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REACTION PROCESSING VESSEL

[TECHNICAL FIELD]

[0001] The present invention relates to reaction processing
vessels used for polymerase chain reactions (PCR).

[BACKGROUND ART]

[0002] Genetic testing is widely used for examinations in
a wide variety of medical fields, identification of farm products
andpathogenicmicroorganisms, safetyassessment for foodproducts,
and even for examinations for pathogenic viruses and a variety
of infectious diseases. 1In order to detect with high sensitivity
aminute amount of DNA, methods of analyzing the resultant obtained
by amplifying a portion of DNA are known. Above all, a method
that uses PCR is a remarkable technology where a certain portion
of a very small amount of DNA collected from an organism or the
like is selectively amplified.

[0003] In PCR, a predetermined thermal cycle is applied to
a sample in which a biological sample containing DNA and a PCR
reagent consisting of primers, enzymes, and the like are mixed
SO as to cause denaturation, annealing, and elongation reactions
to be repeated so that a specific portion of DNA is selectively
amplified.

[0004] It is a common practice to perform PCR by putting a
predetermined amount of a target sample intoa PCRtube orareaction
processing vessel such as a microplate (microwell) in which a
plurality of holes are formed. However, in recent years, PCRusing

1



10

15

20

25

a reaction processing vessel (also referred to as “reaction
treatment chip”) provided with a micro-channel that is formed on
a substrate is practiced (e.g. Patent Documents 1-3).
[0005] [Patent Document 1] Japanese Patent Application
Publication No. 2009-232700

[Patent Document 2] Japanese Patent ApplicationPublication
No. 2007-51881

[Patent Document 3] Japanese Patent ApplicationPublication
No. 2007-285777
[DISCLOSURE OF THE INVENTION]
[PROBLEM TO BE SOLVED BY THE INVENTION]
[0006] InaPCRusingareactionprocessingvessel asdescribed
above, in order to apply a thermal cycle to a sample, a part of
the channel of the reaction processing vessel is formed to be a
serpiginous channel, and the serpiginous channel is maintained
to be at a predetermined temperature (for example, about 95°C or
55°C) by an external heater or the like. The serpiginous channel
is a channel where a turn is continuously made by combining curved
channels and straight channels. By making the channel for giving
a thermal cycle to the sample to be a serpiginous channel, the
efficiency of heating by an external heater can be improved, and
a limited substrate area can be used effectively.
[0007] The sample in the channel of the reaction processing
vessel can be moved by controlling the air flow into the channel
or the pressure inside the channel. However, in order to properly
apply a thermal cycle to the sample, it is necessary to accurately
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stop the sample in the serpiginous channel maintained to be at
a predetermined temperature.

[0008] In this background, a purpose of the present invention
is to provide a reaction processing vessel capable of improving
the accuracy of stopping a sample in a serpiginous channel.
[MEANS TO SOLVE THE PROBLEM]

[0009] A reaction processing vessel according to one
embodiment of the present inventionisareactionprocessingvessel
that includes a substrate and a groove-like channel formed on a
principal surface of the substrate, wherein the channel includes
a serpiginous channel and a braking channel adjacent to the
serpiginous channel. The cross—-sectional area of the braking
channel is larger than the cross—-sectional area of the serpiginous
channel.

[0010] Giventhat the cross—-sectional area of the serpiginous
channel is denoted by Sr and that the cross—-sectional area of the
braking channel is denoted by Sb, a cross-sectional area ratio
Sb/Sr may be in a range of 1 < Sb/Sr < 1.8. The cross-sectional
area ratio Sb/Sr may be in a range of 1.02 £ Sb/Sr < 1.5. The
cross—-sectional area ratio Sb/Sr may be in a range of 1.02 < Sb/Sr
< 1.2.

[0011] The serpiginous channel and the braking channel may
have an opening, a bottom surface, and side surfaces formed in
a tapered shape expanding from the bottom surface toward the
opening.

[0012] The serpiginous channel may have an opening width of
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0.55 mm to 0.95 mm, a bottom surface width of 0 mm to 0.95 mm,
a depth of 0.5 mm to 0.9 mm, and a taper angle of 0° to 45°. The
braking channel may have an opening width of 0.65 mm to 1.05 mm,
a bottom surface width of 0 mm to 1.05 mm, a depth of 0.5 mm to
0.9 mm, and a taper angle of 0° to 45°.

[0013] The connecting parts between the bottom surface and
the side surfaces may have a curved surface. The curvature radius
of the connecting parts may be 0.2 mm to 0.4 mm.

[0014] The serpiginous channel may include a bent part in
plan view. The curvature radius of the bent part may be 0.5 mm
to 10 mm.

[0015] Another embodiment of the present invention also
relatestoareactionprocessingvessel. Thisreactionprocessing
vessel is a reaction processing vessel that includes a substrate
and a groove-like channel formed on a principal surface of the
substrate, wherein the channel includes a serpiginous channel and
a detection channel that is irradiated with excitation light in
order to detect fluorescence from a sample flowing inside the
channel. The cross-sectional area of the detection channel is
larger than the cross-sectional area of the serpiginous channel.
[0016] Given that the cross—-sectional area of the serpiginous
channel is denoted by Sr and that the cross—sectional area of the
detection channel is denoted by Sd, a cross—-sectional area ratio
Sd/Sr may be in a range of 1 < Sd/Sr £ 1.8. The cross-sectional
area ratio Sd/Sr may be in a range of 1.02 £ Sd/Sr < 1.5. The
cross-sectional area ratio Sd/Sr may be in a range of 1.02 < Sd/Sr
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< 1.2.

[0017] The serpiginous channel and the detection channel may
have an opening, a bottom surface, and side surfaces formed in
a tapered shape expanding from the bottom surface toward the

opening.

[0018] The serpiginous channel may have an opening width of
0.55 mm to 0.95 mm, a bottom surface width of 0 mm to 0.95 mm,
a depth of 0.5 mm to 0.9 mm, and a taper angle of 0° to 45°. The
detection channel may have an opening width of 0.7 mm to 1.2 mm,
a bottom surface width of 0.15 mm to 1.2 mm, a depth of 0.5 mm
to 1.2 mm, and a taper angle of 0° to 45°.

[0019] The bottom surface of the detection channel may be
formedonaplaneparalleltotheprincipal surfaceof the substrate.
[0020] Connecting parts between the bottom surface and the
side surfaces may be formed in an angular shape.

[0021] Still another embodiment of the present inventionalso
relatestoareactionprocessingvessel. Thisreactionprocessing
vessel is a reaction processing vessel that includes a substrate
and a groove-like channel formed on a principal surface of the
substrate, wherein the channel includes a serpiginous channel,
a braking channel adjacent to the serpiginous channel, and a

detectionchannel that isirradiatedwithexcitationlight inorder
to detect fluorescence from a sample flowing inside the channel.
The cross—-sectional area of the braking channel is larger than
the cross—-sectional area of the serpiginous channel, and the

cross—-sectional area of the detection channel is larger than the
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cross—sectional area of the serpiginous channel.

[0022] Still another embodiment of the present inventionalso
relatestoareactionprocessingvessel. Thisreactionprocessing
vessel is a reaction processing vessel that includes a substrate,
agroove—-likechannel formedonaprincipal surfaceof the substrate,
a branch channel branched from the channel, and a sample
introduction port provided in the branch channel, wherein a
plurality of reaction regions each maintained at a predetermined
temperature when the reaction processing vessel is used are set
for the substrate, and wherein the distance between a reaction
region closest to the branch channel and to the sample introduction
port among the plurality of reaction regions and the branch channel
and the sample introduction port is 5 mm or more.

[0023] Still another embodiment of the present invention
relates to a reaction processing method using the reaction
processing vessel. This method includes: introducing a sample
into the channel via the sample introduction port and the branch
channel; heating the plurality of reaction regions each to a
predetermined temperature; and moving the sample between the
plurality of reaction regions and subjecting the sample to PCR.
The sample remaining in the branch channel and the sample
introduction port is not pushed out into the channel during the
PCR.

[0024] Still another embodiment of the present inventionalso
relatestoareactionprocessingvessel. Thisreactionprocessing
vessel is a reaction processing vessel that includes a substrate,
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agroove-likechannel formedonaprincipal surfaceof the substrate,
a pair of filters provided at the respective ends of the channel,
a branch channel branched from the channel, and a sample
introduction port provided in the branch channel, wherein given
that the volume of the channel from the sample introduction port
to a filter closest to the sample introduction port is denoted
by Vf and that the volume of the sample introduced from the sample
introduction port is denoted by Vs, the following is satisfied:
k x Vs < Vf (where k represents a real number of 0.1 to 10).
[0025] Still another embodiment of the present inventionalso
relatestoareactionprocessingvessel. Thisreactionprocessing
vessel is a reaction processing vessel that includes a substrate,
agroove—-likechannel formedonaprincipal surfaceofthe substrate,
a pailr of filters provided at the respective ends of the channel,
a branch channel branched from the channel, and a sample
introduction port provided in the branch channel, wherein, when
the volume of the sample introduced from the sample introduction
port is 1 pL to 50 uL, the length of the channel from the sample
introduction port to a filter closest to the sample introduction
port is 2 mm to 200 mm.

[ADVANTAGE OF THE INVENTION]

[0026] According to the present invention, a reaction
processing vessel can be provided that is capable of improving
the accuracy of stopping a sample in a serpiginous channel.
[BRIEF DESCRIPTION OF THE DRAWINGS]

[0027] Fig. 1 is a plan view of a substrate provided in a
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reaction processing vessel according to the first embodiment of
the present invention;

Fig. 2 is a diagram for explaining the cross-sectional
structure of the reaction processing vessel;

Fig. 3 is a schematic diagram for explaining a reaction
processingapparatuscapableofusingareactionprocessingvessel;

Figs. 4A and 4B are diagrams for explaining the shape of
a channel in the substrate of the reaction processing vessel shown
in Fig. 1;

Fig. 5 is a diagram showing an exemplary variation of a
serpiginous channel;

Fig. 6 is a plan view of a substrate provided in a reaction
processing vessel according to an exemplary variation of the first
embodiment;

Fig. 7 is a plan view of a substrate provided in a reaction
processingvessel accordingtothe second embodiment of the present
invention;

Fig. 8 1s a diagram showing a cross section of a detection
channel of the reaction processing vessel according to the second
embodiment;

Fig. 9 is a plan view of a substrate provided in a reaction
processing vessel according to the third embodiment of the present
invention;

Fig.l0isaschematicenlargedplanviewshowingthevicinity
of a branch channel and a sample introduction port;

Fig. 11 is a schematic cross—-sectional view of the vicinity
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of a branch channel and a sample introduction port shown in Fig.
10 that is sectioned along line A-A; and

Fig. 12 is a plan view of a substrate provided in a reaction
processingvessel accordingtothe fourth embodiment of the present
invention.
[MODE FOR CARRYING OUT THE INVENTION]
[0028] Anexplanationwill begiveninthe followingregarding
a reaction processing vessel according to an embodiment of the
present invention. The same or equivalent constitutingelements,
members, andprocesses illustratedineachdrawing shall be denoted
by the same reference numerals, and duplicative explanations will
be omitted appropriately. Further, the embodiments do not limit
the invention and are shown for illustrative purposes, and not
all the features described in the embodiments and combinations
thereof are necessarily essential to the invention.
(First embodiment)
[0029] A reaction processing vessel according to the first
embodiment of the present invention is formed of a substrate, a
sealing film attached to the substrate, and a filter. Fig. 1 is
a plan view of a substrate provided in the reaction processing
vessel according to the first embodiment of the present invention.
Fig. 2 is a diagram for explaining a cross—-sectional structure
of the reaction processing vessel. Fig. 2 is a diagram for
explainingthepositional relationshipbetweenachannel, thefilm,
and the filter that are formed on the substrate, and it should
be noted that the diagram is different from the cross-sectional
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view of the implemented reaction processing vessel.

[0030] A reaction processing vessel 10 includes a resin
substrate 14 having a groove-like channel 12 formed on an upper
surface 1l4a thereof, a channel sealing film 16, a first sealing
film 18, and a second sealing film 19, which are attached on the
upper surface l4a of the substrate 14, a third sealing film 20,
a fourth sealing film 21, and a fifth film (not shown), which are
attached on a lower surface 14b of the substrate 14, and a first
filter 28 and a second filter 30, which are arranged inside the
substrate 14.

[0031] The substrate 14 is preferably formed of a material
that is stable under temperature changes and is resistant to a
sample solution that is used. Further, the substrate 14 is
preferably formed of a material that has good moldability, a good
transparency and barrier property, and a low self-fluorescent
property. Assuchamaterial, aresinsuchasacryl, polypropylene,
silicone, or the like, particularly a cyclic polyolefin resin is
preferred.

[0032] The groove-like channel 12 is formed on the upper
surface l4a of the substratel4. Inthereactionprocessingvessel
10, most of the channel 12 is formed in the shape of a groove exposed
on the upper surface 14a of the substrate 14. This is for allowing
for easymolding by injectionmolding using ametal mold. Inorder
to seal this groove so as to make use of the groove as a channel,
the channel sealing film 16 is attached on the upper surface l4a
of the substrate 14. Further, in order to more advantageously
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produce the substrate in an industrial manner by the injection
molding method, the structure of the channel may include a side
surfacehavingacertainanglewithrespect totheprincipal surface
of the substrate, whichisreferredtoasaso-called“draft angle”.
[0033] The channel sealing film 16 may be sticky on one of
the principal surfaces thereof or may have a functional layer that
exhibits stickiness or adhesiveness through pressing, energy

irradiation with ultraviolet rays or the like, heating, etc.,
formed on one of theprincipal surfaces. Thus, the channel sealing
film 16 has a function of being easily able to become integral
with the upper surface 14a of the substrate 14 while being in close
contact with the upper surface l4a. The channel sealing film 16
is desirably formed of amaterial, including an adhesive compound,
that has a low self-fluorescent property. In this respect, a
transparent film made of a resin such as a cycloolefin polymer,
polyester, polypropylene, polyethylene or acrylic is suitable but
is not limited thereto. Further, the channel sealing film 16 may
be formed of a plate—-like glass or resin. Since rigidity can be
expected in this case, the channel sealing film 16 is useful for
preventing warpage and deformation of the reaction processing
vessel 10.

[0034] A first filter 28 is provided at one end 12a of the
channel 12. A second filter 30 is provided at the other end 12b
of the channel 12. The pair, the first filter 28 and the second
filter 30, provided at respective ends of the channel 12, prevents
contamination so that the amplification of target DNA and the
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detection of the amplification are not interrupted by PCR or so
that thequality of the target DNA does not deteriorate. Regarding
the dimensions of the first filter 28 and the second filter 30,
the first filter 28 and the second filter 30 are formed so as to
fit without any gap in a filter installation space formed in the
substrate 14.

[0035] A first air communication port 24 communicating with
one end 12a of the channel 12 via an air introduction passage 29
and the first filter 28 is formed in the substrate 14. 1In the
same way, a second air communication port 26 communicating with
the other end 12b of the channel 12 via an air introduction passage
31 and the second filter 30 is formed in the substrate 14. The
pair, the first air communication port 24 and the second air
communication port 26, is formed so as to be exposed on the upper
surface 14a of the substrate 14.

[0036] In the first embodiment, as the first filter 28 and
the second filter 30, those with good low impurity characteristics
and with air permeability and water repellency or oil repellency
are used. The first filter 28 and the second filter 30 are
preferably, forexample, porousresins, sinteredcompactsof resin,
or the like, and examples of a fluorine-containing resin include,
although not limited to, PTFE (polytetrafluoroethylene), PFA
(perfluorocalkoxyalkane), FEP (perfluoroethylene propene
copolymer), ETFE (ethylene tetrafluoroethylene copolymer), etc.
Further, as a filter made of PTFE (polytetrafluorcethylene),
although not limited to this, PF020 (manufactured by ADVANTEC
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Group) or the like can be used. Further, as the first filter 28
and the second filter 30, those whose surface is water-repellent
treated through coating with a fluorine-containing resin can be
used. Other filter materials include polyethylene, polyamide,
polypropylene, and the like, and any material that can prevent
contamination of the sample to be subjected to PCR and that does
not interfere with PCRmay be used. Amaterial that has a property
of allowing the passage of the air while preventing the passage
of a liquid is even better, and the performance and the quality
of the material are not limited as long as the material satisfies
some of these requirements for the required performance.
[0037] Inthereactionprocessingvessel 10, areactionregion
where a plurality of levels of temperature can be controlled by
a reaction processing apparatus described later is set in order
to apply a thermal cycle to the sample flowing through the channel
12. Athermal cycle canbe appliedto a sample by moving the sample
such that the sample continuously reciprocates in the channel
inside the reaction region where the temperatures of a plurality
of levels are maintained.

[0038] In the first embodiment, the reaction region includes
a high temperature region 36 and a medium temperature region 38.
The high temperature region 36 is a region corresponding to the
effective surface of a high temperature heater when the reaction
processing vessel 10 is mounted on the reaction processing
apparatus and is maintained at a relatively high temperature (for
example, about 95°C). Themediumtemperature region 38 isaregion
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corresponding to the effective surface of a medium temperature
heater when the reaction processing vessel 10 is mounted on the
reaction processing apparatus and is maintained at a temperature
lower than that of the high temperature region 36 (for example,
about 62°C).

[0039] The high temperature region 36 and the medium
temperature region 38 each include a serpiginous shape channel
where a turn is continuously made by combining curved channels
and straight channels. That is, the high temperature region 36
includes a high temperature serpiginous channel 35, and the medium
temperature region 38 includes a medium temperature serpiginous
channel 37. Since such a serpiginous channel can effectively
utilize the limited area of the substrate 14, the substantial size
of the reaction processing vessel can be reduced, contributing
to the downsizing of the reaction processing apparatus. Further,
a limited effective area of a heater constituting a temperature
control system described later can be effectively used, and
temperature variance in the reaction region is easily reduced.
[0040] As shown in Fig. 1, a connection channel 40 is formed
between one end 35a of the high temperature serpiginous channel
35 and one end 37a of the medium temperature serpiginous channel
37. This connection channel 40 is a straight channel. At a
substantially central part of the connection channel 40, when the
reactionprocessingvessel 10 ismountedinthe reactionprocessing
apparatus, a region (referred to as “fluorescence detection
region”) 86 that is irradiated with excitation light in order to
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detect fluorescence from a sample flowing inside the channel is
set. The channel included in a fluorescence detection region 86
is referred to as “detection channel 61”.

[0041] The other end 35b of the high temperature serpiginous
channel 35 communicates with a high temperature braking channel
45. The high temperature braking channel 45 is formed adjacent
to the high temperature serpiginous channel 35 and on the back
side (on the second filter 30 side) of the high temperature
serpiginous channel 35 when viewed from the connection channel
40. Theotherend37bofthemediumtemperature serpiginouschannel
37 communicates with a medium temperature braking channel 46. The
medium temperature braking channel 46 is formed adjacent to the
medium temperature serpiginous channel 37 and on the back side
(onthe first filter 28 side) of themedium temperature serpiginous
channel 37 when viewed from the connection channel 40.

[0042] The high temperature braking channel 45 is a straight
channel and is formed such that the cross—-sectional area thereof
is larger than the cross—-sectional area of the high temperature
serpiginous channel 35. In the same way, the medium temperature
braking channel 46 is a straight channel and is formed such that
thecross—-sectional areathereofislargerthanthecross—-sectional
area of the medium temperature serpiginous channel 37. As will
be described later indetail, the high temperature braking channel
45 and the medium temperature braking channel 46 each have a role
of exerting a braking action on the sample flowing through the
high temperature serpiginous channel 35 and the mediumtemperature
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serpiginous channel 37, respectively.

[0043] In the first embodiment, as shown in Fig. 1, both the
high temperature serpiginous channel 35 and the high temperature
braking channel 45 are included in the high temperature region
36. On the other hand, with respect to the medium temperature
region 38, although the medium temperature serpiginous channel
37 is included in the medium temperature region 38, the medium
temperature braking channel 46 is not included in the medium
temperature region 38. When stopping the sample in the high
temperature region 36 during the PCR, the sample exists in at least
both the high temperature serpiginous channel 35 and the high
temperature braking channel 45. On the other hand, when stopping
the sample in the medium temperature region 38 during the PCR,
the sample exists at least in the medium temperature serpiginous
channel 37. The sample existing in channels included in the high
temperature region 36 and the medium temperature region 38 is
substantiallyheatedandmaintainedat apredeterminedtemperature
for a certain period of time. Thereby, reactions such as
denaturation and annealing occur.

[0044] The high temperature braking channel 45 communicates
with the second air communication port 26 via the second filter
30 and the air introduction passage 31. The medium temperature
braking channel 46 communicates with a buffer channel (spare
channel) 39. The buffer channel 39 communicates with the first
air communication port 24 via the first filter 28 and the air
introduction passage 29.
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[0045] A branch point is provided in a part of the buffer
channel 39, and a branch channel 42 branches from the branch point.
A sample introduction port 44 is formed at the distal end of the
branch channel 42 so as to be exposed on the lower surface 14Db
of thesubstratel4. Thebufferchannel 39canbeusedasatemporary
sample standby channel used when the reaction processing vessel
10 is introduced into the reaction processing apparatus after a
predetermined amount of a sample is introduced from the sample
introduction port 44.

[0046] As showninFig. 2, thefirst sealingfilml8isattached
to the upper surface l4a of the substrate 14 such that the first
air communication port 24 is sealed. The second sealing film 19
is attached to the upper surface 14a of the substrate 14 such that
the second air communication port 26 is sealed. The third sealing
film 20 is attached to the lower surface 14b of the substrate 14
such that the air introduction passage 29 and the first filter
28 are sealed. The fourth sealing film 21 is attached to the lower
surface 14b of the substrate 14 such that the air introduction
passage 31 and the second filter 30 are sealed. The fifth sealing
film (not shown) isattachedtothelower surfacel4bof thesubstrate
14 such that the sample introduction port 44 is sealed. As these
sealing films, transparent films formed of a resin such as a
cycloolefin polymer, polyester, polypropylene, polyethylene, or
acrylic as the base material can be used. In a state where all
thesealingfilms includingthe channel sealingfilml6areattached,
the entire channel forms a closed space.
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[0047] When connecting a liquid feeding system, which will
be described later, tothe reaction processingvessel 10, the first
sealing film 18 and the second sealing film 19 sealing the first
air communication port 24 and the second air communication port
26 are peeled off, and tubes provided in the liquid feeding system
are connected to the first air communication port 24 and the second
air communication port 26. Alternatively, the connection may be
realized by perforating the first sealing film 18 and the second
sealingfilml9withahollowneedle (injectionneedlewithapointed
tip) provided in the liquid feeding system. In this case, the
first sealing £film 18 and the second sealing film 19 are preferably
films made of a material that is easily perforated by the needle
and/or have a thickness that is easily perforated by the needle.
[0048] Introduction of a sample into the channel 12 through
the sample introduction port 44 is performed by once peeling the
fifth sealing film from the substrate 14, and, after the

introductionof apredetermined amount of sample, the fifth sealing
film is put back being attached to the lower surface 14b of the
substrate 14 again. At thistime, since the air inside the channel
is pushed due to the introduction of the sample, the second sealing
film may be peeled off in advance in order to release the air.
Therefore, as the fifth sealing film, a film is desired that is
sticky enough to hold up through several cycles of attaching and
peeling. Alternatively, as the fifth sealing film, a new film
may be attached after the introduction of a sample. 1In this case,
the importance of the property related to repetitive attaching
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and peeling can be lessened.

[0049] The method for the introduction of a sample to the
sample introduction port 44 is not particularly limited. For
example, an appropriate amount of the sample may be directly
introducedthrough the sample introductionport 44 usingapipette,
a dropper, a syringe, or the like. Alternatively, a method of
introduction may be used that is performed while preventing
contamination via a needle chip in which a filter made of porous
PTFE or polyethylene is incorporated. In general, many types of
such needle chips are sold and can be obtained easily, and the
needlechipscanbeusedwhilebeingattachedtothetipofapipette,
a dropper, a syringe, or the like. Furthermore, the sample may
bemovedtoapredeterminedpositioninthechannel 12bydischarging
and introducing the sample by a pipette, a dropper, a syringe,
or the like and then further pushing the sample through
pressurization. Although not shown, a plurality of sample
introduction ports may be provided. 1In this case, by using an
area of the buffer channel 39 between the plurality of sample
introduction ports, it is possible to provide a function capable
of easilymeasuringa sampleof afixedvolume that istobe subjected
to a reaction process such as PCR. For the detailed method used
at this time, thematters described in Japanese Patent Application
Publication No. 2016-19606 can be referred to.

[0050] The sample includes, for example, those obtained by
adding a thermostable enzyme and four types of deoxyribonucleoside
triphosphates (dATP, dCTP, dGTP, dTTP) as PCR reagents to amixture
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containing one or more types of DNA. Further, a primer that
specifically reactswith the DNA subjected to reactionprocessing,
and in some cases, a fluorescent probe such as TagMan (TagMan is
a registered trademark of Roche Diagnostics Gesellschaft mit
beschrankter Haftung) or SYBRGreen (SYBRis a registeredtrademark
of Molecular Probes, Incorporated) are mixed. Commercially
available real-time PCR reagent kits and the like can be also used.
[0051] Fig. 3isaschematicdiagram forexplaininga reaction
processing apparatus 100 capable of using a reaction processing
vessel 10 and is particularly only a portion directly related to
the reaction processing vessel 10 that is conceptually extracted.
[0052] The reactionprocessingapparatus 100 isprovidedwith
a container installation portion (not shown) in which the reaction
processing vessel 10 is set, a high temperature heater 104 for
heating the high temperature region 36 of the channel 12, a medium
temperature heater 106 for heating the medium temperature region
38 of the channel 12, and a temperature sensor (not shown) such
as, forexample, a thermocouple or the like formeasuring the actual
temperature of each reaction region. Each heater may be, for
example, a resistance heating element, a Peltier element, or the
like. By these heaters, a suitable heater driver (not shown),
and a control device (not shown) such as a microcomputer, the high
temperature region 36 in the channel 12 of the reaction processing
vessel 10 is maintained to be approximately 95°C, and the medium
temperatureregion38 ismaintainedtobe approximately 62°C. Thus,
the temperature of each reaction region of a thermal cycle region
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is set.

[0053] The reaction processing apparatus 100 is further
provided with a fluorescence detector 140. As described above,
a predetermined fluorescent probe is added to a sample S. Since
the intensity of a fluorescence signal emitted from the sample
S increases as the amplification of the DNA proceeds, the intensity
value of the fluorescence signal can be used as an index serving
asadecisionmaterial for theprogressof thePCRor thetermination
of the reaction.

[0054] As the fluorescence detector 140, an optical
fiber-type fluorescence detector FLE-510 manufactured by Nippon
Sheet Glass Co., Ltd., can be used, which is a very compact optical
system that allows for rapid measurement and the detection of
fluorescence regardless of whether the place is a lighted place
or a dark place. This optical fiber-type fluorescence detector
allows the wavelength characteristic of the excitation
light/fluorescence to be tuned such that the wavelength
characteristic is suitable for the characteristic of fluorescence
emitted from the sample S and thus allows an optimum optical and
detection system for a sample having various characteristics to
be provided. Further, the optical fiber-type fluorescence
detector 1s suitable for detecting fluorescence from a sample
existing in a small or narrow region such as a channel because
of the small diameter of a ray of light brought by the optical
fiber-type fluorescence detector andis alsoexcellent in response
speed.
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[0055] The optical fiber-type fluorescence detector 140 is
provided with an optical head 142, a fluorescence detector driver
144, and an optical fiber 146 connecting the optical head 142 and
the fluorescence detector driver 144. The fluorescence detector
driver 144 includes a light source for excitation light (LED, a
laser, or a light source adjusted to emit other specific
wavelengths), an optical fiber-type multiplexer/demultiplexer
and a photoelectric conversion device (PD, APD, or a light detector
such as a photomultiplier) (neither of which is shown), and the
like and formed of a driver or the like for controlling these.
The optical head 142 is formed of an optical system such as a lens
and has a function of directionally irradiating the sample with
excitation light and collecting fluorescence emitted from the
sample. The collected fluorescence is separated from the
excitation light by the optical fiber-type
multiplexer/demultiplexer inside the fluorescence detector
driver 144 through the optical fiber 146 and converted into an
electric signal by the photoelectric conversion element. As the
optical fiber-type fluorescence detector, those described in
Japanese Patent Application Publication No. 2010-271060 can be
used. Theoptical fiber-type fluorescence detector canbe further
modified so as to allow for coaxial detection for a plurality of
wavelengths using a single or a plurality of optical heads. The
inventiondescribedinW02014/003714 canbeusedfora fluorescence
detector for a plurality of wavelengths and signal processing
thereof.
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[0056] In the reaction processing apparatus 100, the optical
head 142 is arranged such that fluorescence from the sample S in
the detection channel 61 can be detected. Since the reaction
progresseswhilethe sample Sisrepeatedlymovedinareciprocating
manner in the channel such that predetermined DNA contained in
the sample S is amplified, by monitoring a change in the amount
of detected fluorescence, the progress of the DNA amplification
can be learned in real time. Further, in the reaction processing
apparatus 100, an output value from the fluorescence detector 140
is utilized for controlling the movement of the sample S. For
example, an output value from the fluorescence detector 140 may
be transmitted to a control device and may be used as a parameter
at thetime of controllinga liquid feeding systemdescribed later.
The fluorescence detector is not limited to an optical fiber-type
fluorescencedetectoraslongasthe fluorescencedetectorexhibits
the function of detecting fluorescence from a sample.

[0057] The reaction processing apparatus 100 is further
provided with a liquid feeding system (not shown) for moving and
stopping the sample S inside the channel 12 of the reaction
processing vessel 10. Although the liquid feeding system is not
limited to this, the sample S can be moved in one direction inside
the channel 12 by sending (air blowing) the air from one of the
first air communication port 24 and the second air communication
port 26 through the first air communication port 24 or the second
air communication port 26. Further, the liquid feeding system
can be stopped at a predetermined position by stopping the air
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supply to the channel or by equalizing the pressure on both sides
of the sample S inside the channel 12.

[0058] In the liquid feeding system, a syringe pump, a
diaphragm pump, a blower, or the like can be used as a means (air
blowing means) having a function of air blowing and pressurizing.
Further, as those that have a function of stopping the sample S
at a predetermined position, combinations of an air blowing means,
a three-way valve (three-port valve), and the like can be used.
For example, an embodiment is possible where first and second
three-way valves are provided and where each port is connected
in the first three-way valve such that the first port (common port)
thereof isconnectedtothe first air communicationport, the second
port is connected to the above-described air blowing means, and
the third port is opened to the atmospheric pressure and each port
is connected in the second three-way valve such that the first
port (common port) thereof is connected to the second air
communication port, the second port is connected to the
above-described air blowing means, and the third port is opened
to the atmospheric pressure. Specific embodiments thereof are
described in, for example, JP 4-325080 and JP 2007-285777. For
example, the sample S is moved in one direction by operating a
three-way valve connected to one of the air communication ports
such that the air blowing means and the air communication port
communicate with each other and by operating a three-way valve
connected to the other air communication port such that the air
communication port communicates with the atmospheric pressure.
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Subsequently, the sample S is stopped by operating both of the
three-way valves such that both of the air communication ports
communicate with the atmospheric pressure.

[0059] Further, the operation of the three-way valves and
the liquid feeding means can be performed by the control device
via an appropriate driver. In particular, the fluorescence
detector 140 arranged as described above transmits an output value
that is based on the obtained fluorescence signal to the control
device such that the control device recognizes the position and
passage of the sample S in the channel 12, thereby allowing the
control device to control the liquid feeding system including the
three-way valves and the liquid feeding means.

[0060] Therefore, by sequentiallyandcontinuouslyoperating
the three-way valves connected to the respective sides of the
channel 12, the sample S is continuously reciprocated between the
high temperature region 36 and the medium temperature region 38
in the channel 12. This allows an appropriate thermal cycle to
be applied to the sample S.

[0061] Figs. 4A and 4B are diagrams for explaining the shape
of the channel 12 in the substrate 14 of the reaction processing
vessel 10 shown in Fig. 1. Fig. 4A shows a cross section of a
serpiginous channel 53. Fig. 4B shows a cross section of a braking
channel 54. The serpiginous channel 53 corresponds to the high
temperature serpiginous channel 35 and the medium temperature
serpiginous channel 37. The braking channel 54 corresponds to
the high temperature braking channel 45 and the medium temperature
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braking channel 46.

[0062] As shown in Fig. 4A, the serpiginous channel 53 is
a trapezoidal channel and has an opening 47, a bottom surface 48,
and side surfaces 49 located on the respective sides of the bottom
surface 48. The side surfaces 49 are formed in a tapered shape
expanding from the bottom surface 48 toward the opening 47.
Parameters defining the shape and dimensions of the serpiginous
channel 53 include a depth Dr, a taper angle Tr, an opening width
Wrl, a bottom surface width Wr2, and a cross—sectional area Sr.
The bottom surface 48 and the side surfaces 49 are flat, and
connecting parts 55 between the bottom surface 48 and the side
surfaces 49 have an angular shape.

[0063] As shown in Fig. 4B, the braking channel 54 is also
a trapezoidal channel and has an opening 50, a bottom surface 51,
and side surfaces 52 located on the respective sides of the bottom
surface 51. The side surfaces 52 are formed in a tapered shape
expanding from the bottom surface 51 toward the opening 50.
Parametersdefiningthe shape anddimensions of thebrakingchannel
54 include a depth Db, a taper angle Tb, an opening width Wbl,
a bottom surface width Wb2, and a cross-sectional area Sb. The
bottom surface 51 and the side surfaces 52 are flat, and connecting
parts 58 between the bottom surface 51 and the side surfaces 52
have an angular shape.

[0064] In the reaction processing vessel 10 according to the
first embodiment, the cross-—sectional area Sb of the braking
channel 54 is larger than the cross-sectional area Sr of the
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serpiginous channel 53. The moving speed of the sample varies
depending on the cross—-sectional area of the channel. 1Ingeneral,
as the cross—-sectional area of the channel increases, the moving
speed of the sample decreases. Bymakingthe cross—-sectional area
Sb of the braking channel 54 larger than the cross—-sectional area
Sr of the serpiginous channel 53, a braking action is generated
on the sample. Thus, the movement/stop control of the sample by
the liquid feeding system of the reaction processing apparatus
100 becomes easy, and the accuracy of stopping the sample at a
predetermined position in the serpiginous channel 53 can be
improved. Further, even when the sample is introduced into the
channel 12 in an amount larger than a predetermined amount, an
excessive overrun of the sample from the serpiginous channel 53
can be suppressed.

[0065] The cross-sectional area ratio Sb/Sr of the
cross—-sectional area Sr of the serpiginous channel 53 and the

cross—sectional area Sb of the braking channel 54 may be in a range
of 1 < Sb/Sr £ 1.8, preferably in a range of 1.02 < Sb/Sr < 1.5,

and more preferably in a range of 1.02 < Sb/Sr <1.2. By setting
the cross-sectional arearatio Sb/Sr toavaluewithin sucha range,
the above-described braking action can be suitably generated.
[0066] In the reaction processing vessel 10 according to the
first embodiment, the opening width Wrl of the serpiginous channel
53 may be 0.55 mm to 0.95 mm, and preferably 0.65 mm to 0.85 mm.
The bottom surface width Wr2 of the serpiginous channel 53 may

be 0 mm to 0.95 mm, and preferably 0.4 mm to 0.6 mm. The depth
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Dr of the serpiginous channel 53 may be 0.5 mm to 0.9 mm, and
preferably 0.6mmto 0.8 mm. The taper angle Tr of the serpiginous
channel 53 may be 0° to 45°, preferably 10° to 30°, and more
preferably 15° to 25°. It should be noted that in the reaction
processing vessel 10 according to the first embodiment, when the
bottom surface width Wr2 of the serpiginous channel 53 is smaller
than the opening width Wrl such that the bottom surface width Wr2
is Ommor around O mm, the cross—sectional shape of the serpiginous
channel 53 becomes close to a substantially inverse triangular
shape. Further, it should be noted that when the taper angle Tr
is reduced to be 0° or around 0°, the cross—-sectional shape of
the serpiginous channel 53 becomes close to a substantially
rectangular shape.

[0067] The opening width Wbl of the braking channel 54 may
be 0.65 mm to 1.05 mm, and preferably 0.75 mm to 0.95 mm. The
bottom surface width Wb2 of the braking channel 54 may be 0 mm
to 1.05 mm, and preferably 0.5 mm to 0.7 mm. The depth Db of the
braking channel 54 may be 0.5 mm to 0.9 mm, and preferably 0.6
mm to 0.8 mm. The taper angle Tb of the braking channel 54 may
be 0° to 45°, and preferably 10° to 35°. It should be noted that
in the reaction processing vessel 10 according to the first
embodiment, whenthebottomsurfacewidthWb2 of thebrakingchannel
54 issmaller thanthe openingwidth Wbl such that thebottomsurface
width Wb2 is 0 mm or round 0 mm, the cross—sectional shape of the
braking channel 54 becomes close to a substantially inverse
triangle. Further, it should be noted that when the taper angle
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Tb is reduced to be 0° or around 0°, the cross-sectional shape
of the braking channel 54 becomes close to a substantially
rectangular shape.

[0068] By forming the serpiginous channel 53 and the braking
channel 54 with the dimensions described above, the continuous
movement of the sample (which may include a surfactant) becomes
smooth, allowing for easy production also by a conventional
manufacturing technique such as injection molding.

[0069] Fig. 5 shows an exemplary variation of a serpiginous
channel. In the serpiginous channel 53 shown in Fig. 4A, the
connectingpartsbetweenthebottomsurface 48 andthe side surfaces
49 have an angular shape. However, in the serpiginous channel
56 shown in Fig. 5, connecting parts 55 between the bottom surface
48 and the side surfaces 49 have a curved surface. In Fig. 5,
the bottom surface 48 is flat. However, the bottom surface 48
may be a curved surface continuously connected to the connecting
parts 55.

[0070] In the present embodiment, as described above, a
serpiginous channel is employed for the purpose of improving the
efficiency of heating by a heater. However, depending on an
injection molding method in which a mold is filled with a resin
at a high speed, there are some cases when the shape of such a
channel becomes a resistance or an obstacle, and molding may not
be performed properly, for example, causing a variation in the
speed of filling with the resin or the generation of a void. 1In
such a case, a weld line may be formed in a region including the
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serpiginous channel, and a recess such as a pit may be formed on
the channel. Such a recess may obstruct the flow of the sample.
As in the serpiginous channel 56 according to the present exemplary
variation, by forming the connecting parts 55 to have a curved
surface, the flow of the resin inside the mold at the time of
injection molding becomes smooth. Thus, the generation of a weld
line near a reaction channel can be suppressed. The curvature
radius R1 of the connecting parts 55 may be, for example, 0.2 mm
to 0.38 mm, and preferably 0.3 mm to 0.35 mm. In the same manner,
in the braking channel 54, the connecting parts 58 between the
bottomsurface 51 andthe side surfaces 52may have a curved surface.
[0071] As shown in Fig. 1, the high temperature serpiginous
channel 35 and the medium temperature serpiginous channel 37
include a plurality of bent parts 57. The curvature radius R2
of the bent parts 57 may be, for example, 0.3 mm to 10 mm, and
preferably 0.5 mm to 6 mm. By setting the curvature radius of
the bent parts 57 to be within such a range, the generation of
a weld line can be further suppressed, and furthermore, when the
sample moves inside the serpiginous channel, the moving speed of
the sample can be easily kept constant in the bent parts 57.
[0072] Fig. 6 is a plan view of a substrate 14 provided in
areactionprocessingvessel 60 accordingtoanexemplaryvariation
of the first embodiment. The reaction processing vessel 60
according to the present exemplary variation is different from
the reaction processing vessel 10 shown in Fig. 1 in that both
the medium temperature serpiginous channel 37 and the medium
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temperature braking channel 46 are included in the medium
temperature region 38. On the other hand, as for the high
temperature serpiginous channel 35, both the high temperature
serpiginous channel 35 and the high temperature braking channel
45areincludedinthehightemperature region 36, asinthereaction
processing vessel 10. When stopping the sample in the high
temperature region 36 during the PCR, the sample exists in at least
both the high temperature serpiginous channel 35 and the high
temperature braking channel 45. On the other hand, when stopping
the sample in the medium temperature region 38 during the PCR,
the sample exists in at least both the medium temperature
serpiginous channel 37 and the medium temperature braking channel
46.

[0073] Also in the reaction processing vessel 60 according
to the present exemplary variation, the high temperature braking
channel 45 is formed such that the cross-sectional area thereof
is larger than the cross-sectional area of the high temperature
serpiginous channel 35. In the same way, the medium temperature
braking channel 46 is formed such that the cross—-sectional area
thereof is larger than the cross-sectional area of the medium
temperature serpiginous channel 37. Thereby, a brake action can
be exerted on the sample flowing through the high temperature
serpiginous channel 35 and the medium temperature serpiginous
channel 37.

(Second embodiment)

[0074] As described with reference to Fig. 3, the reaction
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processing apparatus 100 includes a fluorescence detector 140 in
ordertoirradiateasamplemovinginsidethechannel of thereaction
processing vessel with excitation light during the PCR and measure
the fluorescence emitted from the sample. In the fluorescence
detector 140, the optical head 142 has a function of directionally
irradiating the sample with excitation light and collecting
fluorescence emitted from the sample. The focused spot diameter
of the optical head 142 is usually about 0.15mm to 0.45 mm, which
is extremely small. Therefore, when arranging and fixing the
optical head 142 to the reaction processing apparatus 100, very
high accuracy is required. As a result, the workability for
assemblingmaybe reduced, andthecost forthepartsmaybeincreased.
Therefore, in the second embodiment, a reaction processing vessel
is provided that can overcome such a problem.

[0075] A reaction processing vessel according to the second
embodiment of the present invention is also formed of a substrate,
a sealing film attached to the substrate, and a filter. The same
components as those of the reaction processing vessel 10 according
tothe first embodiment are denoted by the same reference numerals,
and redundant description will be omitted as appropriate.
[0076] Fig. 7 is a plan view of a substrate 14 provided in
a reaction processing vessel 70 according to the second embodiment
of the present invention. The reaction processing vessel 70
according to the second embodiment does not include channels that
correspondtothehightemperaturebrakingchannel 45 and themedium
temperature braking channel 46 of the reaction processing vessel
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10 according to the first embodiment. Furthermore, the reaction
processing vessel 70 according to the second embodiment has a
configuration different from the reaction processing vessel 10
according to the first embodiment with respect to the detection
channel 61.

[0077] Fig. 8 shows a cross section of the detection channel
61 of the reaction processing vessel 70 according to the second
embodiment. Thedetectionchannel 61 isprovidedinthe connection
channel 40 and is irradiated with excitation light in order to
detect fluorescence from a sample. As shown in Fig. 8, the
detection channel 61 is a trapezoidal channel and includes an
opening 62, a bottom surface 63, and side surfaces 64 located on
the respective sides of the bottom surface 63. The side surfaces
64 are formed in a tapered shape expanding from the bottom surface
63 toward the opening 62. Parameters defining the shape and
dimensions of the detection channel 61 include a depth Dd, a taper
angle Td, an opening width Wdl, a bottom surface width Wd2, and
a cross—-sectional area Sd.

[0078] In the reaction processing vessel 70 according to the
second embodiment, the cross—-sectional area Sd of the detection
channel 61 is larger than the cross—-sectional area Sr of the
serpiginous channel 53 (see Fig. 4A). By making the
cross—-sectional area Sd of the detection channel 61 larger than
the cross—-sectional area Sr of the serpiginous channel 53 as
described, the tolerance when assembling the optical head 142 to
the reaction processing apparatus 100 is eased, thus improving
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theworkability for assembling and lowering the cost for the parts.
[0079] In the reaction processing vessel 70 according to the
second embodiment, the cross-sectional area ratio Sd/Sr of the
cross—sectional area Sr of the serpiginous channel 53 and the
cross—sectional area Sd of the detection channel 61 may be in a
range of 1 < Sd/Sr < 1.8, preferably in a range of 1.02 < Sd/Sr
< 1.5, and more preferably in a range of 1.02 £ Sd/Sr < 1.2.
[0080] In the reaction processing vessel 70 according to the
second embodiment, the openingwidthWrl of the serpiginous channel
53 may be 0.55 mm to 0.95 mm, and preferably 0.65 mm to 0.85 mm.
The bottom surface width Wr2 of the serpiginous channel 53 may
be 0 mm to 0.95 mm, and preferably 0.4 mm to 0.6 mm. The depth
Dr of the serpiginous channel 53 may be 0.5 mm to 0.9 mm, and
preferably 0.6mmto 0.8 mm. The taper angle Tr of the serpiginous
channel 53 may be 0° to 45°, preferably 10° to 30°, and more
preferably 15° to 25°. It should be noted that in the reaction
processing vessel 70 according to the second embodiment, when the
bottom surface width Wr2 of the serpiginous channel 53 is smaller
than the opening width Wrl such that the bottom surface width Wr2
is Ommor around O mm, the cross—sectional shape of the serpiginous
channel 53 becomes close to a substantially inverse triangular
shape. Further, it should be noted that when the taper angle Tr
is reduced to be 0° or around 0°, the cross-sectional shape of
the serpiginous channel 53 becomes close to a substantially
rectangular shape.

[0081] In the reaction processing vessel 70 according to the
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second embodiment, the opening width Wdl of the detection channel
61 may be 0.7 mm to 1.2 mm, and preferably 0.8 mm to 1.1 mm. The
bottom surface width Wd2 of the detection channel 61 may be 0.15
mm to 1.2 mm, and preferably 0.55 mm to 0.95 mm. The depth Dd
of the detection channel 61 maybe 0.5mmto 1.2 mm, and preferably
0.6 mm to 1.1 mm. The taper angle Td of the detection channel
61 may be 0° to 45°, preferably 10° to 35°, and more preferably
15° to 30°.

[0082] By formingthe serpiginous channel 53 andthedetection
channel 61 with the dimensions described above, the continuous
movement of the sample (which may include a surfactant) becomes
smooth, allowing for easy production also by a conventional
manufacturing technique such as injection molding.

[0083] Furthermore, by increasing the bottom surface width
Wd2 in the cross section of the detection channel 61, the effect
on the above-described tolerance can be further improved, and the
distance between the opposing side surfaces 64 is increased.
Thereby, thepossibility that reflection, refraction, scattering,
or the like at the side surfaces 64 hinders stable measurement
of fluorescence can be lowered.

[0084] The bottom surface 63 of the detection channel 61 is
formed on a plane parallel to the principal surface (i.e., the
upper surface 14a and the lower surface 14b) of the substrate 14.
Further, when the reaction processing vessel 70 is set in the
reaction processing apparatus 100 (see Fig. 3), the optical head
142 of the fluorescence detector 140 is arranged such that the
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optical axis thereof is substantially perpendicular to the bottom
surface 63 and the principal surface of the substrate 14. With
such an arrangement, undesirable refraction or reflection of
excitation light emitted from the optical head 142 to the sample
or fluorescence emitted from the sample can be suppressed, and
stable fluorescence intensity detection can be performed.
[0085] The bottom surface 63 and the side surfaces 64 are
flat, and connecting parts 65 between the bottom surface 63 and
the side surfaces 64 have an angular shape. That is, the connecting
parts 65 between the bottom surface 63 and the side surfaces 64
substantially have no curved surface, and for example, the
approximate curvature radius thereof may be 0.02 mm or less,
preferably 0.01 mm or less, and more preferably 0.005 mm or less.
In the fluorescence detection region 86, if a curved surface or
the like is present in a part corresponding to a fluorescence
emission part or an excitation light irradiation part, the curved
surface or the like may cause irregular refraction or scattering,
which may hinder stable measurement of fluorescence. Therefore,
such a situation can be prevented from occurring by making the
cross section of the detection channel 61 to have a shape in which
a curved surface or the like is eliminated as much as possible.
(Third embodiment)

[0086] Fig. 9 is a plan view of a substrate 14 provided in
a reaction processing vessel 90 according to the third embodiment
of the present invention. Fig. 10 is a schematic enlarged plan
view showing the vicinity of a branch channel 42 and a sample
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introductionport 44. Fig. 1l is a schematic cross—-sectional view
of thevicinity of thebranch channel 42 andthe sample introduction
port 44 shown in Fig. 10 that is sectioned along line A-A.
[0087] As described above, the branch channel 42 is branched
from a part of the buffer channel 39, and the sample introduction
port 44 is formed at the distal end of the branch channel 42 so
as to be exposed on the lower surface 14b of the substrate 14.
The sample is introduced from this sample introduction port 44
and flows into the buffer channel 39 via the branch channel 42.
The sample filling the buffer channel 39 is moved to the high
temperature serpiginous channel 35 or the medium temperature
serpiginous channel 37 and subjected to PCR. However, there is
a possibility that the sample remains in the branch channel 42
and the sample introduction port 44. As described above, the high
temperature region 36 and the medium temperature region 38 are
heated by the heater of the reaction processing apparatus during
the PCR. When heat applied to the high temperature region 36 and
the medium temperature region 38 is transmitted to the branch
channel 42 and the sample introduction port 44, the heat expands
the air present inthebranch channel 42 and the sample introduction
port 44, and the sample that is remaining may be pushed out to
the buffer channel 39 by the expanded air. In other words, in
the channel 12, the sample to be subjected to PCR (referred to
as “main sample”) and the residual sample exist while being
separated from each other. When the main sample and the residual
sample exist while being separated from each other in the channel
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12 as described above, there is a possibility that the propulsive
power does not suitably act on the main sample even when the inside
of the channel 12 is pressurized such that the sample cannot be
appropriately moved.

[0088] Therefore, the reaction processing vessel 90
accordingtothethirdembodiment of the present inventionis formed
such that the distance de between the medium temperature region
38 near the branch channel 42 and the sample introduction port
44, and the branch channel 42 and the sample introduction port
44 is 5 mm or more. When the substrate 14 is made of resin or
glass, by setting the distance de to be 5 mm or more, the transfer
of heat from the medium temperature region 38 to the branch channel
42 and the sample introduction port 44 can be prevented or at least
suppressed. Thus, troubles such as the ones described above can
be prevented. The distance de is 5 mm or more, preferably 6 mm
or more, more preferably 7.5 mm or more, and even more preferably
9 mm or more. As a matter of course, the larger the distance dg,
thebetter fromtheviewpoint of preventingheat transfer. However,
if the distance de is excessively large, the reaction processing
vessel 90 is increased in size. The distance de is 50 mm or less,
preferably 40 mm or less, more preferably 30 mm or less, and even
more preferably 25 mm or less.

[0089] In the present embodiment, since the medium
temperature region 38 is closer to the branch channel 42 and the
sample introduction port 44 than the high temperature region 36,
the distance de between the medium temperature region 38 and the
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branch channel 42 and the sample introduction port 44 is defined.
However, in another embodiment, when the high temperature region
is closer to the branch channel 42 and the sample introduction
port 44 than the medium temperature region, the distance de between
the high temperature region and the branch channel and the sample
introduction port is defined. That is, the distance de between
the reaction region closest to the branch channel 42 and to the
sample introductionport 44 amongtheplurality of reaction regions
and the branch channel 42 and the sample introduction port 44 may
be set to be 5 mm or more.

(Fourth embodiment)

[0090] Fig. 12 is a plan view of a substrate 14 provided in
areactionprocessingvessel 110 accordingtothe fourthembodiment
of the present invention. The branch channel 42 is branched from
a part of the buffer channel 39, and the sample introduction port
44 is formed at the distal end of the branch channel 42 so as to
be exposed on the lower surface 14b of the substrate 14. A sample
introduced from the sample introduction port 44 flows toward one
of filters, comes into contact with the filter surface, and a part
of the filter surface may be buried or clogged by the sample. When
the filter is partially or entirely clogged, the propulsive power
of a syringe pump, a diaphragm pump, a blower, or the like serving
as a liguid sending system is less likely to act on the sample
throughthe filter. Therefore, thereciprocationbetweenthehigh
temperature region and the medium temperature region may not be
performed normally, which may hinder the PCR reaction.
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[0091] Therefore, in the reaction processing vessel 110
according to the fourth embodiment of the present invention, given
that the volume of a channel from the sample introduction port
44 to a filter closest to the sample introduction port (the first
filter 28 in Fig. 12) is denoted by Vf and that the volume of the
sample introduced from the sample introduction port is denoted
by Vs, the following is satisfied:

k x Vs < Vf (where k is a coefficient and represents a real
number of 0.1 to 10)
[0092] The coefficient k is determined based on the volume
Vs of the sample to be introduced, the type and viscosity of the
solvent of the sample to be introduced, the amount and properties
of substances such as a surfactant added to the sample, the
wettabilitywithandtheresistancetothesurfaceof thesubstrate,
the channel sealing film, etc., or the like. The value of the
coefficient k is preferably 0.3 to 5, more preferably 0.4 to 2.
Further, even when the entire amount of the introduced sample flows
toward the filter closest to the sample introduction port, the
coefficient k may be larger than 1 (1 < k) from the viewpoint that
the tip of the sample does not come into contact with the filter
surface. On the other hand, when the coefficient k is large, VI
becomes large. Therefore, the coefficient k may be 0.4 to 0.6
fromthe viewpoint of a space savingeffect of theprincipal surface
of the substrate.
[0093] The volume Vs of the sample to be introduced is 1 uL
to 50 uL (microliter), preferably 5uL to 40 uL, andmore preferably
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10 uL to 30 pL. When the cross-sectional shape of the channel
is represented in Fig. 4A, the length Lh of the channel from the
sample introduction port 44 to a filter closest to the sample
introduction port 44 is 2 mm to 200 mm, and is preferably 5 mm
to 100 mm, more preferably 10 mmto 50 mm, and still more preferably
20 mm to 40 mm. If the length Lh of the channel is too small,
the possibility of the sample coming into contact with the filter
increases. Ifthelengthlhistoolarge, thesize of the substrate
14 is causedtobe large. This isnot preferable fromthe viewpoint
of space saving of the substrate and also hinders miniaturization
of the reaction processing apparatus.

[0094] At least a part of the channel from the sample
introduction port 44 to the filter closest to the sample
introduction port 44 may be a channel with a cross section shown
in Fig. 4B or a cross section shown in Fig. 8. By making the
cross—sectional area of the channel from the sample introduction
port 44 tothe filterrelatively large, the length Lh canbe reduced.
Further, a braking action for preventing overrun of the sample
during a reaction process such as PCR can be expected, and
contamination of the filter by the sample can be prevented.
[0095] For example, even when a worker introduced a sample
after mistakenly peeling off a sealing film that is sealing the
filter closest to the sample introduction port 44 or a sealing
filmthat issealinganair communicationport closest tothe filter
at the time of introducing the sample from the sample introduction
port 44, it is possible to prevent the sample from flowing in the
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directionofthefilternearthe sample introductionport andcoming
intocontact withthe filter resultingincontaminatingthe filter.
[0096] Described above is an explanation based on the
embodiments of the present invention. These embodiments are
intended to be illustrative only, and it will be obvious to those
skilled in the art that various modifications to constituting
elements and processes could be developed and that such
modifications are also within the scope of the present invention.
[0097] For example, the reaction processing vessel according
to one embodiment may include the high temperature braking channel
45 and the medium temperature braking channel 46 in the reaction
processing vessel 10 according to the first embodiment described
above andthe detectionchannel 61 inthereactionprocessingvessel
70 according to the second embodiment described above. 1In this
case, it ispossibletorealizeareactionprocessingvessel capable
of exhibiting both effects of these two embodiments.
[INDUSTRIAL APPLICABILITY]

[0098] The present invention is applicable to a polymerase
chain reaction (PCR).

[DESCRIPTION OF THE REFERENCE NUMERALS]

[0099] 10, o0, 70, 90, 110 reaction processing vessel,
12 channel,
14 substrate,
16 channel sealing film,
18 first sealing film,
19 second sealing film,
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20
21
24
26
28
29,
30
35
36
37
38
39
40
42
44
45
46
47,
48,
49,
53,
54
55,
57
61

86

third sealing film,
fourth sealing film,
first air communication port,
second air communication port,
first filter,
31 air introduction passage,
second filter,
high temperature serpiginous channel,
high temperature region,
medium temperature serpiginous channel,
medium temperature region,
buffer channel,
connection channel,
branch channel,
sample introduction port,
high temperature braking channel,
medium temperature braking channel,
50, 62 opening,
51, 63 bottom surface,
52, 64 side surface,
56 serpiginous channel,
braking channel,
58, 65 connecting part,
bent part
detection channel,
fluorescence detection region,
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100

104

106

140

142

144

146

reaction processing apparatus,
high temperature heater,
medium temperature heater,
fluorescence detector,

optical head,

fluorescence detector driver,

optical fiber
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[CLAIMS]

1. A reaction processing vessel comprising a substrate and
a groove—-like channel formed on a principal surface of the
substrate,

wherein the channel includes a serpiginous channel and a
braking channel adjacent to the serpiginous channel, and

wherein the cross—-sectional area of the braking channel is

larger than the cross-sectional area of the serpiginous channel.

2. The reaction processing vessel according to claim 1,
wherein given that the cross-sectional area of the serpiginous
channel is denoted by Sr and that the cross—-sectional area of the
braking channel is denoted by Sb, a cross—-sectional area ratio

Sb/Sr is in a range of 1 < Sb/Sr < 1.8.

3. The reaction processing vessel according to claim 2,
wherein the cross—-sectional area ratio Sb/Sr is in a range of 1.02

< Sb/Sr < 1.5.

4., The reaction processing vessel according to claim 2,
wherein the cross—-sectional area ratio Sb/Sr is in a range of 1.02

< Sb/Sr < 1.2.

5. The reaction processing vessel according to any one of
claims 1 through 4, wherein the serpiginous channel and the braking

45



channel each have an opening, a bottom surface, and side surfaces
formed in a tapered shape expanding from the bottom surface toward

the opening.

6. The reaction processing vessel according to claim 5,

wherein the serpiginous channel has an opening width of 0.55
mm to 0.95 mm, a bottom surface width of O mm to 0.95 mm, a depth
of 0.5 mm to 0.9 mm, and a taper angle of 0° to 45°, and

wherein the braking channel has an opening width of 0.65
mm to 1.05 mm, a bottom surface width of O mm to 1.05 mm, a depth

of 0.5 mm to 0.9 mm, and a taper angle of 0° to 45°.

7. The reaction processing vessel according to claim 5 or
6, wherein connecting parts between the bottom surface and the

side surfaces have a curved surface.

8. The reaction processing vessel according to claim 7,
wherein the curvature radius of the connecting parts is 0.2 mm

to 0.38 mm.

9. The reaction processing vessel according to any one of
claims 1 through 8,

wherein the serpiginous channel includes a bent part, and

wherein the curvature radius of the bent part is 0.3 mm to

10 mm.
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10. A reaction processing vessel comprising a substrate and
a groove-like channel formed on a principal surface of the
substrate,

wherein the channel includes a serpiginous channel and a
detectionchannel that isirradiatedwithexcitationlight inorder
to detect fluorescence from a sample flowing inside the channel,
and

wherein the cross—-sectional area of the detection channel

islarger thanthe cross—-sectional areaof the serpiginous channel.

11. The reaction processing vessel according to claim 10,
wherein given that the cross-sectional area of the serpiginous
channel is denoted by Sr and that the cross—-sectional area of the
detection channel is denoted by Sd, a cross—sectional area ratio

Sd/Sr is in a range of 1 < Sd/Sr < 1.8.

12. The reaction processing vessel according to claim 11,
wherein the cross—-sectional area ratio Sd/Sr is in a range of 1.02

< 8d/sr < 1.5.

13. The reaction processing vessel according to claim 11,
wherein the cross—-sectional area ratio Sd/Sr is in a range of 1.02

< 8d/sr < 1.2.

14. The reaction processing vessel according to any one of
claims 10 through 13, wherein the serpiginous channel and the
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detection channel each have an opening, a bottom surface, and side
surfaces formedinataperedshape expanding fromthebottomsurface

toward the opening.

15. The reaction processing vessel according to claim 14,

wherein the serpiginous channel has an opening width of 0.55
mm to 0.95 mm, a bottom surface width of O mm to 0.95 mm, a depth
of 0.5 mm to 0.9 mm, and a taper angle of 0° to 45°, and

wherein the detection channel has an opening width of 0.7
mm to 1.2 mm, a bottom surface width of 0.15 mm to 1.2 mm, a depth

of 0.5 mm to 1.2 mm, and a taper angle of 0° to 45°.

16. The reaction processing vessel according to claim 14
or 15, whereinthebottomsurface in the detection channel is formed

onaflat surfaceparalleltotheprincipal surfaceofthe substrate.

17. The reaction processing vessel according to claim 16,
wherein connecting parts between the bottom surface and the side

surfaces are formed in an angular shape.

18. A reaction processing vessel comprising a substrate and
a groove—like channel formed on a principal surface of the
substrate,

whereinthe channel includesaserpiginous channel, abraking
channel adjacent to the serpiginous channel, and a detection
channel that isirradiatedwithexcitation light inorder to detect
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fluorescence from a sample flowing inside the channel,
wherein the cross—-sectional area of the braking channel is
larger than the cross-sectional area of the serpiginous channel,
and
wherein the cross-sectional area of the detection channel

islargerthanthe cross—-sectional areaof the serpiginous channel.

19. The reaction processing vessel according to claim 18,
wherein given that the cross-sectional area of the serpiginous
channel is denoted by Sr, that the cross-sectional area of the
braking channel is denoted by Sb, and that the cross—-sectional
area of the detection channel is denoted by Sd, a cross—sectional
arearatioSb/Srisinarangeof1<Sb/Sr<1.8, andacross—sectional

area ratio Sd/Sr is in a range of 1 < Sd/Sr < 1.8.

20. The reaction processing vessel according to claim 18
or 19, wherein the serpiginous channel, the braking channel, and
the detection channel each have an opening, a bottom surface, and
side surfaces formed in a tapered shape expanding from the bottom

surface toward the opening.

21. The reaction processing vessel according to claim 20,

wherein the serpiginous channel has an opening width of 0.55
mm to 0.95 mm, a bottom surface width of O mm to 0.95 mm, a depth
of 0.5 mm to 0.9 mm, and a taper angle of 0° to 45°,

wherein the braking channel has an opening width of 0.65
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mm to 1.05 mm, a bottom surface width of O mm to 1.05 mm, a depth

of 0.5 mm to 0.9 mm, and a taper angle of 0° to 45°, and
wherein the detection channel has an opening width of 0.7

mm to 1.2 mm, a bottom surface width of 0.15 mm to 1.2 mm, a depth

of 0.5 mm to 1.2 mm, and a taper angle of 0° to 45°.

22. The reaction processing vessel according to claim 20
or 21, wherein thebottomsurface in the detection channel is formed

onaflat surfaceparalleltotheprincipal surfaceof the substrate.

23. The reaction processing vessel according to claim 22,

wherein connecting parts between the bottom surface and the
side surfaces are formedto have a curved surface in the serpiginous
channel, and

wherein connecting parts between the bottom surface and the
side surfaces are formed in an angular shape in the detection

channel.

24. A reaction processing vessel comprising a substrate,
agroove-likechannel formedonaprincipal surfaceof the substrate,
a branch channel branched from the channel, and a sample
introduction port provided in the branch channel,

wherein a plurality of reaction regions each maintained at
a predetermined temperature when the reaction processing vessel
is used are set for the substrate, and

wherein the distance between a reaction region closest to
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the branch channel and to the sample introduction port among the
plurality of reaction regions and the branch channel and the sample

introduction port is 5 mm or more.

25. A reaction processing method using the reaction
processing vessel according to claim 24, comprising:

introducing a sample into the channel via the sample
introduction port and the branch channel;

heating the plurality of reaction regions each to a
predetermined temperature; and

moving the sample between the plurality of reaction regions
and subjecting the sample to PCR;

wherein the sample remaining in the branch channel and the
sample introduction port is not pushed out into the channel during

the PCR.

26. A reaction processing vessel comprising a substrate,
agroove—likechannel formedonaprincipal surfaceof the substrate,
a pair of filters provided at the respective ends of the channel,
a branch channel branched from the channel, and a sample
introduction port provided in the branch channel,

wherein given that the volume of the channel from the sample
introduction port to a filter closest to the sample introduction
port is denoted by Vf and that the volume of the sample introduced
from the sample introduction port is denoted by Vs, the following
is satisfied: k x Vs < Vf (where k represents a real number of
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0.1 to 10).

27. A reaction processing vessel comprising a substrate,
agroove-likechannel formedonaprincipal surfaceof the substrate,
a pair of filters provided at the respective ends of the channel,
a branch channel branched from the channel, and a sample
introduction port provided in the branch channel,

wherein, when the volume of the sample introduced from the
sample introduction port is 1 uL to 50 uL, the length of the channel
fromthe sample introduction port toa filter closest to the sample

introduction port is 2 mm to 200 mm.
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