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(57) ABSTRACT

A liquid-feeding chip for feeding a liquid utilizing the action
of centrifugal force and gravity by rotating the chip around an
axis of rotation, includes a first storage tank (1-1) into which
the liquid can be introduced when rotation of the chip is
stopped, and two or more liquid-feeding units arranged in a
plurality of levels adjacent to each other, each liquid-feeding
unit (U-1, U-2, U-3) being composed of a first holding tank
(10-1, 20-1, 30-1), a second holding tank (10-2, 20-2, 30-2)
positioned in the direction of gravity with respect to the first
holding tank, and a channel B (B-1, B-2, B-3) which extends
from the first holding tank in the direction of gravity and
which connects the first holding tank and the second holding
tank, the first holding tank at a first level being connected with
a channel A (A-1) which extends from the first storage tank
toward an outer circumferential side. In the liquid-feeding
chip, the adjacent liquid-feeding units are connected by a
channel C (C-1, C-2) which extends from the second holding
tank of the liquid-feeding unit at an upper level to an outer
circumferential side during rotation, and which is in commu-
nication with the first holding tank of the liquid-feeding unit
at a lower level.
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LIQUID-FEEDING CHIP AND ANALYSIS
METHOD

RELATED APPLICATIONS

[0001] Thisisa §371 of International Application No. PCT/
JP2008/071148, with an international filing date of Nov. 20,
2008 (WO 2009/066737 A1, published May 28, 2009), which
is based on Japanese Patent Application Nos. 2007-300445,
filed Nov. 20, 2007, and 2008-165644, filed Jun. 25, 2008, the
subject matter of which is incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a liquid-feeding
chip, and an analysis method and a liquid-feeding method
using this liquid-feeding chip.

BACKGROUND

[0003] Conventionally, most analysis of trace molecules
relating to clinical diagnosis, food hygiene, and environmen-
tal analysis has been carried out at clinical testing laboratories
and analysis institutes using automatic analyzers. Such an
analyzer includes, for example, an automatic specimen/re-
agent supply mechanism for supplying a specimen solution
and an analysis reagent to a reaction container, reagent hold-
ing containers for holding a plurality of reagents, and an
automatic cleaning mechanism for cleaning the containers by
suction removal of components which are unnecessary for the
detection from a liquid mixed in a reaction container. Further-
more, these analyzers need to have a high-precision control
mechanism for sequentially operating these mechanisms in
combination. Therefore, an automatic analyzer having these
mechanisms has been a large and expensive device.

[0004] Recently, the importance of simple and fast bedside
diagnosis, prevention of accidents before they occur by per-
forming analysis and measurement at the various locations
where foods are processed and imported, and performing
on-site analysis of toxic substances in rivers and waste prod-
ucts at the river location or waste treatment plant is gaining
attention. Consequently, emphasis is being placed on the
development of a detection method which can perform mea-
surement simply, rapidly, cheaply, and at a high sensitivity,
and on a compact analysis device which can be used to per-
form on-site analysis and measurement.

[0005] Inparticular, in clinical diagnosis analysis, for early
discovery of a sickness condition, an important problem to
resolve is how to perform detection with a high degree of
sensitivity using a trace amount of the specimen, while simul-
taneously shortening the analysis time and reducing the
amount of specimen required for analysis. To resolve this
problem, as a technique for analyzing a trace amount of a
target substance in a specimen, new devices are being devel-
oped which can perform analysis by applying micro fabrica-
tion technology. In such devices, a channel is formed and
arranged on a substrate, a liquid such as a blood from a test
subject is injected into this channel, and analysis is carried
out. For the analysis of a trace amount of specimen using such
a device, generally, various techniques have been developed
for automatically and sequentially feeding, to signify the
presence of a target substance in the specimen, a labeled
reagent, such as a fluorescent substance, a radioactive sub-
stance, a luminescent substance and the like, a substrate
which produces fluorescence and luminescence and absorbs
light by an enzyme reaction, a labeled antibody in which an
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antibody bound to a target substance in a specimen is labeled
with an enzyme, a fluorescent substance, a radioactive sub-
stance and the like, and various washing solutions.

[0006] JP 2006-189374 describes a technique in which a
testing cartridge including a plurality of containers and a
substrate having a channel arranged on an approximately
horizontal face is rotated by centrifugal force, so that a solu-
tion is made to move from a container on an inner circumfer-
ential side with respect to the axis of rotation to a container on
an outer circumferential side with respect to the axis of rota-
tion. However, to sequentially feed a plurality of reagents, a
hole has to be drilled in order into the tiny cartridges with a
drilling apparatus. Therefore, there are the problems that a
precise drilling apparatus is required, and that reducing the
size of the device and increasing the speed of analysis is
difficult.

[0007] TP 2006-121935 describes a technique in which, for
automatic measurement of a specimen, analysis is carried out
by controlling liquid feeding externally from a chip using a
micro feeding device such as a micro pump, and using various
valve structures such as a back-flow valve and an active valve,
so that a plurality of reagents are sequentially fed to a reaction
chamber. However, this technique requires a chip or device
mounted with mechanisms which are all complex and pre-
cise. This makes operation complex, and fails to resolve the
problem of fast, simple and low-costs analysis. Furthermore,
there is also the problem that the liquid is contaminated and
intermingled with reagents due to liquid stagnating at a con-
nection section with a valve section or a pump.

[0008] It could therefore be helpful to provide means
capable of sequentially feeding a specimen/reagent (herein-
after sometimes referred to as “liquid”) by utilizing gravity in
addition to centrifugal force, which does not require a drilling
apparatus, a micro feeding apparatus and the like, and which
does not cause contamination or intermingling among
reagents.

SUMMARY
[0009] We provide the following [1] to [15]:
[0010] [1] A liquid-feeding chip for feeding a liquid utiliz-

ing action of centrifugal force and gravity by rotating the
chip around an axis of rotation, comprising, a first storage
tank provided in the chip, into which the liquid can be
introduced when rotation of the chip is stopped, and two or
more liquid-feeding units arranged in a plurality of levels
adjacent to each other, each liquid-feeding unit being com-
posed of a first holding tank, a second holding tank posi-
tioned in a direction of gravity with respect to the first
holding tank, and a channel B which extends from the first
holding tank in the direction of gravity and connects the
first holding tank with the second holding tank, the first
holding tank at a first level being connected with a channel
A which extends from the first storage tank toward an outer
circumferential side, wherein the adjacent liquid-feeding
units are connected by a channel C which extends from the
second holding tank of the liquid-feeding unit at an upper
level to an outer circumferential side during rotation and is
in communication with the first holding tank of the liquid-
feeding unit at a lower level.

[0011] [2] A liquid-feeding chip for feeding aliquid among
aplurality of tanks in the chip utilizing action of centrifugal
force and gravity while the liquid-feeding chip is mounted
on a rotation apparatus and is rotated around an axis of
rotation, the liquid-feeding chip comprising: a first storage
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tank provided in the liquid-feeding chip, into which the
liquid can be introduced; a channel A which has one end
connected to the first storage tank, all or a part of the
channel A extending in a direction toward an outer circum-
ference with respect to the axis of rotation; a plurality of
liquid-feeding units each composed of a first holding tank,
a second holding tank arranged in a direction of gravity
with respect to the first holding tank, and a channel B which
has one end connected to the first holding tank and another
end connected to the second holding tank, the plurality of
liquid-feeding units being arranged in a plurality of levels
in which one end of the channel A is connected to the first
holding tank at the highest level; and a channel C which
connects adjacent liquid-feeding units, all or a part of the
channel C extending in an outer circumferential direction
with respect to the axis of rotation so that the second
holding tank at an upper level is connected with the first
holding tank at a lower level.

[0012] [3] The liquid-feeding chip according to the above
[1], wherein at least one of the plurality of liquid-feeding
units further comprises: a second storage tank positioned
closer to the axis of rotation than the second holding tank;
and a channel E which connects the second holding tank
and the second storage tank.

[0013] [49 The liquid-feeding chip according to the above
[1], wherein at least one of the plurality of liquid-feeding
units further comprises: a second storage tank positioned
closer to the axis of rotation than the first holding tank; and
a channel E which connects the first holding tank and the
second storage tank.

[0014] [5] The liquid-feeding chip according to any one of
the above [1] to [4], wherein the channel B comprises an
inflection portion midway along the channel which is
inflected in an outer circumferential direction with respect
to the axis of rotation.

[0015] [6] The liquid-feeding chip according to any one of
the above [1] to [5], wherein the channel B comprises a
section midway along the channel which has a smaller
channel cross-sectional area than a channel cross-sectional
area at a connecting portion with the first holding tank.

[0016] [7] The liquid-feeding chip according to any one of
the above [1] to [6], wherein an angle formed by at least a
part of the channel B and the axis of rotation is larger than
an angle formed by at least a part of the channel C and the
axis of rotation.

[0017] [8] The liquid-feeding chip according to any one of
the above [1] to [7], further comprising a channel D which
is connected to the second holding tank of the liquid-
feeding unit at a lowest level, the channel D extending in an
outer circumferential direction with respect to the axis of
rotation.

[0018] [9] The liquid-feeding chip according to any one of
the above [1] to [8], wherein the second holding tank fur-
ther comprises a channel into which a liquid can be intro-
duced, and wherein at least two of the first storage tanks
and the second holding tanks included in the liquid-feeding
chip store liquids different from each other in advance.

[0019] [10] Theliquid-feeding chip according to any one of
the above [1] to [9], wherein at least one of the first holding
tanks and the second holding tanks is connected via a
plurality of channels with the first storage tank at a upper
level than that holding tank and/or with the first holding
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tank and the second holding tank at a upper level, so that
different liquids introduced from the plurality of channels
can be mixed.

[0020] [11]Theliquid-feeding chip according to any one of
the above [1] to [10], further comprising a removably-
mounted reagent reservoir unit, and wherein the first stor-
age tank and/or the second storage tank is provided in the
removably-mounted reagent reservoir unit.

[0021] [12] An analysis method comprising: preparing the
liquid-feeding chip according to any one of the above [1] to
[11]; introducing a liquid into the first storage tank and/or
the second storage tank; mounting the liquid-feeding chip
into which the liquid has been introduced on a rotation
apparatus and rotating the rotation apparatus at a first rota-
tion speed to feed the liquid to the first holding tank; and
rotating the liquid-feeding chip at a second rotation speed
which is slower than the first rotation speed, or by stopping
rotation, to feed the liquid to the second holding tank so as
to analyze the liquid.

[0022] [13] The analysis method according to the above
[12], wherein the liquid is any one selected from the group
consisting of blood, urine, spinal liquid, saliva, phlegm, a
cell suspension, a disrupted cell suspension, a nucleic acid
solution, a virus suspension, a food extract, a soil extract, a
blocking solution, a diluent, a denaturing agent, a labeled
antibody, a labeled antigen, a non-labeled antibody, a non-
labeled antigen, a labeling substance, a luminescent sub-
strate, a fluorescent substrate, a chromogenic substrate, a
hydrogen peroxide solution, a washing solution, a protein
denaturing agent, a cell lysate, an enzyme solution, a
labeled nucleic acid, a non-labeled nucleic acid, a primer, a
probe, avidin, streptoavidin, a buffer solution, a pH adjust-
ing solution, a hybridization solution, and an enzyme reac-
tion terminate solution, or selected from the group consist-
ing of a combination of two or more of these or a reaction
product of two or more of these.

[0023] [14] A liquid-feeding method, comprising: prepar-
ing the liquid-feeding chip according to any one of the
above [1] to [11]; introducing a liquid into the first storage
tank; mounting the liquid-feeding chip into which the lig-
uid has been introduced on a rotation apparatus and rotat-
ing the rotation apparatus at a first rotation speed to feed the
liquid to the first holding tank; (a) rotating the liquid-
feeding chip at a second rotation speed which is slower
than the first rotation speed, or stopping rotation to feed the
liquid to the second holding tank; and (b) rotating the
liquid-feeding chip at the first rotation speed to feed the
liquid to the first holding tank at a lower level.

[0024] [15] The liquid-feeding method according to the
above [14], wherein the steps (a) and (b) are further
repeated once or twice or more.

[0025] We providea liquid-feeding chip which can sequen-

tially feed a liquid efficiently among a plurality of tanks

arranged in the chip by utilizing centrifugal force and gravity,
without using complex structures such as a drilling apparatus,

a micro feeding apparatus, valve structures and the like. The

present invention also provides an analysis method using

such a liquid-feeding chip.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a plan view illustrating one example of a
liquid-feeding chip according to the present invention.
[0027] FIG. 2isa plan view illustrating another example of
a liquid-feeding chip according to the present invention.
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[0028] FIG. 3is aplan view illustrating another example of
a liquid-feeding chip according to the present invention.
[0029] FIG.4is aplan view illustrating another example of
a liquid-feeding chip according to the present invention.
[0030] FIG. 5 is a diagram illustrating a state of a liquid-
feeding chip in an analysis method according to the present
invention.

[0031] FIG. 6 is a diagram illustrating a state of a liquid-
feeding chip in an analysis method according to the present
invention.

[0032] FIG. 7 is a diagram illustrating a state of a liquid-
feeding chip in an analysis method according to the present
invention.

[0033] FIG. 8-1 is a schematic diagram illustrating a con-
figuration of a storage tank, holding tanks, and channels con-
stituting the liquid-feeding chip according to the present
invention.

[0034] FIG. 8-2 is a schematic diagram illustrating a con-
figuration of a liquid-feeding unit constituting the liquid-
feeding chip according to the present invention.

[0035] FIG.9is an explanatory diagram illustrating a pre-
ferred position of a channel A in the liquid-feeding chip
according to the present invention with respect to the cen-
trifugal force and gravity acting on the liquid-feeding chip.
[0036] FIG. 10 is an explanatory diagram illustrating a
preferred position of a channel A in the liquid-feeding chip
according to the present invention with respect to a liquid
surface in a first storage tank.

[0037] FIG. 11-1 is an explanatory diagram illustrating a
preferred position of a channel B in the liquid-feeding chip
according to the present invention with respect to a liquid
surface in the first holding tank.

[0038] FIG. 11-2 is an explanatory diagram illustrating a
preferred position of the channel B in the liquid-feeding chip
according to the present invention with respect to the liquid
surface in the first holding tank.

[0039] FIG. 12 is an explanatory diagram illustrating a
preferred position of the channel B in the liquid-feeding chip
according to the present invention with respect to the liquid
surface in the first holding tank.

[0040] FIG. 13 is an explanatory diagram illustrating a
preferred position of a channel C in the liquid-feeding chip
according to the present invention with respect to a liquid
surface in a second holding tank.

[0041] FIG. 14 is an explanatory diagram illustrating a
preferred position of the channel C in the liquid-feeding chip
according to the present invention with respect to the liquid
surface in the second holding tank.

[0042] FIG. 15 is an explanatory diagram illustrating a
preferred angle of the channel B and the channel C in the
liquid-feeding chip according to the present invention with
respect to the axis of rotation.

[0043] FIG. 16 is an explanatory diagram illustrating a
preferred position of the channel C in the liquid-feeding chip
according to the present invention with respect to centrifugal
force and gravity acting on the liquid-feeding chip.

[0044] FIG. 17 is an explanatory diagram illustrating a
preferred position of the channel C in the liquid-feeding chip
according to the present invention with respect to the liquid
surface in the second holding tank.

[0045] FIG. 18 is an explanatory diagram illustrating a
preferred position of a channel D in the liquid-feeding chip
according to the present invention with respect to the liquid
surface in the second holding tank.
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[0046] FIG. 19 is an explanatory diagram illustrating pre-
ferred positions of a channel E and a second storage tank in
the liquid-feeding chip according to the present invention.
[0047] FIG. 20 is an explanatory diagram illustrating a
preferred angle of the channel A in the liquid-feeding chip
according to the present invention with respect to the axis of
rotation.

[0048] FIG. 21 is an explanatory diagram illustrating a
preferred angle of the channel B in the liquid-feeding chip
according to the present invention with respect to the axis of
rotation.

[0049] FIG. 22-1 is an explanatory diagram illustrating an
example when a plurality of storage tanks/holding tanks are
connected to a holding tank in the liquid-feeding chip accord-
ing to the present invention.

[0050] FIG. 22-2 is an explanatory diagram illustrating
another example when a plurality of storage tanks/holding
tanks are connected to a holding tank in the liquid-feeding
chip according to the present invention.

[0051] FIG. 23-1 is an explanatory diagram illustrating an
example of a position of a liquid during analysis using the
liquid-feeding chip according to the present invention.
[0052] FIG. 23-2 is an explanatory diagram illustrating an
example of a position of a liquid during analysis using the
liquid-feeding chip according to the present invention.
[0053] FIG. 23-3 is an explanatory diagram illustrating an
example of a position of a liquid during analysis using the
liquid-feeding chip according to the present invention.
[0054] FIG. 23-4 is an explanatory diagram illustrating an
example of a position of a liquid during analysis using the
liquid-feeding chip according to the present invention.
[0055] FIG. 23-5 is an explanatory diagram illustrating an
example of a position of a liquid during analysis using the
liquid-feeding chip according to the present invention.
[0056] FIG. 23-6 is an explanatory diagram illustrating an
example of a position of a liquid during analysis using the
liquid-feeding chip according to the present invention.
[0057] FIG. 23-7 is an explanatory diagram illustrating an
example of a position of a liquid during analysis using the
liquid-feeding chip according to the present invention.
[0058] FIG. 23-8 is an explanatory diagram illustrating an
example of a position of a liquid during analysis using the
liquid-feeding chip according to the present invention.
[0059] FIG. 24 is a plan view illustrating another example
of the liquid-feeding chip according to the present invention.
[0060] FIG. 25 is a plan view illustrating another example
of the liquid-feeding chip according to the present invention.
[0061] FIG. 26 is a plan view illustrating another example
of the liquid-feeding chip according to the present invention.
[0062] FIG. 27 is a plan view illustrating another example
of the liquid-feeding chip according to the present invention.

EXPLANATIONS OF LETTERS OR NUMERALS

[0063] 1-1 first storage tank

[0064] 10-1 first holding tank of first level liquid-feeding
unit

[0065] 10-2 second holding tank of first level liquid-feed-
ing unit

[0066] 20-1 first holding tank of second level liquid-feed-
ing unit

[0067] 20-2 second holding tank of second level liquid-

feeding unit
[0068] 30-1 first holding tank of third level liquid-feeding
unit



US 2010/0255483 Al

[0069] 30-2 second holding tank of third level liquid-feed-
ing unit

[0070] 40-1 first holding tank of fourth level liquid-feeding
unit

[0071] 40-2 second holding tank of fourth level liquid-

feeding unit

[0072] U-1 first level liquid-feeding unit

[0073] U-2 second level liquid-feeding unit (lower level
liquid-feeding unit)

[0074] U-3 third level liquid-feeding unit (lower level lig-
uid-feeding unit)

[0075] U-4 fourth level liquid-feeding unit (lower level lig-
uid-feeding unit)

[0076] 40 reaction chamber (reaction tank)

[0077] 10-3 second storage tank of first level liquid-feeding
unit

[0078] 20-3 second storage tank of second level liquid-

feeding unit

[0079] 30-3 second storage tank of third level liquid-feed-
ing unit

[0080] 40-3 second storage tank of fourth level liquid-feed-
ing unit

[0081] 50 waste tank

[0082] 11-1 air hole in first storage tank

[0083] 11-2 air channel in communication with second

holding tank of first level liquid-feeding unit

[0084] 11-3 air channel in communication with second
holding tank of second level liquid-feeding unit

[0085] 11-4 air channel in communication with second
holding tank of third level liquid-feeding unit

[0086] 11-5 air hole in communication with first holding
tank of first level liquid-feeding unit

[0087] 11-6 air hole in communication with first holding
tank of second level liquid-feeding unit

[0088] 11-7 air hole in communication with first holding
tank of third level liquid-feeding unit

[0089] A-1channel A connecting first storage tank and first
holding tank of first level liquid-feeding unit

[0090] B-1 channel B of first level liquid-feeding unit

[0091] B-2 channel B of lower level liquid-feeding unit
(second level liquid-feeding unit)

[0092] B-3 channel B of third level liquid-feeding unit
[0093] B-4 channel B of fourth level liquid-feeding unit
[0094] C-1 channel C connecting the first and second level

liquid-feeding units

[0095] C-2channel C connecting the second and third level
liquid-feeding units

[0096] C-3 channel C connecting the third and fourth level
liquid-feeding units

[0097] D channel D

[0098] E-1 channel E of first level liquid-feeding unit
[0099] E-2 channel E of second level liquid-feeding unit
[0100] E-3 channel E of third level liquid-feeding unit
[0101] E-4 channel E of fourth level liquid-feeding unit
[0102] F reagent reservoir unit

[0103] G liquid-feeding chip body

[0104] T.1 liquid

[0105] P1 plane including liquid surface of liquid in first

storage tank when liquid-feeding chip is rotated at first
rotation speed

[0106] P2 plane including liquid surface of liquid in first
holding tank when liquid-feeding chip is rotated at first
rotation speed
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[0107] P3 plane including liquid surface of liquid in first
holding tank when liquid-feeding chip is rotated at second
rotation speed or rotation is stopped

[0108] P4 plane including liquid surface of liquid in second
holding tank when liquid-feeding chip is rotated at second
rotation speed or rotation is stopped

[0109] PS5 plane including liquid surface of liquid in second
holding tank when liquid-feeding chip is rotated at first
rotation speed

[0110] P6 plane including liquid surface of liquid in second
holding tank when rotation is stopped

[0111] P7, P8, P9 plane including liquid surface of liquid in
second storage tank when liquid-feeding chip is rotated at
first rotation speed

[0112] Q1 connecting portion of channel A and first storage
tank

[0113] Q2 connecting portion of channel B and first hold-
ing tank

[0114] Q3 connecting portion of channel C and first hold-
ing tank

[0115] Q4, Q5, Q6 connecting portion of channel E and

second storage tank

[0116] Q7, Q8, Q9 connecting portion of channel E and
second holding tank

[0117] R1 inflected point toward outer circumferential side
in channel B at first level

[0118] R2 inflected point toward outer circumferential side
in channel B at second level

[0119] R3 inflected point toward outer circumferential side
in channel B at third level

[0120] R4 inflected point toward outer circumferential side
in channel B at fourth level

[0121] S1 extension line of channel B
[0122] S2 extension line of channel C
[0123] S3 extension line of channel C
[0124] sl angle formed by extension line of channel B and

axis of rotation

[0125] s2 angle formed by extension line of channel C and
axis of rotation

[0126] s3 angle formed by extension line of channel A and
axis of rotation

DETAILED DESCRIPTION

[0127] Embodiments according to the present invention
will now be described with reference to the drawings. How-
ever, the drawings merely schematically illustrate the shape,
size, and arrangement of the constituent elements to the
extent where the invention can be understood. The present
invention is not limited to the following description. The
respective constituent elements may be appropriately modi-
fied within the scope of the present invention. Further, in the
drawings, patterned portions represent the liquid itself or
portions where the liquid is present. In the drawings used in
the following description, identical constituent elements are
represented by the same reference numeral. Further, duplicate
descriptions may also be omitted.

1. Liquid-Feeding Chip According to the Present Invention
(Liquid-Feeding Device)

[0128] The liquid-feeding chip according to the present
invention is achip for feeding a liquid by centrifugal force and
gravity by rotating the liquid-feeding chip.



US 2010/0255483 Al

[0129] The liquid-feeding chip according to the present
invention is used by rotating it around an axis of rotation
which is located external to the liquid-feeding chip. In the
present invention, the term “rotate” means to revolve around
a circumference with respect to a given axis of rotation. Here,
the term “rotate” may also be referred to as “revolve,” as
distinguished from “spin.”” The orbit of rotation may be
approximately circular. The orbital radius is not specifically
limited. The direction of the liquid-feeding chip during rota-
tion is, usually, configured such that the liquid-feeding chip is
mounted on a rotation apparatus so that the main surface of
the liquid-feeding chip (surface on the side from which the
respective storage tanks and channels can be observed when
the liquid-feeding chip is viewed transparently) is disposed
along a plane including the axis of rotation and is allowed to
rotate toward the circumferential direction of the orbit of
rotation. In particular, for a liquid-feeding chip having a qua-
drangular main surface, it is preferred to rotate the liquid-
feeding chip in an inclined state so that the corner of the
liquid-feeding chip which is closest to a second holding tank
of a lowest level liquid-feeding unit is a bottom portion. For
example, the main surface is rotated toward the circumferen-
tial direction of the orbit of rotation in a state in which the
main surface is inclined (state in which the upper corner
portion of the liquid-feeding chip near the axis of rotation is
inclined about the lower corner portion thereof near the axis
of rotation) so that a second holding tank 30-2 of a third level
liquid-feeding unit U-3 is positioned at the very bottom as
illustrated in FIG. 2. More specifically, the liquid-feeding
chip may be used by mounting on an angle rotor. The liquid-
feeding chip may be positioned so that an edge of the main
surface on the axis of rotation side is inclined by 10to 80°, and
preferably 20 to 50°, with respect to the axis of rotation.
[0130] Assuming that the liquid-feeding chip according to
the present invention is used by mounting onto an angle rotor,
the extension direction (extension angle) of the channels, the
shape of the storage and holding tanks and such features are
designed by considering the incline of the liquid-feeding chip
when it is mounted on the angle rotor.

[0131] In the following description, if the liquid-feeding
chip is mounted on a rotation apparatus, specifically, if the
liquid-feeding chip is mounted on an angle rotor, the shape
and the state of the liquid-feeding chip, and especially the
angle, may be described based on the assumption that the
liquid-feeding chip is mounted on an angle rotor and is in an
inclined state.

[0132] For the liquid-feeding chips illustrated in FIGS. 26
and 27, a plurality of liquid-feeding units are arranged in
parallel in an approximately horizontal direction. These lig-
uid-feeding chips do not have to be inclined when mounted on
the rotation apparatus. The edge of the main surface on the
axis of rotation side is parallel to the axis of rotation.

[0133] The liquid-feeding chip according to the present
invention usually has a thin sheet-like cuboid or rectangular
solid shape. The liquid-feeding chip according to the present
invention may have a size which can be mounted on the
rotation apparatus (centrifuge).

[0134] Itis preferred to use the liquid-feeding chip accord-
ing to the present invention mounted on a rotor. As the rotor,
as described above, it is more preferred to use an angle rotor.
Insuchacase, the channel angles are controlled so as to match
the angle of the angle rotor. Furthermore, as the rotor used for
the liquid-feeding chips illustrated in FIGS. 26 and 27, a rotor
which can rotate a liquid-feeding chip having a thickness
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which allows a liquid to be feeded utilizing gravity may be
used. For example, a cylindrical rotor having a thickness of
about several centimeters may be used.

[0135] The liquid which is feeded by the liquid-feeding
chip according to the present invention is not specifically
limited. Examples of specimens include biological samples
such as liquids extracted from a body, such as blood, urine,
spinal liquid, saliva, and phlegm, a cell suspension, a dis-
rupted cell suspension, a nucleic acid solution, a virus sus-
pension, a food extract, and environmental extracts such as a
soil extract, or water.

[0136] The term “reagent” means a reagent for detecting a
specimen. Specific examples thereof include a blocking solu-
tion, a diluent, a denaturing agent, a labeled antibody, a
labeled antigen, a non-labeled antibody, a non-labeled anti-
gen, a labeling substance, a luminescent substrate, a fluores-
cent substrate, a chromogenic substrate, a hydrogen peroxide
solution, a washing solution, a protein denaturing agent, a cell
lysate, an enzyme solution, a labeled nucleic acid, a non-
labeled nucleic acid, a primer, a probe, avidin, streptoavidin,
a buffer solution, a pH adjusting solution, a hybridization
solution, an enzyme reaction terminate solution and the like.
[0137] Inthe present invention, the expression “specimen/
reagent” may refer to either a specimen or a reagent, both a
specimen and a reagent, as well as a substance including a
reaction product of a specimen and a reagent added to either
of these. Further, the “specimen/reagent” may be a fluid, and
preferably is a liquid. In addition, the expression “specimen/
reagent” may be replaced with “specimen and/or reagent.”
[0138] The liquid-feeding chip according to the present
invention is mounted on a rotation apparatus so that the main
surface of the chip lies along a plane which includes the axis
of rotation. The specimen/reagent is fed from/to the respec-
tive storage tanks by varying the rotation speed. Specifically,
the liquid is fed by sequentially rotating at a first rotation
speed and then at a second rotation speed, which is slower
than the first rotation speed, or by stopping rotation. As
described above, the liquid feeding according to the liquid-
feeding chip of the present invention utilizes centrifugal force
and gravity. Therefore, in addition to varying the rotation
speed, the radius of the orbit of rotation may also be varied.
[0139] The first rotation speed may be appropriately set so
that the centrifugal force acting on the liquid-feeding chip is
usually 1 to 100,000 G, and preferably 10 to 10,000 G. More
preferably, the first rotation speed may be appropriately set so
that the centrifugal force is 20 to 5,000 G.

[0140] On theother hand, the second rotation speed must be
slower than the first rotation speed. A specific range for the
second rotation speed is set so that the centrifugal force is
usually 0 to 50 G, and preferably 0 to 10 G. The second
rotation speed may also be replaced by stopping rotation
(centrifugal force of 0 G).

[0141] The first and second rotation speeds may each be a
specific rotation speed, or may be a rotation speed which is
continuously changing within a given specific rotation speed
range.

[0142] Thematerial of the liquid-feeding chip according to
the present invention is not specifically limited. Examples
thereof may include a resin, glass and the like. In particular,
from the perspective of facilitating external observation ofthe
storage tanks and channels, at least a part of the storage tanks
and channels may betransparent or opaque. Iftransparent, the
liquid feeding condition can be easily externally detected.
Furthermore, when reacting specimen/reagent solutions
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which were fed in order by a reaction chamber provided
downstream of a channel D and measuring by an optical
method, it is preferred to use a transparent material in a part of
the reaction chamber. Moreover, the surface of the reaction
chamber portion formed from a transparent material may be
flat, or may be lens-shaped.

[0143] Furthermore, as a material for stably feeding regard-
less of the type of liquid, a chemically stable material which
has chemical resistance and water resistance is preferred.
[0144] Specific examples of the material of the liquid-feed-
ing chip include a resin such as poly(methyl methacrylate)
(PMMA), polycarbonate, polypropylene, polyethylene,
polymethyl-pentene, polystyrene, polytetrafluoroethylene,
ABS resin, polydimethylsiloxane, silicone, and copolymers
or complexes including a polymer compound of such a resin;
a glass such as quartz glass, Pyrex® glass, soda glass, borate
glass, silicate glass, borosilicate glass, and complexes
thereof: a metal surface coated with an insulating material and
complexes thereof, and a ceramic and complexes thereof
Among these, It is especially preferred to use poly(methyl
methacrylate) (PMMA), polycarbonate, polystyrene, poly-
tetrafluoroethylene, and polypropylene.

[0145] Furthermore, as the chemically stable material
which has chemical resistance and water resistance, various
organic or inorganic materials may be used. Preferably used
examples include a resin such as polypropylene, polyethyl-
ene, polymethylpentene, polystyrene, polytetrafluoroethyl-
ene, polydimethylsiloxane, silicon, and copolymers or com-
plexes including a polymer compound of such a resin; a glass
such as quartz glass, Pyrex® glass, soda glass, borate glass,
silicate glass, borosilicate glass, and complexes thereof; and a
ceramic and complexes thereof. Among these, It is especially
preferred to use polypropylene, polyethylene, polymethyl-
pentene, and polystyrene.

[0146] The method for forming the liquid-feeding chip
according to the present invention is not specifically limited.
For example, a substrate having the concave portions of the
respective storage tanks and the respective channels formed
thereon may be joined to another substrate or a film. Alterna-
tively, the liquid-feeding chip may be formed by sandwiching
a substrate having channel-forming slits on either side with
two substrates. If the material is a resin, the concave portions
of the respective storage tanks and the respective channels
may be formed by a typical molding method which uses a
mold. Examples of such methods include injection molding,
press molding, blow molding, vacuum molding, hot emboss-
ing and the like.

[0147] The liquid-feeding chip according to the present
invention will now be described with reference to the draw-
ings.

[0148] FIGS. 1 to 4 and FIGS. 24 to 27 are schematic
diagrams in which internal constituent elements are transpar-
ently illustrated so as to be clear, when the liquid-feeding chip
ofthe respective examples of the present invention are viewed
from a main surface side. FIGS. 8 to 21 schematically illus-
trate the configuration of the liquid-feeding chip according to
the present invention. Although the axis of rotation is shown
in some of the figures and not in others, in all ofthe figures the
main surface of the liquid-feeding chip is represented as
having an axis of rotation on the left side as viewed. More
specifically, all the figures illustrate a state as viewed from a
circumferential direction of the orbit when the axis of rotation
in an approximately perpendicular direction is positioned on
the left side of the liquid-feeding chip during rotation of the
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liquid-feeding chip. The left side of the liquid-feeding chip is
the axis of rotation direction (inner circumferential side). The
right side is the outer circumferential side, and is also the
centrifugal force direction. Furthermore, the downward
direction is the direction of gravity.

[0149] As illustrated in FIG. 1, the liquid-feeding chip
according to the present invention has a first storage tank, a
first holding tank, a channel A, a second holding tank, a
channel B, and a channel C. The first holding tank, the second
holding tank, and the channel B constitute a liquid-feeding
unit. Two or more of these liquid-feeding units are connected
by the channel C. More specifically, the liquid-feeding chip
according to the present invention contain, as constituent
elements, a first storage tank, a first holding tank positioned
on an outer circumferential side of the first storage tank, a
second holding tank positioned in the direction of gravity
with respect to the first holding tank, and a channel A which
connects the first storage tank to the first holding tank.

[0150] As illustrated in FIG. 8-1, the liquid-feeding chip
according to the present invention contain a first storage tank
1-1 and a first holding tank 10-1 aligned in parallel in a
centrifugal force direction. On a lower level therefrom (lower
level in the direction of gravity with respect to the axis of
rotation), a second holding tank 10-2 and a first holding tank
20-1 of the next liquid-feeding unit are aligned in parallel in
acentrifugal force direction. On an even lower level, a second
holding tank 20-2 is arranged. The first storage tank 1-1 and
the first holding tank 10-1 are connected by a channel A-1.
The first holding tank 10-1 and the second holding tank 10-2
are connected by achannel B-1. The second holding tank 10-2
and the first holding tank 20-1 of the next liquid-feeding unit
are connected by a channel C-1. The first holding tank 20-1
and the second holding tank 20-2 are connected by a channel
B-2.

[0151] Asillustrated in FIG. 8-2, the first holding tank 10-1,
the second holding tank 10-2, and the channel B-1 constitute
a liquid-feeding unit U-1, and the first holding tank 20-1, the
second holding tank 20-2, and the channel B-2 constitute a
liquid-feeding unit U-2.

[0152] The positional relationship between the first storage
tank and the second holding tank is preferably such that these
tanks are aligned in parallel along an approximately straight
line when the main surface of the liquid-feeding chip is
viewed from the front in a state in which the liquid-feeding
chip is mounted on the rotation apparatus. Furthermore, it is
preferred that the first holding tanks in the respective levels of
the liquid-feeding units be also aligned along an approxi-
mately straight line. In addition, it is preferred that the second
holding tanks in the respective levels of the liquid-feeding
units be also aligned along an approximately straight line.
This allows the respective storage and holding tanks to be
arranged in a small space, and the size of the liquid-feeding
chip to be reduced even further.

[0153] The term “lower level liquid-feeding unit” in the
present invention means a liquid-feeding unit which is posi-
tioned downstream of a given liquid-feeding unit when the
main surface of the liquid-feeding chip is viewed from the
front. A lower level liquid-feeding unit is positioned, with
respect to an upper level liquid-feeding unit, in the direction
of gravity or an outer circumferential direction with respect to
the axis of rotation. Liquid-feeding units on a lower level
from the highest level may also be referred to as “second level
liquid-feeding unit” and “third level liquid-feeding unit”.
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[0154] For the liquid-feeding chip illustrated in FIG. 25,
three liquid-feeding units, including a first level liquid-feed-
ing unit U-1, a second level liquid-feeding unit U-2, and a
third level liquid-feeding unit U-3, are aligned in parallel ina
vertical direction (direction of gravity).

[0155] For the liquid-feeding chips illustrated in FIGS. 26
and 27, the first level liquid-feeding unit U-1, the second level
liquid-feeding unit U-2, the third level liquid-feeding unit
U-3, and a fourth level liquid-feeding unit U-4 are arranged in
order in parallel in an outer circumferential direction with
respect to the axis of rotation, namely, in an approximately
horizontal direction.

[0156] The terms “storage tank™ and “holding tank” in the
present invention mean a tank which can store or hold a liquid
in its interior when rotation is stopped or during rotation. A
storage tank is a tank which stores a liquid that was directly
introduced. A holding tank is a tank which holds a liquid that
was fed from another storage tank or holding tank. The stor-
age tanks and holding tanks may contain a liquid in advance,
or may contain a powder-like or gel-like reagent in advance
which is dissolved by a liquid flowing in from another tank.
The storage tanks and holding tanks in the present invention
preferably have a capacity of about 1.1 to 10 times the volume
of the liquid which is to be contained therein. It is more
preferred to use storage tanks and holding tanks having a
capacity of about 1.3 to 5 times the volume of the liquid which
is to be contained therein.

(First Storage Tank)

[0157] When viewed from the main surface side of the
liquid-feeding chip, the first storage tank in the present inven-
tion is a tank positioned closer to the axis of rotation (inner
circumferential side) of the liquid-feeding chip than the first
level first holding tank. Since the specimen/reagent is nor-
mally contained in advance in the first storage tank before
rotation, the first storage tank may have an aperture which
allows the specimen/reagent to be injected therein. The
capacity of the first storage tank is not specifically limited, as
long as the tank can contain the specimen/reagent. However,
a storage tank which can contain 0.001 mL to 10 mL, and
within that, 0.01 mL to 1 mL, of a liquid is preferred. Fur-
thermore, the shape of the first storage tank is not specifically
limited. The shape may be appropriately selected from among
shapes such as a rough sphere, cylinder, rectangular solid,
pyramid, cone and the like.

(First Holding Tank)

[0158] The liquid-feeding chip according to the present
invention contains, as a tank constituting a liquid-feeding
unit, a first holding tank. The first holding tank is a liquid
holding tank positioned on the outer circumferential side of
the first storage tank and/or a second holding tank of the
previous level liquid-feeding unit with respect to the axis of
rotation of the liquid-feeding chip.

[0159] The first holding tank holds in its interior, during
rotation at a first rotation speed, a specimen/reagent which
was fed via the channel A from the first storage tank and/or a
specimen/reagent fed via the channel C from a second hold-
ing tank of the previous level liquid-feeding unit by the action
of centrifugal force and gravity at the first rotation speed.
Furthermore, the first holding tank discharges the liquid held
in its interior to the second holding tank via the channel B
during rotation, which is performed next to the rotation at the
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first rotation speed, at a second rotation speed, which is
slower than the first rotation speed, or when rotation is
stopped.

[0160] A solid or powder-like reagent for reacting with the
fed specimen/reagent may be contained in the first holding
tank in advance prior to liquid being fed from the first storage
tank. The capacity of the first holding tank is not specifically
limited, as long as the tank is capable of holding the speci-
men/reagent at the first rotation speed. However, it is pre-
ferred that the first holding tank can hold 0.001 to 10 mL, and
within that, 0.01 to 1 mL, of liquid.

[0161] In the liquid-feeding chip according to the present
invention, the first holding tank is connected to two or more
first storage tanks in some cases. However, specifically in
such a case, it is preferred that the first holding tank have a
larger capacity than the first storage tank. Furthermore, the
shape of the first holding tank is not specifically limited. Like
the first storage tank, the shape may be appropriately selected
from among shapes such as a sphere, cylinder, rectangular
solid, prismatic column, cone and the like.

(Channel A)

[0162] In the present invention, the channel A is one of the
channels constituting the liquid-feeding unit, and is the chan-
nel which connects the first storage tank to the first holding
tank. The channel A is a channel for feeding a liquid from the
first storage tank to the first holding tank by the action of
centrifugal force and gravity during the rotation of the liquid-
feeding chip at the first rotation speed (mainly by the action of
centrifugal force).

[0163] Forexample, as illustrated in FIG. 1, one end of the
channel A is connected so as to open up a lower portion of the
first storage tank on the outer circumferential side, and the
other end is connected 5o as to open up an upper portion of the
first holding tank on the axis of rotation side.

[0164] The shape and the size of the channel A are not
specifically limited, as long as the overall channel has a tube
shape. The whole channel A does not have to have the same
shape. Furthermore, the channel A may be an aperture which
directly connects the first storage tank to the first holding
tank. The shape of the cross section orthogonal to the channel
A extension direction (transverse cross-section) is not spe-
cifically limited to a circle, a polygon or the like. The size of
the transverse cross-section also does not have to be fixed, and
may be appropriately adjusted to a size through which the
specimen/reagent can pass. For example, the short diameter
(for a circle, this means the radius, and for a polygon, this
means the shortest diameter passing through the center) is
usually in the range of 10 um to 5 mm, and preferably in the
range of 100 pm to 1 mm. If the short diameter of the channel
A is less than this range, the time required to feed the liquid
from the first storage tank to the first holding tank at the first
rotation speed becomes longer due to pressure loss. If the
short diameter is more than this range, the required time
becomes shorter.

[0165] Furthermore, as long as the channel A connects the
first storage tank to the first holding tank, the charnel A does
not have to be completely straight. Part of the channel A may
be curved or have an irregular shape. The channel A may be
formed from a mix of straight lines and curves, and may even
have an inflection midway along.

[0166] It is preferred that the channel A be positioned fur-
ther toward the outer circumferential side than the plane
which passes through a connecting portion of the channel A
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and the first storage tank and which is perpendicular to the
combined force of the centrifugal force and gravity at the first
rotation speed. This allows a liquid which has been intro-
duced into the first storage tank to be fed from the first storage
tank to the first holding tank of the highest level liquid-
feeding unit when rotating the liquid-feeding chip at the first
rotation speed.

[0167] The expression “plane which passes through a con-
necting portion of the channel A and the first storage tank and
which is perpendicular to the combined force of the centrifu-
gal force and gravity at the first rotation speed” means the
plane which forms an angle perpendicular to the combined
force of the centrifugal force and gravity acting on the con-
necting portion of the channel A and the first storage tank of
the liquid-feeding chip when rotating the liquid-feeding chip
at the first rotation speed, and which intersects that connect-
ing portion. The expression “positioned further toward the
outer circumferential side than the plane which passes
through a connecting portion of the channel A and the first
storage tank and which is perpendicular to the combined
force of the centrifugal force and gravity at the first rotation
speed” means that, of the two spaces separated by the above-
described perpendicularly positioned plane, it is positioned in
the space on the outer circumferential side as viewed from the
axis of rotation. In other words, of the two spaces, this means
that the channel A is positioned in the space in which the axis
of rotation is not located.

[0168] For example, if the direction and magnitude of the
centrifugal force acting on the liquid-feeding chip and of
gravity are indicated by the arrows as illustrated in FIG. 9, the
combined force of the centrifugal force and gravity is repre-
sented by the direction and the magnitude indicated by the
thick arrow extending in the outer circumferential direction.
The expression “plane perpendicular to the combined force of
the centrifugal force and gravity” is the plane through which
the thick arrow indicating the perpendicular direction to the
arrow of this combined force passes. Therefore, the expres-
sion “positioned further toward the outer circumferential side
than the plane which passes through a connecting portion of
the channel A and the first storage tank and which is perpen-
dicular to the combined force of the centrifugal force and
gravity at the first rotation speed” means that the channel A is
positioned in the space (outer circumferential side) of the side
opposite to the space (inner circumferential side) in which the
axis of rotation is located with respect to the plane through
which the thick arrow indicating the plane perpendicular to
the combined force passes.

[0169] Itis preferred that at least a part of the channel A be
positioned further toward the outer circumferential side than
a “plane including a liquid surface of the specimen/reagent”
in the first storage tank at the first rotation speed. This allows
the liquid to be more reliably fed from the first storage tank
when rotating the liquid-feeding chip at the first rotation
speed, because the liquid which has been introduced into the
first storage tank continuously flows from the first storage
tank to the first holding tank. It is not necessary for all of the
channel A to be positioned further toward the outer circum-
ferential side than the “plane including a liquid surface of the
liquid” in the first storage tank at the first rotation speed. It is
only necessary for the wall on the outer circumferential side
of the channel A to be positioned further toward the outer
circumferential side than the “plane including a liquid surface
of the liquid”.
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[0170] The expression “plane including a liquid surface of
the specimen/reagent in the first storage tank at the first rota-
tion speed” means a plane including a liquid surface formed
by the liquid in the first storage tank when the liquid-feeding
chip containing the first storage tank into which the liquid has
been introduced is rotated at the first rotation speed.

[0171] Furthermore, in the present invention, the expres-
sion “plane including a liquid surface” means, when the lig-
uid surface is flat, the liquid surface. However, the liquid
surface is not always flat, due to meniscuses of the left and
right wall faces formed by the surface tension with the wall
face due to the tanks being a thin tube shape coming together.
Thus, when the liquid surface is not flat, the expression “plane
including a liquid surface” means the plane extending in a
tangential direction to the liquid surface in the center of the
tank.

[0172] The movement process of the liquid from the first
storage tank when the liquid-feeding chip is rotated at the first
rotation speed is as follows. First, the “plane including a
liquid surface of the liquid” in the first storage tank when the
liquid-feeding chip according to the present invention begins
to be rotated inclines with respect to the horizontal plane
(horizontal direction). Before reaching the first rotation
speed, namely, when the channel A is further toward the outer
circumferential side than the “plane including a liquid surface
of the liquid” in the first storage tank, the liquid begins to flow
from the first storage tank into the first holding tank due to the
action of centrifugal force and gravity. Subsequently, while
the “plane including a liquid surface of the liquid” in the first
storage tank is still positioned further toward the inner cir-
cumferential than at least a part of the channel A, the liquid
continues to flow from the first storage tank to the first holding
tank.

[0173] Therefore, when at least a part of the channel A of
the liquid-feeding chip according to the present invention is
positioned further toward the outer circumferential side than
the “plane including a liquid surface of the specimen/reagent™
in the first storage tank during rotation at the first rotation
speed, all of the liquid in the first storage tank can be moved
to the first holding tank via the channel A.

[0174] For example, as illustrated in FIG. 10, when the
liquid-feeding chip is rotated at the first rotation speed, a
plane P1 including a liquid surface of a liquid L1 in the first
storage tank 1-1 traces a line which slants upward to the right
as viewed from the main surface side of the liquid-feeding
chip. However, when the channel A-1 is positioned further
toward the outer circumferential side than the liquid surface
P1 (of the two spaces separated by P1, the space on the
opposite side to the space in which the axis of rotation is
located), the liquid can flow out until the first storage tank 1-1
is empty.

[0175] Such a channel A preferably has a shape in which at
least a part thereof forms an angle in an upwards outer cir-
cumferential direction with respect to the axis of rotation.
That angle can be appropriately set between usually 0 to 80°,
preferably 1 to 45°, and more preferably 3 to 15°. The angle
is preferably smaller, as this allows the distance between the
first storage tank and the first holding tank to be reduced, and
the tanks to be arranged without any wasted space. For
example, as illustrated in FIG. 20, an angle formed between a
channel A and the axis of rotation means an angle s3 that is
formed between a channel A extension line (extension line in
the direction which the liquid flows in the channel A) S3 and
the axis of rotation. If the channel A is inflected, the angle
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formed between the axis of rotation and the channel A can be
defined as the angle formed between the axis of rotation and
the extension line extending along the line connecting the
connecting portion of the first storage tank and the channel A
and the point positioned at the highest point along the channel
A.

[0176] Furthermore, even if all of the channel A is not
positioned further toward the outer circumferential side than
the “plane including a liquid surface of the specimen/reagent™
in the first storage tank at the first rotation speed, it is preferred
that the connecting portion of the channel A and the first
storage tank be positioned further toward the outer circum-
ferential side with respect to the axis of rotation than the
“plane including a liquid surface” in the first storage tank at
the first rotation speed. This allows the liquid in the first
storage tank to be reliably fed to the first holding tank during
rotation at the first rotation speed.

[0177] Furthermore, it is preferred that at least a part of a
connecting portion of the channel A and the first holding tank
be located closer to the axis of rotation (inner circumferential
side) than the plane including a liquid surface of the speci-
men/reagent in the first holding tank at the first rotation speed.
When the liquid-feeding chip is rotated at the first rotation
speed, the liquid fed from the first storage tank forms a liquid
surface which is approximately perpendicular to the com-
bined force of the centrifugal force and gravity at the first
holding tank. At this point, since at least a part of the con-
necting portion of the channel A and the first holding tank is
allowed to be positioned closer to the axis of rotation than this
plane including the liquid surface, the liquid can be reliably
held by the first holding tank during rotation at the first rota-
tion speed. Furthermore, this also allows back flow to the first
storage tank to be more effectively prevented.

[0178] The flow process of the liquid in the first holding
tank when the liquid-feeding chip is rotated at the first rota-
tion speed is as follows. First, when the liquid-feeding chip
according to the present invention is rotated at the first rota-
tion speed, the liquid begins to flow into the first holding tank
due to the action of centrifugal force and gravity. Subse-
quently, while the “plane including a liquid surface of the
liquid” in the first holding tank is still positioned further
toward the outer circumferential side than the connecting
portion of the channel A and the first holding tank, the liquid
continues to flow in without flowing back out of the first
holding tank.

[0179] Therefore, when at least a part of the connecting
portion of the channel A and the first holding tank of the
liquid-feeding chip according to the present invention is posi-
tioned further toward the inner circumferential than the plane
including a liquid surface of the liquid in the first holding tank
at the first rotation speed, the liquid is held in the first holding
tank without flowing back out of the first holding tank.
[0180] As illustrated in FIG. 10, when the liquid-feeding
chip is rotated at the first rotation speed, a plane P2 including
a liquid surface of the liquid L1 in the first holding tank 10-1
traces a line which slants upward to the right as viewed from
the main surface of the liquid-feeding chip. However, since a
connecting portion Q1 of the channel A-1 and the first holding
tank is positioned further toward the left side than the plane P2
(of the two spaces separated by P2, the space in which the axis
of rotation is located), the liquid can be held in the first
holding tank 10-1 without flowing back out into another tank.
The connecting portion Q1 of the first holding tank and the
channel A-1 is preferably positioned higher than the first
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holding tank. Consequently, during rotation at a second rota-
tion speed, which is slower than the first rotation speed, or
when rotation is stopped, the connecting portion Q1 is posi-
tioned higher than the plane including a liquid surface which
is formed in the first holding tank. This allows back flow into
the first storage tank to be effectively suppressed.

(Second Holding Tank)

[0181] The liquid-feeding chip according to the present
invention contains, as a tank constituting a liquid-feeding
unit, asecond holding tank. This second holding tank is a tank
positioned in the direction of gravity with respect to the first
holding tank with respect to the axis of rotation of the liquid-
feeding chip. Preferably, the second holding tank is posi-
tioned closer to the axis of rotation (inner circumferential
side) of the liquid-feeding chip than the first holding tank.
[0182] Theterm “direction of gravity” in the present inven-
tion means the direction in which the liquid flows due to the
action of gravity. Specifically, this term means downward
from the horizontal. The expression “the second holding tank
1s positioned in the direction of gravity with respect to the first
holding tank” means that the second holding tank is lower
than the first holding tank. Specifically, this expression means
that the second holding tank is positioned downward from the
horizontal when the main surface of the liquid-feeding chip is
viewed during rotation of the liquid-feeding chip. In other
words, the term “direction of gravity” may be a direction
having a vector in the direction of gravity. Obviously, a direc-
tion close to the vertical direction is preferred in order to
facilitate the flow of liquid by the action of gravity.

[0183] Thesecondholding tank is a tank capable of holding
the liquid in its interior when rotation of the liquid-feeding
chip according to the present invention is stopped, or the
liquid-feeding chip is rotated at the second rotation speed.
The liquid in such a case, specifically, the specimen/reagent,
may have been fed from the first storage tank or may have
been directly contained in the second holding tank.

[0184] The capacity of the second holding tank is not spe-
cifically limited, as long as the tank is capable of holding the
specimen/reagent. However, it is preferred that the second
holding tank can hold 0.001 to 10 mL, and within that, 0.01 to
1 mL, of the liquid. Furthermore, the shape of the second
holding tank may be appropriately selected from among
shapes such as a rough sphere, rectangular solid, pyramid,
cone and the like. The second holding tank may be configured
so that a liquid temporarily held in the second holding tank
can be discharged through the channel C or D at the first
rotation speed.

(Channel B)

[0185] In the present invention, the channel B is one of the
channels constituting the liquid-feeding unit, and is the chan-
nel which connects the first holding tank to the second hold-
ing tank. During rotation at a second rotation speed which is
slower than the first rotation speed of the liquid-feeding chip,
or when rotation is stopped, the liquid flows through the
channel B due to the action of gravity, and is fed from the first
holding tank to the second holding tank. The channel B
extends in a direction of gravity from a connecting portion
with the first holding tank, and is connected to the second
holding tank. Consequently, during rotation at a second rota-
tion speed which is slower than the first rotation speed of the
liquid-feeding chip, or when rotation is stopped, the liquid
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can be fed from the first holding tank to the second holding
tank due to the action of gravity.

[0186] For example, as illustrated in FIG. 1, one end of the
channel B is connected so as to open up an upper portion of
the second holding tank on the outer circumferential side, and
the other end is connected so as to open up a lower portion of
the first holding tank of the same level on the axis of rotation
side.

[0187] It is preferred that at least a part of the connecting
portion of the channel B and the first holding tank be posi-
tioned closer to the axis of rotation (inner circumferential
side) than the plane including a liquid surface of the speci-
men/reagent in the first holding tank at the first rotation speed.
When the liquid-feeding chip is rotated at the first rotation
speed, the liquid fed from the first storage tank forms a liquid
surface which is approximately perpendicular to the com-
bined force of the centrifugal force and gravity at the first
holding tank. At this point, by positioning at least a part of the
connecting portion of the channel B and the first holding tank
closer to the axis of rotation than this liquid surface, the liquid
can be reliably held by the first holding tank during rotation at
the first rotation speed.

[0188] As illustrated in FIG. 11-1, when the liquid-feeding
chip is rotated at the first rotation speed, since a connecting
portion Q2 of a channel B-1 and the first holding tank 10-1 is
positioned further toward the inner circumference (axis of
rotation) than the plane P2 including a liquid surface of the
liquid L1 in the first holding tank 10-1 (of the two spaces
separated by P2, the space in which the axis of rotation is
located), the liquid can be held in the first holding tank 10-1
without flowing back out into another tank.

[0189] Furthermore, as illustrated in FIG. 11-2, if the con-
necting portion Q2 is further toward the inner circumferential
than the plane P2, the liquid can be held in the first holding
tank 10-1 during rotation at the first rotation speed.

[0190] The connecting portion Q2 of the first holding tank
10-1 and the channel B-1 is preferably positioned lower than
(in the direction of gravity) the first holding tank 10-1. Con-
sequently, during rotation at the second rotation speed, which
is slower than the first rotation speed, or when rotation is
stopped, the connecting portion Q2 is positioned lower than
the plane including the liquid surface which is formed in the
firstholding tank 10-1. This allows the liquid to be completely
discharged from the first holding tank 10-1 via the channel
B-1 into the second holding tank 10-2.

[0191] It is preferred that the channel B of the present
invention be positioned lower than the “plane including a
liquid surface of the specimen/reagent” in the first holding
tank at the second rotation speed. In this case, the liquid in the
first holding tank can be more reliably fed from the first
holding tank to the second holding tank during rotation of the
liquid-feeding chip at the second rotation speed, or when
rotation is stopped.

[0192] It is preferred that at least a part of the channel B
extend further toward the inner circumferential (direction
toward the axis of rotation) than the “plane including a liquid
surface of the specimen/reagent” in the first holding tank at
the first rotation speed. Consequently, the flow of the liquid in
the first holding tank out to the second holding tank during
rotation at the first rotation speed can be effectively pre-
vented.

[0193] For example, as illustrated in FIGS. 11-1 and 11-2,
when the liquid-feeding chip is rotated at the first rotation
speed. since the channel B-1 is positioned further toward the
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inner circumferential than the plane P2 including a liquid
surface of the liquid L1 in the first holding tank 10-1 (of the
two spaces separated by P2, the space in which the axis of
rotation is located), the liquid can be held in the first holding
tank 10-1.

[0194] Itis preferred that the channel B be positioned lower
than the “plane including a liquid surface of the specimen/
reagent” in the first holding tank at the second rotation speed.
This allows the liquid to be effectively fed from the first
holding tank to the second holding tank at the second rotation
speed without stagnating. The expression “lower than the
plane including a liquid surface of the specimen/reagent”
means that, as illustrated in FI1G. 12, for example, when the
liquid-feeding chip is rotated at the second rotation speed or
when rotation is stopped, the channel B-1 is positioned in a
space (of the two spaces separated by P3, the space disposed
in the direction of gravity) which is lower than a plane P3
including a liquid surface of the liquid L1 in the first holding
tank 10-1.

[0195] If the channel B is a shape which forms an angle
with respect to the axis of rotation, this angle may usually be
set so that it is 0 to 80°, preferably 0 to 60°, and more
preferably O to 45° in an inner circumferential direction (di-
rection toward the axis of rotation) or a downwards outer
circumferential direction (direction of gravity). In such a
case, during rotation at the second rotation speed or when
rotation is stopped, the liquid in the first holding tank can be
more effectively fed to the second holding tank. More pref-
erably, this angle may be set between 1 to 80° in an inner
circumference downwards direction. By extending the chan-
nel B in an inner circumferential direction, the second holding
tank can be positioned on the inner circumferential side of the
liquid-feeding chip, and the space in the liquid-feeding chip
can be utilized effectively.

[0196] For example, as illustrated in FIG. 21, the “angle
with respect to the axis of rotation of the channel B” is an
angle s1 formed by the extension line S1 of the channel B
(extension line in the direction in which the liquid flows in the
channel B) and the axis of rotation.

[0197] Furthermore, the channel B may extend toward the
lowerinner circumferential from the first holding tank, and be
inflected toward the lower outer circumferential side from
midway along. In such a case, when the liquid passes through
the channel B during rotation of the liquid-feeding chip at the
second rotation speed, or when rotation is stopped, the liquid
can be more reliably fed to the first holding tank of a lower
level liquid-feeding unit during the next rotation at the first
rotation speed, even if some liquid remains in a bottom por-
tion of the channel B. For example, as illustrated in FIG. 3,
which s an example of the configuration of the liquid-feeding
chip according to the present invention, the channels B-1,
B-2, and B-3 may extend in an axis of rotation and toward the
inner circumferential at the connecting portions with the first
holding tanks 10-1, 20-1, and 30-1, respectively, and switch
to the direction of gravity and outer circumferential direction
at the respective positions R1, R2, and R3.

[0198] In the liquid-feeding chip illustrated in FIG. 25, the
channels B-1, B-2, and B-3 extend in the direction of gravity
and toward the inner circumferential from the connecting
portions with the corresponding first holding tanks 10-1,
20-1, and 30-1, respectively, bend back to the direction of
gravity and toward the outer circumferential side at the
respective positions R1, R2, and R3, and are connected to the
corresponding second holding tanks 10-2, 20-2, and 30-2.
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The liquid-feeding chip illustrated in FIG. 25 is configured so
that the first holding tank, the channel B, and the second
holding tank are continuously and integrally formed. In this
example, the first holding tank, the channel B, and the second
holding tank of each liquid-feeding unit (U-1, U-2, and U-3)
are configured so that a part of the leading edge side continu-
ously widens, and they form an inflected shape approximately
like a left-hand angle bracket inflected at the above-described
positions R.

[0199] Two first storage tanks (1-1a and 1-15) aligned in
parallel in the vertical direction (direction of gravity) are
connected to (in communication with) the first holding tank
10-1. The second storage tanks (10-3, 20-3, and 30-3) are
connected to the second holding tanks (10-2, 20-2, and 30-2),
respectively. From the first storage tanks (1-1a and 1-15),
channels are connected to upper ends of the respective tanks
(1-1a and 1-15) on the outer circumferential side as connect-
ing portions. The channels partially extend in the vertical
direction (direction of gravity) when the liquid-feeding chip
is viewed in a non-inclined state, then bend back at a midway
point in the opposite direction to the outer circumferential
direction and the direction of gravity, and are connected to an
upper edge of the first holding tank (10-1) on the inner cir-
cumferential side. At this point, the channel extending from
the first storage tank (1-le) is connected to the channel
extending from the storage tank (1-15) while extending in the
vertical direction (direction of gravity) when the liquid-feed-
ing chip is viewed in a non-inclined state.

[0200] From the second storage tanks (10-3, 20-3, and
30-3), channels (E-1, E-2, and E-3) are connected to upper
edges of the tanks as connecting portions on the outer circum-
ferential side. The channels partially extend in the vertical
direction (direction of gravity) when the liquid-feeding chip
is viewed in a non-inclined state, then bend back at a midway
point in the opposite direction to the outer circumferential
direction and the direction of gravity, and are connected to
lower edges of the second holding tanks (10-2, 20-2, and
30-2) on the inner circumferential side. From the second
holding tanks (10-2 and 20-2), channels (C-1 and C-2) extend
in the opposite direction to the outer circumferential direction
and the direction of gravity, and are connected to upper edges
of the first holding tanks (20-1 and 30-1) on the inner circum-
ferential side. The channel C-3 extends in the opposite direc-
tion to the outer circumferential direction and the direction of
gravity, and is connected to the final level second holding tank
(30-2). The channel D, which is open to an external side
surface of the liquid-feeding chip on the outer circumferential
side, partially extends in the outer circumferential direction
and the direction of gravity, then bends back at a midway
point in the opposite direction to the outer circumferential
direction and the direction of gravity, and is connected to an
upper edge of the channel C-3 on the outer circumferential
side.

[0201] In the liquid-feeding chips illustrated in FIGS. 26
and 27, the channels B-1, B-2, B-3, and B-4 extend in the
direction of gravity and toward the inner circumferential from
the connecting portions with the corresponding first holding
tanks 10-1, 20-1, 30-1, and 40-1, bend back toward the direc-
tion of gravity and the outer circumferential side at the respec-
tive positions R1, R2, R3, and R4, and are connected to the
corresponding second holding tanks 10-2, 20-2, 30-2, and
40-2. Specifically, the liquid-feeding chips illustrated in
FIGS. 26 and 27 are configured so that the first holding tank,
the channel B, and the second holding tank are continuously

Oct. 7,2010

and integrally formed. In this example, the first holding tank,
the channel B, and the second holding tank of each liquid-
feeding unit (U-1, U-2, U-3, and U-4) are configured so that
they form a reverse Z shape.

[0202] Like the channel A, the shape and the size of the
channel B are not specifically limited, as long as the overall
channel has a tube shape. The whole channel B does not have
to have the same shape. Furthermore, the channel B may be an
aperture which directly connects the second holding tank to
the first holding tank. The shape of the transverse cross-
section is not specifically limited to a circle, a polygon or the
like. The size of the transverse cross-section also does not
have to be fixed, and may be appropriately adjusted to a size
through which the specimen/reagent can pass. However, a
size of the transverse cross-section is preferably larger than
the channel A, since the liquid in the first holding tank can be
smoothly fed to the second holding tank. For example, the
short diameter (for a circle, this means the radius, and for a
polygon, this means the shortest diameter passing through the
center) is usually in the range of 10 um to 5 mm, and prefer-
ably in the range of 100 pto 3 mm.

[0203] It is preferred that the channel B have a section
which has a smaller channel cross-sectional area than the
channel cross-sectional area at the connecting portion with
the first holding tank. In such a case, since the liquid can be
fed utilizing capillary action in addition to gravity, the time
required to feed the specimen/reagent by gravity can be short-
ened. More preferably, the channel B has a section having a
smaller channel cross-sectional area than the channel cross-
sectional area at the connecting portion with the first holding
tank, and one or a plurality of sections further downstream
having an even smaller channel cross-sectional area. In addi-
tion, the channel cross-sectional area along the whole or a part
of the channel B may continuously become smaller in the
downstream direction.

[0204] Furthermore, it is more preferred that the cross-
sectional area of the channel B become smaller and smaller
closer to the second holding tank. In such a case, the liquid
can be more smoothly fed toward the second holding tank
during rotation at the second rotation speed or when rotation
is stopped due to the action of surface tension when the liquid
is fed from the first holding tank to the second holding tank by
gravity.

[0205] It is preferred that the plurality of channels B in the
respective levels of the liquid-feeding units according to the
present invention all form the same angle with respect to the
axis of rotation. This allows the liquid to be fed to a tank in the
direction of gravity during rotation at the same second rota-
tion speed or when rotation is stopped. Furthermore, this also
allows liquid feeding to be controlled more easily.

[0206] Inthe presentinvention, a channel C is connected to
the second holding tank. The channel C is the channel which
connects the second holding tank to the first holding tank of
the above-described lower level liquid-feeding unit. Conse-
quently, an upper level liquid-feeding unit and a lower level
liquid-feeding unit are connected by the channel C, so that the
liquid can be fed downstream to the next unit. More specifi-
cally, as is described below, during rotation at the second
rotation speed or when rotation is stopped, the liquid is not fed
from the second holding tank through the channel C to the
first holding tank of the lower level liquid-feeding unit.
Rather, during rotation at the first rotation speed, which is
faster than the second rotation speed, the liquid is fed from the
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second holding tank to the first holding tank of the lower level
liquid-feeding unit by the action of centrifugal force and
gravity.

[0207] The second holding tank in the present invention
contains the liquid which flows from the first holding tank. In
addition, like the first storage tank, a reagent or specimen may
also be contained in the second holding tank in advance
before rotation. The second holding tank may also have an
aperture so that the reagent or specimen can be injected
therein. By containing a liquid in the second holding tank in
advance, the liquid contained in advance can be fed to the first
holding tank of the lower level liquid-feeding unit via the
below-described channel C before theliquid flows in from the
first holding tank by rotating at the second rotation speed or
by stopping rotation.

(Channel C)

[0208] The first holding tank of the lower level liquid-
feeding unit according to the present invention is a holding
tank positioned on the outer circumferential side of the sec-
ond holding tank with respect to the axis of rotation of the
liquid-feeding chip. This first holding tank can hold in its
interior a reagent or aspecimen fed via the channel C from the
second holding tank by the action of centrifugal force during
rotation at the first rotation speed. Furthermore, during rota-
tion at the second rotation speed, which is carried out follow-
ing the rotation at the first rotation speed and is slower than the
first rotation speed, or when rotation is stopped, this first
holding tank can discharge the liquid held in its interior.
Therefore, excluding the point that the reagent or specimen is
fed from the channel C instead of the channel A, this first
holding tank is the same as the first holding tank of the highest
level liquid-feeding unit. Furthermore, the channel C may be
provided as a tank which can hold a specimen/reagent which
flows in via a channel E from a below-described second
storage tank during rotation at the first rotation speed.

[0209] For example, as illustrated in FIG. 1, one end of the
channel C is connected so as to open up a lower portion of the
second holding tank on the outer circumferential side, and the
other end is connected so as to open up an upper portion of the
first holding tank one level below on the axis of rotation side.

[0210] The channel C according to the present invention is
positioned between an upper level liquid-feeding unit and a
lower level liquid-feeding unit. The channel C is a channel for
feeding a specimen/reagent in the second holding tank of an
upper level liquid-feeding unit to the first holding tank of a
lower level liquid-feeding unit by the action of centrifugal
force and gravity during rotation of the liquid-feeding chip at
the first rotation speed. Consequently, a liquid held in the
second holding tank of the upper level liquid-feeding unit
during rotation at the second rotation speed or when rotation
is stopped can be fed to the first holding tank of the lower level
liquid-feeding unit during rotation at the first rotation speed.
Namely, the liquid can be controlled to sequentially flow
based on rotation speed control.

[0211] Itis preferred that at least a part of the channel C be
positioned further toward the inner circumferential of rota-
tion or higher than the “plane including a liquid surface of the
specimen/reagent” in the second holding tank during rotation
at the second rotation speed or when rotation is stopped. In
such a case, during rotation at the second rotation speed or
when rotation is stopped, the liquid which has flowed from the
first holding tank to the second holding tank can be more
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reliably held in the second holding tank without flowing into
the first holding tank of a lower level liquid-feeding unit.
[0212] Itis preferred that at least a part of the channel C be
positioned in a region positioned higher than the “plane
including a liquid surface of the specimen/reagent” in the
second holding tank which is formed during rotation at the
second rotation speed of the liquid-feeding chip or when
rotation is stopped. During rotation at the second rotation
speed or when rotation is stopped, although the specimen/
reagent flows from the first holding tank to the second holding
tank, by configuring in the above manner, liquid in the second
holding tank can be more reliably held.

[0213] Forexample, this will be described using FIG. 13 as
an example. When the liquid-feeding chip is rotated at the
second rotation speed, or when rotation is stopped, a liquid L1
in the second holding tank 10-2 forms a plane P4 including a
liquid surface. A part of the channel C-1 has a region posi-
tioned in a space whichis higher than this plane P4 (of the two
spaces separated by P4, the space on the opposite side to the
direction of gravity). Furthermore, the channel C-1 has a
connecting portion Q3 with the first holding tank 20-1 of the
next liquid-feeding unit in the same region. Consequently, the
liquid which has flowed to the second holding tank 10-2
during rotation at the second rotation speed or when rotation
1s stopped does not flow as far as the first holding tank of the
next liquid-feeding unit even if the liquid flows up to a mid-
point of the channel C.

[0214] Itis preferred that at least a part of the channel C be
positioned further toward the outer circumferential side than
the “plane including a liquid surface of the specimen/reagent”
in the second holding tank during rotation at the first rotation
speed. In such a case, during rotation at the first rotation
speed, the liquid in the second holding tank can be fed more
efficiently to the first holding tank of a lower level liquid-
feeding unit. More specifically, the liquid continues to flow
from the second holding tank to the first holding tank of the
lower level liquid-feeding unit while it is positioned further
on the outer circumferential side than the “plane including a
liquid surface ofthe specimen/reagent”. It is not necessary for
all of the channel C to be positioned further toward the outer
circumferential side than the “plane including a liquid surface
of the liquid” in the second storage tank at the first rotation
speed. Itis only necessary for the wall of the channel C on the
outer circumferential side to be positioned further toward the
outer circumferential side than the “plane including a liquid
surface of the liquid”.

[0215] Themovement process of the liquid from the second
holding tank when the liquid-feeding chip is rotated at the first
rotation speed is as follows. First, the “plane including a
liquid surface of the liquid” in the second holding tank when
the liquid-feeding chip according to the present invention
begins to be rotated inclines with respect to the horizontal
plane. Before reaching the first rotation speed, namely, when
the channel C is further toward the outer circumferential side
than the “plane including a liquid surface of the liquid” in the
second holding tank, the liquid begins to flow from the second
holding tank to the first holding tank of the next liquid-
feeding unit due to the action of centrifugal force and gravity.
Subsequently, while the “plane including a liquid surface of
the liquid” in the second holding tank is still positioned fur-
ther toward the inner circumferential than at least a part of the
channel C, the liquid continues to flow from the second hold-
ing tank to the first holding tank of the next level liquid-
feeding unit.
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[0216] Therefore, when at least a part of the channel C of
the liquid-feeding chip according to the present invention is
positioned further toward the outer circumferential side than
the “plane including a liquid surface ofthe specimen/reagent™
in the second holding tank during rotation at the first rotation
speed, all of the liquid in the second holding tank can be
moved to the first holding tank of the lower level liquid-
feeding unit via the channel C. For example, as illustrated in
FIG. 14, when the liquid-feeding chip is rotated at the first
rotation speed, a plane P4 including a liquid surface of the
liquid L1 in the second holding tank 10-2 traces a line which
slants upward to the right as viewed from the main surface of
the liquid-feeding chip. However, since the channel C-1 is
positioned further toward the outer circumferential side than
the liquid surface P4 (of the two spaces separated by P4, the
space on the opposite side to the axis of rotation side), the
liquid can flow out during rotation at the first rotation speed
until the second holding tank is empty.

[0217] Inthe presentinvention, itis preferred that the angle
formed by the channel C and the axis of rotation of the
liquid-feeding chip be smaller than the angle formed by the
channel B and the axis of rotation of the liquid-feeding chip.
This allows the problem in which liquid precedently flows out
from the second holding tank which is ahead of the channel B
when the liquid passes through the channel B during rotation
at the second rotation speed or when rotation is stopped to be
more reliably prevented. More specifically, by making the
channel C closer to the vertical than the channel B, namely, by
making the angle formed by the channel C and the axis of
rotation to be smaller than the angle formed by the channel B
and the axis of rotation, the liquid can be more reliably held in
the second holding tank.

[0218] For a liquid-feeding chip having three or more lig-
uid-feeding units, although there are a plurality of channels B,
itis preferred that the angle formed by each channel B and the
axis of rotation be the same. For a liquid-feeding chip having
a plurality of channels B, the liquid is usually fed within the
liquid-feeding chip by performing several cycles of rotation
at the first rotation speed and rotation at the second rotation
speed. However, in this case, the second rotation speed can be
set at the same speed without changing for each cycle.

[0219] Itis preferred that the angle formed by at least a part
of the channel C in the present invention and the axis of
rotation preferably have a shape forming an angle in an
upwards outer circumferential direction with respect to the
axis of rotation. It is preferred that the angle formed by the
channel C and the axis of rotation be small, as this allows the
distance between the two liquid-feeding units to be reduced,
and the liquid-feeding units to be arranged without any
wasted space. This angle may be appropriately set between
usually 0 to 80°, preferably 1 to 45°, and more preferably 3 to
15°. At this stage, it is preferred that the angle formed by the
channel C and the axis of rotation of the liquid-feeding chip
be smaller than the angle formed by the channel B and the axis
of rotation of the liquid-feeding chip. As described above, the
liquid passes through the channel B during rotation at the
second rotation speed or when rotation is stopped. At this
point, by adjusting so that the channel C forms an angle which
is closer to the vertical than the channel B, the specimen/
reagent can be more effectively prevented from flowing from
the second holding tank. More specifically, by adjusting in
this manner, and by alternately repeating the rotation of the
liquid-feeding chip according to the present invention at the
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first rotation speed and at the second rotation speed, the liquid
can be sequentially fed among the tanks

[0220] The “angle formed by the channel B and the axis of
rotation” and the “angle formed by the channel C and the axis
of rotation” mean the angle of the intersecting portion
between the extension line of the respective channel and the
axis of rotation. For example, as illustrated in FIG. 15, the
“angle formed by the channel B and the axis of rotation” is
represented by the angle s1 formed by the extension line S1 of
the channel B-1 (extension line in the direction in which the
liquid flows in the channel B) and the axis of rotation, and the
“angle formed by the channel C and the axis of rotation” is
represented by the angle s2 formed by the extension line S2 of
the channel C-1 (extension line in the direction in which the
liquid flows in the charnel C) and the axis of rotation. In this
case, s1is greater than s2 (s1>s2). If the channel C is inflected,
the angle formed between the axis of rotation and the channel
C can be defined as the angle formed between the axis of
rotation and the extension line extending along the line con-
necting the connecting portion of the second holding tank and
the channel C and the point positioned at the highest point
along the channel C.

[0221] Thedifference in the angle formed by the channel B
and the axis of rotation of the liquid-feeding chip and the
angle formed by the channel C and the axis of rotation may be
appropriately set to between usually 0.5 to 45°, and prefer-
ably 1 to 20°.

[0222] If the liquid-feeding chip according to the present
invention is composed of three or more liquid-feeding units,
there are plurality of channels C. In this case, it is preferred
that at least a part of each channel be parallel with the other
channels. In such a case, the first rotation speed for feeding
liquid from the plurality of provided second holding tanks to
the first holding tank ofthe lower level liquid-feeding unit can
be set to be the same rotation speed.

[0223] It is preferred that the channel C be positioned fur-
ther toward the outer circumferential side than the plane
which passes through a connecting portion of the channel C
and the second holding tank and which is perpendicular to the
combined force of the centrifugal force and gravity at the first
rotation speed. This allows a liquid which has been intro-
duced into the second storage tank to be fed to the first holding
tank of the lower level liquid-feeding unit when rotating the
liquid-feeding chip at the first rotation speed. For example, as
illustrated in F1G. 17, when the liquid-feeding chip is rotated
at the first rotation speed, a plane P5 including a liquid surface
of the liquid L1 in the second holding tank 10-2 traces a line
which slants upward to the right as viewed from the main
surface of the liquid-feeding chip. However, when the chan-
nel C-1 is positioned further toward the outer circumferential
side than the liquid surface P5 (of the two spaces separated by
PS5, the space on the opposite side to the space in which the
axis of rotation is located), the liquid can flow out until the
second holding tank 10-2 is empty.

[0224] The expression “plane which passes through a con-
necting portion of the channel C and the second holding tank
and which is perpendicular to the combined force of the
centrifugal force and gravity at the first rotation speed” means
the plane which forms an angle perpendicular to the com-
bined force of the centrifugal force and gravity acting on the
connecting portion of the channel C and the second holding
tank of the liquid-feeding chip when the liquid-feeding chip is
rotated at the first rotation speed, and which intersects that
connecting portion. For example, if the direction and magni-
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tude of the centrifugal force acting on the liquid-feeding chip
and of gravity are indicated by the arrows as illustrated in
FIG. 16, the combined force of the centrifugal force and
gravity is represented by the direction and the magnitude
indicated by the thick line facing in the outer circumferential
direction. Therefore, the expression “the plane which passes
through a connecting portion of the channel C and the second
holding tank and which is perpendicular to the combined
force of the centrifugal force and gravity at the first rotation
speed” means that the channel C is positioned in the space
(outer circumferential side) of the side opposite to the space
(inner circumferential side) in which the axis of rotation is
located with respect to the plane which passes through the
perpendicular arrow (in FIG. 16, the thick arrow) with respect
to the thick arrow indicating the combined force.

[0225] It is preferred that the connecting portion of the
channel C in the present invention and the first holding tank of
the lower level liquid-feeding unit be positioned further
toward the inner circumferential with respect to the axis of
rotation of the liquid-feeding chip than the “plane including a
liquid surface of the specimen/reagent” in the first holding
tank of the lower level liquid-feeding unit at the first rotation
speed. By doing so, flow of the liquid downstream, such as to
the second holding tank, from the first holding tank of the
lower level liquid-feeding unit during rotation at the first
rotation speed can be more effectively prevented.

[0226] The shape and the size of the channel C are not
specifically limited, as long as the overall channel has a tube
shape. The whole channel C does not have to have the same
shape. Furthermore, the channel C may be an aperture which
directly connects the second holding tank to the first holding
tank of the lower level liquid-feeding unit. The shape of the
transverse cross-section is not specifically limited to a circle,
apolygon or the like. The size of the transverse cross-section
also does not have to be fixed, and may be appropriately
adjusted to a size through which the specimen/reagent can
pass. For example, the short diameter (for a circle, this means
the radius, and for a polygon, this means the shortest diameter
passing through the center) is usually in the range of 10 um to
5 mm, and preferably in the range of 500 um to 3 mm. If the
short diameter of the channel C is shorter, the time required to
feed the liquid from the second holding tank to the first
holding tank of the lower level liquid-feeding unit at the first
rotation speed becomes longer. If the short diameter is longer,
the required time becomes shorter.

[0227] Furthermore, as long as the channel C connects the
second holding tank to the first holding tank of the lower level
liquid-feeding unit, the channel C does not have to be com-
pletely straight. Part of the channel C may be curved or have
an irregular shape. The extension shape of the channel C may
be a mix of straight lines and curves, and may even be
inflected midway along.

[0228] Furthermore, the channel C and the second holding
tank may be integrated. As illustrated in FIG. 3, the first
holding tank of the lower level liquid-feeding unit may be
directly in communication with the second holding tank. In
this case, the inner wall portions C-11 and C-21 of the second
holding tanks 10-2 and 20-2 on the outer circumferential side
can be considered as the channel C. More specifically, the
angle formed between the inner wall portions C-11 and C-21
of the second holding tanks on the outer circumferential side
and the axis of rotation may be appropriately set between
usually 0 to 80°, preferably 1 to 45°, and more preferably 3 to
15°. In such a case, the angle formed between the inner wall
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portions C-11, C-21,and D-11 of the second holding tanks on
the outer circumferential side and the axis of rotation of the
liquid-feeding chip is preferably smaller than the angle
formed between the channel B and the axis of rotation of the
liquid-feeding chip.

(Channel D)

[0229] The liquid-feeding chip according to the present
invention may have a channel D for discharging a liquid by
the first rotation speed from the second holding tank of the
lowest level liquid-feeding unit. Consequently, a resultant
product (usually a liquid) obtained by sequentially feeding
the specimen/reagent introduced into the liquid-feeding chip
from the respective tanks by rotation can be extracted from
the final tank via this channel D.

[0230] For example, as illustrated in FIG. 1, one end of the
channel D is connected so as to open up a lower portion of the
lowest level second storage tank on the outer circumferential
side, and the other end is extended in an upwards outer cir-
cumferential direction.

[0231] Ttis preferred that the channel D in the liquid-feed-
ing chip according to the present invention be configured so
that liquid is held in the second holding tank connected to the
channel D during rotation at the second rotation speed or
when rotation is stopped. Furthermore, it is preferred that the
channel D be configured so that the liquid in this second
holding tank is fed downstream via the channel D by the
action of centrifugal force during rotation at the first rotation
speed, which is faster than the second rotation speed. In such
a case, during rotation at the second rotation speed or when
rotation is stopped, the liquid held in the second holding tank
can be fed downstream by increasing the rotation speed,
thereby enabling control to sequentially feed the liquid.
[0232] It is preferred that at least a part of the channel D
include a region which is positioned further toward the inner
circumferential or higher than the “plane including a liquid
surface of the specimen/reagent” in the second holding tank
during rotation at the second rotation speed or when rotation
is stopped. In such a case, during rotation at the second
rotation speed or when rotation is stopped, the liquid which
has flowed from the first holding tank to the second holding
tank can be more reliably held in the second holding tank
without flowing into a below-described reaction tank.
[0233] For example, as illustrated in FIG. 18, during rota-
tion at the second rotation speed or when rotation is stopped,
the lower half region of the channel D is positioned higher
than the liquid surface P6 of the second holding tank 30-2.
[0234] Itis preferred that the channel D be positioned fur-
ther toward the outer circumferential side than the “plane
including a liquid surface of the specimen/reagent” in the
second holding tank which the channel D is connected to,
during rotation at the first rotation speed. In such a case,
during rotation at the first rotation speed, the liquid in the
second holding tank can be fed more efficiently to the below-
described reaction tank. It is not necessary for all of the
channel D to be positioned further toward the outer circum-
ferential side than the “plane including a liquid surface of the
liquid” in the second holding tank at the first rotation speed. It
is only necessary for at least the wall of the channel D on the
outer circumferential side to be positioned further toward the
outer circumferential side. Furthermore, it is not necessary
for all of the channel D to be positioned further toward the
outer circumferential side than the “plane including a liquid
surface of the liquid” in the second storage tank at the first
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rotation speed. It is only necessary for the wall of the channel
C on the outer circumferential side to be positioned further
toward the outer circumferential side than the “plane includ-
ing a liquid surface of the liquid.”

[0235] Ttis preferred that the channel D be positioned fur-
ther toward the outer circumferential side than the plane
which is perpendicular to the combined force of the centrifu-
gal force and gravity at the first rotation speed. This allows a
liquid which has been introduced into the second holding tank
to be more efficiently fed to the below-described reaction tank
when the liquid-feeding chip is rotated at the first rotation
speed. Here, the definitions of the “plane which is perpen-
dicular to the combined force of the centrifugal force and
gravity” and “further toward the outer circumferential side
than that plane” are as described for the channels A and C.
[0236] It is preferred that at least a part of the channel D
according to the present invention be parallel to at least a part
of the channel A of the upper level liquid-feeding unit. In such
a case, the first rotation speed for feeding liquid from the first
storage tank to the first holding tank and the first rotation
speed for feeding liquid from the second holding tank to the
first holding tank of the lower level liquid-feeding unit can be
set to be the same rotation speed. In addition, when liquid has
been introduced into the first storage tank and the second
holding tank in advance, these liquids can be simultaneously
fed to the next tank by carrying out rotation at the same first
rotation speed.

[0237] Anend portion of the channel D on the opposite side
to the connecting end with the second holding tank (the por-
tion indicated as D-1 in the example of FIG. 18) may be
connected with a separate tank, such as the reaction chamber
(reaction tank), or with a discharge passage. Examples of a
liquid-feeding chip in which the channel D is connected to a
discharge passage include the liquid-feeding chips illustrated
in FIGS. 1 to 3, 25 and 26. Furthermore, an example of a
liquid-feeding chip in which the channel D is connected to a
reaction chamber include the liquid-feeding chip illustrated
in FIG. 4.

(Discharge Passage)

[0238] When the channel D has a discharge passage, within
the channel D, it is preferred that the discharge passage be
positioned downstream of a region which is positioned higher
than the “plane including a liquid surface of the specimen/
reagent” in the second holding tank formed during rotation at
the second rotation speed or when rotation is stopped. This
allows the liquid to be more reliably held in the second hold-
ing tank.

[0239] This will be described with reference to FIG. 18
using a liquid-feeding chip which has stopped being rotated
as an example. When rotation is stopped, a liquid L1 in the
second holding tank 30-2 forms a plane P6 including a liquid
surface. A part of the channel D has a region positioned in a
space which is above this plane P6 (of the two spaces sepa-
rated by P6, the space on the opposite side to the direction of
gravity). Furthermore, the channel D has a discharge passage
D-1 in the same region.

[0240] Inthe presentinvention, itis preferred that the angle
formed by the channel B and the axis of rotation of the
liquid-feeding chip be larger than the angle formed by the
channel D and the axis of rotation of the liquid-feeding chip.
This allows the problem in which liquid precedently flows
from the second holding tank which is ahead of the channel B
when the liquid passes through the channel B during rotation
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at the second rotation speed or when rotation is stopped to be
more reliably prevented. More specifically, by making the
channel D closer to the vertical than the channel B, namely, by
making the angle formed by the channel D and the axis of
rotation to be smaller than the angle formed by the channel B
and the axis of rotation, the liquid can be more reliably held in
the second storage tank.

[0241] It is preferred that the channel D in the present
invention have a shape in which at least a part forms an angle
on the upwards outer circumferential side with respect to the
axis of rotation. More preferred is a shape in which an angle
of 0 to 80° is formed. Even more preferably, the angle can be
appropriately set between 1 to 45°, and still more preferably
3 to 15°. The angle formed by the channel D with respect to
the axis of rotation is similar to what was already described
above concerning the others channels, and thus a description
thereof will be omitted here.

[0242] The shape and the size of the channel D are not
specifically limited, as long as the overall channel has a tube
shape. The whole channel D does not have to have the same
shape. Furthermore, when the channel D is connected to a
reaction chamber (reaction tank), the channel D may be an
aperture which directly connects the second storage tank to
the reaction chamber (reaction tank). The shape of the trans-
verse cross-section is not specifically limited to a circle, a
polygon or the like. The size of the transverse cross-section
also does not have to be fixed, and may be appropriately
adjusted to a size through which the specimen/reagent can
pass. For example, the short diameter (for a circle, this means
the radius, and for a polygon, this means the shortest diameter
passing through the center) is usually in the range of 10 um to
5 mm, and preferably in the range of 100 um to 3 mm. If the
short diameter of the channel D is shorter, the time required to
feed the liquid from the second holding tank to the below-
described reaction tank at the first rotation speed becomes
longer. If the short diameter is longer, the required time
becomes shorter.

[0243] Furthermore, as long as the channel D is connected
to a second holding tank, the channel D does not have to be
completely straight. Part of the channel D may be curved or
have an irregular shape. The channel D may be formed from
a mix of straight lines and curves, and may even have an
inflection midway along.

[0244] Thechannel A, channel B, and channels B, C,and D
of the lower level liquid-feeding unit in the present invention
may have a tubular structure connecting the storage tanks to
the holding tanks, or an open structure so that the storage
tanks and the holding tanks are in directly communication
with each other.

[0245] Furthermore, the channel D and the second holding
tank of the lowest level liquid-feeding unit may be integrated
with each other. In addition, in this case, the second holding
tank of the lowest level liquid-feeding unit and the below-
described reaction tank may be in direct communication with
each other. In such a case, an inner wall portion of the second
holding tank on the outer circumferential side can be consid-
ered as the channel D.

[0246] Specifically, forexample, as illustrated in F1G. 3, the
inner wall portion D-11 of the second holding tank 30-2 on
the outer circumferential side can be considered as the chan-
nel D. The angle formed between the inner wall portion of the
second holding tanks on the outer circumferential side and the
axis of rotation may be appropriately set between usually 0 to
80°, preferably 1 to 45°, and more preferably 3 to 15°. In such
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a case, the angle formed between the inner wall portion of the
second holding tank on the outer circumferential side and the
axis of rotation of the liquid-feeding chip is preferably
smaller than the angle formed between the channel B and the
axis of rotation.

[0247] Itis preferred that the channels A, C, and D included
in the liquid-feeding chip according to the present invention
all form the same angle with respect to the axis of rotation. In
such a case, the liquid can be fed to a downstream tank by
rotation at the same first rotation speed. Furthermore, this also
allows liquid feeding to be controlled more easily.

[0248] The liquid-feeding chip according to the present
invention may have two or more of the above-described lig-
uid-feeding units. The number of liquid-feeding units is not
specifically limited.

[0249] The more the number of liquid-feeding units is
increased, the more the liquid feeding step can be slowed until
the final level. In addition, this also allows the types of speci-
men/reagent which can be sequentially fed to be increased.
Thus, when a plurality of liquid-feeding units are used, by
repeating rotation at the first rotation speed and rotation at the
second rotation speed (or stopping rotation), a plurality of
types of specimen/reagent can be sequentially fed.

[0250] The liquid-feeding chip according to the present
invention can also have a second storage tank and a channel E
in at least one liquid-feeding unit among the plurality of
liquid-feeding units. Consequently, a liquid can be injected
into each level of the liquid-feeding units and held in the first
holding tank at the first rotation speed. This allows a plurality
of types of liquid to be sequentially fed.

(Second Storage Tank)

[0251] A second storage tank may also be arranged on the
inner circumferential side of the second holding tank with
respect to the axis of rotation of the liquid-feeding chip.

[0252] As illustrated in FIG. 4, for example, a second stor-
age tank 10-3 can be arranged on the downwards inner cir-
cumferential side from the second holding tank 10-2. Since
the reagent and/or specimen is normally contained in advance
in the second storage tank before rotation, the second storage
tank may have an aperture so that the reagent and/or specimen
can be injected therein. The capacity of the second storage
tank is not specifically limited as long as the tank can contain
the reagent and/or specimen. However, a storage tank which
can contain 0.001 mL to 10 mL, and within that, 0.01 mL to
1 mL, of aliquid is preferred. Furthermore, the shape of the
second storage tank is not specifically limited. The shape may
be appropriately selected from among shapes such as a rough
sphere, cylinder, rectangular solid, pyramid, cone and the
like.

(Channel E)

[0253] Asillustrated in FIGS. 4,19, and 24 to 27, a channel
E is a channel which allows the second storage tank and the
second holding tank or the first holding tank to be in commu-
nication with each other. One end of the channel E is con-
nected so as to open up a lower portion of the second storage
tank on the outer circumferential side, and the other end is
connected so as to open up an upper portion of the second
holding tank on the axis of rotation side. This channel E is a
channel for feeding a liquid from the second storage tank to
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the second holding tank or the first holding tank by the action
of centrifugal force and gravity during rotation at the first
rotation speed.

[0254] It is preferred that at least a part of the channel E in
the presentinvention form an angle of 0 to 90° on the upwards
outer circumferential side with respect to the axis of rotation,
and an angle of 0 to 90° on the downwards outer circumfer-
ential side (outer circumferential side direction and the direc-
tion of gravity) with respect to the axis of rotation. This angle
may be appropriately set in the range of more preferably 1 to
90°, even more preferably 1 to 45°, and most preferably 1 to
15° on the upwards outer circumferential side (opposite
direction to the outer circumferential side direction and the
direction of gravity).

[0255] The shape and the size of the channel E are not
specifically limited, as long as the overall channel has a tube
shape. The whole channel E does not have to have the same
shape. Furthermore, the channel E may be an aperture which
directly connects the second storage tank to the second hold-
ing tank or the first holding tank. The shape of the channel
cross-section of the channel E is not specifically limited to a
circle, a polygon or the like. The size of the transverse cross-
section of the channel E also does not have to be fixed, and
may be appropriately adjusted to a size through which the
specimen/reagent can pass. For example, the short diameter
(for a circle, this means the radius, and for a polygon, this
means the shortest diameter passing through the center) of the
channel E is usually in the range of 10 pm to 5 mm, and
preferably in the range of 100 um to 1 mm. If the short
diameter of the channel E is shorter, the time required to feed
the liquid from the second storage tank to the second holding
tank or the first holding tank at the first rotation speed
becomes longer due to pressure loss. If the short diameter is
longer, the required time becomes shorter.

[0256] Furthermore, as long as the channel E connects the
second storage tank to the second holding tank or the first
holding tank, the channel E does not have to be completely
straight. Part of the channel E may be curved or have an
irregular shape. The extension shape of the channel E may be
amix of straight lines and curves, and may even be inflected
midway along.

[0257] Itis preferred that the channel E be positioned fur-
ther toward the outer circumferential side than the plane
which passes through a connecting portion of the channel E
and the second storage tank and which is perpendicular to the
combined force of the centrifugal force and gravity at the first
rotation speed. This allows a liquid which has been intro-
duced into the second storage tank to be fed from the second
storage tank to the second holding tank or the first holding
tank when the liquid-feeding chip is rotated at the first rota-
tion speed. Furthermore, this allows that liquid to be fed as is
to the second holding tank, the first holding tank, or the
reaction chamber. Here, the definitions of the “plane which is
perpendicular to the combined force of the centrifugal force
and gravity” and “further toward the outer circumferential
side than that plane” are as described for the channels A and
C.

[0258] Itis preferred that at least a part of the channel E be
positioned further toward the outer circumferential side than
the “plane including a liquid surface of the specimen/reagent”
in the first storage tank at the first rotation speed. Conse-
quently, when the liquid-feeding chip is rotated at the first
rotation speed, liquid which has been introduced into the
second storage tank can be fed more reliably to the second
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holding tank or the first holding tank. It is not necessary for all
of the channel E to be positioned further toward the outer
circumferential side than the “plane including a liquid surface
of the liquid” in the second storage tank at the first rotation
speed. Itis only necessary for the wall of the channel E on the
outer circumferential side to be positioned further toward the
outer circumferential side than the “plane including a liquid
surface of the liquid.”

[0259] The expression “liquid surface of the liquid in the
second storage tank at the first rotation speed” is similar to
what was described regarding the first storage tank for the
channel A. This expression means a plane including a liquid
surface formed by the liquid in the second storage tank when
the liquid-feeding chip having a second storage tank into
which liquid has been introduced is rotated at the first rotation
speed.

[0260] Themovement process ofthe liquid from the second
storage tank when the liquid-feeding chip is rotated at the first
rotation speed is as follows. First, the “plane including a
liquid surface of the liquid” in the second storage tank when
the liquid-feeding chip according to the present invention
begins to be rotated inclines with respect to the horizontal
plane. Before reaching the first rotation speed, namely, when
the channel E is further toward the outer circumferential side
than the “plane including a liquid surface of the liquid” in the
second storage tank, the liquid begins to flow from the second
storage tank into the second holding tank or the first holding
tank due to the action of centrifugal force and gravity. Sub-
sequently, while the “plane including a liquid surface of the
liquid” in the second storage tank is still positioned further
toward the inner circumferential than at least a part of the
channel E, the liquid continues to flow from the second stor-
age tank to the second holding tank or the first holding tank.
[0261] Therefore, when at least a part of the channel E of
the liquid-feeding chip according to the present invention is
positioned further toward the outer circumferential side than
the “plane including a liquid surface ofthe specimen/reagent™
in the second storage tank at the first rotation speed, all of the
liquid in the second storage tank can be moved to the second
holding tank via the channel E. For example, as illustrated in
FIG. 19, when the rotation of the liquid-feeding chip has
reached the first rotation speed, planes P7, P8, and P9 includ-
ing liquid surfaces of liquids [.1, L2, and L3 of the second
storage tanks 10-3, 20-3, and 30-3, respectively, trace a line
which slants upward to the right as viewed from the main
surface of the liquid-feeding chip. However, when the chan-
nel E is positioned further toward the outer circumferential
side than these planes (separated by P7, P8, and P9, the
opposite side to that where the axis of rotation is located), the
liquid can flow out until the second storage tank is empty.
[0262] Furthermore, it is preferred that a connecting por-
tion of the channel E and the second storage tank be posi-
tioned further toward the outer circumferential side during
rotation than the “plane including a liquid surface of the
specimen/reagent” in the second storage tank at the first rota-
tion speed. This allows the liquid in the second storage tank
during rotation at the first rotation speed to be more reliably
fed to the second holding tank or the first holding tank. In
addition, liquid can be fed to the channel D, and liquid can be
fed to the first holding tank of the next level liquid-feeding
unit via the channel C. For example, as illustrated in F1G. 19,
since connecting portions Q4 and Q5 of the second storage
tanks 10-3 and 20-3 and the channel E are positioned further
toward the outer circumferential side during rotation than the
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planes P7 and P8 (separated by P7 and P8, the opposite side to
that where the axis of rotation is located), the liquid in the
second storage tank can pass through the second holding tank
and the channels C-1 and C-2 without stagnating, and be fed
to the first holding tanks 20-1 and 30-1 of the next level
liquid-feeding unit (right side in FIG. 19). Furthermore, since
a connecting portion Q6 of the second storage tank 30-3 and
the channel E is allowed to be positioned further toward the
outer circumferential side during rotation than the plane P9
(separated by P9, the opposite side to that where the axis of
rotation is located), the liquid in the second storage tank can
be fed to the channel D without stagnating. In addition, the
liquid fed to the first storage tanks 20-1 and 30-1 moves to the
second holding tanks 20-2 and 30-2 which are in the direction
of gravity through the channels B-2 and B-3 during rotation at
the second rotation speed or when rotation is stopped (figures
not shown).

[0263] Furthermore, it is preferred that a connecting por-
tion of the channel E with the second holding tank or the first
holding tank be positioned closer to the axis of rotation (irner
circumferential side) than the plane including a liquid surface
of the liquid in the second holding tank or the first holding
tank at the first rotation speed. When the liquid-feeding chip
is rotated at the first rotation speed, the liquid fed from the
second storage tank forms a liquid surface which is approxi-
mately perpendicular to the combined force of the centrifugal
force and gravity at the second holding tank or the first hold-
ing tank. However, since the connecting portion of the chan-
nel E with the second holding tank or the first holding tank is
positioned closer to the axis of rotation than this plane includ-
ing the liquid surface, the liquid can be reliably held by the
second holding tank or the firstholding tank during rotation at
the first rotation speed. Furthermore, this also allows back
flow to the second storage tank to be more effectively pre-
vented.

[0264] In the liquid-feeding chips illustrated in FIGS. 26
and 27, the second storage tank 10-3 is connected to the first
holding tank 20-1 of the second liquid-feeding unit (U-2) via
a channel E-2. A second storage tank 40-3 is connected to a
second holding tank 40-2 of a fourth liquid-feeding unit (U-4)
via a channel E-4.

(Reaction Chamber)

[0265] As illustrated in FIG. 4, the liquid-feeding chip
according to the present invention may have a reaction cham-
ber in communication with the channel D. The term “reaction
chamber” in the present invention means a region in which the
specimen/reagent reacts. Specific examples of reactions
include an antigen-antibody reaction, a hybridization reac-
tion, an enzyme reaction, a denaturation reaction, a cross-
linking reaction and the like. Preferred examples include an
antigen-antibody reaction, a hybridization reaction, and an
enzyme reaction.

[0266] The reaction chamber in the present invention does
not have to be connected to the channel D. Furthermore, a
holding tank may serve as a reaction chamber. For example,
the second holding tank of the lowest level liquid-feeding unit
may be utilized as the reaction chamber.

[0267] Beads (acarrier) on which an antibody or an antigen
is bound may be filled into the reaction chamber of the present
invention. In such a case, an antigen-antibody reaction can be
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carried out by feeding a specimen/reagent including a sub-
stance which is specifically bound to an antibody or an anti-
gen.

(Waste Tank)

[0268] As illustrated in FIG. 4, for example, the liquid-
feeding chip according to the present invention may have a
waste tank 50 which is in communication with a reaction
chamber 40. In such a case, waste liquid can be held in the
liquid-feeding chip, which allows the risk of leaks from the
liquid-feeding chip of a specimen which may beinfectious, or
a specimen/reagent which is suspected of being poisonous or
environmentally toxic to be reduced. Furthermore, this can
also reduce the risk of coming into contact with a person’s
body. The waste tank 50 is a tank for storing a specimen/
reagent which has passed through all the thanks The waste
tank 50 is positioned at a location where centrifugal force is
applied during rotation at the first rotation speed of the liquid-
feeding chip. Usually, the waste tank 50 is a lower corner
portion on the side farthest from the axis of rotation of the
liquid-feeding chip. The size of the waste tank 50 is not
specifically limited as long as the tank is capable of storing the
waste liquid. However, a waste tank that can store 0.01 to 20
mL, and within that, 0.2 to 5 mL is preferred. Furthermore, it
is preferred that the capacity of the waste tank be larger than
that of the other storage tanks The shape of the waste tank is
not specifically limited. The shape may be appropriately
selected from among shapes such as a sphere, rectangular
solid, prismatic column, cylinder and the like.

[0269] The liquid-feeding chip according to the present
invention may be configured so that different specimens/
reagents flow into at least one holding tank, and are mixed in
the interior of that holding tank. This allows a plurality of
specimens/reagents to be mixed in the interior of the holding
tanks, so that reagents which are unstable after mixing can be
held in different holding tanks, and mixed in the holding tanks
by rotation.

[0270] A plurality of the liquid-feeding chips according to
the present invention may be connected to a common channel
or a common tank. In this case, even if one specimen/reagent
is stored in advance in one of the liquid-feeding chips, differ-
ent specimen/reagents may be sequentially flowed from a
different liquid-feeding chip to the common channel or tank.
Obviously, this enables the types of specimen/reagent which
can be sequentially flowed from to the common channel or
tank to be increased, when the respective liquid-feeding chips
contain a plurality of specimen/reagents.

(Specimen/Reagent Containment, Reagent Reservoir Unit)

[0271] The specimen/reagent does not have to be contained
in the storage tanks or holding tanks when the liquid-feeding
chip according to the present invention is mounted on the
rotation apparatus. However, normally, a predetermined
specimen/reagent is contained in any of the tanks prior to
rotation of the liquid-feeding chip. By containing (storing) a
predetermined specimen/reagent in advance in the liquid-
feeding chip before mounting on the rotation apparatus, an
operation for injecting the reagent into the liquid-feeding chip
while the chip is mounted on the rotation apparatus can be
omitted.

[0272] It is especially preferred that different specimen/
reagents be stored in advance in at least two tanks including a
storage tank and the second holding tank. This allows differ-
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ent specimen/reagents to be sequentially fed by rotation. Tt is
more preferred that different specimen/reagents be stored in
advance in at least two tanks selected from the first storage
tank, the second storage tank, and a second holding tank from
one of the plurality of units arranged at a lower level.

[0273] Asillustrated in FIG. 27, the first storage tank and/or
second storage tank in the present invention may be provided
as a removably-mounted reagent reservoir unit F on a liquid-
feeding chip body G. Furthermore, the configuration example
illustrated in FIG. 27 has the same configuration as the con-
figuration example illustrated in FIG. 26 described above,
except that the first and second storage tanks are provided on
the separate removably-mounted reagent reservoir unit F.

[0274] Itis preferred that the reagent reservoir unit F in the
present invention have a reagent stored in advance in a tank
formed in its interior. Preferably, the reagent reservoir unit F
can maintain the stability and performance of the reagent for
10days or more. Typically, a first storage tank and/or a second
storage tank is provided in the reagent reservoir unit F. A part
ofthe channel A (A-1a and A-15) and channel E (E-2 and E-4)
or an aperture is provided on the reagent reservoir unit F.
When this reagent reservoir unit is connected to the liquid-
feeding chip body G (during use), itis in communication with
the first storage tank and/or second storage tank. A structure
functioning as a liquid-feeding chip is obtained by having the
first storage tanks (1-1a and 1-b) and/or second storage tanks
(10-3 and 40-3) of the reagent reservoir unit F be engaged and
in communication with the first holding tanks (10-1 and 20-1)
and/or second holding tank (40-2).

[0275] To achieve long-term storage stability of a liquid
reagent, for example, it is preferred that the reagent reservoir
unit in the present invention be formed from a resin having
low moisture absorbance. In addition, to prevent degradation
from light, it is preferred that the reagent reservoir unit be
formed from a resin having low light transmittance.

[0276] Therefore, it is preferred to provide the reagent res-
ervoir unit having a first storage tank and/or a second storage
tank so that it can be mounted on and removed from the
liquid-feeding chip (liquid-feeding chip body G). as this
enables a resin to be selected which is appropriate for the
functions demanded at each section and each unit of a single
liquid-feeding chip. Furthermore, this also enables the costs
of the overall liquid-feeding chip to be suppressed.

[0277] Furthermore, at least a part of the reagent reservoir
unit may be formed from a resin having a moisture absorption
property 0f0.1% or less, and preferably 0.03% or less. This is
preferable because it enables long-term storage of the reagent
without the reagent concentration changing. An upper limit of
the moisture absorption is usually 0.2%. The moisture
absorption can be measured by weight measurement. Further,
the moisture absorption can also be measured in accordance
with the JIS standard JIS K7209.

[0278] In addition, at least a part of the reagent reservoir
unit may be formed from a resin having a light transmittance
(light beam transmittance) property of 10% or less, and pref-
erably 1% or less. This is preferable because it allows a
photodegradable reagent to be stored. The light transmittance
may be measured by a spectrophotometer. Further, the light
transmittance can also be measured in accordance with the
JIS standard JIS K7105. To reduce the light transmittance, a
resin containing a pigment, carbon or the like may be used.

[0279] Examples of the material for the reagent reservoir
unit may include those described above as material for the
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liquid-feeding chip. Specifically, preferred examples include
polypropylene and polyethylene.

[0280] To suppress reagent evaporation, a film may be
adhered to the aperture in the reagent reservoir unit. In such a
case, the film is removed just before use, and the reagent
reservoir unit is mounted on the liquid-feeding chip body so
that the liquid can be fed.

[0281] Although an example was described here of a con-
figuration having the storage tank of the liquid-feeding chip
illustrated in FIG. 27 as the separate reagent reservoir unit,
configurations in which the storage tank is prepared as the
separate reagent reservoir unit may also be used in the other
exemplary configurations of the liquid-feeding chip accord-
ing to the present invention, such as the liquid-feeding chip
illustrated in FIG. 1, for example.

[0282] Further, it is preferred that at least one of the holding
tanks included in the liquid-feeding chip according to the
present invention be a tank which is connected to a storage
tank and/or holding tank on a higher level than that holding
tank via a plurality of channels, so that different specimen/
reagents which have flowed from the respective tanks can be
mixed in the interior of that holding tank. This allows a
plurality of specimen/reagents to be simultaneously mixed.
[0283] Examples of “connected to a storage tank and/or
holding tank on a higher level than that holding tank via a
plurality of channels” may include the following configura-
tions. First, when “that holding tank” is a first holding tank,
this holding tank needs to be connected to at least one first
storage tank as described above. However, a configuration in
which “that holding tank” is connected to two or more first
storage tanks via a plurality of channels corresponds to “con-
nected to a storage tank and/or holding tank on a higher level
than that holding tank via a plurality of channels.” Further, a
configuration in which, in addition to a first storage tank, “that
holding tank” is connected to a storage tank and a holding
tank selected from among holding tanks in higher-level units
and optionally-provided second storage tanks via channels
also corresponds to “connected to a storage tank and/or hold-
ing tank on a higher level than that holding tank via a plurality
of channels.” More specifically, as illustrated in FIG. 22-1,
two first storage tanks 1-1a and 1-15 can be connected to the
first holding tank 10-1 via channels A-1a and A-14. Such a
configuration allows the specimen/reagents in the two first
storage tanks to be simultaneously mixed in the first holding
tank.

[0284] On the other hand, when “that holding tank” is a
second holding tank, this holding tank needs to be connected
to at least one first holding tank as described above. However,
a configuration in which “that holding tank” is connected to
two or more first holding tanks via a plurality of channels
corresponds to “connected to a storage tank and/or holding
tank on a higher level than that holding tank via a plurality of
channels.” Further, a configuration in which, in addition to a
first holding tank, “that holding tank” is connected to a first
storage tank, a second storage tank, and a first holding tank in
the same unit, and is also connected to two or more storage
tanks and holding tanks selected from among holding tanks
and optionally-provided second storage tanks in higher-level
units also corresponds to “connected to a storage tank and/or
holding tank on a higher level than that holding tank via a
plurality of channels.” More specifically, as illustrated in FIG.
22-2, two first holding tanks 10-1¢ and 10-1d can be con-
nected to the second holding tank 10-2 via channels B-1¢ and
B-1d. The first holding tanks 10-1¢ and 10-1d are connected
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to first storage tanks 1-1¢ and 1-1d via channels A-1¢ and
A-1d, respectively. In this example, the specimen/reagents in
the two first storage tanks can be separately stirred in the first
storage tanks, and then the resultant mixtures are mixed in a
second holding tank.

[0285] Although the specimen/reagent in the present inven-
tion is as described above, the specimen/reagent preferably
includes at least one reagent selected from a labeled antibody,
awashing solution, a substrate, a hydrogen peroxide solution,
and a diluent. In such a case, a reagent which is commonly
used in antigen-antibody reactions and which needs to be
sequentially reacted, can be by sequentially fed and reacted
using the liquid-feeding chip according to the present inven-
tion.

[0286] Furthermore, the specimen/reagent in the present
invention may be an enzyme, a nucleic acid and the like. A
specimen and a plurality of reagents may be continuously
mixed or mixed in advance, and fed to the reaction chamber
for nucleic acid amplification and detection.

[0287] It is preferred that the inner wall of at least one
storage tank, holding tank, or channel of the storage tanks,
holding tanks, and channels in the liquid-feeding chip accord-
ing to the present invention have been subjected to an adsorp-
tion suppression treatment. This allows errors in measure-
ment, analysis, and reaction caused by reduction in the
component concentration due to adsorption of the specimen
and the reagent to be reduced, so that accuracy can be
improved. Furthermore, the liquid may stagnate if the speci-
men/reagent contained in a storage tank is adsorbed by the
inner wall. However, by carrying out an adsorption suppres-
sion treatment, this problem can be resolved. Examples of
methods for the adsorption suppression treatment which can
be used include a coating treatment in which a hydrophilic
polymer material is adsorbed on a surface by static electricity,
and a method in which a hydrophilic polymer material is
covalently bonded to the surface of the resin and tightly
secured by irradiating a high-energy beam.

[0288] Itis preferred that at least one from among the first
storage tank, second storage tank, first holding tank, second
holding tank, waste tank, and reaction chamber (reaction
tank) have an air channel or an air hole for depressurizing. The
air pressure in the storage tanks changes when the specimen/
reagent is contained, which can lead to a reduction in the
feeding efficiency of the liquid-feeding chip, or even damage
to the liquid-feeding chip. Thus, by having an air channel, the
air pressure in the storage tanks can be maintained at a con-
stant level, whereby such risks can be avoided. Furthermore,
having an air channel also allows the specimen/reagent to be
introduced via the air channel into a first storage tank, first
holding tank, and second holding tank.

[0289] The position and the angle of the air channel is not
specifically limited. However, to prevent the specimen/re-
agent from flowing in during liquid feeding, itis preferred that
the air channel extend and be open in the axis of rotation
direction (inner circumferential side) from the respective
storage tanks

[0290] The shape and the size of the air channel are not
specifically limited, as long as the overall channel has a tube
shape. The whole air channel does not have to have the same
shape. The shape of the transverse cross-section of the air
channel is not specifically limited to a circle, a polygon or the
like. The size of the transverse cross-section of the air channel
also does not have to be fixed, and may be appropriately
adjusted to a size through which the specimen/reagent can
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pass. For example, the short diameter (for a circle, this means
the radius, and for a polygon, this means the shortest diameter
passing through the center) of the air channel is usually in the
range 0of 0.1 to 5.0 mm, and preferably in the range of 0.5 to
2.0 mm.

2. Analysis Method According to the Present Invention

[0291] The analysis method of a specimen according to the
present invention includes the steps of introducing a speci-
men/reagent into at least one storage tank of the liquid-feed-
ing chip, then rotating the liquid-feeding chip about an axis of
rotation external to the liquid-feeding chip at a first rotation
speed, and rotating at a second rotation speed which is slower
than the first rotation speed or stopping rotation.

[0292] FIGS. 5 to 7 illustrate the movement of the speci-
men/reagent during analysis using the liquid-feeding chip of
examples according to the present invention.

[0293] FIGS. 23-1 to 23-8 illustrate the movement of the
specimen/reagent in the liquid-feeding chip according to the
present invention.

[0294] Each of these figures is shown having an axis of
rotation on the left side when the main surface of the liquid-
feeding chip is viewed from the front. More specifically, each
of these figures illustrates a state viewed from a circumferen-
tial direction of the orbit when the axis of rotation in an
approximately perpendicular direction is positioned on the
left side of the liquid-feeding chip when it is rotated. The
direction facing the left side of the liquid-feeding chip on the
paper face is the axis of rotation direction (inner circumfer-
ential side). The direction facing the right side of the liquid-
feeding chip on the paper face is the outer circumferential
side, which is also the centrifugal force direction. In addition,
downwards is the direction of gravity (approximately perpen-
dicular direction).

[0295] Preferably, the analysis method of the specimen in
the present invention includes a step of introducing a speci-
men/reagent into at least one storage tank or holding tank of
the liquid-feeding chip and repeating at least twice or more
the steps of rotating the liquid-feeding chip about an axis of
rotation external to the liquid-feeding chip at a first rotation
speed, and rotating at a second rotation speed which is slower
than the first rotation speed or stopping rotation.

[0296] For example, suppose the case in which a liquid-
feeding chip has two liquid-feeding units each formed from a
first holding tank, a second holding tank, and a channel B
connecting them, and a first storage tank being in communi-
cation with the first holding tank by a channel A, with a
channel D being connected to the second holding tank of the
lower level liquid-feeding unit. In this case, when two types of
specimen/reagent are introduced and contained in the first
storage tank and the second holding tank of the lower level
liquid-feeding unit, the specimen/reagent contained in the
first storage tank flows to and is held in the first holding tank
during rotation at a first rotation speed. The specimen/reagent
contained in advance in the second holding tank of the lower
level liquid-feeding unit flows out from the channel D. Fur-
ther, the specimen/reagent held in the first holding tank of the
upper level liquid-feeding unit moves to the second holding
tank by rotating at a second rotation speed which is slower
than the first rotation speed, or by stopping rotation. In addi-
tion, the specimen/reagent held in the second holding tank is
moved to the first holding tank of the lower level liquid-
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feeding unit by rotating at the first rotation speed. By repeat-
ing these steps, a plurality of different specimen/reagents can
be sequentially fed.

[0297] For example, suppose the case in which a liquid-
feeding chip has two liquid-feeding units each formed from a
first holding tank, a second holding tank. and a charnnel B
connecting them, and a first storage tank being in communi-
cation with the first holding tank by a channel A. In this case,
when two types of specimen/reagent are introduced and con-
tained in the first storage tank and the second holding tank of
a first level liquid-feeding unit, the specimen/reagent con-
tained in the first storage tank flows to and is held in the first
holding tank during rotation at a first rotation speed. The
specimen/reagent contained in advance in the second holding
tank of the first level liquid-feeding unit is fed to the first
holding tank ofa second level liquid-feeding unit via a chan-
nel C. Further, the specimen/reagent held in the first holding
tank of the first level liquid-feeding unit is fed to the second
holding tank of the first level unit by rotating at a second
rotation speed which is slower than the first rotation speed, or
by stopping rotation. In addition, the specimen/reagent held
in the first holding tank of the second level liquid-feeding umit
is fed to the second holding tank of the second level liquid-
feeding unit. Moreover, by rotating at the first rotation speed,
the specimen/reagent held in the second holding tank of the
first level liquid-feeding unit is fed to the first holding tank of
a lower level liquid-feeding unit, and the specimen/reagent
held in the second holding tank of the second level unit is
discharged via a channel D. Still further, by repeating the
rotation at a second rotation speed or the stopping of rotation
and the rotation at the first rotation speed, the remaining one
specimen/reagent is discharged via the channel D. Therefore,
using only centrifugal force and gravity as a driving force, a
plurality of specimen/reagents can be sequentially fed
through the tanks

[0298] Theanalysis method according to the present inven-
tion will now be described based on FIGS. 23-1 t0 23-8. Inthe
example illustrated in FIG. 23-1, before rotation, respective
liquids (specimen/reagents) L1, L3, L5, and L7 are contained
in advanceina first storage tank 1-1 and second holding tanks
10-2, 20-2, and 30-2.

[0299] Asillustrated in F1G.23-2, ifthe liquid-feeding chip
is first rotated at the first rotation speed, the specimen/re-
agents .1, 1.3, and L5 are fed to the first holding tanks 10-1,
20-1, and 30-1, respectively, and the specimen/reagent L7
reacts in the reaction chamber and is then discharged.

[0300] Next, as illustrated in FIG. 23-3, if the liquid-feed-
ing chip is rotated at the second rotation speed or if rotation is
stopped, the specimen/reagents L1, .3, and L5 are fed to the
second holding tanks 10-2, 20-2, and 30-2, respectively.
[0301] Asillustrated in F1G.23-4, ifthe liquid-feeding chip
is then again rotated at the first rotation speed, the specimen/
reagents [L1 and [3 are fed to the first holding tanks 20-1 and
30-1 of the next level liquid-feeding unit, respectively, and the
specimen/reagent L5 reacts in the reaction chamber and is
then discharged.

[0302] Asillustrated in FIG.23-5, if the liquid-feeding chip
is then rotated at the second rotation speed or if rotation is
stopped, the specimen/reagents L1 and L3 are fed to the
second holding tanks 20-2 and 30-2, respectively.

[0303] Next, as illustrated in FIG. 23-6, if the liquid-feed-
ing chip is again rotated at the first rotation speed, the speci-
men/reagent L1 is fed to the first holding tank 30-1 of the still
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next level liquid-feeding unit, and the specimen/reagent 1.3
reacts in the reaction chamber and is then discharged.
[0304] Asillustrated in FIG.23-7, if the liquid-feeding chip
is then rotated at the second rotation speed or if rotation is
stopped, the specimen/reagent L1 is fed to the second holding
tank 30-2.

[0305] Subsequently, as illustrated in FIG. 23-8, if the lig-
uid-feeding chip is again rotated at the first rotation speed, the
specimen/reagent L1 reacts in the reaction chamber and is
then discharged. In this example, all of the specimen/reagents
were sequentially fed to the reaction chamber and discharged
from the liquid-feeding chip over 4 cycles.

[0306] The first rotation speed in the present invention may
be a specific rotation speed, or may be a continuously chang-
ing rotation speed. In particular, the first rotation speed may
be any speed as long as it is faster than the speed at which the
liquid can be fed to the next holding tank or the reaction tank
via the channels A, C, D, or E.

[0307] The second rotation speed in the present invention
may be a specific rotation speed, or may be a continuously
changing rotation speed. In particular, the second rotation
speed may be any speed as long as it is slower than the speed
at which the liquid can be fed to the next holding tank via the
channel B of a liquid-feeding unit at each level.

3. Feeding Method

[0308] The liquid-feeding chip according to the present
invention can be utilized in a liquid feeding method. An
example of the feeding method according to the present
invention will now be described.

[0309] First, a liquid-feeding chip having the above-de-
scribed configuration is prepared. Next, a liquid is introduced
into a storage tank of the liquid-feeding chip.

[0310] Then, the liquid-feeding chip into which the liquid
was introduced is mounted on a rotation apparatus. The lig-
vid-feeding chip is rotated at the above-described first rota-
tion speed, so that the liquid is fed to a first holding tank by
utilizing centrifugal force.

[0311] Subsequently, (a) the liquid-feeding chip is rotated
at a second rotation speed, which is slower than the first
rotation speed, or rotation is stopped, so that the liquid is fed
to a second holding tank by utilizing gravity.

[0312] Further, (b) the liquid-feeding chip is rotated at the
first rotation speed, so that the liquid is fed to alower level first
holding tank.

[0313] In addition, the steps (a) and (b) may be carried out
once or repeated twice or more. Step (a) may be set as the final
step so that the liquid is ultimately held in the second holding
tank. Further, step (b) may be set as the final step, and the
liquid can be moved out of the liquid-feeding chip using a
separate channel.

[0314] According to the feeding method of the present
invention, a liquid can be fed to a desired tank in a liquid-
feeding chip by utilizing centrifugal force and gravity. There-
fore, for example, preparation such as stirring and mixing, or
reactions among a plurality of types of liquid can be carried
out in an arbitrary tank.

4. Specific Examples and Usage Examples of the Liquid-
Feeding Chip According to the Present Invention

[0315] Specific examples and usage examples of the liquid-
feeding chip according to the present invention will now be
described with reference to the drawings.
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[0316] As illustrated in FIG. 1, a liquid-feeding chip is
composed of a first level liquid-feeding unit U-1, a lower level
liquid-feeding unit (second level liquid-feeding unit) U-2,
and a lowest level liquid-feeding unit (third level liquid-feed-
ing unit) U-3. In the liquid-feeding chip illustrated in FIG. 1,
a first storage tank 1-1 is arranged on an inner circumferential
side (left side: axis of rotation side) of the liquid-feeding unit
U-1. This first storage tank 1-1 is connected to a first holding
tank 10-1 of the first level liquid-feeding unit U-1 via a
channel A-1. The first level liquid-feeding unit U-1 is com-
posed of the first holding tank 10-1, a channel B-1, and a
second holding tank 10-2. The first holding tank 10-1 and the
second holding tank 10-2 are connected by the channel B-1.
The second holding tank 10-2 is connected to a first holding
tank 20-1 of the lower level liquid-feeding unit (second level
liquid-feeding unit) U-2 via a channel C-1. The second level
liquid-feeding unit U-2 is composed of the first holding tank
20-1, a channel B-2, and a second holding tank 20-2. The first
holding tank 20-1 and the second holding tank 20-2 are con-
nected by the channel B-2. The second holding tank 20-2 is
connected to a first holding tank 30-1 of the third level liquid-
feeding unit U-3 via a channel C-2. The third level liquid-
feeding unit U-3 includes the first holding tank 30-1, a chan-
nel B-3, and a second holding tank 30-2. The first holding
tank 30-1 and the second holding tank 30-2 are connected by
the channel B-3. A channel D is provided in the third level
liquid-feeding unit U-3, and is connected to the second hold-
ing tank 30-2 as an outlet channel.

[0317] Asillustrated in FIG. 1, the first storage tank 1-1, the
second holding tank 10-2 of the upper level liquid-feeding
unit, and the second holding tank 20-2 of the third level
liquid-feeding unit are positioned on the inner circumferen-
tial side, namely the axis of rotation side of the liquid-feeding
chip, of the first holding tank 10-1 of the upper level liquid-
feeding unit, the first holding tank 20-1 of the lower level
liquid-feeding unit, and the first holding tank 30-1 of the third
level liquid-feeding unit, respectively. The channel A-1
extends in an upwards incline from a bottom portion of the

first storage tank 1-1, and is connected to an upper portion of
the first holding tank 10-1.

[0318] As illustrated in FIG. 1, the channel C-1 connects
the liquid-feeding unit U-1 and the liquid-feeding unit U-2,
and the channel C-2 connects the liquid-feeding unit U-2 and
the liquid-feeding unit U-3. More specifically, the channel
C-1 extends from a bottom portion of the second holding tank
10-2 of the liquid-feeding unit U-1 upwards in an outer cir-
cumferential direction, and opens onto an upper portionofthe
first holding tank 20-1 of the liquid-feeding unit U-2. The
channel C-2 extends from a bottom portion of the second
holding tank 20-2 of the liquid-feeding unit U-2 upwards in
an outer circumferential direction, and opens onto an upper
portion of the first holding tank 30-1 of the liquid-feeding unit
U-3. The channel D is connected to a lower portion of the
second holding tank 30-2 of the liquid-feeding unit U-3, and
liquid is discharged from the liquid-feeding unit.

[0319] On the other hand, although generally the same as
the example illustrated in FIG. 1, the example illustrated in
FIG. 2 is different in having two first storage tanks 1-1a and
1-1b connected to the first level liquid-feeding unit U-1. The
first storage tanks 1-1a and 1-1b are connected to the first
holding tank 10-1 by channels A-1a and A-2b, respectively.
The incline of the channels A-1a and A-2b is generally the
same. Although the first storage tanks 1-1a and 1-15 have a
circular shape, their shapes are not specifically limited as long
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as liquid can smoothly flow out by centrifugal force from the
channels A-1a and A-2b. Examples of other shapes include a
conical, pyramid, spherical and the like shape. With such a
configuration, a specimen/reagent contained in advance in the
two first storage tanks 1-1a and 1-15 can be mixed in the first
holding tank 10-1 by rotation at the first rotation speed.
[0320] In the liquid-feeding chip illustrated in FIGS. 1 and
2, the second holding tank 30-2 of the third level liquid-
feeding unit U-3 is connected from the first holding tank 30-1
of the liquid-feeding unit U-3 by the channel B-3 which
extends toward the direction of gravity and the axis ofrotation
(inner circumferential side). Further, the channels B-1, B-2,
and B-3 are wider than the channels A-1, C-1, and C-2, and
have a smaller incline with respect to the axis of rotation. In
addition, the channel D connected to the second holding tank
30-2 of the third level liquid-feeding unit U-3 extends from
the axis of rotation toward the distant side (outer circumfer-
ential side). The channel D extends in an upwards incline until
amidpoint along the channel, then extends in a perpendicular
direction with respect to the axis of rotation and opens onto
the exterior. The channel D has a width which is about the
same as that of the channel A-1.

[0321] Inthe example illustrated in FIG. 1, the first storage
tank 1-1 and the second holding tanks 10-2,20-2, and 30-2 are
respectively provided with air channels 11-1 to 11-4. Further-
more, in the example illustrated in FIG. 2 too, the first storage
tanks 1-1a and 1-15 are provided with air channels 11-1a and
11-14, and the second holding tanks 10-2, 20-2, and 30-2 are
provided with air channels 11-2 to 11-4, respectively. Each of
these air channels extends upwards on the axis of rotation side
from an upper portion of the storage tank, and opens onto the
exterior. In addition, the first holding tanks 10-1, 20-1, and
30-1 are provided with air holes 11-5,11-6, and 11-7, respec-
tively.

[0322] The example illustrated in FIG. 3 is the same as the
example illustrated in FIG. 1 in terms of the configuration of
the internal tanks and channels, but differs in terms of the size
and shape of these parts.

[0323] Specifically, the first storage tank 1-1 has an circular
profile when viewed from a main surface side thereof. Profiles
of the second holding tank 10-2 of the upper level liquid-
feeding unit U-1, the second holding tank 20-2 of the lower
level liquid-feeding unit U-2, and the second holding tank
30-2 of thelowest level liquid-feeding unit when viewed from
amain surface side thereof are a quadrilateral protruding out
in the outer circumferential direction. Profiles of the first
holding tank 10-1 of the upper level liquid-feeding unit U-1,
the first holding tank 20-1 of the lower level liquid-feeding
unit U-2, and the first holding tank 30-1 of the lowest level
liquid-feeding unit when viewed from the main surface side
thereof have a swollen capsule-shape in which a quadrilateral
extends out along both sides in the axis of rotation direction.
[0324] Furthermore, in the example illustrated in FIG. 3,
the channel A-1 is slightly inclined near the first holding tank
10-1 in the direction of gravity. The channels B-1, B-2, and
B-3 extend toward the axis of rotation direction at the respec-
tive connecting portions (origin) on the first holding tanks
10-1, 20-1, and 30-1. However, near the second holding tanks
10-2, 20-2, and 30-2 where they each connect, the channels
B-1, B-2, and B-3 switch to a direction of gravity direction.
The channel D extends in a straight line in the outer circum-
ferential direction with respect to the axis of rotation. The air
channels 11-1, 11-2, 11-3 and 11-4 extend toward the outer
circumferential side from an aperture of the liquid-feeding
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chip on the inner circumferential side, switch to the direction
of gravity midway along, and open into the first storage tank
1-1 and the second holding tanks 10-2 and 20-2 and the
second holding tank 30-2 to which each of these air channels
is respectively connected.

[0325] In addition to the channels A-1 and D illustrated in
FIG. 3, the air channels 11-1, 11-2, 11-3 and 11-4 have an
aperture diameter which is larger than each of those illus-
trated in FIG. 1. Moreover, in this example, as described
above, inner wall portions C-11 and C-21 of the second hold-
ing tank play the role of the channel C. Furthermore, an inner
wall portion D-11 of the second holding tank constitutes part
of the channel D.

[0326] The example illustrated in FIG. 4 is different from
the example illustrated in FIG. 1 in further having second
storage tanks 10-3, 20-3, and 30-3 in the liquid-feeding units
U-1, U-2, and U-3, respectively. The second storage tanks
10-3, 20-3, and 30-3 are connected to the second holding
tanks 10-2, 20-2, and 30-2 by channels E-1, E-2, and E-3,
respectively. Furthermore, in the example illustrated in FIG.
4, areaction chamber 40 is provided midway along the chan-
nel D, and the channel D is ultimately connected to a waste
tank 50.

[0327] Examples of the analysis method according to the
present invention will now be described while referring to
FIGS. 5,6 and 7. FIGS. 5, 6 and 7 illustrate the liquid feeding
principles of the liquid-feeding chip according to the present
invention using the liquid-feeding chip illustrated in FIG. 2 as
an example.

[0328] FIG. Sillustrates a state in which specimen/reagents
L1, L2, and L3 are filled (stopped state). FIG. 6 illustrates a
state in which the liquid-feeding chip is being rotated at a first
rotation speed. F1G. 7 illustrates a state in which the liquid-
feeding chip is being rotated at a second rotation speed or
rotation is stopped.

[0329] As illustrated in FIG. 5, the specimen/reagents L1,
L2, and L3 are introduced into a first storage tank 1-1a, a first
storage tank 1-15, and a second holding tank 20-2 of a second
level liquid-feeding unit U-2, respectively. Then, if the liquid-
feeding chip is rotated at a first rotation speed, the specimen/
reagents L1, 1.2, and L3 riseup channels A-1a, A-1b, and C-2
by the action of centrifugal force and gravity, respectively.
The specimen/reagents [.1 and L2 reach a first holding tank
10-1 of a first level unit U-1, and the specimen/reagent [L3
reaches a firstholding tank 30-1 of athird level unit U-3. More
specifically, as illustrated in FIG. 6, the specimen/reagents [.1
and L2 are both carried to the first holding tank 10-1 of the
first level liquid-feeding unit U-1, where they are mixed.
Furthermore, the specimen/reagent L3 is carried to the first
holding tank 30-1 of the third level liquid-feeding unit U-3.

[0330] At this stage, to feed the specimen/reagents .1, 1.2,
and L3 to the respective next tanks at the same first rotation
speed, the angle formed by the channel A-1a and the axis of
rotation, the angle formed by the channel A-15 and the axis of
rotation, and the angle formed by the channel C-2 and the axis
of rotation may be set to be the same. Alternatively, the first
rotation speed may be set to be sufficiently faster than the
rotation speed at which liquid starts to flow through the chan-
nels A-1a, A-15, and C-2. The centrifugal force acting on the
liquid-feeding chip during rotation is inversely proportional
to the distance between the axis of rotation and the liquid-
feeding chip, and proportional to the square of the rotation
speed. Generally, for a body with a mass m at a velocity v at
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a position r from the axis of rotation, the centrifugal force
acting during rotation is represented as F=mv>/r.

[0331] During the rotation of the liquid-feeding chip at the
first rotation speed, the target for the centrifugal force acting
onthe liquid-feeding chip is as described above. Furthermore,
the rotation time at the first rotation speed may usually be set
to 0.01 to 10 minutes, and preferably 0.05 to 2 minutes.

[0332] As illustrated in FIG. 7, if the liquid-feeding chip is
further rotated at the second rotation speed, or if rotation is
stopped, the mixture of the specimen/reagents L1 and L2
enters the channel B-1 from the first holding tank 10-1 of the
first level unit U-1, and is stored in the second holding tank
10-2. Further, the specimen/reagent L3 passes from the first
holding tank 30-1 of the third level unit U-3, through the
channel B-3, and is fed to the second holding tank 30-2.

[0333] At this stage, to feed the specimen/reagents L1, 12,
and L3 to the respective next tanks at the same second rotation
speed, the angle formed by the channel B-1 and the axis of
rotation and the angle formed by the channel B-3 and the axis
of rotation may be set to be the same. Alternatively, the second
rotation speed may be set to be sufficiently slower than the
rotation speed at which liquid starts to flow through the chan-
nels B-1 and B-3.

[0334] During the rotation of the liquid-feeding chip at the
second rotation speed, the target for the centrifugal force
acting on the liquid-feeding chip is as described above. Fur-
thermore, therotation time at the second rotation speed, or the
period for which rotation is stopped, may usually be set to
0.01 to 10 minutes, and preferably 0.05 to 2 minutes.

[0335] Thus, by repeating rotation at a first rotation speed
and rotation at a second rotation speed or stopping rotation, a
specimen/reagent can be sequentially fed to the next storage
tank or holding tank, thereby enabling specimen/reagents to
be sequentially mixed and sequentially reacted.

[0336] In the analysis method according to the present
invention, first, a specimen/reagent is introduced into a stor-
age tank or a specimen/reagent reservoir of the liquid-feeding
chip. The specimen/reagent may be introduced by an ordinary
method, such as by using a pipette for example. The storage
tank or specimen/reagent reservoir into which the specimen/
reagent is introduced may be selected as appropriate. The
specimen/reagent may be introduced into at least any one of
the storage tanks or specimen/reagent reservoirs in the liquid-
feeding chip. The specimen/reagent does not have to be intro-
duced into all of them.

[0337] The liquid-feeding chip according to the present
invention can be used in the amplification and detection of a
nucleic acid.

[0338] An example of nucleic acid amplification using the
liquid-feeding chip according to the present invention will
now be described with reference to FIG. 24. FIG. 24 is a plan
view illustrating an example of the liquid-feeding chip
according to the present invention as viewed from a main
surface of the liquid-feeding chip. A nucleic acid amplifica-
tion reaction solution including a nucleic acid, such as single-
strand DNA, double-strand DNA, RNA and the like, as a
template or a primer is introduced into the second storage tank
(U-3) 30-3 of the third level liquid-feeding unit. A reagent
including a DNA-synthesizing enzyme is introduced into the
second storage tank (U-2) 20-3 of the second level liquid-
feeding unit. A fluorescent pigment for nucleic acid detection
is introduced into the second storage tank (U-1) 10-3 of the
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first level liquid-feeding unit. A carrier is not contained in the
reaction chamber 40 of the liquid-feeding chip illustrated in
FIG. 24.

[0339] When the liquid-feeding chip according to the
present invention is used in nucleic acid amplification, it is
preferred to use, like the liquid-feeding chip illustrated in
FIG. 24, a liquid-feeding chip which has a reaction chamber
40 having a capacity capable of containing the nucleic acid
amplification reaction solution and the respective reagents,
and which does not have a waste tank 50 in communication
with the reaction chamber 40.

[0340] By initially rotating at a first rotation speed, the
nucleic acid amplification reaction solution including the
template flows to the reaction chamber 40. After stopping
rotation, by increasing and decreasing the temperature of the
reaction chamber portion with a heating/cooling means, the
nucleic acid or primer which will serve as the template is
formed to have a single strand. Then, by rotating a second
time at the first rotation speed, the reagent including the
DNA-synthesizing enzyme flows to the reaction chamber 40.
After stopping rotation, by increasing and decreasing the
temperature of the reaction chamber portion with the heating/
cooling means, amplification of the nucleic acid can be car-
ried out. By rotating a third time at the first rotation speed, the
reagent including a fluorescent pigment flows to the reaction
chamber 40. The produced fluorescence corresponding to the
amount of amplified nucleic acid is measured by a measure-
ment means to measure for the presence of amplification and
the amplification amount, thereby detecting nucleic acid.
[0341] Inaddition to the template and the primer, a reagent
that can be used in nucleic acid amplification may be appro-
priately included in the nucleic acid amplification reaction
solution. Examples of reagents that can be used in nucleic
acid amplification include dNTP, a buffer, a primer, magne-
sium salts such as MgSO,, potassium salts such as KCl, a
surfactant, a protein such as BSA, DMSO, and betaine. The
primer and ANTP may have been subjected to various kinds of
modification. Examples of modification include fluorescent
labeling such as with FITC, Cy3, CyS5, Alexa, FAM, labeling
with a quencher such as Tamra, and biotinylation. The above-
described DNA-synthesizing enzyme in the reagents is not
specifically limited, as long as it can be used in nucleic acid
amplification. An example of such a DNA-synthesizing
enzyme is DNA polymerase, and a preferred example is
strand-displacing DNA polymerase. If RNA is used as the
template, a reverse transcription enzyme may be used in
addition to the DNA-synthesizing enzyme. Further, a fluores-
cent pigment for staining and detection of the amplified
nucleic acid may be used as the fluorescent pigment for
nucleic acid detection. Examples of the fluorescent pigment
include ethidium bromide, SYBR Green 1, Pico Green,
Oxazole yellow and the like. Further, the reagent used in the
nucleic acid amplification may optionally be included in the
reagent including the DNA-synthesizing enzyme or the
reagent including the fluorescent pigment.

[0342] The liquid-feeding chip according to the present
invention can be used in immunological measurement.
[0343] An example will now be described of immunologi-
cal measurement using the liquid-feeding chip according to
the present invention with reference to FIG. 4. First, a carrier
to which an antibody for identifying a measurement target
substance is bound is contained in the reaction chamber 40. A
solution obtained by mixing an enzyme-labeled secondary
antibody in a specimen including an antigen which will act as
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the measurement target is introduced into the second storage
tank (U-3) 30-3 of the third level liquid-feeding unit. A wash-
ing solution is introduced into the second storage tank (U-2)
20-3 of the second level liquid-feeding unit. A solution
including an enzyme reaction substrate is introduced into the
second storage tank (U-1) 10-3 ofthe first level liquid-feeding
unit.

[0344] By initially rotating at a first rotation speed, the
solution obtained by mixing an enzyme-labeled secondary
antibody in a specimen including an antigen which will act as
the measurement target passes through the reaction chamber
40. At this stage, solid-phase anti-bodies bind with a complex
of the antigen and the enzyme-labeled secondary antibody.
After stopping rotation, a washing solution is passed through
the reaction chamber 40 by rotating a second time at the first
rotation speed.

[0345] After stopping the second rotation, the reagent
including the enzyme reaction substrate flows into the reac-
tion chamber 40 by rotating a third time at the first rotation
speed. After stopping rotation, the enzyme reaction product
produced corresponding to the amount of the target antigen
for measurement is measured by a measuring means, thereby
determining the amount of the target antigen for measure-
ment.

[0346] When the liquid-feeding chip according to the
present invention is used in immunological measurement, the
reagent to be introduced into the tanks in the liquid-feeding
chip is not limited to the various above-described solutions
and reagents. Reagents which are commonly used in immu-
nological measurement may also be used. Examples of
reagents used in immunological measurement include a
labeled antibody (secondary antibody) labeled with fluores-
cence or an enzyme, an antigen, a washing solution, a fluo-
rescent or luminescent substrate, a fluorescent substrate, a
chromogenic substrate and the like.

INDUSTRIAL APPLICABILITY

[0347] The liquid-feeding chip, the analysis method, and
the feeding method according to the present invention can be
preferably applied in the analysis and examination of a speci-
men, such as a biosample collected from a living body.

1. A liquid-feeding chip for feeding a liquid utilizing action
of centrifugal force and gravity by rotating the chip around an
axis of rotation, comprising,

a first storage tank provided in the chip, into which the
liquid can be introduced when rotation of the chip is
stopped, and

two or more liquid-feeding units arranged in a plurality of
levels adjacent to each other, each liquid-feeding unit
being composed of a first holding tank, a second holding
tank positioned in a direction of gravity with respect to
the first holding tank, and a channel B which extends
from the first holding tank in the direction of gravity and
connects the first holding tank with the second holding
tank, the first holding tank at a first level being connected
with a channel A which extends from the first storage
tank toward an outer circumferential side,

wherein the adjacent liquid-feeding units are connected by
achannel C which extends from the second holding tank
of the liquid-feeding unit at an upper level to an outer
circumferential side during rotation and is in communi-
cation with the first holding tank of the liquid-feeding
unit at a lower level.
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2. A liquid-feeding chip for feeding a liquid among a plu-
rality of tanks in the chip utilizing action of centrifugal force
and gravity while the liquid-feeding chip is mounted on a
rotation apparatus and is rotated around an axis of rotation,
the liquid-feeding chip comprising:

a first storage tank provided in the liquid-feeding chip, into

which the liquid can be introduced,

a channel A which has one end connected to the first stor-
age tank, all or a part of the channel A extending in a
direction toward an outer circumference with respect to
the axis of rotation;

a plurality of liquid-feeding units each composed of a first
holding tank, a second holding tank arranged in a direc-
tion of gravity with respect to the first holding tank, and
a channel B which has one end connected to the first
holding tank and another end connected to the second
holding tank, the plurality of liquid-feeding units being
arranged in a plurality of levels in which one end of the
channel A is connected to the first holding tank at the
highest level; and

a channel C which connects adjacent liquid-feeding units,
all or a part of the channel C extending in an outer
circumferential direction with respect to the axis of rota-
tion so that the second holding tank at an upper level is
connected with the first holding tank at a lower level.

3. The liquid-feeding chip according to claim 1, wherein at
least one of the plurality of liquid-feeding units further com-
prises:

a second storage tank positioned closer to the axis of rota-

tion than the second holding tank; and

a channel E which connects the second holding tank and
the second storage tank.

4. The liquid-feeding chip according to claim 1, wherein at
least one of the plurality of liquid-feeding units further com-
prises:

a second storage tank positioned closer to the axis of rota-

tion than the first holding tank; and

a channel E which connects the first holding tank and the
second storage tank.

5. The liquid-feeding chip according to claim 1, wherein
the channel B comprises an inflection portion midway along
the channel which is inflected in an outer circumferential
direction with respect to the axis of rotation.

6. The liquid-feeding chip according to claim 1, wherein
the channel B comprises a section midway along the channel
which has a smaller channel cross-sectional area than a chan-
nel cross-sectional area at a connecting portion with the first
holding tank.

7. The liquid-feeding chip according to claim 1, wherein an
angle formed by at least a part of the channel B and the axis of
rotation is larger than an angle formed by at least a part ofthe
channel C and the axis of rotation.

8. The liquid-feeding chip according to claim 1, further
comprising a channel D which is connected to the second
holding tank of the liquid-feeding unit at a lowest level, the
channel D extending in an outer circumferential direction
with respect to the axis of rotation.

9. The liquid-feeding chip according to claim 1, wherein
the second holding tank further comprises a channel into
which a liquid can be introduced, and wherein at least two of
the first storage tanks and the second holding tanks included
in the liquid-feeding chip store liquids different from each
other in advance.
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10. The liquid-feeding chip according to claim 1, wherein
at least one of the first holding tanks and the second holding
tanks is connected via a plurality of channels with the first
storage tank at a upper level than that holding tank and/or with
the first holding tank and the second holding tank at a upper
level, so that different liquids introduced from the plurality of
channels can be mixed.

11. The liquid-feeding chip according to claim 1, further
comprising a removably-mounted reagent reservoir unit, and
wherein the first storage tank is provided in the removably-
mounted reagent reservoir unit.

12. An analysis method comprising:

preparing the liquid-feeding chip according to claim 1;

introducing a liquid into the first storage tank;

mounting the liquid-feeding chip into which the liquid has

been introduced on a rotation apparatus and rotating the
rotation apparatus at a first rotation speed to feed the
liquid to the first holding tank; and

rotating the liquid-feeding chip at a second rotation speed

which is slower than the first rotation speed, or by stop-
ping rotation, to feed the liquid to the second holding
tank so as to analyze the liquid.

13. The analysis method according to claim 12, wherein the
liquid is any one selected from the group consisting of blood,
urine, spinal liquid, saliva, phlegm, a cell suspension, a dis-
rupted cell suspension, a nucleic acid solution, a virus sus-
pension, a food extract, a soil extract, a blocking solution, a
diluent, a denaturing agent, a labeled antibody, a labeled
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antigen, a non-labeled antibody, a non-labeled antigen, a
labeling substance, a luminescent substrate, a fluorescent
substrate, a chromogenic substrate, a hydrogen peroxide
solution, a washing solution, a protein denaturing agent, a cell
lysate, an enzyme solution, a labeled nucleic acid, a non-
labeled nucleic acid, a primer, a probe, avidin, streptoavidin,
a buffer solution, a pH adjusting solution, a hybridization
solution, and an enzyme reaction terminate solution, or
selected from the group consisting of a combination of two or
more of these or a reaction product of two or more of these.

14. A liquid-feeding method, comprising:

preparing the liquid-feeding chip according to claim 1;

introducing a liquid into the first storage tank;

mounting the liquid-feeding chip into which the liquid has
been introduced on a rotation apparatus and rotating the
rotation apparatus at a first rotation speed to feed the
liquid to the first holding tank;

(a) rotating the liquid-feeding chip at a second rotation
speed which is slower than the first rotation speed, or
stopping rotation to feed the liquid to the second holding
tank; and

(b) rotating the liquid-feeding chip at the first rotation
speed to feed the liquid to the first holding tank at a lower
level.

15. The liquid-feeding method according to claim 14,

wherein the steps (a) and (b) are further repeated once or
twice or more.
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