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(57) Cette invention concerne une plaque pour analyse
immunologique comportant des cupules, lesquelles
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I’avance de maniere a simplifier les opérations
d’analyse, lesdites plaques pouvant étre conservées ou
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séché, est fermée hermétiquement a ’aide d’un film qui
contient un desiccant et qui est appliqué sur la surface
supérieure de la plaque.
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(57) A welled plate for immunological analysis, wherein
the wells contain reagents added thereto in advance to
thereby simplify the analytical operations and which can
be preserved and transported. Each well contains a dried
reagent and is hermetically sealed with a desiccant-
containing film on the upper surface of the plate.



CA 02270068 1999-04-27
5 &0 0 BT A HE MBS
B O B B
PCT B 1) ST SO T AR S 7 ERE S
(51) EHERREr3H6 1) HEANES W098/22823
GO1IN 33/543 Al
(43) EBARA 199845 H 28 H (28.05.98)
21 EEHEE S PCT/IP97/04117 | (81) ?S/"'EE] CA, US, BRJN4%F3r (AT, BE, CH, DE, DK, ES,
Fl, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE).
22) [E B HEE A 19973511}5]128(12.11.97)
X OENE %
(30) BT —F B3] ke e S

¥rRFI-8/305033 19964E11 A 15H (15.11.96) JP

(1) HEEA CREZ R T_ToBERIZ>WT)
&4 F Ry MEXKH(DAINABOT CO., LTD.)[JP/IP]
T106 HEABHEERSANRIG-9 AAFAKT 7y —2 b
Tokyo, (JP)

(72) BHE ; BLO

(75) BE /HEA CREIZ SV TOR)

/MR K TR(KOBAYASHI, Eiji)[JP/IP]

# H 7 (TAKEDA, Katsumichi)[JP/JP]

T271 FERERFHRE3445E 1

ARy MRS BEBFEFTN Chiba, (JP)
(74) {REA

FEA D&, SMKAWAGUCHI, Yoshio ct al)
T160 HARHHEEHEIT H1#145 [UH 2 Tokyo, (JP)

(54)Title:

GCHEW DL RESHBY =T L — b

(57) Abstract

WELLED PLATE FOR IMMUNOLOGICAL ANALYSIS

A welled plate for immunological analysis, wherein the wells contain reagents added thereto in advance to thereby simplify the
analytical operations and which can be preserved and transported. Each well contains a dried reagent and is hermetically sealed with a

desiccant-containing film on the upper surface of the plate.
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Specification

Well Plate for Immunoassay

Detailed Description of the Invention

Technical Field of the Invention

The present invention relates to well plates for
immunoassay.

Prior Art :

A variety of well plates such as 96-well plates have been
used as reservoirs of samples in agglutination reactions making
use of erythrocytes or colored beads or in immunochromatography
making use of a strip. 1In those assay methods, reagents are
added to each well of a well plate when samples are assayed.
Accordingly, if a predetermined amount of a certain reagent
were added to each well in advance, the assay procedure would
be simplified. A well plate is also used as a solid phase in
enzyme immunoassay (EIA), fluoroimmunoassay (FIA),
chemiluminescence immunoassay (CLIA), etc. Well plates onto
which an antigen, antibody, etc. has been immobilized must be
sealed within a bag that contains a dehumidifying agent so as
to prevent the antigen, antibody, or other reagent from being
deteriorated due to humidity. However, such bags impose
considerable costs.

Object of the Invention
Accordingly, an object of the present invention is to
provide a well plate which comprises wells wherein an reagent
has been added to each of the wells in advance, and which

permits storage and transportation.
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Means to Attain the Object
By placing a dry reagent in each well of a well plate, and
by subsequently sealing each well with a desiccant-containing
film at the top surface of the well plate, the above-mentioned
goal to provide a well plate that can be stored and transported
is attained.

Modes for Carrying Out the Invention
Accordingly, the present invention is directed to a well
plate for immunoassay which comprises wells, wherein each of
the wells contains a dry reagent and is sealed with a
desiccant-containing film at the upper surface of the well
plate.

Any type of well plate that has conventionally been used
may be used as the well plate of the present invention. In
most cases, 96-well plates are used. A 96-well plate is formed
of 12 rows of 8 wells. Well plates that can be used in sub-
plates of blocks each containing 8 wells or 12 wells may also
be used as the well plate of the present invention.

The shape of each well may be U-shaped, V-shaped, flat-
bottomed, etc., in accordance with end uses. U-shaped wells .
and V-shaped wells are suitable for visual observation of the
extent to which sensitized erythrocytes or colored beads
agglutinate after immunological reaction. Flat-bottomed wells
are suitable for the measurement of transmitted light, and are
used in EIA or colloid agglutination. Thus, there have been
known a variety of well plates for performing immunoassay, and
therefore, the corresponding diameters and depths differ, the
number of wells differs, and units by which wells are separated
differ. 1In the present invention, however, no limitation is
imposed on the shape or other features of well plates, and any
type of well plate can be used.
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The reagent that is added to each well in advance and
dried is a reagent to be used in an immunoassay. If the
immunological reaction is an agglutination reaction, the
reagent that is added to wells in advance and dried comprises
erythrocytes or colored beads that have been sensitized with an
antigen or antibody. In passive hemagglutination (PHA) in
which erythrocytes are used as carriers, antigén-sensitized
erythrocytes are used, and agglutination of erythrocytes
indicates the presence of a specific antibody against the
sensitized antigen. In reverse hemagglutination (RPHA),
antibody-sensitized erythrocytes are used, and agglutination of
the sensitized erythrocytes is observed to thereby detect the
presence of the antigen in the sample or to quantitatively
determine the amount of the antigen. Agglutination assay in
which certain colored beads are used instead of erythrocytes is
also widely performed. As colored beads, there are used
polystyrene beads, gelatin beads, liposomes, metal particles,
and non-metal particles. In an agglutihation reaction, colored
beads to which an antigen or antibody has been bound, or
erythrocytes sensitized with an antigen or antibody are
dispensed into the wells and dried.

When the wells are reaction vessels or sample reservoirs
for performing immunochromatography, the reagent which is added
to the wells in advance and dried comprises antigens or
antibodies that have been labeled with an enzyme or small
colored particles. Examples of material for small colored
particles include polystyrene, gelatin, liposomes, metals, non-
metals, etc. Immunochromatography assay is performed by adding
a sample liquid to wells to thereby form a complex comprising
an antigen (or antibody) in the sample liquid and a labeled
antibody (or antigen) that has been added to the wells and
dried in advance, and by subsequently transferring the reaction
mixture within a strip carrier by capillarity to cause a
reaction between the complex and an immobilized antibody (or

antigen) that has been immobilized on the detection position of
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the strip carrier in advance. Thus, the labeled substance that
has been accumulated at the detection site is detected.

In EIA, FIA, CLIA, or the like, the reagent that is added
to wells and dried in advance is an antigen or antibody that
has been immobilized on walls of the wells in advance.
Immobilization is generally performed through adsorption or
covalent bonding. Moreover, by use of '

a labeled antigen or labeled antibody as a reagent to be added
and dried in advance, the frequency of dispensing the reagent
into the wells in EIA or other immunoassays can be reduced to
thereby simplify the assay.

Drying is performed after a predetermined amount of a
reagent solution has been added to each well of the well plate
through freeze drying or drying in vacuo.

As described above, in EIA, FIA, CLIA, etc., an antigen or
antibody is immobilized on the wall of a well. 1In most cases,
this can be done through the following process. A
predetermined amount of an antigen solution or antibody
solution is dispensed into each well of a plastic plate made,
for example, of polystyrene (PS), polyethylene (PE), or
polypropylene (PP). After the well is allowed to stand _for a
predetermined period, the solution in the well is discarded,
and the well is washed with a washing solution. Subsequently,
the well plate is dewatered, and dried by the use of a
desiccator or similar means. It is also possible to introduce
a functional group to the material of the well plate to cause a
reaction with the functional group of the reagent to thereby
establish a linkage between the material and the reagent
through covalent bonding. It is widely practiced that the
covalent bonding is mediated by a linker. Subsequently, the
immobilized antigen or antibody is dried.

The top surface of the wells of a well plate to which the

dry reagent has been bound or added are sealed with a
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desiccant-containing film.

The desiccant-containing film is a multi-layered laminated
film including (1) a desiccant-containing sheet which is formed
by kneading a desiccant with a thermoplastic resin into a film,
(2) an outer film which substantially does not permeate
moisture, and (3) an inner film which is permeable to moisture
and which is capable of adhéring itself to the upper surface of
the well plate when the desiccant-containing sheet is not able
to be adhered to the upper surface of the well plate. An
additional film for protecting the outer film may be superposed
on the outer surface of the outer film.

The desiccant-containing film may be accompanied by a film
containing an oxygen absorber. 1In cases where a film
containing an oxygen absorber is included, the outer film
substantially does not permeate moisture and oxygen, and the
inner film is moisture- and oxygen-permeable.

The desiccant-containing sheet may be prepared through a
conventional film-making method by kneading a dessicant such as
CaCl2, silica gel, molecular sieve, Si02, alumina, or zeolite
into a thermoplastic polymer resin which permeates moisture
such as PE, PP, or PS. Examples of commercially available
desiccant~containing sheets include "Moisture Guard" (by Toyo
Seikan K.K.) and "Highsheet Dry Film" (by Maruya-Kakoki K.K.).

The film containing an oxygen absorbent may be prepared
through a conventional film-making method by kneading an oxygen
absorbent such as active iron oxide or pyrogallol into a
thermoplastic polymer resin which permeates oxygen such as PE,
PP, or PS. An example of a commercially available sheet
containing an oxygen absorbent is "Oxyguard" (by Toyo Seikan
K.K.).

Examples of an outer film include PE film having a

thickness of not less than 300 pum, PP film having a thickness
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of not less than 300 um, polyvinylidene chloride (PVDC) film
having a thickness of not less than 10 pum, and aluminum film
having a thickness of not less than 7 um. Also, examples of a
film that substantially does not permeate moisture and oxygen
include PVDC film having a thickness of not less than 15 pm,
saponified products of polyvinyl alcohol having a thickness of
not less than 15 pm, and aluminum film having a thickness of
not less than 7 pm.

Examples of an inner film include PE film, PP film, or PS
film, all having a thickness of not more than 30 pum, and film
prepared from PE, PP, or PS as a major component and a suitable
amount of auxiliary substances. The material of the inner film
is determined in consideration of heat sealing properties with
a well plate and ease of peeling after heat sealing.

Examples of the film for protecting the outer film include
polyester (PET) film having a thickness of 12 um, and nYlon
film having a thickness of 12 pum.

The wells are sealed with the desiccant-containing film so
that the film tightly contacts the upper surface of the well
plate. Although the film tightly contacts the well plate, the
film must be able to be peeled off upon use.

The tight contact may be achieved by use of glue or heat
sealing. As described above, the presence of an inner film is
not necessary if the desiccant-containing sheet can be heat-
sealed. In most cases where glue is used, glue is directly
applied to a desiccant-containing sheet. In such cases, an
inner film is not necessary.

In order for the film to be heat-sealed so as to be peeled
off later, the inner surface of the desiccant-containing film
and the upper surface of the well plate are made of different
thermoplastic resins. Alternatively, the inner surface of a

desiccant~containing film may be coated with a hot-melt agent.
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When a desiccant-containing film is glued, the glue may be

of the rubber type, acrylic type, or vinyl polymer ether type.

As the materials of the well plate of the present
invention, in addition to PS, low moisture-permeable materials
such as PE, PP, PET, polyvinyl chloride, etc. may be used for
the prevention of moisture permeation. Also, in order to
prevent moisture permeation, the lower surface of the well
plate may be vapor-deposited with metal such as aluminum or
coated with PVDC-containing paints, or the thickness of the
well plate may be increased. Vapor-deposition of aluminum does
not require any special method.

Moreover, in order to prevent permeation of moisture from
the lower surface or side surfaces of a well plate, the lower
surface or side surfaces of the well plate may be heat-sealed
with an aluminum—foil—containing film comprising, for example,
a lamination of (PE or PP film having a thickness of 70
pm) /(aluminum foil having a thickness of 7 pum)/(PET having a
thickness of 12 um). Heat sealing is preferably performed so
that the film is easily peeled off upon use.

To prevent the permeation of oxygen, it is advantageous to
change the material or thickness of the well plate, or to

modify the lower surface or side surfaces of the well plate.

In addition, in order to completely isolate the well plate
from moisture and oxygen, a single well plate or a plurality of

well plates may be put in a bag such as one made of aluminum
foil.

When the well plate of the present invention is used in
immunoassay, the desiccant-containing film is peeled off, a
sample solution containing an analyte or a control solution is
added to each well, and an ordinary immunoassay method is
performed.
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Examples
Example 1

To each well of a "Fastec U Plate" (FUJIREBIO INC.), a 25
ML aliquot of a solution prepared by dissolving a single vial
of anti-HBsAg mouse monoclonal antibody/selenium colloid
conjugate ("Dynascreen HBsAg" by Dainabot) in 1.5 mL of
purified water was dispensed by use of a pipette, to thereby
prepare a well plate having wells each containing a reagent.
The well plate was subjected to preliminary freezing at -50°C
for 30 minutes. Subsequently, the well pléte was freeze-dried
by elevating the temperature from -50°C to -5°C over 120
minutes, maintaining the temperature at -5°C for 10 hours,
elevating the temperature from -5°C to 40°C over 120 minutes,
maintaining the temperature at 40°C for 120 minutes, lowering
the temperature from 40°C to 25°C over 30 minutes, and then

maintaining the temperature at 25°C for 30 minutes (Plate A).

Another well plate to'which a reagent had been dispensed
was placed in a vacuum desiccator, and air was gradually
removed by a vacuum pump. After air was completely removed,
the well plate was left to stand at room temperature (23-28°C)
for 15 hours, to thereby dry in vacuo. After the reagent was
visually confirmed to have come to complete dryness, the well
plate was removed from the vacuum desiccator (Plate B).

Plate A and plate B were independently heat-sealed with a
desiccant~-containing film constituted by a lamination of 12 um
PET, 15 um Al, and 110 pm desiccant-containing PE/PS sheet.

The heat-sealing was performed on a heat plate at 165°C for 0.7
seconds. The desiccant-containing PE/PS sheet had been kneaded
with zeolite in an amount of 8 g per m’.

The desiccant-containing film that sealed each of plates A
and B was peeled off, and 50 puL of serum from healthy humans to
which 1.6, 3.1, 6.3, 12.5, or 25 ng/mL of HBsAg had been added

was dispensed (n=2). After dispensing, the wells were left for
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2 minutes and then their contents were thoroughly stirred. To
each well, an anti-HBsAg mouse monoclonal antibody-immobilized
sheet ("Dynascreen HBsAg," Dainabot) mentioned above was placed.

The results were determined after 15 and 40 minutes.

Controls were prepared by dispensing, in each well of a
"Fastec U Plate" that did not contain a reagent, 25 uL of a
solution prepared by dissolving a single vial of the above-
mentioned anti-~HBsAg mouse monoclonal antibody/selenium colloid
conjugate in 1.5 mL of purified water, and then adding to the
well 25 pL of serum from healthy humans to which 1.6, 3.1, 6.3,
12.5, or 25 ng/mL of HBsAg had been added. To each of the
control wells, the aforementioned anti-HBsAg mouse monoclonal
antibody-immobilized sheet was added, and the results were
similarly determined after 15 and 40 minutes.

As shown in Table 1, plates A and B both retained anti-
HBsAg antibody activity of the anti-HBsAg mouse monoclonal
antibody/selenium colloid conjugate.



02270068 1999-04-27

CA

01

(saT3ebau) - < (819y 03 dn aaT3Trsod) =/+ < =/+ < M+ < + < +/7 < 4+
. :pauTWI®3lap uaym A3TsualjuTl Teubts

- =/+ -/+ + +/2 - =/+ =/+ M+ (buTTe®s-3eay I9337e)

- - -/+ + +/T - - - =/+ M+ g 93eld

- - =/+ + +/C - - - =/+ M+ (butTess~-3esy a1039q)
=/+ -/+ + +/2 - - -/+ M+ g 93eTld

- - =/+ M+ +/2 - - - =/+ M+ (burTess-3esy I93IR)

- =/+ -/+ M+ + - - -/+ M+ ¥ 33eTd

- =/+ -/+ + +/T - - - =/+ M+ (butTess-3esy ax03aq)
- =/+ M+ + - - =/+ M+ ¥ 93®eTld

- =/+ -/+ + +/Z - - =/+ -/+ M+

- =/+ /+ + +/2 - - - -/+ M+ T0I3U0D

9°T T°€ €°9 €1 sz 9°1 1°¢ €79 €T sz

*UTW oy ISIFe pauTWIIIaqg *UTW GT I93Je vmcﬂauwuma

1 °TqelL



CA 02270068 1999-04-27

Plates that had been heat-sealed with desiccant-containing
film were stored at 2-8°C or 30°C, and the anti-HBsAg antibody
activity was checked when 1 month, 3 months, and 6 months had
elapsed.

To each well of the Plate A that had been stored was
dispensed 50 pL of serum from healthy humans to which 1.6, 3.1,
6.3, 12.5, or 25 ng/mL of HBsAg had been added (n=2).

Controls were prepared by dispensing, in each well of a
"Fastec U Plate" that did.not contain a reagent, 25 pL of a
solution prepared by dissolving a single vial of the mentioned
anti-HBsAg mouse monoclonal antibody/selenium colloid conjugate
in 1.5 mL of purified water, and adding to the well 25 uL of
serum from healthy humans to which 1.6, 3.1, 6.3, 12.5, or 25
ng/mL of HBsAg had been added. After dispensing, the wells
were left for 2 minutes and then their contents were thoroughly
stirred. To each well, the aforementioned anti-HBsAg mouse
monoclonal ahtibody—immobilized sheet was placed. The results
were determined after 15 and 40 minutes.

[0040]

As shown in Table 2, the plate A that had been stored
retained anti-HBsAg antibody activity of the anti-HBsAg mouse
monoclonal antibody/selenium colloid conjugate at the same
level as before storage.

11
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Example 2

Treponema pallidum (TP) soluble antigen was diluted with
0.4% sodium carbonate buffer (pH 9.8) so as to achieve a
concentration of 0.2 pg/mL. The diluted antigen was dispensed
in the wells of an "Immunoplate Polysolb F-96" (96-well flat-
bottomed plate; by Nunc) in an amount of 90 pL per well. The
openings of the wells were closed with a 1lid, and the plate was
allowed to stand for 16 hours. The liquid in each well was
discarded, and 200 puL. of a washing solution (0.9% NaCl solution
containing 0.1% Tween 20) was added to each well to wash the
well. After washing was completed, the washing solution was
discarded. The washing procedure was performed a total of
three times. After moisture was absorbed by use of blotting
paper, the plate was dried at room temperature for 2 hours in
vacuo in a vacuum desiccator. The thus-obtained TP antigen-
immobilized plate was heat-sealed with a desiccant-containing
film in a manner similar to that described in Example 1.

Through use of plates that had or had not undergone heat
sealing with a desiccant-containing film, a test was performed
to check whether the activity of the sample (TP antigen) was
retained. The desiccant-containing film that had sealed the
wells of a well plate was peeled off, and 100 L of a negative
control (serum from healthy humans) or TP antibody-positive
serum diluted with serum from healthy humans was dispensed to
each well. The plate was incubated at 37°C for 1 hour. A
washing liquid (200 pL) was added to each well for washing the
well. The washing procedure was performed three times.
Subsequently, a peroxydase-labeled anti-~human IgG goat antibody
liquid (100 uL) was added and the mixture was incubated at 37°C
for 1 hour. Each well was washed three times with 200 uL. of a
washing liquid each time. A color developing solution for a
substrate (100 uL, a 0.05% citrate buffer containing 0.1% 2,2'-
azinobis-(3-ethylbenzothioazoline-6-sulfonic acid) (ABTS,
product of Wako Pure Chemicals) and 0.05% of hydrogen peroxide)
was added and the plate was incubated at 37°C for 30 minutes.

13
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Development of color was stopped by the addition of 100 uL of a
reaction stopper solution (a solution containing 1% sodium
fluoride and 2% citric acid). Within 10 minutes after
development of color was stopped, absorbance at 405 nm was
measured.

Through use of a plate that had not undergone heat-sealing
with a desiccant-containing film, a similar test was performed,
which plate represented a control.

The results are shown in Table 3. Even after the well
plates were heat-sealed with desiccant-containing film, no
reduction in the activity of TP antigen was observed.

Table 3
Negative Diluted anti-TP-antibody-positive serum
CONtrol - e
x6400 x3200 x1600 x800 x400
Plate C 0.085 0.290 0.459 0.690 0.969 1.804
0.076 0.252 0.429 0.624 1.083 1.780
Average 0.081 0.271 0.444 0.657 1.026 1.792
Plate D 0.078 0.253 0.386 0.616 1.004 1.783
0.085 0.263 0.392 0.655 1.087 1.883
Average 0.082 0.258 0.389 0.636 1.046 1.833

A heat-sealed Plate C was stored at 2-8°C or 30°C. Plate
D that had not undergone heat-sealing was tightly sealed within
a bag of aluminum foil together with 5 g of silica gel, and
stored at 2-8°C. Following storage for 1 month, 3 months, and

6 months, the activity of the immobilized TP antigen was
investigated.

14
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To each well of the respective plates, 100 pL of a
negative control (serum from healthy humans) or TP antibody-
positive serum diluted with serum from healthy humans was added.
The openings of the wells were closed with a 1id, and the plate
was incubated at 37°C for 1 hour.

A washing liquid (200 uL) was placed in each well for
washing the well. The washing procedure was performed three
times. Subsequently, a peroxydase-labeled anti-human IgG goat
antibody liquid (100 uL) was added and the mixture was
incubated at 37°C for 1 hour under a lid.

Each well was washed three times with 200 pL of a washing
liquid per washing. A color developing solution for a
substrate (100 uL, a 0.5% citrate buffer containing 0.1% ABTS
(product of Wako Pure Chemicals) and 0.05% of hydrogen
peroxide) was added, the mixture being covered with a 1id, and
the plate was incubated at 37°C for 30 minutes.

Development of color was stopped by the addition of 100 pL
of a reaction stopper solution (a solution containing 1% sodium
fluoride and 2% citric acid). Within 10 minutes after
- development of color was stopped, absorbance at 405 nm was
measured. The results are shown in Table 4. Neither the well
plate C or D, both of which had undergone storage, showed a
reduction in activity of immobilized TP antigen.

15
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Effect of the Invention
As described above, according to the present invention,
there has been provided a well plate having wells to which a
reagent had been added in advance and which permits storage and
transportation. Through use of the well plate, immunoassay
procedure can be simplified.
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‘Claims

1. A well plate for immunoassay comprising wells,
wherein each of the wells contains a dry reagent and is sealed
with a desiccant-containing film at the upper surface of the
well plate. |
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