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(54) SAMPLE PROCESSING AND MEASURING SYSTEM

(57) A specimen treating and measuring system
1000 according to the present invention comprises: a
treatment part 110 having a plurality of lanes for carrying
out parallel processing of a plurality of specimens, and
mounting cartridges 112 in each of the plurality of lanes;
a cartridge storing unit 700 storing a plurality of types of
cartridge to be used for different processes correspond-
ing to the plurality of specimens; a sample storing unit

600 storing and conveying sample tubes containing the
plurality of specimens; a pickup unit 300 transferring each
of the plurality of types of cartridge 112 to each lane, and
transferring each of the plurality of specimens from the
sample tubes to each of the plurality of lanes; and a con-
trol unit controlling the transfer of the plurality of types of
cartridge and the transfer of the plurality of specimens,
performed by the pickup unit 300.
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Description

Technical Field

[0001] The present invention relates to a specimen
treatment and measurement system for continuously ex-
ecuting treatment and measurement on samples (spec-
imens) of a plurality of types of biologically relevant ma-
terials.

Background Art

[0002] A sample of a biologically relevant material such
as a gene is subjected to predetermined pretreatment
and then subjected to measurement processing such as
detection or quantification. As the predetermined pre-
treatment, the sample is subjected to physical treatment,
such as capturing, refinement, separation and/or clean-
ing, gene amplification, chemical treatment, and/or some
other treatment. As the measurement processing, chemi-
luminescence, luminescence, adsorbance, and the like
are measured. For performing such pretreatment and
measurement, it is necessary to select plastic members
and consumables such as dispensation chips for dis-
pensing a plurality of reagents, reaction solutions, and
the like in accordance with a treatment purpose, and to
execute an appropriate pretreatment step by sequentially
using these.
[0003] The present inventor has proposed magtration
technology (Patent Literature 1) using magnetic parti-
cles. In addition to the magtration technology, the present
inventor has made it possible to perform polyspecimen
batch treatment by cartridge multiple row alignment, si-
multaneous control of solution dispensation with a plu-
rality of dispensation nozzles, and dispensation control
using separation of a magnetic body, as proposed in Pat-
ent Literature 2.
[0004] As automatization of the pretreatment, two sys-
tems have been proposed, which are a multi-sample
batch system and a one-sample random access system.
The multi-sample batch system is to perform batch treat-
ment on a plurality of samples in parallel. Examples of a
multi-sample batch system product include "geneLEAD
XII" supplied by Precision System Science Co., Ltd. Ex-
amples of a multi-sample batch system product include
"cobas" series supplied by Roche Diagnostics K.K. The
one-sample random access system is to read information
piece by piece for each sample and sequentially execute
different physical treatment and reaction treatment
based on the information.

Citation List

Patent Literature

[0005]

Patent Literature 1: Patent No. 3682302 (Figure 3)

Patent Literature 2: WO2010/074265 (Figure 38)

Summary of Invention

Technical Problem

[0006] The advantage of the multi-sample batch sys-
tem is being able to downsize and simplify the device by
performing batch treatment on a plurality of samples in
a "system configuration where each functioning part for
treatment is stabilized". However, the disadvantage of
the multi-sample batch system is having difficulties in
dealing with samples required to be subjected to a plu-
rality of different steps and dealing with continuously in-
troduced different samples. Specifically, as shown in Fig-
ure 1, a case is assumed where a plurality of samples
SA1, SA2, SA3, SA4, SA5, SA6, SAB1, and SBC1 are treated
in the multi-sample batch system. The samples SA1, SA2,
SA3, SA4, SA5, and SA6 need to be subjected to pretreat-
ment of an item A while not needing to be subjected to
pretreatment of an item B or an item C. The sample SAB1
needs to be subjected to the pretreatment of the item A
and the pretreatment of the item B while not needing to
be subjected to the pretreatment of the item C. The sam-
ple SBC1 needs to be subjected to the pretreatment of
the item B and the pretreatment of the item C sequentially
while not needing be subjected to the pretreatment of the
item A. As thus described, it is difficult to simultaneously
perform the multiple-sample batch treatment on a plural-
ity of samples for which necessary items are different.
[0007] In contrast, the advantage of the one-sample
random access system is being able to perform treatment
on samples, required to be subjected to a plurality of
steps of treatment (items), in a consistent and continuous
manner. However, as shown in Figure 2, the disadvan-
tage of the one-sample random access system is need-
ing to transfer the sample from a specified functioning
part to another specified functioning part for treatment
and to respectively execute different treatment steps.
Due to the treatment step being different for each sample,
hardware and software for controlling the treatment steps
become complex. As a result, a problem has occurred
where a required system or device becomes extremely
complex, high in price, and large in size (5 m to 10 m).
For example, as shown in Figure 2, a case is assumed
where the samples SA1, SAB1, SBC1 are treated in the
one-sample random access system. First, the sample
SA1 is transferred to an item-A treatment functioning part
and subjected to the treatment step of the item A, where-
after the sample SA1 is transferred to a sample collector.
Next, the sample SAB1 is transferred to the item-A treat-
ment functioning part and subjected to the treatment step
of the item A, and the sample SAB1 is transferred to an
item-B treatment functioning part and subjected to the
treatment step of the item B, whereafter the sample SAB1
is transferred to the sample collector. Finally, the sample
SBC1 is transferred to the item-B treatment functioning
part and subjected to the treatment step of the item B,
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and the sample SBC1 is transferred to the item-C treat-
ment functioning part and subjected to the treatment step
of the item C, whereafter the sample SBC1 is transferred
the sample collector. Further, since the treatment is per-
formed for each sample in the one-sample random ac-
cess system, there has occurred a problem where a great
deal of time is required in the case of performing treat-
ment on a plurality of samples.
[0008] Requirements in an automated system of the
pretreatment step on the plurality of samples are as fol-
lows: There are as many as tens of types of required test
items, thereby requiring an information management
system which accurately makes selection using a bar
code or an IC tag without selecting a wrong reagent or
consumable. Further, it is necessary to consider a con-
tamination preventive measure for preventing mixture of
even a trace of reagent and sample, and a stage layout
and a transfer method for achieving storage, supply, and
disposal of a large amount of reagent and consumable,
so as to continuously perform treatment on as large an
amount of sample as possible. In addition, it is necessary
to consider a structure capable of ensuring continuous
treatment on a large number of samples, an interruption
function of a priority specimen for an urgent test, user
friendly interface easy to use by an operator, and down-
sizing, a low price, and reliable safety of a device body.
[0009] It is an object of the present invention to provide
a new specimen treatment and measurement system
that is capable of efficiently and continuously executing
treatment and measurement when treatment is per-
formed on a plurality of specimens.

Solution to Problem

[0010] Each aspect of the present invention is as fol-
lows:

(Aspect 1) A specimen treatment and measurement
system for executing treatment in parallel which is
made up of extraction of nucleic acid contained in
each of a plurality of specimens, amplification of the
extracted nucleic acid, and measurement of the am-
plified nucleic acid, the system including: a cartridge
storing unit that stores one type or a plurality of types
of cartridges for use in the treatment corresponding
to the plurality of specimens; a specimen treatment
part including a plurality of treatment lanes config-
ured to execute the treatment in parallel, the car-
tridge being installed on each of the plurality of treat-
ment lanes; a specimen storing unit that stores each
of the plurality of specimens; a cartridge transferring
unit that transfers the plurality of cartridges to the
plurality of lanes, respectively; a specimen transfer-
ring unit that transfers the plurality of specimens to
the plurality of treatment lanes; and a controller that
controls the transfer of the cartridge by the cartridge
transferring unit and the transfer of the plurality of
specimens by the specimen transferring unit, and in

the system, the controller uses the cartridge trans-
ferring unit to transfer to each of the plurality of treat-
ment lanes the cartridge corresponding to each of
the plurality of specimens, and the controller further
uses the specimen transferring unit to transfer the
plurality of specimens to the plurality of treatment
lanes.
(Aspect 2) The specimen treatment and measure-
ment system according to the aspect 1, where the
treatment and/or the measurement is batch treat-
ment that is simultaneously performed on the plural-
ity of specimens. (Aspect 3) The specimen treatment
and measurement system according to the aspect 1
or 2, including a specimen treatment preparing unit
obtained by integrating the cartridge transferring unit
and the specimen transferring unit. (Aspect 4) The
specimen treatment and measurement system ac-
cording to any one of the aspects 1 to 3, where at
least a part of the cartridge includes a prefilled well
in which a reagent and/or a solution required for the
treatment is sealed in advance. (Aspect 5) The spec-
imen treatment and measurement system according
to any one of the aspects 1 to 4, where the plurality
of specimens are classified into a plurality of groups
among which common treatment operation is possi-
ble, and the controller selects a plurality of speci-
mens, included in the same group, from the plurality
of specimens and executes the treatment in parallel.
(Aspect 6) The specimen treatment and measure-
ment system according to the aspect 5, where the
treatment is executed in parallel on the plurality of
specimens for each group altogether to perform
treatment on a whole of the plurality of specimens in
a random and continuous manner.
(Aspect 7) The specimen treatment and measure-
ment system according to any one of the aspects 1
to 6, where the cartridge transferring mechanism in-
cludes a cartridge picker that adsorbs the at least
one cartridge. (Aspect 8) The specimen treatment
and measurement system according to the aspect
7, where the cartridge picker vacuum-sucks the car-
tridge. (Aspect 9) The specimen treatment and
measurement system according to the aspect 7 or
8, where the cartridge picker includes a protrusion,
and the cartridge includes a recess into which the
protrusion is inserted. (Aspect 10) The specimen
treatment and measurement system according to
any one of the aspects 7 to 9, where the cartridge
picker adsorbs both ends of the cartridge. (Aspect
11) The specimen treatment and measurement sys-
tem according to any one of the aspects 7 to 10,
where the cartridge transferring mechanism includes
a cartridge-picker lifting mechanism that lifts and low-
ers the cartridge picker. (Aspect 12) The specimen
treatment and measurement system according to
any one of the aspects 7 to 11 where the specimen
treatment and measurement system includes a con-
sumable storing unit that stores a consumable for
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use in the plurality of lanes, and the cartridge trans-
ferring mechanism includes a consumable picker
that takes the consumable out of the consumable
storing unit.
(Aspect 13) The specimen treatment and measure-
ment system according to the aspect 12, where the
cartridge transferring mechanism includes a con-
sumable-picker lifting mechanism that lifts and low-
ers the consumable picker. (Aspect 14) The speci-
men treatment and measurement system according
to any one of the aspects 7 to 13, where the cartridge
includes a cartridge information recording part in
which cartridge information is recorded, and the car-
tridge transferring mechanism includes an informa-
tion reading part that reads the cartridge information
out of the cartridge information memory. (Aspect 15)
The specimen treatment and measurement system
according to any one of the aspects 1 to 14, where
a first cartridge and a second cartridge are installed
on each of the plurality of treatment lanes, and the
controller removes the second cartridge with the
treatment on the specimen terminated from the plu-
rality of treatment lanes by using the cartridge trans-
ferring mechanism, while treatment is performed on
the specimen in the first cartridge. (Aspect 16) The
specimen treatment and measurement system ac-
cording to any one of the aspects 1 to 15, where the
specimen container includes a specimen information
recording part in which specimen information and/or
reagent information for use in treatment on the spec-
imen is recorded, and the specimen transferring unit
or the specimen storing unit includes an information
reading part that reads the specimen information
and/or the reagent information out of the specimen
information memory.
(Aspect 17) The specimen treatment and measure-
ment system according to any one of the aspects 1
to 16, where the specimen storing unit includes a
specimen conveying mechanism that circularly con-
veys the plurality of specimens, and a specimen
takeout position for taking the specimen out of the
specimen conveying mechanism. (Aspect 18) The
specimen treatment and measurement system ac-
cording to any one of the aspects 1 to 17, where the
specimen storing unit includes a temperature adjust-
ing mechanism for preventing degeneration or dete-
rioration of the plurality of specimens. (Aspect 19)
The specimen treatment and measurement system
according to any one of the aspects 1 to 18, including
a cartridge fixing mechanism that fixes the cartridge
to the specimen treatment part. (Aspect 20) The
specimen treatment and measurement system ac-
cording to any one of the aspects 1 to 19, where the
cartridge fixing mechanism includes a first claw and
a second claw that push both ends of the cartridge.
(Aspect 21) The specimen treatment and measure-
ment system according to any one of the aspects 1
to 20, including a treatment executing unit that has

a plurality of dispensation nozzles so as to execute
the treatment in parallel on the cartridge installed in
each of the plurality of treatment lanes. (Aspect 22)
The specimen treatment and measurement system
according to any one of the aspects 1 to 21, including
a measurement unit for executing the measurement
of the plurality of specimens.
(Aspect 23) A specimen treatment and measure-
ment system for executing treatment in parallel
which is made up of extraction of nucleic acid con-
tained in each of a plurality of specimens, amplifica-
tion of the extracted nucleic acid, and measurement
of the amplified nucleic acid, and in the system, the
specimen treatment and measurement system in-
cludes a treatment preparation sub-system, a treat-
ment execution sub-system, a plurality of stage
racks, a stage-rack transferring mechanism that
transfers the plurality of stage racks between the
treatment preparation sub-system and the treatment
execution sub-system, and a controller that controls
operation of the specimen treatment and measure-
ment system, the treatment preparation sub-system
includes a cartridge supply unit that supplies at least
one cartridge, a cartridge picker that picks up the
cartridge, a consumable storing unit which stores a
consumable, a pickup unit that picks up the consum-
able, and a specimen storing part that stores the plu-
rality of specimens, each of the plurality of stage
racks includes a plurality of treatment lanes so as to
execute the treatment in parallel, and the cartridge,
the consumable, and the specimen container are in-
stalled in predetermined positions in each of the plu-
rality of treatment lanes, and the treatment execution
sub-system includes a plurality of treatment execut-
ing units, a plurality of stage-rack mounting parts in
which the plurality of stage racks are mounted, and
a stage-rack mounting mechanism that transfers
each of the stage racks to the stage-rack mounting
part, and each of the plurality of treatment executing
units executes the treatment on each of the plurality
of specimens on the stage rack mounted in the stage-
rack mounting part.
(Aspect 24) The specimen treatment and measure-
ment system according to the aspect 23, where a
plurality of specimens, to which a common protocol
capable of executing the treatment in parallel is ap-
plied, are arranged in one stage rack, and the treat-
ment is executed in one treatment executing unit.
(Aspect 25) The specimen treatment and measure-
ment system according to the aspect 23 or 24, where
in each of the plurality of treatment lanes, an extrac-
tion functioning part that extracts nucleic acid from
the specimen, an amplification functioning part that
amplifies the extracted nucleic acid, and the meas-
urement functioning part that measures the amplified
nucleic acid are arranged in a line. (Aspect 26) The
specimen treatment and measurement system ac-
cording to any one of the aspects 23 to 25, where
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the stage rack installs, on each of the treatment
lanes, a reagent container accommodating various
reagents for use in the treatment, the cartridge, the
consumable, and a specimen container that contains
the specimen, and all or at least some of these are
replaced or disposed of after the treatment to enable
reduction in contamination of the specimen. (Aspect
25) The specimen treatment and measurement sys-
tem according to the aspect 23 or 24, where the car-
tridge picker vacuum-sucks the cartridge. (Aspect
26) The specimen treatment and measurement sys-
tem according to any one of the aspects 23 to 25,
where the cartridge picker adsorbs both ends of the
cartridge. (Aspect 27) The specimen treatment and
measurement system according to any one of the
aspects 23 to 26, including a transport mechanism
that transports a reagent and/or a specimen for use
in the treatment from the treatment preparation sub-
system to the treatment execution sub-system when
the reagent and/or the specimen is used in the treat-
ment executing unit.
(Aspect 28) The specimen treatment and measure-
ment system according the aspect 27, where the
transport mechanism is made up of a slide rack that
accommodates the reagent or the specimen, and a
slide mechanism that slides the slide rack. (Aspect
29) The specimen treatment and measurement sys-
tem according to the aspect 26 or 27, where the treat-
ment preparation sub-system further includes a stor-
age part that adjusts a temperature of the reagent
or the specimen and stores the reagent or the spec-
imen. (Aspect 30) The specimen treatment and
measurement system according to any one of the
aspects 23 to 29, where the cartridge supplying unit
includes a cartridge push-out mechanism that push-
es a bottom cartridge of a stacked plurality of car-
tridges out of the cartridge supplying unit. (Aspect
31) The specimen treatment and measurement sys-
tem according to any one of the aspects 23 to 30,
where the treatment execution sub-system further
includes an adhesion mechanism that causes a heat
block to adhere to the stage rack mounted in the
stage-rack mounting part. (Aspect 32) The specimen
treatment and measurement system according to
any one of the aspects 23 to 31, where the treatment
execution sub-system includes a consumable tank
that disposes of the consumable, and the dispensa-
tion nozzle of the treatment executing unit takes out
the consumable from the stage rack and disposes
of the consumable into the consumable tank during
the treatment or after the treatment.
(Aspect 33) The specimen treatment and measure-
ment system according to the aspects 23 to 32,
where the treatment execution sub-system includes
a waste liquid tank that disposes of a waste liquid
containing the specimen, and the dispensation noz-
zle of the treatment executing unit sucks the waste
liquid from the stage rack and disposes of the waste

liquid into the waste liquid tank during the treatment
or after the treatment. (Aspect 34) The specimen
treatment and measurement system according to
the aspects 23 to 33, where the treatment prepara-
tion sub-system includes a cartridge waste part that
disposes of the cartridge, and after completion of
measurement, the cartridge picker picks up the car-
tridge from the stage rack transferred to the treat-
ment preparation sub-system and disposes of the
cartridge into the cartridge waste part. (Aspect 35)
The specimen treatment and measurement system
according to any one of the aspects 1 to 34, where
the consumable includes at least one of a well, a
tube, a dispensation chip, a piercing chip, and a cap
of the well. (Aspect 36) The specimen treatment and
measurement system according to any one of the
aspects 1 to 35, where at least a part of the cartridge
includes at least one prefilled well in which an ex-
tracted reagent of the nucleic acid and/or an ampli-
fied reagent of the nucleic acid is sealed in advance.
(Aspect 37) The specimen treatment and measure-
ment system according to any one of the aspects 1
to 35, where at least a part of the cartridge includes
a prefilled cartridge for an extracted reagent in which
the extracted reagent of the nucleic acid is sealed in
advance, and a prefilled cartridge for an amplified
reagent in which an amplified reagent of the nucleic
acid is sealed in advance. (Aspect 38) The specimen
treatment and measurement system according to
any one of the aspects 1 to 35, where the cartridge
includes at least one or a plurality of a well for a
reagent, a well for extracting nucleic acid, a well for
amplifying nucleic acid, a cap holding part that holds
a cap of the well, and a dispensation chip holding
part that holds a dispensation chip. (Aspect 39) The
specimen treatment and measurement system ac-
cording to any one of the aspects 1 to 38, where the
treatment lane includes a tube that accommodates
a micro particle for detecting nucleic acid, a plurality
of the micro particles, to each of which a material
capable of being specifically coupled to a different
specimen is fixed, are arranged at known positions
in the tube, and the specimen treatment and meas-
urement system is provided with a detector that de-
tects a signal issued by the micro particle in the tube.
(Aspect 40) The specimen treatment and measure-
ment system according to any one of the aspects 1
to 39, where the treatment lane includes an electro-
phoresis chip that performs electrophoresis of the
specimen, and the specimen treatment and meas-
urement system includes a detector that detects a
band separated from the specimen in the electro-
phoresis chip. (Aspect 41) The specimen treatment
and measurement system according to any one of
the aspects 1 to 40, including a biochemical testing
device that conducts a biochemical test of the spec-
imens.
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Advantageous Effects of Invention

[0011] In the specimen treatment and measurement
system of the present invention, it is possible to efficiently
execute continuous treatment in the case of performing
treatment on a plurality of specimens that requires differ-
ent treatment steps.

Brief Description of Drawings

[0012]

Figure 1 is a schematic diagram for explaining a mul-
ti-sample batch system.
Figure 2 is a schematic diagram for explaining a one-
sample random access system.
Figure 3 is a venn diagram concerning a random
batch access system of the present invention.
Figure 4 is a perspective view of a specimen treat-
ment and measurement system according to a first
embodiment of the present invention.
Figure 5 is a top view of the specimen treatment and
measurement system of Figure 4.
Figure 6 is a perspective view of a chain conveyer
in the specimen treatment and measurement system
of Figure 5.
Figure 7 is a top view of the chain conveyer of Figure
6.
Figure 8 is a top perspective view of a pickup unit
installed in the specimen treatment and measure-
ment system of Figure 4.
Figure 9 is a bottom perspective view of the pickup
unit of Figure 8.
Figures 10(a) to 10(c) are side views of the pickup
unit of Figure 8.
Figure 11 is a top perspective view of a cartridge
according to the first embodiment of the present in-
vention.
Figure 12 is a perspective view of a state in which
the cartridge of Figure 11 is set on a stage.
Figure 13 is a perspective view of a non-fixed state
of a cartridge fixing mechanism according to the first
embodiment of the present invention.
Figure 14 is a perspective view of a fixed state of the
cartridge fixing mechanism according to the first em-
bodiment of the present invention.
Figure 15 is a perspective view of the cartridge fixing
mechanism and partition walls according to the first
embodiment of the present invention.
Figure 16 is a perspective view of a cartridge storing
unit according to the first embodiment of the present
invention.
Figure 17 is a front view of the cartridge storing unit
of Figure 16.
Figure 18 is a side view of the cartridge storing unit
of Figure 17.
Figure 19 is a flowchart according to the first embod-
iment of the present invention.

Figure 20 is a front view of a specimen treatment
and measurement system according to a second
embodiment of the present invention.
Figure 21 is a top view of the specimen treatment
and measurement system of Figure 20.
Figure 22(a) is a top view, Figure 22(b) is a front
view, and Figure 22(c) is a side view of a stage rack
according to the second embodiment of the present
invention.
Figure 23 is a perspective view of the stage rack of
Figure 22.
Figure 24 is a perspective view of the stage rack and
a stage rack mounting mechanism for use in the sec-
ond embodiment of the present invention.
Figure 25 is a plan view showing transfer of the stage
rack to the stage rack mounting mechanism of Figure
24.
Figure 26 is a plan view showing mounting of the
stage rack on the stage rack mounting mechanism
of Figure 24.
Figures 27(a) and 27(b) are side views showing
mounting of the stage rack on the stage rack mount-
ing mechanism of Figure 26.
Figure 28 is a plan view showing movement of the
stage rack mounted on the stage rack mounting
mechanism of Figure 26.
Figure 29 is a perspective view of a cartridge for use
in the second embodiment of the present invention.
Figure 30 is a perspective view showing a fixing
mechanism of the cartridge of Figure 29.
Figures 31(a) to 31(c) are side views showing oper-
ation of the fixing mechanism of the cartridge of Fig-
ure 30.

Description of Embodiments

[0013] A specimen treatment and measurement sys-
tem according to each embodiment of the present inven-
tion will be described with reference to the drawings. The
description will be given as the same numeral is given to
the same portion in the drawings. As shown in Figure 3,
each embodiment of the present invention provides a
specimen treatment and measurement system of a ran-
dom batch access system obtained by combining the
conventional multi-sample batch system and one-sam-
ple random access system. In each embodiment of the
present invention, "treatment" includes extraction, refine-
ment, and amplification of a specimen containing nucleic
acid, and "measurement" includes measurement of a
pretreated specimen (nucleic acid), such as measure-
ment of a band by real time polymerase chain reaction
(PCR) or gel electrophoresis. In the case of the real time
PCR, the amplification and the measurement are per-
formed simultaneously.

9 10 
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(First Embodiment)

<Summary of specimen treatment and measurement 
system>

[0014] A summary of a sample treatment and meas-
urement system 1000 according to a first embodiment
will be described with reference to Figure 4. The speci-
men treatment and measurement system 1000 includes:
a stage 100 that executes each treatment step while hold-
ing a consumable and the like; a frame 200 to which the
stage 100, each unit, and the like are attached; a pickup
unit (picker unit) 300 that is movably attached to the frame
200 in an x-direction 210A and a y-direction 300A; a treat-
ment executing unit 400 movably provided in an x-direc-
tion 400A on the stage 100; a sample storing unit 600; a
cartridge storing unit 700 that stores a plurality of types
of cartridges for use in treatment; a waste box 800 pro-
vided below the stage 100; and a controller, not shown,
for controlling operation of each unit. The treatment etc.
executing unit 400 includes a plurality of dispensation
nozzles (nozzle part) that correspond to a plurality of
treatment lanes and move up and down in a unified man-
ner.

<Stage>

[0015] The stage 100 of the specimen treatment and
measurement system 1000 will be described with refer-
ence to the top view of Figure 5. The following are pro-
vided on the stage 100: a treatment part 110 including a
plurality of treatment lanes; a consumable storing unit
120 that stores a consumable such as a dispensing chip,
a sample tube, or a cap; a consumable waste port 130
connected to the waste box 800; and an extract etc. stor-
ing rack 140 that stores an extract, its residual liquid, and
the like. Further, the sample storing unit 600 is placed
lateral to the stage 100, and the sample storing unit 600
includes a sample-tube conveying chain conveyer 602
that conveys a plurality of sample tubes. A part of the
chain conveyer 602 is extended from the sample storing
unit 600 to the stage 100 side. A measurement unit 900
for measuring the amplified sample is provided behind
the treatment etc. executing unit 400.
[0016] Each treatment lane of the treatment part 110
is made up of a cartridge (first treatment cartridge) 112
for extracting nucleic acid, a cartridge (second treatment
cartridge) 114 for amplifying and measuring nucleic acid,
and a consumable accommodating part 116 that accom-
modates a consumable such as a dispensation chip or
a cap for use in each treatment step. On each treatment
lane, the cartridges 112, 114, and the consumable ac-
commodating part 116 are arranged linearly. Each treat-
ment lane of the treatment part 110 can include at least
one cartridge. While moving along the treatment lane
above the treatment part 110, the treatment etc. execut-
ing unit 400 sucks and discharges a reagent or a solution
from and into a sample in the well of the cartridge to

execute treatment by using a dispensation (dispensation
nozzle) of the movement unit 400. The cartridges 112,
114 preferably include a linearly arranged plurality of
wells (containers). The wells and the cartridges may not
be integrated, but at least one well may be placed in the
treatment part 110 together with the cartridges 112, 114.

<Chain conveyer (Sample conveying mechanism)>

[0017] The chain conveyer 602 of the sample storing
unit 600 will be described with reference to a perspective
view of Figure 6 and a top view of Figure 7. In Figures 6
and 7, a housing of the sample storing unit 600 and a
drive mechanism of the chain conveyer 602 are not
shown. On the chain conveyer 602, a plurality of tube
holders (main specimen trays) 604 are arranged, and a
sample tube (main specimen container) 606 accommo-
dating a sample is held in the tube holder 604. An infor-
mation memory 608 that stores sample information
and/or information concerning a reagent to be used may
preferably be included on the surface of the tube holder
604 or the sample tube 606 which faces outward or up-
ward. The information memory 608 can be a QR code
(registered trademark), a bar code, an IC tag, or the like.
An information reading part 610 is provided at a position
facing the information memory 608. Note that information
of the information memory 608 may be read by an infor-
mation reading part 350 (Figure 9) instead of the infor-
mation reading part 610. The chain conveyer 602 is ro-
tated and driven by a drive mechanism, not shown. Fur-
ther, the sample storing unit 600 can preferably be pro-
vided with a temperature adjustment mechanism for pre-
venting degeneration or deterioration of a sample in the
sample tube 606. For example, when the sample is whole
blood, the temperature adjustment mechanism keeps the
sample tube 606 at 2 to 6°C.
[0018] The sample tube 606 moves on an annular orbit
of the chain conveyer (sample conveying mechanism)
602. In a state where the sample tube 604 has moved to
a takeout position 612 on the stage 100 side, a specimen
in the sample tube 606 can be taken out (sucked) by the
dispensation nozzle of a preparing movement unit 300.
The information reading part 610 can be provided at a
position facing the takeout position 612. This makes it
possible to read information at the time of taking the sam-
ple out of the sample tube 606.
[0019] The sample tubes 604 can preferably be ar-
rayed at random on the chain conveyer 602 by opening
an upper lid (not shown) of the chain conveyer 602. Even
when the sample tubes are arrayed at random, it is pos-
sible to continuously take out a plurality of samples, which
can be subjected to parallel treatment, by the information
reading part 610 or 350 reading information out of the
information memory 608 in each sample tube 606. The
controller of the specimen treatment and measurement
system 1000 of the first embodiment can preferably be
provided with a priority sample interruption function for a
test of a priority sample needing to be tested urgently.
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For example, when a priority sample requiring urgent
treatment or test is generated, the priority sample inter-
ruption function can be executed. For example, at the
time of executing the priority sample interruption function,
based on the information read by the information reading
part 610 or 350, the chain conveyer 602 can be driven
to move the sample tube 606 of the priority sample to the
takeout position 612 to be taken out prior to the other
samples, to execute the treatment.

<Pickup unit>

[0020] A pickup unit 300 will be described with refer-
ence to Figures 8 to 10. The pickup unit 300 is movably
provided above the stage 100 as shown in Figure 8. The
pickup unit 300 is placed on a first rail 210 so as to be
movable by a first motor 340 in the y-direction 300A. The
first rail 210 is placed on a second rail 220 so as to be
movable by a second motor 212 in the x-direction 210A.
Note that the second rail 220 is integrated with the frame
200, and as shown in Figure 4, a pair of second rails 220
are provided at positions corresponding to both ends of
the first rail 210.
[0021] The pickup unit 300 will be described using a
bottom perspective view of Figure 9. The lower part of
the pickup unit 300 is provided with: a cartridge picker
(cartridge takeout tool) 310 that conveys the cartridges
112, 114; a nozzle part (dispensation nozzle) 320 to
which the dispensing chip is connected; a consumable
picker (consumable takeout tool) 330 that takes out a
consumable such as the dispensing chip, the tube, or the
cap; and the information reading part 350 that reads car-
tridge information out of information memory of the car-
tridge, described later.
[0022] As shown in Figure 10(a), the nozzle part 320
can be lifted and lowered by a nozzle-part lifting motor
322 installed in the pickup unit 300. With the dispensation
chip in the state of being attached to the nozzle part 320,
the nozzle part 320 can suck and discharge a liquid from
and to the dispensation chip by using a vacuum pump,
not shown. As shown in Figure 10(b), the consumable
picker 330 can be lifted and lowered by the consumable-
picker lifting motor 332 installed in the pickup unit 300.
Further, the consumable picker 330 includes a plurality
of (four in Figure 10(b)) coupling ends, and by coupling
(insertion) of the coupling end into an opening of the dis-
pensing chip, the tube, the cap, or the like, these can be
taken out. As shown in Figure 10(c), the cartridge picker
310 can be lifted and lowered by the cartridge-picker lift-
ing motor 314 installed in the pickup unit 300. Moreover,
the cartridge picker 310 includes a pair of adsorption
parts (protrusions) 312 that movably adsorbs both ends
of the cartridge 112(114). The adsorption part 312
projects in a conical shape and its tip is provided with an
opening. The opening of the adsorption part 312 is con-
nected to the vacuum pump, not shown.
[0023] A structure of the cartridge 112 will be described
with reference to Figure 11. The cartridge 112 has an

elongated shape and includes: a linearly arranged plu-
rality of wells 112a; a pair of adsorbed part (recesses)
112b provided on the top surface at both ends of the
cartridge 112; an information recording part 112c provid-
ed on the upper surface of the cartridge; a pair of lami-
nating plates 112d extending downward from both ends
of the cartridge 112; and a pair of slits 112e provided at
both ends of the cartridge 112. Further, a pair of project-
ing pieces 112d1 are provided at lower ends of the lam-
inating plate 112d. At the time of laminating and storing
the cartridges 112, the projecting piece 112d1 of the lam-
inating plate 112d of the upper-side cartridge 112 is de-
tachably engaged into the slit 112e of the lower-side car-
tridge 112, so that the plurality of cartridges 112 can be
laminated in vertical alignment. Although the description
has been given of the cartridge 112 in Figure 11, the
cartridge 114 can be structured as is the cartridge 112
except for the placement and shape of the well 112a,
namely, the cartridge 114 can be provided with a pair of
adsorbed parts, an information memory, a pair of lami-
nating plates, a pair of slits, and a pair of projecting piec-
es. At least a part of each of the cartridges 112, 114 can
be a prefilled cartridge. The prefilled cartridge can be
provided with a plurality of prefilled wells in which a rea-
gent or a solution required for the treatment step has
been sealed in advance.
[0024] The taking-out and transfer of the cartridge 112
by using the cartridge picker 310 will be described with
reference to Figure 12. The pickup unit 300 moves from
the state of Figure 4, and the pickup unit 300 stops above
an outlet 710 on the upper surface of the cartridge storing
unit 700. With the pickup unit 300 in the state of being
stopped above the outlet 710, the cartridge picker 310 is
lowered, and the adsorption part 312 of the cartridge pick-
er 310 is inserted into the adsorbed part 112b of the car-
tridge 112(114). After the insertion of the adsorption part
312 into the adsorbed part 112b, pressure is reduced
from the tip opening of the adsorption part 312 by the
vacuum pump, not shown, so that the cartridge 112(114)
is adsorbed to the cartridge picker 310. After the cartridge
112(114) in the state of being adsorbed to the adsorption
part 312 of the cartridge picker 310 has lifted the cartridge
picker 310 to the movement position, the pickup unit 300
is moved to above the treatment part 110. After the move-
ment of the pickup unit 300 to above the treatment part
110, the cartridge picker 310 is lowered, the cartridge
112(114) is placed at a position in a predetermined treat-
ment lane in the treatment part 110, the reduction in pres-
sure of the vacuum pump of the adsorption part 312 is
stopped, the cartridge 112(114) is separated from the
adsorption part 312, and the cartridge 112(114) is set on
the treatment lane of the treatment part 110.
[0025] Note that the information memory 112c can be
a QR code (registered trademark), a bar code, an IC tag,
or the like. Information is preferably read by the informa-
tion reading part 350 at the time of storing the cartridge
into the sample storing unit 600 and/or at the time of
taking the cartridge out of the sample storing unit 600. In
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the information memory of each cartridge, a treatment
step in which the cartridge is usable, a lot and a use
period of the cartridge, and some other information are
stored. Preferably, the cartridge with its use period ex-
pired can be automatically transferred and disposed of
by the cartridge picker into the consumable waste port
130. The information memory enables taking-out of an
appropriate sample and/or cartridge at the time of con-
ducting many types of tests and prevention of the sample
and/or cartridge from being mixed up. The pickup unit
300 has been described as a unit obtained by integrating
the cartridge transferring unit that transfers the cartridge
with the specimen transferring unit that transfers a spec-
imen (sample), but the cartridge transferring unit and the
specimen transferring unit can also be provided inde-
pendently of each other so as to be movable.

<Cartridge fixing mechanism>

[0026] A cartridge fixing mechanism 500 will be de-
scribed with reference to Figures 13 to 15. As shown in
Figure 13, in each of a plurality of treatment lanes of the
treatment part 110, the cartridges 112, 114 are arranged
in a non-fixed state by the cartridge fixing mechanism
500. The non-fixed state is a state before and after exe-
cution of the treatment. The cartridge fixing mechanism
500 is made up of: a motor 502; a gear mechanism 504
formed of a plurality of gears driven by the motor 502; a
pair of first rotary shafts 506 arranged in the vicinity of
both ends of the cartridge 112 and rotated by a gear
mechanism 504; a plurality of first claws 508 rotated in-
tegrally with the first rotary shafts 506; a pair of second
rotary shafts 510 arranged in the vicinity of both ends of
the cartridge 114 and rotated by the gear mechanism
504; and a plurality of second claws 512 rotated integrally
with the second rotary shaft 510.
[0027] In the state of Figure 13, the tips of the first claws
508 and the second claws 512 face upward and are not
holding the cartridges 112, 114. When the motor 502 is
rotated in this state to drive the gear mechanism 504, the
first claws 508 and the second claws 512 are rotated to
come into a fixed state in which the first claws 508 and
the second claws 512 hold both ends of each of the car-
tridges 112, 114 for fixation. Figure 14 shows the fixed
state during execution of the treatment. For releasing the
fixed state, the motor may only be rotated in the opposite
direction. Note that the gear mechanism 504 can rotate
the first claw 508 and the second claw 512 by combina-
tion of a pinion gear and a rack gear. In the cartridge
fixing mechanism 500 shown in Figures 13 and 14, both
the cartridges 112, 114 are fixed simultaneously, but a
first cartridge fixing mechanism for fixing the cartridge
112 and a second cartridge fixing mechanism for fixing
the cartridge 114 can be provided. In this case, during
execution of the treatment with the cartridge 112 being
fixed by the first cartridge fixing mechanism, the fixation
of the cartridge 114 having completed the treatment can
be released and the cartridge 114 can then be transferred

and disposed of by using the cartridge picker 310. As
shown in Figure 15, a partition wall 118 is provided be-
tween each lane of the treatment part 110. The partition
wall 118 can facilitate arrangement of the cartridge on
each lane and prevent contamination between each lane.

<Cartridge storing unit>

[0028] The cartridge storing unit (cartridge magazine
lack unit) 700 will be described with reference to Figures
16 to 18. The cartridge storing unit 700 stores the plurality
of cartridges 112, 114 in a laminated state. The cartridge
outlet 710 is formed on the upper surface of the cartridge
storing unit 700, and the plurality of cartridges 112, 114
are exposed in the cartridge outlet 710. A door 720 is
provided on the side surface of the cartridge storing unit
700. The plurality of cartridges 112, 114 are urged up-
ward while laminated, and when the top cartridge is taken
out by using the cartridge picker 310, a cartridge imme-
diately thereunder moves up to the takeout position.
Hence the top cartridge is always kept at the same height.

<Flowchart>

[0029] A flowchart of the specimen treatment and
measurement system 1000 according to the first embod-
iment of the present invention will be described with ref-
erence to Figure 19. The flowchart of Figure 19 is not
restrictive, but the use of the system in a large-scale hos-
pital is assumed. In the specimen treatment and meas-
urement system 1000 of the first embodiment of the
present invention, it is preferably possible to conduct a
gene test of DNA/RNA and the like, an immunological
test, a biochemical test, and some other test. First, in the
hospital, blood (whole blood) of a patient is collected us-
ing a vacuum blood collection tube, and the blood is test-
ed in each test system including the specimen treatment
and measurement system 1000. At the time of conduct-
ing this test, a rubber stopper of the vacuum blood col-
lection tube is removed so that the vacuum blood collec-
tion tube can be supplied as a sample tube to an auto-
matic test system of the present invention. Alternatively,
without removing the rubber stopper, blood can be
sucked from the vacuum blood collection tube by using
a needle attached to the nozzle part 320 of the pickup
unit 300. In the automatic test system according to the
first embodiment of the present invention, a cartridge (in-
formation management) provided with a prefilled reagent
and solution, and the like can preferably be coupled with
a cartridge auto-loading system and a multi-item detec-
tion mechanism such as a gene LEAD (Precision System
Science Co., Ltd.) and a biochemical testing unit. This
enables construction of a system with a completely new
concept, taking advantages of the multi-sample batch
system and the one-sample random access system.
[0030] The flowchart of Figure 19 is as follows: In step
S1, sample information is read from a sample tube. The
sample information is stored in the information memory
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608 (Figure 7) of a bar code, an IC chip, or the like, at-
tached to the tube holder 604 or the sample tube 606,
and read by the information reading part 610 (Figure 7)
or the information reading part 350 (Figure 9). In step S2,
the sample tube 606 is transferred to the takeout position
(sucking position) 612 (Figure 7) by using the chain con-
veyer 602 of the sample storing unit 600. In step S3, the
nozzle part 320 of the preparing movement unit 300
sucks the sample and dispenses the sample to a tube
for treatment in the treatment part 110. In step S4, the
cartridge, the dispensation chip, and the like conforming
to the treatment items are transferred to each lane of the
treatment part 110 of the stage 100 by using the cartridge
picker 310 (loading arm) or the consumable picker 330
in the preparing movement unit 300.
[0031] In step S5, a first treatment step (extraction
step) is executed. The first treatment step is, for example,
DNA/RNA extraction using a magnetic body and an ex-
tracted reagent, for example, and executed by the ex-
traction cartridge 112 (extraction functioning part). Op-
eration steps of all the treatment steps can be automated.
The DNA extraction step is executed by using the dis-
pensation nozzle of the treatment executing unit 400 to
perform suction, discharge, and the like on each well of
the cartridge 114. In the DNA extraction step, firstly, a
cell is lysed to expose DNA therefrom (give a dissolved
buffer solution), followed by heating. Secondly, the DNA
is mixed with a magnetic particle solution, and a magnet
is attached to and separated from the container and the
dispensation chip (cf. Figure 3 of Patent Literature 1, and
Non Patent Literature 1). Thirdly, the DNA coupled with
the magnetic particle is separated from the solution by
the magnet, and then subjected to capture, stirring, suc-
tion, and discharge by using the dispensation nozzle and
the well. Fourthly, the DNA is separated from the mag-
netic body (to give a DNA extracted buffer solution), and
the magnet is attracted to and separated from the con-
tainer and the dispensation chip. Finally, a DNA refined
solution is obtained to complete the first treatment step.
The DNA refined solution is transferred to the cartridge
114 (amplification and measurement functioning part) of
a second treatment step (amplification step).
[0032] In step S6, the second treatment step is exe-
cuted. The second treatment step is executed by using
a plurality of dispensation nozzles (nozzle parts) of the
treatment executing unit 400 to perform suction, dis-
charge, and the like on each well of the second cartridge
114. Specifically, the refined DNA is amplified and meas-
ured (real time PCR) in the following manner: Firstly, stir-
ring/suction and discharge of the DNA refined solution
and PCR reagents are controlled so as to disperse and
mix the DNA refined solution and PCR reagents. The
PCR reagent is dNTP (DNA amplified container), Primer,
a buffer, or the like. Secondly, the PCR container is
capped or sealed using the dispensation nozzle of the
treatment executing unit 400. Thirdly, heating and cooling
treatment is repeatedly performed by a thermal cycler to
execute PCR and amplify the DNA.

[0033] In step S7, the measurement unit 900 is used
to execute a detection step for a sample being in the
second treatment step or a sample having completed the
amplification. In the real time PCR, steps S6 and S7 are
executed simultaneously. The measurement unit 900
performs real time measurement of the amplified DNA
to analyze a fluorescent amount and a fluorescent curve.
Specifically, irradiation with excitation light of six colored
fluorescent material and filtering of wavelengths are per-
formed using an optical unit of the measurement unit 900
to receive fluorescence. In step S8, detection information
(diagnosis information, etc.) is acquired and transmitted
to a host server of the hospital or the like. Finally, in step
S9, each used consumable is disposed of from the stage
into the consumable waste port 130 to terminate the treat-
ment step.
[0034] As illustrated in Figure 3, at the time of combin-
ing the multi-sample batch system and the one-sample
random access system, there occurs a big problem due
to many types of tests being conducted, namely, a prob-
lem where not only many types of reagent bottles are
needed, but the step of dispersing a plurality of reagents
becomes complex. Therefore, in the first embodiment of
the present invention, by using the prefilled cartridge, ob-
tained by previously dispensing, pre-packing, and seal-
ing many types of reagents and/or solutions into the "car-
tridge provided with a plurality of wells", it has been pos-
sible to eliminate the need for the complicated dispensa-
tion step and preparation of the reagent bottles. Further,
each one of the cartridges can be provided with the in-
formation memory 608, 112c of a QR code (registered
trademark), a bar code, an IC chip, or the like.
[0035] Then, a plurality of cartridges 112, 114 are ar-
rayed on the plurality of lanes of the treatment part 110.
In the specimen treatment and measurement system
1000, the information reading part 350 or 610 reads in-
formation (QR code (registered trademark), bar code, IC
chip, etc.) of a specimen sent at random from the infor-
mation memory 608 provided on the sample tube, and
the random access treatment as a whole can be per-
formed based on the read information. Based on this
sample information, the plurality of samples are segment-
ed in an arrangement, where the batch treatment can be
performed, and the batch treatment is executed on a plu-
rality of samples by using multiple string dispensation
nozzles of the treatment executing unit 400. In the first
embodiment of the present invention, it has been possi-
ble to build a highly rational test system by combining
the batch treatment and the specimen random access
treatment.
[0036] The features of the first embodiment of the
present invention are as follows:

• The pickup unit 300 (Figures 4, 8, and 9) including
the movement mechanism is provided, the mecha-
nism being movable three-dimensionally above the
stage. The multiple alignment and the lifting and low-
ering transfer (Figure 12) can be achieved by the
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cartridge picker 310 of the pickup unit 300.
• The auto-loading mechanism (the cartridge picker

310 of the pickup unit 300) is provided, where the
consumables of the prefilled cartridges 112, 114, the
dispensation chip, and the like are automatically
transferred to and arranged in the treatment part 110
that performs the batch treatment. The auto-loading
mechanism is achieved by the cartridge picker 310
(Figures 9 and 11) of a vacuum adsorption system
not requiring a complex configuration.

• The dispensation mechanism (the nozzle part 320
of the pickup unit 300) is provided to perform spec-
imen dispensation and dispensation to the cartridges
112, 114.

• The information system (information memories 608,
112c, and information reading parts 350, 610) is pro-
vided to read information of a reagent and a speci-
men.

[0037] The specimen treatment and measurement
system according to the first embodiment of the present
invention has made it possible to perform transfer of a
cartridge from the storage functioning part (cartridge stor-
ing unit 700) to each treatment functioning part (each
treatment lane of the treatment part 110), dealing with a
consistent multi-item test by random batch treatment on
specimen information, and continuous access treatment
which has been difficult for the conventional batch treat-
ment system. Further, it has been possible to ensure im-
provement in stability of a test result, cost reduction,
space saving, and operation easiness by fixing and sim-
plifying a reaction functioning part (cartridge) (use of a
prefilled cartridge).
[0038] In the first embodiment of the present invention,
the cartridges 112, 114 installed on the treatment part
110 can preferably execute the treatment step without
moving from the region of the treatment part 110. In the
first embodiment of the present invention, it is preferably
possible to perform treatment on a plurality of samples
(12 samples in the first embodiment) simultaneously in
parallel only by a plurality of dispensation nozzles of the
treatment executing unit 400 performing the same suck-
ing and discharging operation on many rows of treatment
lanes provided in the treatment part 110 at the time of
treatment. It is thereby possible to achieve the batch
treatment system. In the first embodiment of the present
invention, it is preferably made possible to simultaneous-
ly perform some types of random samples (requiring dif-
ferent types of treatment) in parallel in the same manner
by devising reagents. For example, it is possible to per-
form treatment on a serum sample and whole blood sam-
ple in the same protocol (sucking, discharging and mov-
ing operation of the dispensation nozzle) despite rea-
gents being different. In the first embodiment of the
present invention it is preferable to prepare a plurality of
basic protocols (common protocols) and make division
into a plurality of groups each only including one on which
treatment can be performed in the same protocol. Then,

one group is used for one-time pretreatment, so that one-
time treatment operation can be made uniform to enable
parallel treatment. In this case, a necessary reagent can
be used in the same protocol. This enables the treatment
to be performed in a continuous and endless manner,
thus leading to improvement in throughput or operation
rate of the specimen treatment and measurement sys-
tem.
[0039] In the first embodiment of the present invention,
it is preferably possible to attach a rubber stopper (rubber
lid) piercing needle (piercing chip) to the single nozzle
(nozzle part 320) of the pickup unit 300. With the sample
tube 606 taken as the vacuum blood collection tube (sam-
ple tube) that includes the rubber stopper, it is also pos-
sible to pierce (punch) the rubber stopper with the needle
attached to the nozzle part 320, and to suck a sample
from the sample tube 606. In the first embodiment of the
present invention, the extracted solution of DNA or the
like obtained from the pretreatment step can preferably
be transferred to and stored into the tube of the extract
etc. storing rack 140 at a request by using the nozzle part
320 of the pickup unit 300.
[0040] In the first embodiment of the present invention,
it is preferably possible to separate and dispose of con-
sumables of a used cartridge, a dispensation chip, a sam-
ple tube, and the like. For example, when the consumable
is disposed of by using each of the pickers 310, 330 of
the pickup unit 300 after the treatment step has been
terminated, the consumable waste port 130 is formed
into a plurality of separating waste ports so that a sepa-
rating waste bag can be connected to each separating
waste port. It is thereby possible to separately dispose
of the consumable.

(Second Embodiment)

<Summary of specimen treatment and measurement 
system>

[0041] A specimen treatment and measurement sys-
tem 2000 according to a second embodiment of the
present invention will be described. As shown in Figures
20 and 21, the specimen treatment and measurement
system 2000 includes: a treatment preparation sub-sys-
tem 2100; a treatment execution sub-system 2200; a plu-
rality of movable stage racks (movable stages) 2300; and
a stage-rack transferring mechanism 2400 that transfers
the plurality of stage racks 2300 between the treatment
preparation sub-system 2100 and the treatment execu-
tion sub-system 2200. A consumable and the like are
placed or installed on the stage rack 2300 on the treat-
ment preparation sub-system 2100 side. The stage racks
2300 on which the consumable and the like are placed
are mounted in the plurality of treatment executing units
400 having been transferred to the treatment execution
sub-system 2200 side and assembled into the treatment
execution sub-system 2200. The treatment executing
unit 400 executes treatment (extraction, amplification,
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and measurement) on a plurality of specimens accom-
modated in a specimen container of the stage rack 2300
along a plurality of treatment lines provided on the stage
rack 2300.

<Treatment preparation sub-system>

[0042] As shown in Figure 21, the treatment prepara-
tion sub-system 2100 includes a treatment preparation
stage 2110 that stores various consumables, and a car-
tridge supplying unit 2120 that supplies the cartridge to
the treatment preparation stage 2110. The treatment
preparation stage 2110 includes thereabove a pickup unit
2130 and a cartridge picker (air pin set) 2132 in a three-
dimensionally movable manner. Further, the treatment
preparation stage 2110 includes a consumable storing
unit 2140 that stores a consumable of a dispensation
chip, a piercing chip, or the like, a container storing part
2150 that stores containers for various reagents such as
a PCR reagent and/or an additional specimen container,
a reagent storing part 2152 that stores various reagents
such as the PCR reagent, and a main specimen storing
part 2160 that stores a main specimen. The consumable
storing unit 2140 accommodates a consumable of any
of a large capacity dispensation chip, a small capacity
dispensation chip, a piercing chip for piercing an alumi-
num sealing of a sealed container, and a PCR well seal-
ing lid, for example. The main specimen storing part 2160
and/or the reagent storing part 2152 can preferably be
provided with a temperature adjusting mechanism (cool-
ing mechanism) that adjusts a temperature of (cools) a
main specimen and/or a reagent.
[0043] The cartridge supplying unit 2120 is placed ad-
jacent to the treatment preparation stage 2110 and ex-
tends upward from the treatment preparation stage 2110.
The cartridge supplying unit 2120 supplies the extraction
cartridge 112, the PCR cartridge 114, an integrated type
cartridge 113 (Figure 29), and the like toward the treat-
ment preparation stage 2110. The cartridge supplying
unit 2120 is provided with a cartridge push-out mecha-
nism 2122 (Figure 21) that pushes a plurality of bottom
cartridges out of a cartridge supply port 2121 (Figure 20)
toward the treatment preparation stage 2110. The car-
tridge push-out mechanism 2122 can be provided with a
plurality of push-out pins 2122a that expands and con-
tracts with an actuator such as a solenoid, a hydraulic
cylinder, or the like. The operation of the cartridge push-
out mechanism 2122 is driven by the controller, not
shown. The cartridge push-out mechanism 2122 has
been assumed to be provided with one push-out pin
2122a for one cartridge, but can also be provided with a
push-out plate 2122b that pushes out a plurality of car-
tridges at once.
[0044] As shown in Figure 20, the pickup unit 2130 can
be provided with one or a plurality of (e.g., quadruplet)
consumable pickers 2130a and at least one dispensation
nozzle 2130b.
[0045] The cartridge picker 2132 includes a pair of ad-

sorption parts (protrusions) 2132a that movably adsorb
both ends of the cartridge 112(114) or 113. The adsorp-
tion part 2132a projects in a conical shape and its tip is
provided with an opening. The opening of the adsorption
part 2132a is connected to the vacuum pump, not shown.
The pickup unit 2130 and the cartridge picker 2132 are
each provided with a motor for movement in the x-direc-
tion and is individually movable in the x-direction along
a first rail 2134. The first rail 2134 is movable in the y-
direction above a second rail 2136 by a motor for move-
ment in the y-direction. A consumable picker 2130a and
a dispensation nozzle 2130b of the pickup unit 2130 are
each provided with a motor for lifting and lowering in the
z-direction and can independently move up and down in
the z-direction. Hence the pickup unit 2130 and/or the
cartridge picker 2132 can place a consumable and the
like in predetermined positions on the stage rack 2300
from the consumable storing unit 2140. Note that the
treatment preparation sub-system 2100 can also be pro-
vided with the pickup unit 300 (Figures 8 to 10) obtained
by integrating the pickup unit 2130 and the cartridge pick-
er 2132 instead of being provided with each of those.
[0046] A plurality of main specimens (e.g., vacuum
blood collection tubes) are stored in the main specimen
storing part 2160. The main specimen is put on a main
specimen tray 2160b and carried in from a specimen car-
rying-in part 2160a. The main specimen tray (elongated
rack) 2160b preferably accommodates 12 main speci-
men containers. The main specimen storing part 2160
accommodates eight main specimen trays 2160b and
can thus accommodate the total of 96 main specimens.
Each of the individual main specimen containers is pro-
vided with an information memory of a bar code or the
like. An information reading part 2160c provided in the
main specimen storing part 2160 reads specimen infor-
mation from the information memory. In the information
memory, any of the following is recorded as specimen
information: a specimen number, a specimen collected
date, a place of collection (hospital ward name), a doctor
in charge, information on a patient having provided the
specimen, an urgent specimen or not, an infectious dis-
ease to be tested, and the like.
[0047] The stage-rack transferring mechanism 2400
can transfer the stage rack 2300 in the x-direction along
a rail 2410 by using the motor for transfer in the x-direc-
tion. The treatment preparation stage 2110 can prefera-
bly be provided with a slide rack (transport container)
2162 including a plurality of wells or containers. The slide
rack 2162 is movable between the treatment preparation
sub-system 2100 and the treatment execution sub-sys-
tem 2200 along a slide rail 2164. The slide rail 2164 ex-
tends in the x-direction between the treatment prepara-
tion sub-system 2100 and the treatment execution sub-
system 2200, and the slide rack 2162 is moved by the
slider and a motor for the slider (slide mechanism).
[0048] The treatment preparation sub-system 2100
further includes a cartridge waste box 2170. The car-
tridge waste box 2170 is adjacent to the stage rack 2300
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having moved to the consumable installed position and
is placed at a position lower than the stage rack 2300.
The used cartridge is disposed of into the cartridge waste
box 2170 by using the cartridge picker 2132.

<Treatment execution sub-system>

[0049] As shown in Figure 21, the treatment execution
sub-system 2200 includes a treatment execution stage
2240, a plurality of treatment executing units 400 set on
the treatment execution stage 2240, a plurality of stage-
rack mounting parts 2210 that respectively install a plu-
rality of stage racks 2300 on the treatment execution
stage 2240, and a stage-rack mounting mechanism 2220
that transfers the stage rack 2300 on the treatment exe-
cution sub-system 2200 side to the stage-rack mounting
part 2210 to be mounted thereon.
[0050] The stage-rack mounting mechanism 2220 is
three-dimensionally movable above the treatment exe-
cution stage 2240. The stage-rack mounting mechanism
2220 is attached to the rail 2222 extending in the x-di-
rection and movable in the x-direction by the motor for
movement in the x-direction. The rail 2222 is movable in
the y-direction along a rail 2224 extending in the y-direc-
tion. The stage-rack mounting mechanism 2220 includes
a pair of openable arms (not shown) carrying the stage
rack 2300, and the arms can be lifted and lowered in the
z-direction by the motor for lifting and lowering in the z-
direction. The stage-rack mounting part 2210 includes a
lifting adhering mechanism (not shown) that lifts and low-
ers the stage rack 2300 while being mounted with the
stage rack 2300. After the stage rack 2300 has been
mounted on the stage-rack mounting part 2210, the stage
rack 2300 is lowered by the lifting adhering mechanism,
and a heat block for PCR is caused to adhere to a PCR
well of the PCR cartridge 114 or the integrated type car-
tridge 113 placed on the stage rack 2300.
[0051] In the treatment execution sub-system 2200, in
front of the treatment execution stage 2240, below the
region where the stage rack 2300 moves in the x-direc-
tion, there are provided a consumable waste box 2230,
and a waste liquid tank 2232. The consumable (used
dispensation chip, etc.) removable from the dispensation
nozzle is moved to above the consumable waste box
2230 in a state where the consumable is mounted in the
dispensation nozzle provided in the treatment executing
unit 400. Thereafter, the consumable is removed (pushed
out) from the dispensation nozzle by the consumable re-
moving mechanism provided in the dispensation nozzle
and disposed of into the consumable waste box 2230.
Similarly, the waste liquid is moved to above the waste
liquid tank 2232 in a state where the consumable is
sucked by the dispensation nozzle provided in the treat-
ment executing unit 400. Thereafter, the waste liquid is
discharged from the dispensation chip and disposed of
into the waste liquid tank 2232.

<Stage rack>

[0052] As shown in Figure 22, the stage rack (movable
stage) 2300 has a substantially flat shape and includes
a plurality of treatment lanes 2310 arranged in parallel
to each other, and an elongated tube accommodating
part 2318 corresponding to each treatment lane. On each
treatment lane, the extraction step (extraction function)
and the amplification measurement step (amplification
measurement function) are independently executed on
an individual specimen. On the treatment lane 2310, a
position of an extraction functioning part for executing
the treatment step and a position of an amplification
measurement functioning part for performing the ampli-
fication measurement step are fixed. In the tube accom-
modating part 2318, an additional specimen and/or a re-
agent tube 119 (Figure 26) are accommodated. A parti-
tion wall 2312 projecting upward in parallel with each
treatment lane 2310 is provided between each treatment
lane 2310. A partition wall 2313 projecting upward in par-
allel with the tube accommodating part 2318 is provided
between each tube accommodating part 2318. The par-
tition walls 2312, 2313 can prevent contamination of a
specimen on which treatment is performed on each treat-
ment lane.
[0053] The stage rack 2300 further includes a plurality
of transferring connection holes 2314 and a plurality of
mounting connection holes 2316. A plurality of transfer-
ring projections 2402 (Figures 24 and 27) of the stage-
rack transferring mechanism 2400, described later, are
inserted into the plurality of transferring connection holes
2314. A plurality of mounting projections 2252 (Figures
24 and 27) of a stage-rack mounting mechanism 2250,
described later, are inserted into the plurality of mounting
connection holes 2316. Four transferring connection
holes 2314 and four mounting connection holes 2316
can preferably be provided, but the number of the holes
is not limited to four, but may at least be two or larger.
On each treatment lane 2310, as shown in Figure 26 and
the like, the additional specimen tube 119, the extraction
cartridge 112, the PCR cartridge 114, the integrated type
cartridge 113, and the like are placed.

<Cartridge fixing mechanism>

[0054] The stage rack 2300 includes a cartridge fixing
mechanism (recessed groove part and pin) so as to fix
the extraction cartridge 112, the PCR cartridge 114, or
the integrated type cartridge 113. The case of providing
the recessed groove part in the integrated type cartridge
113 will be described below, but the recessed groove
part can also be provided in the same manner in the
extraction cartridge 112 and the PCR cartridge 114. The
integrated type cartridge 113 is obtained by integrating
the extracted cartridge and the PCR cartridge, and can
be made up of a DNA extracting part 133A and a PCR
reacting part 113B as shown in Figure 29.
[0055] As shown in Figures 29 and 30, the integrated
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type cartridge 113 includes, near the central part thereof,
one recessed groove part (pin insertion part) 113f so as
to be orthogonal to the longitudinal direction of the car-
tridge. As shown in Figures 30 and 31, the fixing mech-
anism includes a pin 113g that is inserted into and re-
moved from the recessed groove part 113f in the direction
of the side surface of the cartridge 113, and a pin sup-
porter 113h that movably supports the pin 113g. Figures
29 and 31(c) are states in which the pin 113g has been
inserted into the recessed groove part 113f. As shown in
Figure 31(a), the cartridge 113 (112, 114) is lowered from
above toward the treatment lane 2310 of the stage rack
2300 by the cartridge picker 2132 (Figure 20), and as
shown in Figure 31(b), the cartridge 113 (112, 114) is
installed at a fixed position on the treatment lane 2310.
Thereafter, as shown in Figures 31(c) and 29, the pin
113g is inserted into the recessed groove part 113f and
the cartridge 113 is fixed. By fixing the cartridge 113 of
Figures 31(c) and 29, the cartridge 113 is prevented from
rising and falling off when the stage rack 2300 is trans-
ferred and mounted. The pin 113g and the pin supporter
113h are placed below the adjacent cartridge, and the
pin supporter 113h is slid by an actuator provided on the
stage rack 2300 or the like. This cartridge fixing mecha-
nism (recessed groove part 113f, pin 113g, and pin sup-
porter 113h) can also be configured such that a pair of
recessed groove parts are provided at longitudinally both
ends of the cartridge and the pin is inserted and removed
laterally. A cartridge fixing mechanism 500 (Figures 13
to 15) of the first embodiment can also be installed on
the stage rack 2300. On the contrary, in the first embod-
iment, a cartridge fixing mechanism (recessed groove
part 113f and pin 113g) of Figure 31 can also be provided
instead of the cartridge fixing mechanism 500.
[0056] As shown in Figure 22, one stage rack 2300
can preferably be provided with eight treatment lanes
2310 and eight tube accommodating parts 2318 so that
eight different additional specimens are treated simulta-
neously. Corresponding thereto, one treatment execut-
ing unit 400 includes eight dispensation nozzles, and the
eight dispensation nozzles can simultaneously move
along each treatment lane and tube accommodating part
and perform the pretreatment and the measurement
processing in substantially the same protocol. Note that
the numbers of treatment lanes 2310 and tube accom-
modating parts 2318 provided on the stage rack 2300
are not limited to eight, but a freely selected number,
such as four, ten, 12, or 16, of treatment lanes can be
provided. Similarly, the number of dispensation nozzles
provided in the treatment executing unit 400 is not limited
to eight, either, but a freely selected plural number, such
as four, ten, 12, or 16, of dispensation nozzles can be
provided corresponding to the number of lanes provided
on the stage rack.

<Stage-rack transferring mechanism>

[0057] As shown in Figure 21, the stage-rack transfer-

ring mechanism 2400 includes a substantially U-shaped
stage-rack transferring arm 2401. The stage-rack trans-
ferring arm 2401 is reciprocable by the motor for move-
ment and the slider along the rail 2410 extending between
the treatment preparation sub-system 2100 and the treat-
ment execution sub-system 2200. The upper surface of
each stage-rack transferring arm 2401 is provided with
at least one transferring projection 2402 (Figures 24 and
28). When the transferring projection 2403 is inserted
into the transferring connection hole 2314 of the stage
rack 2300, the stage rack 2300 is fixed to the stage-rack
transferring mechanism 2400 and then integrated there-
with. Hence the stage rack 2300 becomes movable along
the rail 2410 while being held by the stage-rack transfer-
ring arm 2401. The stage-rack transferring mechanism
2400 is thus liftable on the rail 2410 by a lifting mecha-
nism, not shown, so as to insert or remove the transferring
projection 2402 into or from the transferring connection
hole 2314.

<Modification of stage-rack mounting mechanism>

[0058] In the present modification, instead of the stage-
rack mounting mechanism 2220 shown in Figure 21, the
stage-rack mounting mechanism 2250 shown in Figure
24 can be provided. The stage-rack mounting mecha-
nism 2250 is provided on the treatment execution stage
2240 for each treatment executing unit 400. The stage-
rack mounting mechanism 2250 is provided on the treat-
ment execution stage 2240 and movable in the y-direc-
tion. The stage-rack mounting mechanism 2250 is made
up of a pair of stage-rack mounting arms 2251, at least
one projection 2252 provided in each of the stage-rack
mounting arms 2251, a pair of first columns 2253a ex-
tending downward from the respective one ends of the
stage-rack mounting arms 2251, a connection arm 2254
connecting the lower ends of the pair of first columns
2253a, a pair of first sliders 2256a provided at both ends
of a connection arm 2254, second columns 2253b ex-
tending downward from the respective other ends of the
stage-rack mounting arms 2251, and second sliders
2256b provided at the respective lower ends of the sec-
ond columns 2253b. The stage 2240 is provided with a
pair of rails 2255 so as to slide the first sliders 2256a and
the second sliders 2256b in the y-direction. Further, the
stage-rack mounting mechanism 2250 is provided with
a motor for movement, not shown, for making the stage-
rack mounting mechanism 2250 automatically movable.
[0059] Next, with reference to Figures 25 to 28, a de-
scription will be given of the transfer and mounting of the
stage rack 2300 which are performed using the stage-
rack transferring mechanism 2400 and the stage-rack
mounting mechanism 2220. On the stage rack 2300, a
consumable or the like is installed on each treatment lane
at a consumable installed position of the treatment prep-
aration sub-system 2100, while being held on the pair of
stage-rack transferring arms 2401 of the stage-rack
transferring mechanism 2400. Thereafter, as shown in
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Figure 25, the stage rack 2300 moves from the treatment
preparation sub-system 2100 to the treatment execution
sub-system 2200. Further, the stage rack 2300 is trans-
ferred to above the treatment execution sub-system 2200
between the rails 2255, and the stage-rack mounting
mechanism 2250 is moved to below the stage rack 2300,
and the state becomes as shown in Figure 26.
[0060] Figure 27 is a side view of the state, shown in
the top view of Figure 26, as seen from the x-direction.
In a state of Figure 27(a), the stage-rack transferring
mechanism 2400 holding the stage rack 2300 is located
above the stage-rack mounting mechanism 2250. From
the state of Figure 27(a), when the stage-rack transfer-
ring mechanism 2400 is moved downward from the
stage-rack mounting arms 2251 by a lifting mechanism,
not shown, the state becomes as in Figure 27(b). By this
downward movement, the transferring projection 2402
of the stage-rack transferring arm 2401 comes off the
transferring connection hole 2314 of the stage rack 2300,
and the stage-rack mounting arms 2251 of the stage-
rack mounting mechanism 2250 are inserted into the
mounting connection hole 2316 of the stage rack 2300.
Hence the stage rack 2300 is passed from the stage-rack
transferring mechanism 2400 to the stage-rack mounting
mechanism 2250. As shown in Figure 26, a width W1
between the outer surfaces of the pair of stage-rack trans-
ferring arms 2401 is smaller than a width W2 between
the inner surfaces of the pair of stage-rack mounting arms
2251, so that the stage rack 2300 and the stage-rack
transferring arm 2401 do not interfere with each other at
the time of the downward movement. After the state has
become the state of Figure 27(b), the stage-rack mount-
ing mechanism 2250 holding the stage rack 2300 moves
in the y-direction along the rail 2255 and then stops in
the stage-rack mounting part (mounting position) in front
of the treatment executing unit 400, to be located in a
position where the treatment is possible, as shown in
Figure 28.

<Operation of specimen treatment and measurement 
system>

[0061] For making a pretreatment step efficient and
achieve high throughput, the specimen treatment and
measurement system 2000 of the second embodiment
is operated as follows. Firstly, preparation operation in
the treatment preparation sub-system 2100 will be de-
scribed. As shown in Figure 21, the cartridges 112, 114
are pushed out onto the treatment preparation stage
2110 by using the cartridge push-out mechanism 2122.
The pushed-out cartridges 112, 114 are installed on the
stage rack 2300 by using the cartridge picker 2132.
[0062] Four each of the consumables such as the dis-
pensation chip and the piercing chip stored in the con-
sumable storing unit 2140 are picked up by quadruplet
consumable pickers 2130a (Figure 20) of the pickup unit
2130 and installed on the stage rack 2300. Each four
consumables of the reagent container and/or the addi-

tional specimen container stored in the container storing
part 2150 are also picked up by the quadruplet consum-
able pickers 2130a of the pickup unit 2130 and installed
on the stage rack 2300 or the slide rack 2162.
[0063] Various reagents such as the PCR reagent
stored in the reagent storing part 2152 are dispensed
into the reagent container, installed on the stage rack
2300, by the dispensation nozzle 2130b of the pickup
unit 2130. The main specimen stored in the main spec-
imen tray 2160b of the main specimen storing part 2160
is dispensed into an additional specimen container 2320
installed on the stage rack 2300 or the additional speci-
men container of the slide rack 2162 by the dispensation
nozzle 2130b of the pickup unit 2130. After the various
consumables and the like are placed on the stage rack
2300, the consumables of the cartridges 114, 116 and
the like are fixed onto the stage rack 2300 by the cartridge
fixing mechanism. With the cartridge in the fixed state,
the stage rack 2300 is transferred to the treatment exe-
cution sub-system 2200 by the stage-rack transferring
mechanism 2400.
[0064] The stage rack 2300 transferred to the treat-
ment execution sub-system is held by the pair of open-
able arms of the stage-rack mounting mechanism 2220,
and mounted on the stage-rack mounting part 2210. In
the state of being mounted on the stage-rack mounting
part 2210, the stage rack 2300 is lowered by the lifting
mechanism, and the PCR cartridge of the stage rack
2300 is caused to adhere to the heat block provided in
the stage-rack mounting part 2210, to complete the
mounting operation. When the mounting operation of the
stage rack 2300 is completed, the treatment is executed
in the treatment executing unit 400, or after the additional
specimen and/or the PCR reagent and the like have been
installed using the slide rack, the treatment is executed
in the treatment executing unit 400. In the treatment step
of the second embodiment, it is possible to execute steps
S5 to S9 shown in the flowchart of Figure 19 of the first
embodiment.
[0065] The operation in the case of using the slide rack
2162 will be described. The slide rack 2162 is transferred
to the treatment executing unit 400 immediately before
the additional specimen and/or the PCR reagent and the
like are used. Immediately before the use, an additional
specimen is dispensed into a well or the tube (container)
of the slide rack 2162 from the main specimen container,
stored at a low temperature in the main specimen storing
part 2160, by using the dispensation nozzle 2130b. Al-
ternatively, a PCR reagent taken out from the PCR rea-
gent container stored at a low temperature is dispensed
into the well or the tube (container) of the slide rack 2162
by using the dispensation nozzle 2130b.
[0066] The slide rack 2162 is immediately transferred
to the front (vicinity) of the treatment executing unit 400.
The additional specimen or the PCR reagent transferred
by the slide rack 2162 is sucked by the dispensation noz-
zle of the treatment executing unit 400 and appropriately
dispensed into the well or the container of the stage rack
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2300 mounted in the stage-rack mounting part 2210. The
use of the slide rack 2162 keeps the reagent such as the
PCR reagent and the specimen from being left on the
non-cooled stage rack for a long time, so that it is possible
to prevent deterioration in the reagent and the specimen.
[0067] Since the specimen treatment and measure-
ment system 2000 of the second embodiment includes
the plurality of treatment executing units 400, even when
one treatment executing unit 400 is in operation, another
treatment executing unit 400 can execute the pretreat-
ment in parallel. In one treatment executing unit 400, the
treatment (extraction, amplification, and measurement)
is executed simultaneously on a plurality of (eight) treat-
ment lines. When the treatment is ended, the stage-rack
mounting mechanism 2220 removes the stage rack 2300
from the stage-rack mounting part 2210 and moves the
stage rack 2300 to the stage-rack transferring mecha-
nism 2400 to dispose of the consumable and the like,
whereafter the next consumable and the like such as the
cartridge is mounted and the treatment is repeated.
[0068] In the second embodiment, the number of treat-
ment lines provided in each treatment executing unit 400
is not limited, and for example, any of four, six, eight, and
twelve treatment lines can also be provided. Further, the
three treatment executing units 400 have been provided
in the second embodiment, but the number of treatment
executing units 400 is not limited, and for example, five
treatment executing units 400 can also be provided. In
this case, a first group (three units) can be used for per-
forming treatment of first to third common protocols, and
a second group (two units) can be used for individual
protocols or for urgent treatment. It is thereby possible
as a whole system to perform treatment on various spec-
imens in a random and continuous manner.
[0069] Types of specimens on which treatment can be
performed in the first and second embodiments are, for
example, whole blood, blood serum, blood plasma, urine,
and the like. Pathogens with which an infectious disease
due to a gene is diagnosed after pretreatment can, for
example, be a human immunodeficiency virus (HIV), a
hepatitis C virus, a tubercular bacillus, a chlamydia, and
the like. The protocol of the treatment executed in the
treatment executing unit 400 varies depending on test
conditions such as the types of specimens or pathogens
or test items. Accordingly, in the second embodiment, a
plurality of common protocols corresponding to the types
of specimens or pathogens are prepared. Specimens on
which treatment can be performed in the same common
protocol can be arrayed on the stage rack 2300 and treat-
ed on the same treatment stage 400 in accordance with
the common protocol. For example, it is possible to collect
specimens, on which treatment can be performed in a
first common protocol, in a first treatment executing unit
400 and execute the treatment on the specimens, and it
is possible to collect specimens, on which treatment can
be performed in a second common protocol, in a second
treatment executing unit 400 and execute the treatment
on the specimens. As thus described, in the second em-

bodiment, previously set test conditions are recognized,
and specimens with the same protocol are collected, so
that pretreatment can be performed thereon. The test
condition can be read contactlessly from the information
memory of a bar code or the like provided on each main
specimen container by using the information reading part
2160c provided in the main specimen storing part 2160.
[0070] The operation for disposing of a consumable
and the like on the stage rack 2300 will be described.
Due to the possibility that a specimen to be treated con-
tains a pathogen, care needs to be taken at the time of
disposing of a consumable having come into contact with
a specimen from the stage rack 2300 after completion of
the treatment. In order for the user to dispose of, while
not touching, a used consumable, a consumable except
the cartridge is automatically picked up from the stage
rack 2300 by using the dispensation nozzle of the treat-
ment executing unit 400, and then disposed of into the
consumable waste box 2230. As for a waste liquid con-
taining a specimen (sample) in the state of being sucked
by the dispensation chip mounted in the dispensation
nozzle of the treatment executing unit 400 on the stage
rack 2300, the dispensation nozzle of the treatment ex-
ecuting unit 400 is moved to above the waste liquid tank
2232, and thereafter the waste liquid is disposed of from
the dispensation nozzle into the waste liquid tank 2232.
Note that it is difficult to move the cartridges 114, 116
installed on the stage rack by using only one dispensation
nozzle. Therefore, the stage rack 2300 after completion
of the treatment is transferred to the consumable installed
position of the treatment preparation sub-system 2100
by using the stage-rack mounting mechanism 2220 and
the stage-rack transferring mechanism 2400, to release
the fixing of the cartridge fixing mechanism. The cartridge
is then taken out of the stage rack 2300 by using the
cartridge picker 2132 and disposed of into the cartridge
waste box 2170. Hence the stage rack 2300 comes into
an empty state in which all consumables and the like
have been removed from the stage rack 2300. In prep-
aration for the next treatment, a required consumable
and the like are installed on the stage rack 2300 in the
empty state by using the pickup unit 2130 and the car-
tridge picker 2132.
[0071] As the treatment executing unit 400 used in the
first and second embodiments, it is preferably possible
to use "geneLEAD" supplied by Precision System Sci-
ence Co., Ltd. The first and second embodiments make
it possible to perform batch treatment from DNA extrac-
tion to real time PCR analysis. Especially the specimen
treatment and measurement system 2000 of the second
embodiment can execute the treatment in a high through-
put and fully automated manner by combining specimen
dispensation, reagent dispensation, and a consumable
setting (loading) function in the plurality of treatment ex-
ecuting units 400. Further, it is possible to automatically
perform batch management from dispensation from a
main specimen to an additional specimen, dispensation
of a reagent, to completion of pretreatment. In the spec-
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imen treatment and measurement system 2000 of the
second embodiment, by combination of the treatment ex-
ecuting unit 400 including a plurality of dispensation noz-
zles (nozzle unit) arranged in parallel and the plurality of
stage racks 2300, the random batch access treatment
can be performed as a whole, and the pretreatment can
be performed on 96 specimens per day. In the second
embodiment (Figure 21), the pretreatment has been per-
formed by movement of the multiple string dispensation
nozzles of the treatment executing unit 400 in the y-di-
rection without movement of the stage rack 2300, mount-
ed in the stage-rack mounting part 2210, in the y-direc-
tion, but this is not restrictive. For example, the treatment
may be performed by movement of the stage rack 2300
in the x-direction without movement of the multiple string
dispensation nozzles of the treatment executing unit 400
in the y-direction.
[0072] A description will be given of a case where the
specimen treatment and measurement system 2000 of
the second embodiment is taken as a DNA treatment
system. In this case, the stage rack 2300 includes a DNA
extraction etc. functioning part that extracts and/or re-
fines DNA and a DNA amplification functioning part that
amplifies DNA in specified positions on each treatment
lane. In the treatment preparation sub-system 2100, a
plurality of consumables such as a container, a cartridge,
a dispensation chip, a piercing chip, and/or a sealing cap,
which are used in each functioning part, are arranged in
advance in positions of each functioning part on each
lane of the stage rack 2300.
[0073] In the second embodiment, each consumable
can be automatically placed or installed on the stage rack
2300, and with the stage rack 2300 in the state of being
mounted on the stage-rack mounting part 2210, the treat-
ment executing unit 400 can automatically execute DNA
extraction, DNA amplification, and measurement of the
amplified DNA. Further, after the treatment has been ex-
ecuted, the used consumable can be automatically dis-
posed of from the stage rack 2300, to make the stage
rack reusable. In the DNA extraction functioning part, by
attraction and separation (magtration technology) of a
magnet to and from the dispensation chip of the treatment
executing unit 400, it is possible to automatically execute
extraction of DNA adsorbed to a magnetic particle in a
solution held in the dispensation chip.
[0074] Since the specimen treatment and measure-
ment system of the second embodiment includes the plu-
rality of treatment executing units 400, even when treat-
ment is being carried out in one treatment executing unit
400, the stage rack 2300 can be mounted in another emp-
ty treatment executing unit 400 not in operation at freely
selected timing so that the treatment can be performed
continuously. Therefore, the specimen treatment and
measurement system of the second embodiment as a
whole can achieve the random batch access system.
[0075] In the specimen treatment and measurement
system of the first or second embodiment, the consum-
able can preferably include at least one of a well, a tube,

a dispensation chip, a piercing chip, and a cap of the well.
In the specimen treatment and measurement system of
the first or second embodiment, at least a part of the
cartridge can preferably include at least one prefilled well
in which an extracted reagent of the nucleic acid and/or
an amplified reagent of the nucleic acid is sealed in ad-
vance. In the specimen treatment and measurement sys-
tem of the first or second embodiment, at least a part of
the cartridge can preferably include a prefilled cartridge
for an extracted reagent in which the extracted reagent
of the nucleic acid is sealed in advance, and a prefilled
cartridge for an amplified reagent in which an amplified
reagent of the nucleic acid is sealed in advance.
[0076] In the specimen treatment and measurement
system of the first or second embodiment, the cartridge
can preferably be provided with at least one or a plurality
of a well for a reagent, a well for extracting nucleic acid,
a well for amplifying nucleic acid, a cap holding part that
holds a cap of the well, and a dispensation chip holding
part that holds a dispensation chip. In the specimen treat-
ment and measurement system of the first or second
embodiment, preferably, the treatment lane can be pro-
vided with a tube that accommodates a micro particle for
detecting nucleic acid, a plurality of the micro particles,
to each of which a material capable of being specifically
coupled to a different specimen is fixed, are arranged at
known positions in the tube, and the specimen treatment
and measurement system can be provided with a detec-
tor that detects a signal issued by the micro particle in
the tube.
[0077] In the specimen treatment and measurement
system of the first or second embodiment, preferably,
each treatment lane can be provided with an electro-
phoresis chip that performs electrophoresis of the spec-
imen, and the specimen treatment and measurement
system can be provided with a detector that detects a
band separated from the specimen in the electrophoresis
chip. In the specimen treatment and measurement sys-
tem of the first or second embodiment, it is preferably
possible to provide a biochemical testing device that con-
ducts one or a plurality of biochemical tests on a plurality
of specimens. The biochemical tests include at least one
of a dog C-reactive protein (CRP) (inflammation marker),
serum amyloid protein (SAA), total bile acids (TBA), fibrin
degradation product (FDP), lipase, and D-dimer.

Reference Signs List

[0078]

1000 specimen treatment and measurement system
100 stage
110 pretreatment part
112 cartridge
114 cartridge
200 frame
300 pickup unit (cartridge transferring unit and spec-

imen transferring unit)
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310 cartridge picker
330 consumable picker
400 treatment executing unit (parallel treatment unit)
500 cartridge fixing mechanism
600 sample storing unit
700 cartridge storing unit
800 waste box
900 measurement unit
2000 specimen treatment and measurement system
2100 treatment preparation sub-system
2130 pickup unit
2132 cartridge picker
2200 treatment execution sub-system
2210 stage-rack mounting part
2220 stage-rack mounting mechanism
2300 stage rack
2400 stage-rack transferring mechanism

Claims

1. A specimen treatment and measurement system for
executing treatment in parallel which is made up of
extraction of nucleic acid contained in each of a plu-
rality of specimens, amplification of the extracted nu-
cleic acid, and measurement of the amplified nucleic
acid, the system comprising:

a cartridge storing unit that stores one type or a
plurality of types of cartridges for use in the treat-
ment corresponding to the plurality of speci-
mens;
a specimen treatment part including a plurality
of treatment lanes configured to execute the
treatment in parallel, the cartridge being in-
stalled on each of the plurality of treatment
lanes;
a specimen storing unit that stores each of the
plurality of specimens;
a cartridge transferring unit that transfers the
plurality of cartridges to the plurality of lanes,
respectively;
a specimen transferring unit that transfers the
plurality of specimens to the plurality of treat-
ment lanes; and
a controller that controls the transfer of the car-
tridge by the cartridge transferring unit and the
transfer of the plurality of specimens by the
specimen transferring unit,
wherein
the controller uses the cartridge transferring unit
to transfer to each of the plurality of treatment
lanes the cartridge corresponding to each of the
plurality of specimens, and
the controller further uses the specimen trans-
ferring unit to transfer the plurality of specimens
to the plurality of treatment lanes.

2.  The specimen treatment and measurement system
according to claim 1, wherein the treatment and/or
the measurement is batch treatment that is simulta-
neously performed on the plurality of specimens.

3. The specimen treatment and measurement system
according to claim 1 or 2, comprising
a specimen treatment preparing unit obtained by in-
tegrating the cartridge transferring unit and the spec-
imen transferring unit.

4. The specimen treatment and measurement system
according to any one of claims 1 to 3, wherein at
least a part of the cartridge includes a prefilled well
in which a reagent and/or a solution required for the
treatment is sealed in advance.

5. The specimen treatment and measurement system
according to any one of claims 1 to 4, wherein
the plurality of specimens are classified into a plu-
rality of groups among which common treatment op-
eration is possible, and
the controller selects a plurality of specimens, includ-
ed in the same group, from the plurality of specimens
and executes the treatment in parallel.

6. The specimen treatment and measurement system
according to claim 5, wherein the treatment is exe-
cuted in parallel on the plurality of specimens for
each group altogether to perform treatment on a
whole of the plurality of specimens in a random and
continuous manner.

7.  The specimen treatment and measurement system
according to any one of claims 1 to 6, wherein the
cartridge transferring mechanism includes a car-
tridge picker that adsorbs the at least one cartridge.

8. The specimen treatment and measurement system
according to claim 7, wherein the cartridge picker
vacuum-sucks the cartridge.

9. The specimen treatment and measurement system
according to claim 7 or 8, wherein
the cartridge picker includes a protrusion, and
the cartridge includes a recess into which the pro-
trusion is inserted.

10. The specimen treatment and measurement system
according to any one of claims 7 to 9, wherein the
cartridge picker adsorbs both ends of the cartridge.

11. The specimen treatment and measurement system
according to any one of claims 7 to 10, wherein the
cartridge transferring mechanism includes a car-
tridge-picker lifting mechanism that lifts and lowers
the cartridge picker.
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12. The specimen treatment and measurement system
according to any one of claims 7 to 11 wherein
the specimen treatment and measurement system
includes a consumable storing unit that stores a con-
sumable for use in the plurality of lanes, and
the cartridge transferring mechanism includes a con-
sumable picker that takes the consumable out of the
consumable storing unit.

13.  The specimen treatment and measurement system
according to claim 12, wherein the cartridge trans-
ferring mechanism includes a consumable-picker
lifting mechanism that lifts and lowers the consum-
able picker.

14. The specimen treatment and measurement system
according to any one of claims 7 to 13, wherein
the cartridge includes a cartridge information record-
ing part in which cartridge information is recorded,
and
the cartridge transferring mechanism includes an in-
formation reading part that reads the cartridge infor-
mation out of the cartridge information memory.

15. The specimen treatment and measurement system
according to any one of claims 1 to 14, wherein
a first cartridge and a second cartridge are installed
on each of the plurality of treatment lanes, and
the controller removes the second cartridge with the
treatment on the specimen terminated from the plu-
rality of treatment lanes by using the cartridge trans-
ferring mechanism, while treatment is performed on
the specimen in the first cartridge.

16. The specimen treatment and measurement system
according to any one of claims 1 to 15, wherein
the specimen container includes a specimen infor-
mation recording part in which specimen information
and/or reagent information for use in treatment on
the specimen is recorded, and
the specimen transferring unit or the specimen stor-
ing unit includes an information reading part that
reads the specimen information and/or the reagent
information out of the specimen information memory.

17. The specimen treatment and measurement system
according to any one of claims 1 to 16, wherein the
specimen storing unit includes a specimen convey-
ing mechanism that circularly conveys the plurality
of specimens, and a specimen takeout position for
taking the specimen out of the specimen conveying
mechanism.

18. The specimen treatment and measurement system
according to any one of claims 1 to 17, wherein the
specimen storing unit includes a temperature adjust-
ing mechanism for preventing degeneration or dete-
rioration of the plurality of specimens.

19. The specimen treatment and measurement system
according to any one of claims 1 to 18, comprising
a cartridge fixing mechanism that fixes the cartridge
to the specimen treatment part.

20. The specimen treatment and measurement system
according to any one of claims 1 to 19, wherein the
cartridge fixing mechanism includes a first claw and
a second claw that push both ends of the cartridge.

21. The specimen treatment and measurement system
according to any one of claims 1 to 20, comprising
a treatment executing unit that includes a plurality of
dispensation nozzles so as to execute the treatment
in parallel on the cartridge installed in each of the
plurality of treatment lanes.

22. The specimen treatment and measurement system
according to any one of claims 1 to 21, comprising
a measurement unit for executing the measurement
of the plurality of specimens.

23. A specimen treatment and measurement system for
executing treatment in parallel which is made up of
extraction of nucleic acid contained in each of a plu-
rality of specimens, amplification of the extracted nu-
cleic acid, and measurement of the amplified nucleic
acid, wherein
the specimen treatment and measurement system
includes a treatment preparation sub-system, a
treatment execution sub-system, a plurality of stage
racks, a stage-rack transferring mechanism that
transfers the plurality of stage racks between the
treatment preparation sub-system and the treatment
execution sub-system, and a controller that controls
operation of the specimen treatment and measure-
ment system,
the treatment preparation sub-system includes a
cartridge supply unit that supplies at least one car-
tridge, a cartridge picker that picks up the cartridge,
a consumable storing unit which stores a consuma-
ble, a pickup unit that picks up the consumable, and
a specimen storing part that stores the plurality of
specimens,
each of the plurality of stage racks includes a plurality
of treatment lanes so as to execute the treatment in
parallel, and the cartridge, the consumable, and the
specimen container are installed in predetermined
positions in each of the plurality of treatment lanes,
and
the treatment execution sub-system includes a plu-
rality of treatment executing units, a plurality of
stage-rack mounting parts in which the plurality of
stage racks are mounted, and a stage-rack mounting
mechanism that transfers each of the stage racks to
the stage-rack mounting part, and each of the plu-
rality of treatment executing units executes the treat-
ment on each of the plurality of specimens on the
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stage rack mounted in the stage-rack mounting part.

24. The specimen treatment and measurement system
according to claim 23, wherein a plurality of speci-
mens, to which a common protocol capable of exe-
cuting the treatment in parallel is applied, are ar-
ranged in one stage rack, and the treatment is exe-
cuted in one treatment executing unit.

25. The specimen treatment and measurement system
according to claim 23 or 24, wherein in each of the
plurality of treatment lanes, an extraction functioning
part that extracts nucleic acid from the specimen, an
amplification functioning part that amplifies the ex-
tracted nucleic acid, and the measurement function-
ing part that measures the amplified nucleic acid are
arranged in a line.

26. The specimen treatment and measurement system
according to any one of claims 23 to 25, wherein the
stage rack installs, on each of the treatment lanes,
a reagent container accommodating various rea-
gents for use in the treatment, the cartridge, the con-
sumable, and a specimen container that contains
the specimen, and all or at least some of these are
replaced or disposed of after the treatment to enable
reduction in contamination of the specimen.

27. The specimen treatment and measurement system
according to any one of claims 23 to 26, wherein the
cartridge picker vacuum-sucks the cartridge.

28. The specimen treatment and measurement system
according to any one of claims 23 to 27, wherein the
cartridge picker adsorbs both ends of the cartridge.

29. The specimen treatment and measurement system
according to any one of claims 23 to 28, comprising
a transport mechanism that transports a reagent
and/or a specimen for use in the treatment from the
treatment preparation sub-system to the treatment
execution sub-system when the reagent and/or the
specimen is used in the treatment executing unit.

30.  The specimen treatment and measurement system
according to claim 29, wherein the transport mech-
anism is made up of a slide rack that accommodates
the reagent or the specimen, and a slide mechanism
that slides the slide rack.

31. The specimen treatment and measurement system
according to claim 29 or 30, wherein the treatment
preparation sub-system further includes a storage
part that adjusts a temperature of the reagent or the
specimen and stores the reagent or the specimen.

32. The specimen treatment and measurement system
according to any one of claims 23 to 31, wherein the

cartridge supplying unit includes a cartridge push-
out mechanism that pushes a bottom cartridge of a
stacked plurality of cartridges out of the cartridge
supplying unit.

33. The specimen treatment and measurement system
according to any one of claims 23 to 32, wherein the
treatment execution sub-system further includes an
adhesion mechanism that causes a heat block to
adhere to the stage rack mounted in the stage-rack
mounting part.

34. The specimen treatment and measurement system
according to any one of claims 23 to 33, wherein
the treatment execution sub-system includes a con-
sumable waste part that disposes of the consuma-
ble, and
during the treatment or after the treatment, a dispen-
sation nozzle of the treatment executing unit takes
the consumable out of the stage rack and disposes
of the consumable in the consumable waste part.

35. The specimen treatment and measurement system
according to claims 23 to 34, wherein
the treatment execution sub-system includes a
waste liquid tank that disposes of a waste liquid con-
taining the specimen, and
during the treatment or after the treatment, the dis-
pensation nozzle of the treatment executing unit
sucks the waste liquid from the stage rack and dis-
poses of the waste liquid into the waste liquid tank.

36. The specimen treatment and measurement system
according to claims 23 to 35, wherein
the treatment preparation sub-system includes a
cartridge waste part that disposes of the cartridge,
and
after completion of measurement, the cartridge pick-
er picks up the cartridge from the stage rack trans-
ferred to the treatment preparation sub-system and
disposes of the cartridge into the cartridge waste
part.

37. The specimen treatment and measurement system
according to any one of claims 1 to 36, wherein the
consumable includes at least one of a well, a tube,
a dispensation chip, a piercing chip, and a cap of the
well.

38. The specimen treatment and measurement system
according to any one of claims 1 to 37, wherein at
least a part of the cartridge includes at least one pre-
filled well in which an extracted reagent of the nucleic
acid and/or an amplified reagent of the nucleic acid
is sealed in advance.

39. The specimen treatment and measurement system
according to any one of claims 1 to 38, wherein at

37 38 



EP 3 467 512 A1

21

5

10

15

20

25

30

35

40

45

50

55

least a part of the cartridge includes a prefilled car-
tridge for an extracted reagent in which the extracted
reagent of the nucleic acid is sealed in advance, and
a prefilled cartridge for an amplified reagent in which
an amplified reagent of the nucleic acid is sealed in
advance.

40. The specimen treatment and measurement system
according to any one of claims 1 to 39, wherein the
cartridge includes at least one or a plurality of
a well for a reagent,
a well for extracting nucleic acid,
a well for amplifying nucleic acid,
a cap holding part that holds a cap of the well, and
a dispensation chip holding part that holds a dispen-
sation chip.
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