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ABSTRACT OF THE DISCLOSURE

The invention provides a novel stabilizing agent for enhancing stability of a specific-
binding-pair-forming substance during storage and a novel blocking agent for preventing
non-specific adsorption for use in an assay employing a specific-binding-pair-forming
substance. Specifically, the invention provides a stabilizing agent for a specific-binding-
pair-forming substance, the agent containing a plant-derived polypeptide as an active
ingredient; a blocking agent for preventing non-specific adsorption In an assay employing a
specific-binding-pair-forming substance; a composition for use in an assay employing a
specific-binding-pair-forming substance, the composition containing the specific-binding-
pair-forming substance and the stabilizing agent or the blocking agent; and a kit for use in an
assay employing a specific-binding-pair-forming substance, the kit containing a stabilizing

agent or a blocking agent for preventing non-specific adsorption.
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STABILIZING AGENT AND BLOCKING AGENT

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a stabilizing agent for storing a substance capable of
forming a specific binding pair (hereinafter sometimes referred to as a specific-binding-pair-
forming substance), the stabilizing agent containing as an active ingredient a polypeptide
derived from a plant (hereinafter sometimes referred to as a plant-derived polypeptide). The
invention also relates to a blocking agent for preventing non-specific adsorption during the
course of an assay employing a speciﬁc-binding-pair-forming substance, the blocking agent
containing the plant-derived polypeptide. The invention also relates to a composition and a
kit containing any of the agents. .
Description of the Related Art

Functions of proteins such as antibodies and antigens, which are specific-binding-
pair-forming substances present in organisms, are known to be related to a stereostructure
thereof, and the functions are known to be nactivated as a result of change in stereostructure.
Particularly in an antigen-antibody reaction, utmost care must be taken for maintaining a
stereostructure of an antibody during its storage, since the stereostructure of a variable region
or a complement binding region (Fc region) of an antibody which specifically binds to an
antigen plays an important role. Therefore, at present, antibodies are usually stored in a
frozen state, after they are mixed with polyethylene glycol or bovine serum albumin
(hereinafter sometimes referred to as BSA).

Meanwhile, antibodies and antigens are assayed generally through a method such as
1Mmunoassay.

When an immunoassay is performed, an antibody or an antigen is immobilized on a

solid support such as a plate, beads, or latex particles. A portion of the solid phase where an
antibody or an antigen has not been bound 1s coated with a blocking agent in order to prevent

non-specific adsorption of the antibody or the antigen serving as an assay target. The
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aforementioned BSA is widely employed as the blocking agent.

When a specimen such as nucleic acid or protein is caused to be bound to a specific-
binding substance immobilized on a support 1n a system for detecting the specimen, a
blocking agent predominantly containing casein is employed in order to prevent non-specific
adsorption of the specimen to the support (Japanese Patent Application Laid-Open (kokai) No.
6-160385).

In the production of DNA chips (DNA micro-arrays), a variety of DNAs having a
known gene sequence, which are called DNA probes, are immobilized on a solid phase made
of a glass plate, semiconductor, etc. A portion of the solid phase where DNA probes are not
bound to other substances is coated with a blocking agent in order to prevent non-specific
adsorption to a target DNA or a similar substance contained in the sample. The blocking
agent also contains the aforementioned BSA (Japanese Patent Application Lai-Open (kokai)
No. 11-187900).

WO 96/11264 discloses a technique for stabilizing a protein without employing BSA.
Specifically, In the method, a hydrolyzate of protein derived from wheat, soybean, etc. 1s
employed as a stabilizing agent for transglutaminase, which 1s an enzyme widely employed in
the food processing industry. However, in some cases, functions of antibodies are lost more
easily as compared with those of enzymes, and therefore, a technique applicable to an
enzyme 1s not always employed with respect to an antibody. Furthermore, protein is
generally considered to have lower stability in solution than in a dry state. Thus,
stabilization effect which 1s attained in a dry state 1s not considered to be adapted to the
solution state. In this connection, WO 96/11264 refers only to the case of stabilization in a
dry state. Accordingly, the document neither discloses nor suggests a stabilizing agent for
an antibody or possibility thereof, and moreover, neither discloses nor suggests a stabilizing
agent for maintaining stability in solution.

BSA, which is generally employed at present as a stabilizing agent for a specific-
binding-pair-forming substance or a blocking agent for preventing non-specific adsorption

during an assay employing a specific-binding-pair-forming substance, 1s a protein derived
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from bovine blood. In general, although not employed as a drug, a protein derived from
body fluid or a secretion of animals must be handled with care in consideration of zoonosis
(in the bovine, bovine spongiform encephalopathy (BSE), foot-mouth disease, or other
diseases). Since the function of an antibody 1s readily lost, even when BSA has been added,
antigen-binding ability of the antibody considerably decreases within a few days when the
antibody is maintained at room temperature 1n the form of solution. Therefore, there 1s keen
demand for development of a stabilizing agent which exhibits an excellent stabilizing effect
and prevention performance with respect to non-specific adsorption of a substance employed
in an assay employing a specific-binding-pair-forming substance such as an antibody, an
antigen, or nucleic acid, and which does not raise any problem of potential infection with a

pathogen of BSE or other diseases.

SUMMARY OF THE INVENTION

The present inventors have carried out extensive studies 1n order to solve the
aforementioned problems, and have found that a plant-derived polypeptide can remarkably
enhance stability of a specific-binding-pair-forming substance derived from an organism, and
that the polypeptide can be employed as a stabilizing agent or a blocking agent for preventing
non-specific adsorption during an assay employing a specific-binding-pair-forming substance.
The present invention has been accomplished on the basis of these findings.

Accordingly, in one aspect of the present invention, there is provided a stabilizing
agent for a specific-binding-pair-forming substance, the agent comprising a plant-derived
polypeptide as an active ingredient.

The specific-binding-pair-forming substance may be a substance employed in an
assay for a biological material.

The speciﬁc—binding-pair-forming substance may be an antibody, an antigen, or
nucleic acid.

Preferably, the plant-derived polypeptide is obtained by degradation of a plant-

derived protein.
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Preferably, the plant 1s an agricultural crop.

Preferably, the plant-derived polypeptide 1s obtained from, at least one plant selected
from the group consisting of soybean, adzuki bean, kidney bean, broad bean, almond, peanut,
wheat, corn, potato, and rice.

The protein may be at least one species selected from the group consisting of gliadin,
zein, glutenin, gluten, hordein, oryzenin, glycinin, patatin, and conglycinin.

In another aspect of the present invention, there is provided a stabilizing composition
comprising the aforementioned stabilizing agent, and an alkal: or a buffer.

The stabilizing composition may be 1n the form of sterithized solution through
filtration, with a pH of 3.0 to 9.0.

The stabilizing composition 1s preferably used for immunoassay, or stabilizing a
nucleic acid probe or a nucleic acid chip.

In another aspect of the present invention, there 1s provided a blocking agent for
preventing non-specific adsorption in an assay employing a specific-binding-pair-forming
substance, the blocking agent comprising as an active ingredient a plant-derived polypeptide.

Preferably, the plant-derived polypeptide 1s obtained by degradation of a plant-
derived protein.

Preferably, the plant 1s an agricultural crop.

Preferably, the plant-derived polypeptide is obtained from, at least one plant selected
from the group consisting of soybean, adzuki bean, kidney bean, broad bean, almond, peanut,
wheat, corn, potato, and rice.

The protein may be at least oné species selected from the group consisting of gliadin,
zem, glutenin, gluten, hordein, oryzenin, glycinin, patatin, and conglycinin.

The blocking agent may exhibit an effect of stabilizing a specific-binding-pair-
forming substance.

The specific-binding-pair-forming substance may be a substance employed in an

assay for a biological material.

The specific-binding-pair-forming substance may be an antibody, an antigen, or
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nucleic acid.

In another aspect of the present invention, there is provided a composition for use in
an assay employing a specific-binding-pair-forming substance, the composition comprising
the specific-binding-pair-forming substance, and the aforementioned stabilizing agent or the
aforementioned stabilizing composition.

- The specific-binding-pair-forming substance may be a substance employed in an
assay for a biological material.

The specific-binding-pair-forming substance may be an antibody, an antigen, or
nucleic acid.

In another aspect of the present invention, there is provided a composition for use in
an assay employing a specific-binding-pair-forming substance, the composition comprising
the specific-binding-pair- forming substance and the aforementioned blocking agent.

The specific-binding-pair-forming substance may be a substance employed 1n an
assay for a biological maternal.

The specific-binding-pair-forming substance may be an antibody, an antigen, or
nucleic acid.

The antibody, the antigen, or the nucleic acid may be a complex with a labeling
substance for use in immunoassay, a nucleic acid probe, or a nucleic acid chip, or may be
immobilized on a solid phase.

Each of the aforementioned compositions is in a dry state or in the solution form.

In another aspect of the present invention, there 1s provided a method for stabilizing a
specific-binding-pair-forming substance, the method comprising bringing a stabilizing agent
or a stabiiizing composition to coexist with the specific-binding-pair-forming substance.

In another aspect of the present invention, there 1s provided a method for blocking
non-specific binding of a specific-binding-pair-forming substance to a solid phase, the
method comprising coating the solid phase which 1s immobilized with a specific-binding-
pair-forming substance with the aforementioned blocking agent, thereby preventing non-

spectfic binding, to the solid phase, of a substance which forms a complex with the specific-
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binding substance 1n a sample.

In another aspect of the present invention, there 1s provided a kit for use in an assay
employing a specific-binding-pair-forming substance, the kit comprising any of the
aforementioned compositions.

In another aspect of the present invention, there 1s provided a kit for use in an assay
employing a specific-binding-pair-forming substance, the kit comprising a solid phase onto
which any of the aforementioned blocking agents has been coated.

In another aspect of the present mmvention, there 1s provided use of a plant-derived
polypeptide as a stabilizing agent or a blocking agent for a specific-binding-pair-forming

substance serving as an assay reagent.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Best modes for carrying out the present invention will next be described.

1. Stabilizing agent of the present invention

The stabilizing agent of the present invention for a specific-binding-pair-forming
substance for use in an assay for a biological substance or a similar substance contains a
plant-derived polypeptide as an active ingredient.

The stabilizing agent of the present invention stabilizes a specific-binding-pair-
forming substance. As used herein, the term "specific-binding-pair-forming substance"
refers to one member of a pair of substances which form a binding pair through specific
interaction (affinity) provided between biological substances. Specifically, the term refers to
one substance of a pair such as an antibody and an antigen; biotin, and avidin or streptavidin;
a specific sugar and the corresponding physiologically active substance such as lectin;
cytokine, or chemokine, and the corresponding receptor; hyaluronic acid and a hyaluronic

acid-binding substance; endotoxin and an endotoxin-neutralizing protein; B-glucan and a -
glucan-binding protein; or a nucleic acid having a specific sequence and a nucleic acid which
hybridizes therewith 1n a complementary manner or under stringent conditions. No

particular limitation is imposed on the origin, type, and form of presence of the specific-
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binding-pair-forming substance, and the substance is preferably employed for assaying a
biological substance. The antigen is preferably an antigen for use 1n immunoassay; €.g.,
protein, sugar, lipid, nucleic acid, a virus-associated antigen, a cancer-specific antigen, or
immunoglobulin. No particular limitation is imposed on the type of nucleic acid, so long as
the nucleic acid can be employed in a nucleic acid probe or a nucleic acid chip. Examples
of the nucleic acid include deoxyribonucleotides (DNA) and ribonucleotides (RNA) having
different molecular weights (i.e., oligonucleotides and polynucleotides), and nucleic acid
derivatives in which a molecule other than sugar 1s added to the base thereof (e.g.,
peptidonucleic acid (PNA) and other derivatives).

In the present invention, the expression "stabilization of a specific-binding-pair-
forming substance" refers to stabilization of a specific-binding-pair-forming substance during
storage and against drying and heat. More specifically, the expression refers to a function
for preventing breakage of a specific binding site and decrease in titer of specific-binding-
pair-forming substances such as antibodies, antigens, nucleotide derivatives, and substances
analogous thereto (more specifically, nucleic acid) during long-term storagé, drying, or
freezing.

The term "plant” in relation to the stabihizing agent of the present invention refers to,
for example, an agricultural product. Specific examples of preferred plants include wheat,
barley, oat, corn, Japonica rice, Indica rice, Javanica rice, African rice, and glutinous rice,
soybean, adzuki bean, kidney bean, broad bean, almond, peanut, potato, sweet potato,
dasheen, and taro. Of these, soybean, wheat, corn, potato, and rice are more preferred, with

soybean and corn being most preferred.

The "plant-derived polypeptide"” contained in the stabilizing agent of the present

1nvention 1s preferably a polypeptide which may be produced through degradation of the

aforementioned plant-derived protein. The aforementioned plant-derived protein includes a
protein extracted from the above plant or a fraction containing the protein. Specific
examples 1nclude reserve proteins such as gliadin, zein, glutenin, gluten, hordein, oryzenin,

glycinin, patatin, and conglycinin; functional proteins such as lectin, amylase, and enzymes



10

15

20

25

CA 02477991 2004-08-18

involved in respiration and photosynthesis; and structural proteins derived from roots, stalks,
leaves, flowers, fruits, seeds, etc. Of these, reserve proteins are particularly preferred. In
order to obtain the polypeptide from the protein, the protein may be degraded. No particular
limitation is imposed on the method of degradation, so long as the method attains the object
for obtaining polypeptide through reduction of molecular weight, and examples thereof
include enzymatic hydrolysis, acid-hydrolysis, and alkali-hydrolysis. Any enzyme can be
employed for hydrolysis, so long as the enzyme belongs to the protease group and is able.to
degrade protein to form polypeptide. Examples of the enzyme include animal-derived
protease such as pepsin, trypsin, and chymotrypsin; plant-derived protease such as papain,
ficin, and bromelain; and other protease derived from microorganisms such as bacteria, molds,
and actinomycetes. Examples of the acid employed m acid-hydrolysis include hydrochloric
acid, sulfuric acid, phosphoric acid, and nitric acid, and examples of the alkali substance
employed in alkali- hydrolysis include sodium hydroxide, potassium hydroxide, and sodium
carbonate. The polypeptide formed through hydrolysis preferably has a weight average
molecular weight of 200 Da to 300,000 Da, more preferably 300 Da to 200,000 Da. When
protein 1s subjected to hydrolysis, amino acid 1s formed. The stabilizing agent of the present
invention may contain amino acid, so long as the agent contains polypeptide as an essential
component. Furthermore, the stabilizing agent of the present invention may contain a
plurality of polypeptides in combination, the polypeptides being obtained from one or more
proteins derived from one or more different plant species or from a single plant species.

The stabilizing agent of the present invention and another stabilizer (e.g., sugar or surfactant)
may be used in combination.

Examples of preferred pla;nt-derived polypeptides include a soybean protein
hydrolyzate, a wheat protein hydrolyzate and derivatives thereof, a potato protein hydrolyzate,
a corn protein hydrolyzate, and a rice bran protein hydrolyzate. Of these, a corn protein
hydrolyzate 1s particularly preferred. Among corn protein hydrolyzates, a peptidé having a

molecular weight of 200 Da to 4,000 Da and a free amino acid content with respect to the

total amino acid content of 1% or less 1s preferred. Moreover, a peptide having the
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following amino acid composition (wt.%) is more preferred: aspartic acid 2.5 to 12.5,
threonine 2.5 to 6.0, serine 4.0 to 6.0, glutamic acid 15.0 to 50.0, glycine 2.0 to 5.5, alanine
2.0 to 13.5, valine 4.0 to 8.0, cysteine 0.0 to 1.5, methionine 1.0 to 2.0, 1soleucine 3.0 to 6.0,
leucine 6.0 to 15.0, tyrosine 1.0 to 4.0, phenylalanine 2.0 to 5.5, lysine 0.5 to 7.0, histidine
0.5 to 3.0, arginine 1.0 to 8.0, and proline 5.0 to 13.0.

The hydrolyzates and some typical characteristics are as follows:
<1> Soybean protein hydrolyzate
Appearance: pale yellow to brown
Total nitrogen content (%): 2.6 to 3.4

pH : 3.8 t0 6.2

<2> Soybean protein peptone

<3> Soybean protein enzymatically hydrolyzed product
<4> Soybean protein acid-hydrolyzed product
<5> Wheat protein hydrolyzate

Appearance: brown liqud

Weight loss by drying (%): 75 to 80

Total nitrogen amount (%): 2.7 to 3.5

<6> Wheat protein hydrolyzate derivative
Appearance: Grayish white

Total solid content (%): 81.3 to 100

Nitrogen (%): 13.0 to 16.0

Ashing residue (%): 13.5 or less

pH :3.5t0 4.5

Water content (%): 5.0 or less

<7> Potato protein hydrolyzate
Appearance: yellow

Total solid content (%): 24.0 to 28.0
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Nitrogen content (%): 2.5 to0 4.0
Ashing residue (%): 4.5 or less
pH :4.0 to 5.0
Molecular weight: 600
<8> Corn protein hydrolyzate
Appearance: White. or pale yellow
Water content (%): 5.0 or less
Crude ash (%): 2.0 or less
Crude protein (%): 90.0 or more
Sugar content (%): 5.0 or less
Heavy métals (ppm): 4.0 or less
Arsenic (ppm): 1.0 or less
Molecular weight distribution: about 2 to 10 (oligopeptide)
Amino acid composition (wt.%):glutamic acid 24.67, leucine 13.69, alanine 12.99, proline
9.69, aspartic acid 6.04, serine 5.33, valine 4.94, threonine 3.95, isoleucine 3.77, tyrosine
3.42, glycine 2.39, phenylalanine 2.00, inethionine 1.45, arginine 1.21, cysteine 1.07, lysine
1.00, and histidine 1.00.
<9> Rice bran protein hydrolyzate
pH:65t07.5
Molecular weight : 150,000
The stabilizing agent of the pr.eSent invention 1s also capable of stabilizing a complex
of an antibody, an antigen, or nucleic acid wifh a labeling substance for use in immunoassay,
a nucleic acid probe, or a nucleic acid chip as well as an antibody, an antigen, or nucleic acid
each of which i1s immobilized on a solid phase. Examples of the above labeling substance

mclude an enzyme, avidin, streptavidin, biotin, radioisotope, a fluorescent substance, a

luminescence substance, and metal colloid.

The stabilizing agent composition of the present invention contains the

aforementioned stabilizing agent, and an alkali or a buffer. Although the solution form

10
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thereof is particularly preferred, the composition may be 1n a dry state.

In other words, the stabilizing agent of the present invention may be dissolved 1n an
aqueous solvent containing an alkali, thereby providing a solution-form stabilizing agent.
Examples of the alkali include alkali metal hydroxides and alkaline earth hydroxides. Of
these, alkali metal hydroxides are particularly preferred. The alkali metal hydroxide 1s a
hydroxide of an alkali metal such as potassium, lithium, or sodium and includes potassium
hydroxide, lithium hydroxide, and sodium hydroxide. These alkali metal hydroxides may
be used singly or in combination of two or more species, in the form of aqueous solution.
Among the alkali metal hydroxides, sodium hydroxide 1s most preferred. The concentration
of alkali metal hydroxide is generally 5 mmol/L to 2 mol/L, preferably 10 mmol/L to 500
mmol/L. The aforementioned aqueous solution generally has a pH of 3.0 to 9.0, preterably
6.5 to 8.0, more preferably 6.8 to 7.2.

In use, the stabilizing agent of the present invention may be dissolved 1n a buffer
(buffer solution). Although no particular limitation 1s imposed on the type of the buffer,
buffers such as a phosphate buffer, a Tris-HCI buffer, a Good's bufter, and a borate buffer are
preferred. These buffers may be used singly or in combination of two or more species, and
in an arbitrary amount.

Alternatively, the stabilizing agent of the present invention may be dissolved in an
alkali metal hydroxide solution or a buffer so as to regulate the pH of the solution, and
filtered for sterilization by means of a 0.22-um filter or a similar filter, to thereby obtain a
stabilizing agent compositibn employable in the present invention.

The stabilizing agent or the stabilizing agent composition of the present invention
generally has a polypeptide concentration of 0.01 to 40% (w/v), preferably 0.1 to 30% (w/v).

The stabilizing agent or the stabilizing agent composition of the present invention
stabilizes a specific-binding-pair-forming substance; n particular, an antibody or an antigen,
s0 as to maintain the titer thereof at a high level. In a specific procedure, upon storage of an

antibody or an antigen, the stabilizing agent or the stabilizing agent composition of the

present invention is added to the antibody or the antigen such that the polypeptide

11
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conceniration is adjusted ic 0.01 to 10% {w/v), io thereby form & composition in the form of
solution. The antibody or the antigen can be reliably stored 1n the solution or in a dried
product of the solution. In actual use, the stabilizing agent or the stabilizing agent
composition of the present invention may be added to a solution (e.g., phosphate buffered
5  saline (PBS) solution) containing, for example, an antibody 1n an amount of 1 ng/mL to 10
mg/mL.

In addition to the stabilizing agent or the stabilizing composition of the present
invention and a specific-binding-pair-forming sﬁbstance-, the aforementioned composition
may further contain other stabilizing agents, a preservative, a surfactant, a sugar, a polyhydric

10  alcohol (e.g., glycerol), a hydroxyl-group-containing polyether (e.g., polyethylene glycol
(PEG)), etc.
Examples of the surfactant include non-ionic surfactants. Among them,

TV

polyoxyethylene sorbitan fatty acid esters (Tween series surfactants), polyoxyethylene p-t-

™
octylphenyl ethers (Triton senes surfactants), etc. are preferred. Examples of most typically

15  employed species include 'I‘wegl 20 and Trit;:; X-100. When such a surfactant is
;incorporated into a reaction systerm where two substances react to form specific binding pairs
(e.g., reaction system of antigen-antibody reaction or reaction between complementary
nucleic acids), the blank level in analysis is lowered. Aliernatively, when a surfactant is
caused to be present during sohd-hqud separation (e.g., washing) performed after completion
20  of reaction between one substance of the specific-binding-pair substances immobilized on a
solid phase and the other free substance, the blank level can also be lowered.

Examples of the sugar include monosaccharides, disaccharides (e.g., sucrose, maltose,
lactose, and trehalose), sugar alcohols (e.g., sorbitol), oligosaccharides (e.g., raffinose and
maltotriose), and water-soluble polysaccharides (e.g., cyclodextrin, water-soluble cellulose,

25 pullulan, and carrageenan).
The thus-prepared composition may be incorporated, as a component, into a kit

emploving an antibody (e.g., a kit tor immunoassay) or a kit employing a nucleic acid probe.

The composition is remarkably useful in that the guality of the kit can be maintained for =
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very prolonged period of time.

The stabilizing agent of the present invention may be employed as the below-
mentioned blocking agent of the present invention. Upon use, the stabilizing agent serves as
a blocking agent for preventing non-specific adsorption, which agent stabilizes a specific-
binding-pair-forming substance. Thus, the stabilizing agent of the invention is remarkably
useful.

(2) Blocking agent of the present invention

The blocking agent of the present invention contains a plant-derived polypeptide as
an active ingredient and prevents non-specific adsorption in an assay employing a specific-
binding-pair-forming substance. As used herein, the term "blocking agent” refers to a
substance which prevents non-specific binding of a target substance to be determined by a
specific-binding-pair-forming substance to a solid phase (or carrier) on which the specific-
binding-pair-forming substance has been immobilized, the non-specific binding disturbing
accurate measurement of the target substance.

In relation to the blocking agent of the present invention, the terms "plant," "plant-
derived polypeptide," and "degradation" have the same meanings as defined in relation to the
aforementioned stabilizing agent of the present invention.

In use for an assay employing a specific-binding-pair-forming substance, the blocking
agent of the present invention is coated on a solid phase so as to prevent non-specific binding,
to the solid phase, of a substance which forms a complex with a specific-binding substance in
a sample, while the specific-binding-pair-forming substance (e.g., specifically binding protein,
an antibody, an antigen, or nucleic acid, with an antibbdy being particularly preferred) has
been immobilized on the solid phase (or carrier). The form of the solid phase may be a plate,
beads, latex particles, or a membrane, with a plate being particularly preferred. Examples of

the material for the solid phase include polystyrene, nitrocellulose, cellulose acetate, silica gel,
glass, metal, semiconductor, silicon, a magnetic carrier, ceramics, paper, and cloth, with
polystyrene being preferred. No particular limitation is imposed on the method of fixing the

blocking agent of the present invention on the solid phase, and any adsorption method, such

13
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as physical adsorption or chemical adsorption, may be employed. Preferably, fixation 1s
performed through generally employed physical adsorption.

The composition for use in an assay employing a specific-binding-pair-forming
substance contains the blocking agent of the present invention and the specific-binding-pair-
forming substance. In one embodiment, the blocking agent of the present invention 1s
coated on a portion of the solid phase on which a specific-binding-pair-forming substance (an
antibody, an antigen, or nucleic acid being particularly preferred) has been immobilized and
no specific-binding-pair-forming substance has been bound, whereby non-specific binding of
the specific-binding-pair-forming substance to the portion 1s prevented. The
aforementioned composition may contain the blocking agent of the present invention and a
complex in which a labeling substance employed 1n immunoassay, a nucleic acid probe, or a
nucleic acid chip is bound to the aforementioned antibody, antigen, or nucleic acid.

When the blocking agent of the present invention is coated on a plate, the following
procedure may be employed. Specifically, a plate on which an antibody or a similar
substance has been immobilized is washed several times with, for example, PBS.
Subsequently, PBS containing the blocking agent of the present invention (0.1 to 10% (w/v))
1s portionwise poured onto each well of the plate, followed by incubation at 2 to 40°C for 10
minutes to 24 hours. After completion of incubation, the solution is removed, and the plate
1s washed several times with PBS (optionally containing a nonionic surfactant such as Tween
20) or a similar material. Through the above procedure, there can be produced a plate on
which the blocking agent of the present invention has been coated. The aforementioned
plate on which an antibody or a similar substance has been immobilized is incubated with the
blocking agent of the present invention, followed by removal of the solution and naturally
drying, to thereby produce a component. The component may be incorporated into a kit for

assaying, for example, an antigen which is specifically bound to an antibody. Such a plate is

remarkably useful in that non-specific binding to the solid phase can be prevented and that
the quality of the antibody can be maintained for a very prolonged period of time. The kit

may further include the aforementioned stabilizing agent of the present invention as an
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essential component.

EXAMPLES
Example 1
Studies on stabilizing effect of the stabilizing agent of the present invention on an
5 enzyme-labeled antibody
1. Methods
<1> Preparation of an enzyme-labeled antibody solution and storage thereof
Each of the test substances (stabilizing agent) listed 1n Table.1 was added to a 50
mmol/L Tris-HCI buffer (Tris-HCl: pH 7.3 to 7.7) contaiming 0.15 mol/L sodium chloride,
10 0.05% Tween 20, and 0.05% ProCli;:T 300 (preservative) (hereinafter the buffer is referred to
as T-TBS) so that a desired test substance concentration was attained. The mixture was
filtered by means of a 0.22-um filter, to thereby obtain a test substance solution.
Horseradish peroxidase (HRP)-labeled goat anti-mouse IgG antibody (product of Jackson,
hereinafter referred to as HRP-anti-mouse IgG antibody) was diluted 10,000 fold with the

15  aforementioned test substance solution, and the diluted solution was tested. Stability of

HRP-anti-mouse IgG antibody was investigated on the day of preparation (day 0), 5 davs
afier storage at 37°C (day 5), and 12 days afier storage at 37°C (day 12). Each test solution
was cooled to room temperature before measurement of antibody activity.
<2> Measurement of activity of enzyme-labeled antibody

20 (i) Preparation of a goat anti-mouse IgG antibody immobilized plate

A goat anti-mouse IgG antibody (product of Jackson) was diluted with phosphate

buffered saline (pH 7.2 to 7.5, divalent-ion-free (e.g., Ca-ion-free); hereinafter referred to as

PBS (-)) to 20 ug/mL. The thus-prepared solution was added in an amount of 50 uL to each

well cf a Nunc-immuno plate (Product name; Maxi soT:p, product of Nunc) and stored at 4°C
25 for 14 to 18 hours, whereby the well was uniformly coated with the antibody. The plate was

washed twice with PBS (-:. In order to biock a portion of the plate which had not beer

coated with the goat anti-mouse IgG antibocdyv, PBS (-) sciution contaiming 2% bovine serum:

clbumin (BSA; (proauct of Seikagaku {orporatior:; serving as 2 biocking agent and 0.05%
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ProClin 300 serving as a preservative was added to each well of the plate, and the plate was
left to stand at room temperature for two hours. Thereafter, the plate was washed four times
with a washing solution(T-TBS), to thereby obtain a desired a goat anti-mouse IgG antibody
immobilized plate.
(i1) Method of measuring activity of an enzyme-labeled antibody

After completion of washing, T-TBS containing 1% BSA (hereinafter referred to as
reaction solution) (100 uL) was added to each well of a goat anti-mouse IgG antibody
immobilized plate produced in the above-described (1). Subsequently, to each well, a mouse
IgG having a concentration of 100 ng/mL controlled by the reaction solution or the reaction
solution serving as a blank was added 1n .an amount of 20 uL, and the mixture was allowed to
stand at 37°C for 60 minutes for performing anti gen-antibody reaction.

After completion of the reaction, each well was washed four times with T-TBS.
Subsequently, each HRP-anti-mouse IgG antibody solution (100 pL) containing a given test
substance (stabilizing agent) prepared in the above-descnibed (1) was added to each well, and

the mixture was allowed to stand at 37°C for 60 minutes for performing antibody-antigen-

antibody reaction.

After completion of the reaction, the plate was washed four times with T-TBS.
Subsequently, a tetramethylbenzidine (TMB) solution (100 puL) (product of Moss, 1nc.)
serving as a substrate with respect to peroxidase was added to each well, and the mixture was
allowed to react at 37°C for 30 minutes for development. The developed reaction was
terminated by adding 1N HC1 (100 pL) to each well of the plate, and absorbance of the
developed solution formed through degradation of TMB was measured at 450 nm (reference
wavelength: 630 nm) by use of a well reader (SK-603, trade name, Seikagaku Corporation).

Reactivity of HRP-anti-mouse IgG was evaluated on the basis of difference in

absorbance (1.e., between each sample reacted with mouse IgG (100 ng/mL) and the blank)

(hereinafter referred to simply as absorbance difference). With respect to each test
substance, stability of HRP-anti-mouse IgG was represented by percent absorbance

difference (residual activity; %); 1.e., a ratio (x100) of absorbance of a sample at the
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corresponding test day to absorbance of the sample on the day of 'preparation of the sample
(day 0). When a sample containing a test substance exhibited a residual activity not lower
than -10 percent point of the residual activity of a control sample containing BSA, the test
substance was evaluated to be acceptable, whereas when the sample exhibited a residual
activity equal to or higher than the residual activity of the control sample, the test substance
was evaluated to have a stabilizing effect equal to or higher than that of BSA. The results
are shown 1n Table 1. '

In Example 1, the following commercial products were employed: BSA (Seikagaku
Corporation), gelatin and skim milk powder (Nacalai Tesque), and casein (Wako Pure
Chemical Industries, Ltd.). Regarding the soybean protein hydrolyzed product, the wheat
protein hydrolyzed product, the potato protein hydrolyzed product, and the corn protein
hydrolyzed product, the aforementioned soybean protein peptone <2>, soybean protein
enzymatically hydrolyzed product <3>, soybean protein acid- hydrolyzed product <4>, wheat
protein hydrolyzate <5>, wheat protein hydrolyzate derivative <6>, potato protein
hydrolyzate <7>, and corn protein hydrolyzate <8> were employed, respectively.

2. Results

After storage at 37°C for 12 days, residual activity of HRP-anti-mouse IgG antibody
was found to be 4% (no stabilizing agent) and 68% (BSA added). Regarding generally
employed animal-derived proteins other than BSA, the residual activity was found to be
satisfactory 69% (casein), 14% (gelatin), and 17% (skim milk powder), with the latter two
scores being unsatisfactory.

In contrast, when samples contained a plant-derived substance of the present
invention (polypeptide), excellent stabilizing effect with a residual activity of 60% or higher
was attained with respect to all plant-derived substances tested. Particularly, the corn

protein hydrolyzate and the soybean protein hydrolyzate provided a remarkably excellent

stabilizing effect; i.e., a residual activity of 86% and 90% or higher, respectively.
The results indicate that a hydrolyzed product of plant-derived protein exhibits an

excellent stabilizing effect with respect to the antibody, as compared with animal-derived

17
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proteins.
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Example 2

Studies on stabilizing effect of the blocking agent of the present invention on an
antibody 1mmobilized on a solid phase
1. Methods
<1> Preparation of a blocking agent solution

Each of the test substances (blocking agent) listed 1n Table 2 was dissolved in a

phosphate buffer containing 0.05% ProClin 300 (preservative) (i.e., phosphate buffer; PBS(-)
of Example 1 but containing no sodium chloride; hereinafter the buffer referred to as PB(-))
so that a desired test substance concentration was attained. The mixture was filtered by
means of a 0.22-um filter, to thereby obtain a blocking test solution. Each blocking test

solution had been stored (2 to 8°C), and the temperature of the solution was adjusted to room

temperature before use thereof.
<2> Preparation of a goat anti-mouse IgG antibody immobilized plate and storage thereof

In a manner similar to that of Example 1, a plate was coated with a goat anti-mouse
IgG antibody or a normal goat IgG (product of Jackson). A normal goat IgG 1mmobilized
plate was employed as a negative control plate. In a similar manner, the plate was washed
with PBS(-). In order to block a portion of each well which had not been coated with the
antibody, the blocking solution prepared in (1) above serving as a blocking agent was added
to each well of the plate, and the plate was left to stand at room temperature for two hours.
Thereafter, the solution was removed from the plate, and the plate was dried at 37°C for two
hours, to thereby obtain a desired plate immobilized with each antibody.

The thus-prepared plate immobilized with the antibody was placed in an aluminum
bag sealable with a zipper.  Stability of the plate was investigated on the day of preparation
(day 0), 4 days after storage at 55°C (day 4), and 7 days after storage at 55°C (day 7). Each

plate immobilized with the antibody was cooled to room temperature before measurement.

<3> Method of measuring activity of an antibody immobilized on a solid phase
In order to evaluate the stabilizing effect of each blocking solution, the amount

(activity) of HRP-labeled mouse IgG which is able to bind to an antibody immobilized on a

20
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solid phase was determined in the folloWing mannet.

Specifically, the plate immobilized with an antibody prepared in (2) above was cooled
to room temperature, and washed four times with T-TBS. Subsequently, a reaction solution
(100 uL) containing 200,000-fold diluted HRP-labeled mouse IgG (product of Jackson) was
added to each well of the plate, and the mixture was allowed to stand at 37°C for 60 minutes
for performing antigen-antibody reaction.

After completion of the reaction, the plate was washed four times with T-TBS. Ina
manner similar to that of Example 1, a TMB solution (100 pL) (product of Moss, inc.)
serving as a substrate with respect to peroxidase was added to each well, and the mixture was
allowed to react at 37°C for 30 minutes for development. The reaction was terminated by
adding 1 mol/LL HCI (100 pL) to each well of the plate, and absorbance of the developed
solution formed through degradation of TMB was measured at 450 nm (reference
wavelength: 630 nm) by use of a well reader (SK-603, trade name, Seikagaku Corporation).

With respect to each blocking solution, reactivity of a goat anti-mouse IgG antibody
immobilized on a solid phase (i.e., the amount of HRP-labeled mouse IgG bound to the
antibody) was evaluated on the basis of difference in absorbance (i.e., between a sample
contained in each well in which a goat anti-mouse IgG antibody had been immobilized on a
solid phase and a sample contained in a well in which a normal gbat IgG had been
immobilized on a solid phase) (hereinafter referred to simply as absorbance difference).

With respect to each blocking solution, stability of the goat anti-mouse IgG antibody
immobilized on a solid phase was represented by percent absorbance difference (residual
activity; %); 1.e., a ratio (x100) of absorbance of a sample at the corresponding test day to
absorbance of the sample on the day of preparation of the plate immobilized with an antibody

(day 0). When the sample exhibited a residual activity of 70% or more, the test blocking

solution was evaluated to be excellent. The results are shown in Table 2.
In Example 2, the following commercial products were employed: BSA (Seikagaku
Corporation), gelatin and skim milk powder (Nacalai Tesque), and casein (Wako Pure

Chemical Industries, Ltd.). Regarding the soybean protein hydrolyzed product, the wheat
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protein hydrolyzed product, the potato protein hydrolyzed product, the corn protein
hydrolyzéd product, and the rice bran protein, the aforementioned soybean protein peptone
<2>, soybean protein enzymatically hydrolyzed product <3>, soybean protein acid-
hydrolyzed product <4>, wheat protein hydrolyzate <5>, wheat protein hydrolyzate
derivative <6>, potato protein hydrolyzate <7>, corn protein hydrolyzate <8>, and rice bran
protein <9> were employed, respectively.

2. Results

After storage at 55°C for 7 days, residual activity of the antibody was found to be 7%
(blocked by BSA), which was considérably lowered. Regarding amimal-derived proteins
generally employed as blocking agents, the residual activity was found to be 27% (gelatin),
40% (casein), and 50% (skim milk powder), which were all higher than the case of blocking
by BSA. However, these residual activity values were not satisfactory.

In contrast, when blocking was carried out by a hydrolyzed product of a plant-derived
protein, remarkably excellent stabilizing effects on an antibody immobilized on a solid phase
with a residual activity of 70% or hi gher was attained with respect to all hydrolyzed products
tested.

The results indicate that a hydrolyzed product of plant-derived protein is useful for a
blocking agent which exhibits remarkably excellent stabilizing effects on an antibody

immobilized on a solid phase, as compared with animal-derived proteins (or hydrolyzed

products thereof).

22
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Example 3
Studies on stabilizing effects of the blocking agent of the present invention (i.€., use
of blocking agents in combination and use of a blocking agent i combination with another
additive) on an antibody
5 1. Methods
<1> Preparation of blocking solution
In a manner similar to that of Example 2, blocking solutions were prepared by use of
the test substances (blocking agents) listed in Table 3.
In Example 3, the same BSA, corn protein (hydrolyzate), rice bran protein
10  (hydrolyzate), and wheat protein (hydrolyzate) as employed in Example 2 were employed
(hereinafier these substances are collectively referred to as "base” in the following Tables).
The following blocking agents (stabﬂizing agents) were also employed: pullulan (product of
Seikagaku Corporation); si:tcrose, maltose, sorbitol, lactose, trehalose, raffinose, glycerol, and

polyethylene glycol (molecular weight: 300, PEG 300) (products of Weko Pure Chemical
15 Industnies, 1td.); maltooligosaccharide (product name, ¥ ujioliz) #360),
isomaltoolhigosacchande (product name, PanorTi:;h), ni geroo]igoséocharide (product name,
Taste Ohébé), B-glucooligosacchande (product name, Gento?e), highly branched cyclodextrin
(HBCD), and water-soluble cellulose (products of Nihon Shokuhin Ka.‘ko Co., Ltd.), and
carrageenan' (product of Sigma).
20  <2> Preparation and storage of a goat anti-mouse IgG antibody immobilized plate
In a manner similar to that of Example 1, a goat anti-mouse IgG antibody
immobilized plate was prepared by use of each of the blocking solutions prepared in <1>
above. -
The thus-prepared tabricated plate having fhe antibody immobilized plate was placed
25  in an aluminum bag sealable with a zipper. Stabihity of the plate was investigated on the dav

of preparation (day 0) and 7 days after storage at 55°C (day 7). Each the antibody

immobilized plate was cooled to room temperature before measurement.

<3> Method cf measuning activity ot an antibody immobilized on & solid phase

.
I
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In order to evaluate antibody-stabilizing effect of each blocking solution, the amount
of the mouse IgG which is able to bind to an antibody immeobilized on a solid phase was
determined 1n the following manner.

Specifically, a T-TBS containing 1% BSA (hereinafter referred to as reaction solution)
(100 puL) was added to each well of an antibody-immobilized plate prepared in <2> above.
The mouse IgG solution (150 ng/mL) prepared by use of the reaction solutioﬁ was added in
an amount of 20 pL to each of the predetermined wells, and an only reaction solution (20 pL)
serving as a blank was added to another well. Each mixture was allowed to stand at 4°C for
60 minutes for performing antigen—antibody reaction.

After completion of reaction, the wells were washed fouf times with a washing
solution (I-TBS). An HRP-labeled goat anti-mouse IgG antibody was diluted 5,000-fold
with the reaction solution, and the diluted solution (100 pL) was added to each well. The
mixture was allowed to stand and react at room temperature (15 to 25°C) for 60 minutes.

After completion of the reaction, the developed reaction procedure employed in
Example 1 was repeated, except that the dcveloped reaction was performed at room
temperature (15 to 25°C) for 30 minutes. Absorbance of the colored solution formed
through degradation of TMB was measured. '

Reactivity of the goat anti-mouse IgG antibody immobilized on a solid phase was
evaluated on the basis of difference in absorbance (i.e., absorbance of a sample (mouse IgG
150 ng/ml) minus a blank value). Stability of the goat anti-mouse IgG antibody was
represented by percent absorbance difference (residual activity; %); 1.e., a ratio (x100) of
absorbance of a sample on day 7 to absorbance of the sample on the day of preparation of an
antibody immobilized plate (day 0). The results are shown in Table 3.

2. Results

After storage at 55°C for 7 days (day 7), residual activity of the antibody was found to
be 6% (with use of BSA), which is considerably low. When blocking was carried out with
corn protemn only, a residual activity (serving as an index for a stabilizing effect) as high as

117% was obtamed. Use of corn protein in combination with rice bran protein, and use of

25
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corn protein in combination with wheat protein provided excellent residual activity scores of
99% and 97%, respectively, indicating that an excellent stabilizing effect was maintained.

In the case where sugar, glycerol, or PEG serving as an additive was used in
combination, the obtained residual activity fell within a range of 84 to 119%, indicating that a
remarkably excellent stabilizing effect was maintained.

The results indicate that the degraded product of plant-derived protein of the present
invention provides long-term, excellent stabilizing effects, when employed singly, in

combination of a plurality of proteins, or in combination with another additive.
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Example 4

Studies on blocking effects of the blocking agent of the present invention (single use
and combination use)
1. Methods
<1> Preparation of blocking solution

In a manner similar to that of Example 2, blocking solutions were prepared by use of
test substances (blocking agents) listed in Table 4.

In Ex amplé 4, the same corn protein (hydrolyzate) and rice bran protein (hydrolyzate)
as employed in Example 2 were employed.
<2> Preparation and storage of a goat anti-mouse IgG antibody immobilized plate

In a manner similar to thaf of Example 1, a goat anti-mouse IgG antibody
immobilized plate was prepared by use of each of the blocking solutions prepared in <1>
above. '
<3> Method of measuring activity of an antibody immobilized on a solid phase

A 50 mmol/L Tris-HCI buffer (Tris-HCl: pH 7.3 to 7.7) containing 0.5% corn protein
hydrolyzate, 0.15 mol/L sodium chlonde, and 0.05% ProClin 300 (preservative) (hereinafter
referred to as TBS reaction solution) (100 pl.) was added to each of the predetermined wells
of an antibody immobilized plate prepared in <2> above. The mouse IgG solution (6.25
ng/mL) prepared by use of the TBS reaction solution was added in an amount of 25 uL to
each well, and a TBS only reaction solution (25 uL) serving as a blank was added to another
well. Each mixture was allowed to stand at room temperature (15 to 25°C) for 60 minutes
for performing antigen-antibody reaction.

After completion of reaction, the wells were washed four times with a washing
solution (T-TBS). An HRP-labeled goat anti-mouse IgG antibody was diluted 1,000-fold
with the T-TBS reaction solution. The TBS reaction solution or the above diluted HRP-

labeled antibody (100 nL) was added to each well. The mixture was allowed to stand and

react at room temperature (15 to 25°C) for 60 minutes.

After completion of the reaction, absorbance of each sample was measured in a
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manner similar to that of Example 3.

The amount of IgG which had been non-specifically adsorbed was represented by the
absorbance of the blank. The amount IgG which had been specifically adsorbed to the
antibody was evaluated on the basis of difference in absorbance (hereinafter referred to as
absorption difference) (1.e., absorbance of a sample (mouse IgG 6.25 ng/mL) minus a blank
value).

2. Results

When no blocking agent was used, the blank exhibited an absorbance as high as 2.963,
indicating that non-specific adsorption occurred considerably.' In contrast, when corn
proteimn was used singly, an absorbance of 0.149 was obtained, whereas when corn proteih
was used 1n combination with rice bran protein serving as an additive (concentration: 0.01 to
2%), an absorbance of 0.059 to 0.118 was obtained. When any of the blocking agents was
used, the blank value was maintained at low level. The results indicate that the blocking
agent of the present invention, either in the case of single use or combination use, remarkably
suppresses non-specific adsorption of IgG.

The absorbance difference, which is an index for evaluating specific adsorption, was
found to be 0.025 when no
blocking agent was employed. The ldw value was attributed to failure to effectively detect
specific adsorption. In contrast, when comn protein Was used singly, an absorbance
difference of 0.585 was obtained, whereas when corn protein was used in combination with
rice bran protein serving as an additive (concentration: 0.01 to 2%), an absorbance difference
of 0.680 to 0.929 was obtained. The results indicate that the blocking agent of the present
invention, either in the case of single use or combination use, allows detection of specific
adsorption at high efficiency.

As described hereinabove, the blocking agent of the present invention has been
confirmed to prevent non-specific adsorption of an antigen onto an antibody-immobilized

plate and to enhance reactivity of antigen-antibody reaction.
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As described hereinabove, the present invention provides a stabilizing agent for a
specific-binding-pair-forming substance; a blocking agent for preventing non-specific
adsorption in an assay employing a specific-binding-pair-forming substémce; and a
compositioh for use m an assay employing a specific-binding-pair-forming substance,
wherein the composition comprises the speéiﬁc-binding—pair—forming substance and the
stabilizing agent or the blocking agent. The present invention in is also directed to a kit for
use 1n an assay employing a specific-binding-pair-forming substance. The kit comprises a
stabilizing agent or a blocking agent for preventing non-specific adsorption. The stabilizing
agent or the blocking agent for preventing non-specific adsorption according to the present
invention exerts excellent stabilizing effects for a specific-binding-pair-forming substance
and blocking effect fof preventing non-speciﬁc adsorption as compared with BSA, which is a
known stabilizing agent, and which does not raise any problem of contamination with

pathogens.
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CLAIM

]. A method for stabilizing a goat anti-mouse IgG antibody and an HRP-labeled
mouse IgG, comprising the step of:

adding a solution containing a plant-derived polypeptide and an HRP-labeled anti-mouse
IgG to a mouse IgG reacted with a goat anti-mouse IgG antibody immobilized plate,

wherein the plant-derived polypeptide is a soybean protein peptide, a soybean protein

enzymatically-hydrolyzed product, or a corn protein hydrolyzate.
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