond via an
oxygen atom or a sulfur atom,

(B) a sugar-containing surfactant that comprises a sucrose

fatty acid ester wherein the constituent fatty acid has 5 to
14 carbon atoms, and

(C) a steroid surfactant.

23. The method according to claim 22, wherein the test
sample has an Ht value of 50% or higher.

24. A method of preventing disturbance in a measurement
waveform of a test sample in a lateral-flow format or dipstick
format binding assay, comprising using a porous solid phase
for binding assay in which at least one surfactant has been
incorporated prior to addition of the test sample, the at least
one surfactant being selected from the group consisting of:

(A) a sugar-containing surfactant that comprises a com-

pound shown by the following general formula (I),

R(G), @

wherein R* represents a substituted or unsubstituted linear
or branched alkyl group having 5 to 10 carbon atoms, G
represents a residue derived from a reducing sugar hav-
ing 5 or 6 carbon atoms, and x is a number from 1 to 3
that indicates the degree of condensation of the reducing
sugar, and R' and G are linked by an ether bond via an
oxygen atom or a sulfur atom,

(B) a sugar-containing surfactant that comprises a sucrose
fatty acid ester wherein the constituent fatty acid has 5 to
14 carbon atoms, and

(C) a steroid surfactant.

* sk ® sk *
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