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(7) ABSTRACT

Technological preposition of the present invention is a liquid
processing method making use of a pipette device which
sucks a liquid containing a target high molecular substance
from inside of a vessel through a chip detachably set on a
sucking port or a discharging port of a liquid sucking/
discharging line and transfers this liquid or target high
molecular substance to the next target processing position
for the purpose to execute such works as quantifying,
separating, taking out, pipetting, cleaning, condensing, and
diluting a liquid or a target high molecular substance con-
tained in a liquid and also such works as extracting, recov-
ering, and isolating the target high molecular substance by
means of sucking and discharging a liquid with a pipette
device and controls by a magnetic body over magnetic
particles and/or a filter combined according to the necessity,
and the chip can isolate the target high molecular substance
by having the substance attracted onto magnetic particles or
with a filter set on each chip.
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LIQUID PROCESSING METHOD MAKING USE
OF PIPETTE DEVICE AND APPARATUS FOR
SAME

TECHNICAL FIELD

[0001] The present invention relates to a liquid processing
method making use of a pipette device and an apparatus for
the same, with which works including for quantifying,
separating, taking out, pipetting, clearing, condensing, dilut-
ing a liquid or a target high molecular substances included
in a liquid such as useful substances such as antibiotic
substance, genetic substances such as DNA, and immuno-
logical substances such as antibodies, and/or works for
extracting, recovering and isolating the target high molecu-
lar substance can automatically and accurately be executed
by means of absorbing and discharging the liquid through a
liquid absorbing/discharging line in the pipette device.

BACKGROUND ART

[0002] In recent years, research activities for DNA or the
like are very active in many fields including engineering,
medical science, agriculture, physical science, pharmacol-
ogy, and the purpose includes genome sequencing, clinical
diagnosis, improvement of agricultural products, bacterio-
logical inspection of foods, drug preparing systems or the
like.

[0003] As described above, when various types of immu-
noassay applicable in a very wide range with high expected
possibility in its application or structural analysis of molecu-
lar level organisms, microorganisms, or substances such as
cells, DNA, RNA, mRNA, plasmid, virus, or bacteria
(described simply as a target high molecular substance in the
present specification) is performed, it is necessary to carry
out with high precision works such as those for quantifying,
separating, taking out, pipetting, clearing, condensing, dilut-
ing a sample or a target high molecular substance included
in the sample or works for extracting, recovering, or isolat-
ing a target high-molecular substance as a preprocessing.

[0004] To explain structural analysis of a gene such as
DNA diagnosis as an example, at first it iS necessary to
extract, recover, and isolate a DNA region including a target
gene. The technology for extracting, recovering, and isolat-
ing genes has already been established as the gene cloning
technology or genome sequencing technology, and at
present it is believed that, by spending enough time and
expenses, any gene can be separated and obtained. For this
reason, if a target gene DNA has been extracted, recovered,
and separated, any type of gene analysis is possible as a
principle by making use of the separated gene DNA.

[0005] However, in a case of man, for instance, a particu-
lar target gene DNA is one millionth or below of all genome
DNA, and for this reason actually a quantity of DNA
obtainable for testing is quite small, while a quantity of DNA
and RNA not necessary for a particular experiment is quite
large, which makes it difficult to execute analysis smoothly.

[0006] For the reasons as described above, to execute
structural analysis of a gene such as DNA diagnosis, it is
important to extract, recover, and isolate a DNA area includ-
ing a target gene. Description is made hereinafter for a basic
method of extracting, recovering, and isolating a DNA.

[0007] A DNA exist in a nucleus as a complex with a
protein in a cell. In the basic sequence for extracting a DNA,

Sep. 5, 2002

a cell or a cell nucleus is processed with SDS (surfactant
dodecil sodium sulfate) to make the DNA soluble, and
proteins contained therein are removed with a proteolytic
enzyme or phenol.

[0008] In other words, when a DNA is separated from the
tissue, at first the tissue taken out is put in ice and kept
therein for a certain period of time under a low temperature,
then this cooled tissue is divided to small pieces each with
the weight of around 0.1 g, which are washed with a
ice-cooled buffer solution A (0.01 M Tris HCl, pH 7.8, 0.1
M NaCl, 2 mM MgCl,) This tissue is put in the above-
described buffer solution A having a volume 20 times larger
as compared to that of the tissue and is homogenized 5 or 10
times with a Potter type homogenizer. Then the tissue is put
in a centrifugal tube together with the buffer solution and is
subjected to centrifugation (2,000 rpm, for 5 minutes). The
cell nucleus or the cell precipitates, so that the supernatant
is aborted. When extracting a DNA from cultured cells, the
cells are well suspended in an ice-cooled buffer solution B
(0.01 M Tris HCL, pH 7.8, 0.1 M NaCl, 2 mM EDTA) and
is subjected to centrifugation. The precipitated nuclei or
cells are again well suspended in the buffer solution B
having a volume 100 times larger than that of the specimen.

[0009] After the cells or cell nuclei are well suspended
until a block of cells disappears, a 10% SDS solution is
added by one twentieth thereof to lyse the cells. Then
proteinase K (10 mg/ml) is added by one fiftieth thereof to
the solution and reacted for 4 hours under a temperature of
50° C. so that the protein is lysed. During this reaction, the
solution is sometimes agitated because the viscosity is high.
Then phenol extraction is executed 3 times. In this step, the
extracting work should be performed carefully so that no
physical power is not loaded thereto.

[0010] Then the specimen is dialyzed for around 18 hours
with a buffer solution C (10 mM Tris HC], pH 7.8/0.1 mM
EDTA) having a volume 100 times larger as compared to
that of the specimen, and is kept under a temperature of 4°
C.

[0011] Through the steps as described above, about 0.2 mg
of DNA can be obtained from 0.1 g of tissue. What is
described above is a process of extracting DNA from tissue
or cells, and in addition there have been known a method in
which plasmid DNA is obtained by way of the alkali method
(the small quantity adjusting method), a method of recov-
ering DNA by way of the boiling method, and a method of
recovering closed-cycle bromide DNA by way of the large
quantity adjusting method.

[0012] As described above, it is possible to extract,
recover, and isolate DNA for structural analysis of a gene in,
for instance, DNA diagnosis according to any of the known
methods as described above, but a work for isolating DNA
from the tissue or cells as described above is, as clearly
understood from the sequence for extracting DNA from the
tissue or cells as described above, extremely complicated,
and a long period of time is required, which is disadvanta-
geous.

[0013] In addition, any of various types of method includ-
ing the centrifuging method, high speed liquid chromatog-
raphy method, gel electrophoresis method, dispo-column
method, dialysis method, glass powder method, magnetic
particle cleaning nozzle method has been employed for
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structural analysis of DNA or the like extracted by the
above-described means, and each of the methods has respec-
tive advantages and disadvantages, and at present a high
precision and stable method for structural analysis has not
been developed yet.

[0014] Namely, in a case of centrifugation, automation of
processes for loading and taking out vessels is very difficult,
and also it is very difficult to mechanically separate super-
natant from precipitates after centrifugation, and for this
reason its applicability for various purpose is disadvanta-
geously poor.

[0015] In a case of high speed liquid chromatography, a
separation column is basically consumable, injection for a
sample to the column or time management for separation
can not be mechanized, and also different samples pass
through the column, which disadvantageously makes it
impossible to completely prevent contamination of the col-
umn.

[0016] Furthermore, in a case of gel electrophoresis,
adjustment of gel can not be mechanized, and this method
has generally been used as a basic technique for separation
of DNA, but the separated pieces must be taken out manu-
ally, which is disadvantageous.

[0017] The dispo-column method is one of technic which
can be embodied as a kit for separation of a particular DNA
piece, but the cost is very expensive, and its applicability is
narrow. In addition, controls over pipetting and liquid pass-
ing through the column are difficult, and there are many
problems in mechanization of this method.

[0018] In the dialysis method, a long period of time is
required for dialysis, and also it is hard to apply this method
when a quantity of sample is small, so that this method has
not been used widely.

[0019] The glass powder method is an excellent method of
extracting DNA making use of silicon dioxide, and the
process is simple and convenient, but as the powder is
separated with a filter or by way of centrifugation, it is
difficult to automate the entire process.

[0020] Furthermore in a case of the magnetic particle
cleaning nozzle method, the process can be automated by
controlling the cylinder and attracting/discharging with
magnetic particles, but basically it is impossible to prevent
contamination only by cleaning the nozzle.

[0021] The present invention was made under the circum-
stances as described above, and its object is to provide a
liquid processing method as well as an apparatus for the
same making use of a completely novel pipette device which
can automatically and with high precision execute works of
quantifying, separating, taking out, pipetting, cleaning, con-
densing, diluting a liquid or a target high molecular sub-
stance contained in a liquid as well as works of extracting,
recovering, and isolating the substance by controlling the
pipette device’s operations for sucking or discharging a
liquid and magnetic particles with a magnetic body and/or
by a combination of a magnetic body and a filter.

DISCLOSURE OF INVENTION

[0022] Technological basis of the present invention is a
liquid processing method making use of a pipette device
which sucks a liquid containing a target high molecular
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substance via a chip detachably set in a sucking port or a
discharging port of a liquid sucking/discharging line from
inside of a vessel and transfers the liquid or the target high
molecular substance to a target next processing position, and
the chip has the sucked target high molecular substance
deposited on magnetic particles and/or separated with a filter
set in the chip. Namely, it is possible to automatically
execute with high precision the works of quantifying, sepa-
rating, taking out, pipetting, cleaning, condensing, diluting a
liquid or a target high molecular substance as well as works
of extracting, recovering, and isolating the substance by
controlling the pipette device’s operations for sucking and
discharging the liquid and magnetic particles with a mag-
netic body and/or by a combination of a magnetic body and
a filter.

[0023] Also in the present invention, the target high
molecular substance is a useful substance such as antibiot-
ics, genetic substances such ad DNA, or an immunological
substance such as antibody. For this reason, the present
invention is well suited to works of separating, taking out,
pipetting, cleaning, condensing, diluting and/or works of
capturing, extracting, isolating, amplifying, labelling, and
measuring molecule level organisms or microorganisms
such as cells, DNA, RNA, mRNA, plasmid, virus, and
bacteria or certain high molecular substance, and a target
high molecular substance can be obtained without depend-
ing on the conventional centrifugation.

[0024] Also in the present invention, such works as quan-
tifying, separating, taking out, pipetting, cleaning, condens-
ing, and diluting the target high molecular substance as
described above is carried out with a chip set in the liquid
sucking/discharging line described above and at least one
type of filter set in a tip section of the chip. With this
configuration, such works as quantifying, separating, taking
out, pipetting, cleaning, condensing, and diluting the target
high molecular substance can easily be executed with high
precision.

[0025] The present invention is embodied mainly as
described above, but by providing a plurality of filter holders
in multiple stages in a way where, for instance, a filter holder
with a filter to screen out blood corpuscle shells is provided
in the first stage of the chip and a filter holder with a silica
membrane filter to capture DNA is provided in the second
stage thereof, such works as quantifying, separating, taking
out, pipetting, cleaning, condensing, and diluting the target
high molecular substance as described above can more
easily be carried out with high precision. It is needless to say
that, in a case where separation of a target high molecular
substance is executed by setting each filter holder according
to the present invention, the chips and filter holders may be
engaged in and processed one by one or complied in a
multiple stages and set to execute a plurality of works
simultaneously.

[0026] Also in the present invention, by using a plurality
of filters each having a different pore size (transmission
diameter of each filter) and used for separation of a target
high molecular substance and foreign materials other than
the target high molecular substance respectively, it is pos-
sible to obtain only the target high molecular substance
without fail.

[0027] Also in the present invention, after such works as
quantifying, separating, taking out, pipetting, cleaning, con-
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densing, diluting a liquid or a target high molecular sub-
stance with the filter as described above, in a step of
detachably setting a new chip in a tip section of the liquid
sucking/discharging line and sucking/discharging a solution
containing magnetic particles with this chip, as the magnetic
particles are attracted by a magnetic body provided in the
side of the chip onto an internal surface of the chip to extract,
recover, and isolate the target high molecular substance,
such works as quantifying, separating, taking out, pipetting,
cleaning, condensing, and diluting and also such works as
extracting, recovering, and isolating a target high molecular
substance can automatically be executed.

[0028] Also in the present invention, different from a
liquid processing based on the filter system as described
above, such works as capturing, extracting, isolating, ampli-
fying, labelling, and measuring the target high molecular
substance may be executed only with a chip set in the liquid
sucking/discharging line, a magnetic force, and one or a
plurality types of magnetic particles and without using the
filter as described above, more precise liquid processing can
be realized with simpler configuration.

[0029] Also in the present invention, by causing the chip
set in the liquid sucking/discharging line as described above
to react with magnetic particles like in the invention
described above, refining process such as capturing cells,
having cell cores or protein lysed can automatically be
executed, and a particular target high molecular substance
can easily be extracted, recovered, and isolated.

[0030] Furthermore in the present invention, by using
magnetic particles with a probe or biotin or streptoavidin
coated thereon by making use of a chip set in a liquid
sucking/discharging line like in the invention described
above after the work of extracting the substance, a particular
base sequence piece can easily be isolated with high preci-
sion without executing centrifugation.

[0031] Also in the present invention, it is possible to
execute a series of works for refining such as capturing cells,
or having cell core or protein lysed by causing a chip set in
the liquid sucking/discharging line to react with magnetic
particles for extracting a particular high molecular substance
and then isolating the particular base sequence piece with
other type of magnetic particles with a probe or biotin or
streptoavidin coated thereon easily in a liquid sucking/
discharging line in a pipette device.

[0032] Also in the present invention, after a series of
works such as capturing, extracting, and isolating a target
high molecular substance by using the magnetic particles as
described above, by making the isolated particular base
sequence piece emit light through chemical luminescence or
fluorescence or enzymatic coloration, presence or a quantity
of the particular base sequence piece can easily be detected
or measured.

[0033] Also in the present invention, it is possible to easily
and automatically execute a series of works for refining such
as capturing cells, or having cell core or protein lysed by
causing a chip set in the liquid sucking/discharging line to
react with magnetic particles for extracting a particular high
molecular substance, then amplifying the extracted target
high molecular substance, isolating the particular base
sequence piece with other type of magnetic particles with a
probe or biotin or streptoavidin coated thereon and then
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detecting presence of or measuring a quantity of the par-
ticular base sequence piece by causing the isolated piece to
emit light through chemical luminescence or fluorescence or
enzymatic coloration.

[0034] In the present invention, by executing the works of
separating, taking out, pipetting, cleaning, condensing, dilut-
ing the target high molecular substance and/or works for
capturing, extracting, isolating, amplifying, labelling, and
measuring the substance in a single liquid sucking/discharg-
ing line or a plurality of liquid sucking/discharging lines
provided in parallel to each other, a sequences of works can
be executed efficiently and automatically. In a case where a
plurality of liquid sucking/discharging lines are provided in
parallel, the processing capacity is improved, and also a
multi-channel processing line can be realized.

[0035] Inthe present invention, in a case where processing
is executed with a plurality of liquid sucking/discharging
lines provided in parallel, as the plurality of liquid sucking/
discharging lines are driven and controlled so that the works
of separating, taking out, pipetting, cleaning, condensing,
diluting the target high molecular substance and/or the
works of capturing, extracting, isolating, amplifying, label-
ling, and measuring the substance in each line are executed
according to the same timing, or also so that each liquid is
sucked or discharged in a specified processing step accord-
ing to a different timing, and for this reason processing steps
suited to a target high molecular substance can easily be
built up.

[0036] In the present invention, by providing working
spaces separated from each other with partitions in the single
or a plurality of liquid sucking/discharging lines, or by
providing working spaces with an air flow by means of
continuously sucking air in each line working space from an
air sucking port, or by combining these different types of
configuration, even in a case of liquid processing such as
extracting and analyzing DNA or the like in which it is
required to strictly prevent contamination by air in each
processing line, the objective can easily be achieved.

[0037] Also in the present invention, by having a target
high molecular substance or a substance bonded to a target
high molecular substance absorbed or bonded to a surface of
each magnetic particle used for the purpose of the present
invention, the target high molecular substance can be
obtained without executing centrifugation.

[0038] In the present invention, in a case where the
above-described magnetic particles are used, controls are
provided so that the magnetic particles are absorbed onto an
internal wall of a chip due to a magnetic force working from
outside of the chip, or so that, if effect of the magnetic force
is weak or not present, the magnetic particles are held
separable from the internal surface of the chip, it is possible
to control capture of target high molecular substance and
separation of the same from foreign materials with high
precision.

[0039] In the present invention, by controlling load of a
magnetic force into or elimination of a magnetic force in a
chip by means of moving a permanent magnet in a direction
perpendicular to the longitudinal direction of the chip or in
a range including the direction perpendicular to the longi-
tudinal direction of the chip, or by turning ON or OFF an
electric magnet, it is possible to efficiently execute such
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works as absorbing magnetic particles or agitating and
mixing the magnetic particles with other liquid or cleaning.

[0040] Inthe present invention, in a case where processing
is executed with an electric magnet, by turning ON the
electric magnet when it contacts an external surface of the
chip to generate a magnetic force or by moving off the
electric magnet from the chip when the magnetic force is
eliminated, absorption of magnetic particles or agitation and
mixing of magnetic particles with other solution or cleaning
can efficiently be executed.

[0041] In the present invention, when removing a chip
from a liquid sucking/discharging line, it can easily be
removed by holding AS the chip with a holding body
synchronously operating when the permanent magnet or
electric magnet moves to the chip and the permanent magnet
or electric magnet and then moving the liquid sucking/
discharging line upward.

[0042] In the present invention, the chip described above
comprises a small diameter section steeped into a liquid, a
large diameter section having a capacity larger than a
capacity of a vessel in which a liquid is accommodated, and
an intermediate section provided between the small diameter
section and the large diameter section and having a diameter
smaller at least than that of the large diameter section, and
magnetic particles are captured by the intermediate section,
so that clogging never occurs and the magnetic particles can
almost completely be absorbed because of magnetism within
a short period of time.

[0043] Inthe present invention, an internal diameter of the
intermediate section of a chip described above has a dimen-
sion appropriate for ferromagnetic field of the magnetic
body to provide effects therein, and magnetic particles are
captured due to a magnetic force generated in the ferromag-
netic field of the magnetic body, so that magnetic particles
can almost completely be captured because of magnetism
within a short period of time.

[0044] In the present invention, by forming an internal
diameter of the intermediate section of a chip described
above so that it has the substantially same width dimension
as that of a contacting surface of a magnetic body contacting
the intermediate section, the most effective absorption of
magnetic particles can be realized.

[0045] In the present invention, absorption of magnetic
particles onto an internal surface of a chip set in the liquid
sucking/discharging line is executed by passing a solution
containing magnetic particles through a ferromagnetic field
inside a chip at a slow speed appropriate for the magnetic
particles to be captured completely, the magnetic particles
can completely be captured.

[0046] In the present invention, controls are provided so
that the final liquid surface of a liquid passing through the
chip when sucked into or discharged from the chip always
reaches the magnetic field described above, so that the
magnetic particles can be captured more completely.

[0047] In the present invention, in a case where a liquid is
sucked or discharged with a so-called single nozzle, the
liquid is sucked by contacting a tip section for a chip set in
the liquid sucking/discharging line to an internal bottom of
a vessel with the liquid accommodated therein and then
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lightly raising the tip section, so that almost all of the liquid
within the vessel can be sucked and uniformity of reaction
can be maintained.

[0048] In the present invention, agitation and mixing of
magnetic particles absorbed in the chip with a reagent or
cleaning water is executed under the so-called pumping
control in which the works of sucking and discharging the
liquid in the liquid sucking/discharging line is continuously
executed at a high speed and times enough to agitate and mix
the liquid with the magnetic particles, so that the liquid and
magnetic particles can homogeneously be agitated and
mixed with each other.

[0049] In the present invention, in a case where the works
of agitating and mixing a liquid and magnetic particles with
each other are executed, the works of sucking and discharg-
ing the liquid in the liquid sucking/discharging line is
executed with the tip section steeped into a reagent or
cleaning water accommodated in a vessel so that a quantity
of a liquid in the vessel and a sucking/discharging rate
substantially coincide with each other, and for this reason no
bubble is generated and the reaction can be executed under
no physical impact, so that separation of a target high
molecular substance from the magnetic particles due to
bubbles can be prevented without fail.

[0050] In the present invention, in a case where necessary
temperature controls are provided to promote a reaction
between a target high molecular substance and a reagent or
the like or amplification of the target high molecular sub-
stance, the reaction liquid or a liquid to be amplified is
transferred with the chip into each thermostatic chamber
previously kept in a specified temperature to be heated or
cooled therein, so that a period of time required for heating
or cooling the reaction liquid or the liquid to be amplified
can substantially be reduced.

[0051] In the present invention, when controlling a tem-
perature in each reaction chamber, a covering body is set
over a tip section of the liquid sucking/discharging line, and
the covering body is set via the liquid sucking/discharging
line on the thermostatic chamber, so that evaporation of the
liquid can be prevented and also contamination of air can be
prevented without fail.

[0052] In the present invention, the covering body is built
so that it is plucked and broken by the liquid sucking/
discharging line or a chip set in the line, and for this reason
it is not necessary to provide a separate sucking/discharging
means, and a reaction liquid or a liquid to be amplified in a
thermostatic vessel can be sucked by the liquid sucking/
discharging line or a chip set therein, so that the configu-
ration is quite simple and a series of works can automatically
be executed.

[0053] In the present invention, to realize each of the
liquid processing methods as described above, there is
provided a liquid processing apparatus making use of a
pipette device comprising a liquid sucking/discharging line
which can move in the horizontal direction and is main-
tained at a specified position so that it can move in the
vertical direction, a means for executing liquid sucking/
discharging works through the liquid sucking/discharging
line, a plurality of chips required for processing one type of
liquid and provided along the horizontal direction in which
the liquid sucking/discharging line moves, a vessel with the
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liquid accommodated therein, one or more filter holders
each having a filter required for the processing above, and
one or more vessels each having other type of liquid required
for the processing above, and the liquid sucking/discharging
line or a chip set therein is driven and controlled according
to instructions from a control unit so that the chip is
transferred with a filter holder set therein to execute such
works as quantifying, separating, taking out, pipetting,
cleaning, condensing, and diluting the liquid or a target high
molecular substance contained in the liquid, and for this
reason it is not necessary to especially provide a means in
which an operation may be interrupted such as a centrifugal
separator, and it is possible to automate such works as
quantifying, separating, taking out, pipetting, cleaning, con-
densing, diluting a target high molecular substance with
simple configuration.

[0054] In the present invention, there is provided a liquid
processing apparatus comprising a liquid sucking/discharg-
ing line which can move in the horizontal direction and is
maintained at a specified position so that it can move in the
vertical direction, a means for executing liquid sucking/
discharging works through the liquid sucking/discharging
line, a plurality of chips required for processing one type of
liquid and provided along the horizontal direction in which
the liquid sucking/discharging line moves, a vessel with the
liquid accommodated therein, a magnetic body for attracting
magnetic particles contained in a liquid onto an internal
surface of a chip when the liquid is sucked into or discharged
from the chip, one or more vessels with other types of liquid
accommodated therein respectively required for the process-
ing described above, and the liquid sucking/discharging line
or the chip is driven and controlled according to instructions
from a control unit so that the chip is transferred to execute
such works as capturing, extracting, isolating, amplifying,
labelling, and measuring a liquid or a target high molecular
substance contained in the liquid, and for this reason it is not
necessary to especially provide a means in which the opera-
tion such as a centrifugal separator may be interrupted, and
also it is possible to automate such works as capturing,
extracting, isolating, amplifying, labelling, and measuring a
target high molecular substance with simple configuration.

[0055] In the present invention, there is provided a liquid
processing apparatus making use of a pipette device com-
prising a liquid sucking/discharging line which can move in
the horizontal line and is maintained at a specified position
so that it can move in the vertical direction, a plurality of
chips required for processing one type of liquid and pro-
vided along the horizontal line in which this sucking/
discharging line moves, a vessel with the liquid accommo-
dated therein, one or more filter holders each having a filter
set therein required for the processing described above, one
or more vessels each accommodating therein other types of
liquid required for the processing above, a vessel in which
a liquid containing magnetic particles is accommodated, and
a magnetic body for attracting the magnetic particles onto an
internal surface of the chip in the process of sucking or
discharging a solution containing the magnetic particles, and
the liquid sucking/discharging line is transferred according
to instructions from a control unit to execute required
processing for a liquid or a target high molecular substance
contained in the liquid, and for this reason it is possible to
execute such works as quantifying, separating, taking out,
pipetting, cleaning, condensing, diluting a target high
molecular substance and also such complicated works as
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extracting, recovering, and isolating the target high molecu-
lar substance with very simple configuration in succession
and automatically.

[0056] In the present invention, a hook for locking and
supporting a chip engaged in and supported by the liquid
sucking/discharging line is rotatably supported by the liquid
sucking/discharging line, and the hook is energized in its
normal state in the direction in which connection between
the liquid sucking/discharging line and the chip is main-
tained, and also the hook is energized by a lock releasing
body provided at a specified position in the direction in
which locking between the liquid sucking/discharging line
and the chip is released, so that it is possible, when a filter
holder is set in or removed from a tip section of a chip, to
prevent the chip from being separated from the liquid
sucking/discharging line without fail, and also locking with
the hook can automatically be released.

[0057] In the present invention, in a case of a liquid
processing apparatus with the hook attached thereto, the
filter holder set in a tip section of the chip is transferred so
that the chip and/or the filter holder is separated from an
edge of the liquid sucking/discharging line or a chip set
therein when the liquid sucking/discharging line locked by
the locking body is moved upward, so that the work of
removing a chip and/or a filter holder can be automated.

[0058] In the present invention, the vessel used according
to the present invention is formed into a cassette form having
a plurality of chambers each for accommodating a type of
liquid therein and then samples or reagents required for a
reaction or processing can be pipetted to each of the liquid
accommodating section, so that high precision liquid pro-
cessing can be realized. In this case, a portion or all of the
reagent previously accommodated in each liquid accommo-
dating section is shielded with a thin film body which can be
broken by the liquid sucking/discharging line or a chip set
thereon, and a mechanism for pipetting each reagent
becomes unnecessary, which is desirable for simplifying
configuration of an apparatus.

[0059] In the present invention, in a case where the
magnetic body is built with a permanent magnet, a surface
of the permanent magnet contacting a chip is formed accord-
ing to an external form of the chip and the chip is movably
provided in a direction perpendicular to the longitudinal
direction of the chip, so that it is possible not only to
completely capture magnetic particles, but also to prevent
adverse effects by diffusion and movement of the magnetic
particles in association with the magnet without fail.

[0060] In the invention, the magnetic body is built with an
electric magnet in place of the permanent magnet described
above with a surface thereof contacting a chip formed
according to an external form of the chip, and is provided so
that the electric magnet generates a magnetic force when it
contacts outside of the chip and also can move, when
degaussed, in a direction perpendicular to the longitudinal
center line of the chip or in a range including the direction,
and for this reason magnetic particles are attracted in asso-
ciation with movement of the magnetic body along the
longitudinal center line of the chip so that it is possible to
prevent the magnetic particles from going out of control and
control over the magnetic particles from being lost, which
makes it possible to realize complete attraction of the
magnetic particles.
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[0061] In the present invention, a holding body, which
moves, when the permanent magnet or electric magnet
moves to the chip, in synchronism to movement of the
magnet, is provided, a surface of the holding body contact-
ing a chip is formed according to an external form of the
chip, and the chip is held between the holding body and the
permanent magnet or electric magnet, so that the chip can
easily be removed only by moving the liquid sucking/
discharging line upward.

[0062] In the present invention, a temperature control step
required for a reaction between a target high molecular
substance and a reagent or the like or for amplifying the
target high molecular substance is inserted into the liquid
processing step with the liquid sucking/discharging line, the
reaction liquid or the liquid to be amplified is transferred
with the chip to each thermostatic vessel kept at a prespeci-
fied temperature, and also a covering body, which can be set
in a tip section of the liquid sucking/discharging line, is set
by the liquid sucking/discharging line on each thermostatic
vessel in which the reaction liquid or the liquid to be
amplified is accommodated, so that also amplification of the
target high molecular substance can successively be pro-
cessed in a series of works.

[0063] Furthermore in the present invention, the covering
body comprises a flat surface section having a diameter
larger than that of a bore of the thermostatic vessel and a
maintenance groove section formed in a substantially central
portion of the flat surface section and having the same bore
as an external diameter of the liquid sucking/discharging
line or the tip of the chip, and a bottom section of the
maintenance groove section is formed with a thin film body
which can be broken by the liquid sucking/discharging line
or the chip, so that it is not necessary to separately provide
a covering body supply means or a liquid sucking/discharg-
ing means, which largely simplifies this type of apparatus.

BRIEF DESCRIPTION OF DRAWINGS

[0064] FIG. 1 is a flat explanatory view showing general
configuration of an apparatus for extracting, recovering, and
isolating DNA according to the first embodiment of the
present invention;

[0065] FIG. 2 is a cross-sectional view showing general
configuration of a nozzle unit in the apparatus;

[0066] FIG. 3 is an explanatory view explaining a step of
removing a chip with a hook body in the nozzle unit;

[0067] FIG. 4 is a flat explanatory view showing a state
before U-shaped body for removing the chip and the chip are
engaged with each other;

[0068] FIG. 5 is a flat explanatory view showing a state
after the U-shaped body for removing the chip and the chip
are engaged with each other;

[0069] FIG. 6 is a perspective view showing a case where
the U-shaped body is formed with a locking release rod;

[0070] FIG. 7 is a cross-sectional view showing an
example of forms of two chips used in the present invention;

[0071] FIG. 8 is an explanatory view showing configura-
tion of a pipette nozzle and a positional relation between a
holding body and a magnetic body when getting closing to
or away from each other;
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[0072] FIG. 9 is a flat explanatory view showing configu-
ration of a magnetic body as well as that of a holding body
used in this embodiment;

[0073] FIG. 10 is an explanatory view showing positions
at which the magnetic body and holding body are attached
respectively;

[0074] FIG. 11 is a cross-sectional view for explanation of
arelation between a bore of an intermediate diameter section
of a chip and a width dimension of a magnetic body;

[0075] FIG. 12 is a flow chart for explanation of steps
from step 1 to step 10 in the works of extracting, recovering,
and isolating DNA with the apparatus;

[0076] FIG. 13 is a flow chart for explanation of steps
from step 12 to step 19 in the works of extracting, recov-
ering, and isolating DNA with the apparatus;

[0077] FIG. 14 is a perspective view for explanation of an
example of configuration of a chip removing body;

[0078] FIG. 15 is a perspective view for explanation of
another example of a means for engagement between a filter
holder and a cell;

[0079] FIG. 16 is a cross-sectional view showing a case
where a chip and two pieces of filter holder are connected
and used in a multiple-stage form;

[0080] FIG. 17 is a cross-sectional view showing configu-
ration of a filter holder with a filter having a large filter area
attached thereto;

[0081] FIG. 18 is a cross-sectional view of a thermostatic
vessel and a covering body used in this embodiment;

[0082] FIG. 19 is an explanatory view showing a state
where a thin film body of the covering body is broken by a
chip and a DNA amplifying liquid accommodated therein is
sucked;

[0083] FIG. 20 is a flat view for explanation of a state
where a filter holder and a cell according to this embodiment
are set in a cassette for each group used in the reaction
processing step;

[0084] FIG. 21 is a flat view for explanation of general
configuration of an apparatus for extracting, recovering, and
isolating DNA comprising a plurality of reaction lines
according to a second embodiment of the present invention;

[0085] FIG. 22 is a front view showing a quadrupled
nozzle cylinder applicable to the present invention,

[0086] FIG. 23 is a perspective view showing an example
of configuration of a holding body and a magnetic body used
in processing with the four-stage nozzle cylinder, and

[0087] FIG. 24 is an explanatory view for operations of
the holding body as well as of the magnetic body.

BEST MODE FOR CARRYING OUT
INVENTION

[0088] Detailed description is made for the present inven-
tion with reference to embodiments thereof shown in the
related drawings.

[0089] FIG. 1 shows an example of configuration in
which the present invention is applied to an apparatus for
extracting, recovering, and isolating DNA.
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[0090] This apparatus comprises a pipette nozzle P sup-
ported by a nozzle unit so that it can freely be moved by an
XYZ moving mechanism in the vertical direction as well as
in the horizontal direction, chips T, T,, T, and T, arranged
from left to right in the FIG. 1, a chip removing body E, a
sample vessel C,, a first filter holder H;, a cell C;, a cell C,,
a cell C;, a second filter holder H,, a cell C,, a cell Cs, a cell
C,, a cell C,, a thermostatic cell Cg 4, a cell Cgy, a cell Cg
and a DNA recovery cell C,.

[0091] Namely in this embodiment, the chips T,, T,, T,
have a form suited for holding the filter holders H,, H,, and
the chip T, has a form suited for capturing magnetic par-
ticles. It should be noted that, although the description of the
embodiment above assumes a case where a chip for captur-
ing magnetic particles is processed with only one chip T,
the form is not limited to that described above, and that a
plurality of chips may be used according to the needs in the
processing step.

[0092] Also it should be noted that also in this embodi-
ment, up to the first filter holder H,, cell C,, second filter
holder H,, cell C,, cell C;, cell C, controls the step of
refining with a filter.

[0093] Also the cell Cs, cell Cg, and cell C, controls the
magnetic reaction as well as the steps of extracting and
isolating, and furthermore the thermostatic cell Cg,, cell
Cgp, and cell Cg control temperature in the reaction.

[0094] As described above, by arranging the cells sequen-
tially, processing can be executed in a state where a plurality
of specimens of a sample are arranged in an array, and also
control for driving the pipette nozzle P can be simplified. It
is needless to say that arrangement of the cells may be
combined or changed according to the processing sequence.

[0095] 1t is desirable that the pipette nozzle P is connected
directly or with a certain but small range to a cylinder which
can strictly control a sucking/discharging rate with a servo
motor or a pulse motor and unitized therewith.

[0096] A nozzle unit J supporting this pipette nozzle P
comprises, as shown in FIG. 2, a vertical movement guide
body 1 movably supported in the XY direction (horizontal
direction), a holder 2 connected with the vertical movement
guide body 1 and moving in the vertical direction, a sup-
porting body 3 extending in the horizontal direction from
this holder 2, the pipette nozzle P penetrating this supporting
body 3 in the vertical direction and supported thereby, a
spring 4 provided in the supporting body 3 and energizing
the pipette nozzle P in the downward direction in its normal
state, and a hook bodies 6, 6 rotatably supported on the
opposite side to a lower projecting section 5 of the support-
ing body 3. It should be noted that the sign Z in the figure
indicates a sensor controlling a downward moving rate of
the pipette nozzle P.

[0097] The hook bodies 6, 6 are energized in its normal
state in the closing direction due to an energizing force of the
sheet springs 7, 7 fixed to the lower projecting section 5. It
should be noted that the spring 4 above is provided as a
cushion for the pipette nozzle P, so that it may be provided
in any portion of the pipette nozzle P or the supporting body
3, and also the sheet springs 7, 7 may directly be attached to
the pipette nozzle P.

[0098] The nozzle unit having the configuration as
described above is built so that it can move in the XYZ
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directions (in the horizontal direction and in the vertical
direction) with the chips T,, T, T; engaged in a tip section
of the pipette nozzle P supported by this nozzle unit J, and
this engagement is maintained because the hook bodies 6, 6
locks a flange 8 Of the chips T,, T,, and T in the state in
which the hook body holds and embraces the chips.

[0099] The chip removing body E for releasing connection
(locked state) with the hook bodies 6, 6 between the pipette
nozzle P and the chips T, T,, and T; comprises a pair of lock
releasing rods 9, 9 provided at a position for aborting chips
as shown in FIG. 2 and FIG. 3, a U-shaped body 10 having,
for instance, a sheet form provided at the bottom of the lock
releasing rods 9, 9 as shown in FIG. 4 and FIG. 5, and
deposition tank (not shown) into which the chips T;, T,, T5
separated from the pipette nozzle P are aborted.

[0100] As described above, the pipette nozzle P and chips
T,, T,, T; are locked and supported by the hook bodies 6, 6
to prepare against a discharging pressure of the liquid, or
because the engagement between the pipette nozzle P and
the chips T,, T,, T5 should not have been released when
separating the filter holders H,, H, from the chips T, T,, T}.

[0101] For this reason, when releasing connection with the
hook bodies 6, 6 between the pipette nozzle P and the chips
T,, T,, T;, at first the nozzle unit J is moved downward at
a position where the chip removing body E is provided.

[0102] Then horizontal flange sections 6a, 6a of the hook
bodies 6, 6 contact the rock releasing rods 9, 9, and when the
nozzle unit J moves further downward, the hook bodies 6, 6
rotate in the opening direction around shafts 11, 11 as a
support as shown in FIG. 3, and the locked state between the
pipette nozzle P and the chips T, T,, T; are released.

[0103] From the state described above, the nozzle unit J
moves in the horizontal direction, and as shown in FIG. 4,
the flange 8 of each of the chips T, T, T; moves to a lower
surface of the U-shaped body 10 with a body section of the
pipette nozzle P engaged in a U-shaped groove section 12 of
the U-shaped body 10, and then, when the nozzle unit J goes
upward, the flange 8 of the chips T,, T,, T; contact a
peripheral section of the U-shaped groove section 12 of the
U-shaped body 10, the upward movement thereof is
restricted, so that only the pipette nozzle P goes upward and
the chips T,, T, T; are scraped away from the pipette nozzle
P.

[0104] The description of the U-shaped body 10 above
assumes a case where the U-shaped groove section 12 is
provided in a plate body, but the same effect can be achieved
by connecting edge sections 13 of the lock releasing rods 9,
9 in a U-shaped form and forming them into a monolithic
form.

[0105] This lock releasing rods 9, 9 and the U-shaped
body 10 may be provided not only at a position where the
chip removing body E is provided, but also at any of
necessary positions described later.

[0106] By the way, in this embodiment, the chips T,, T,,
T, are used as a set. It is needless to say that the number of
chips may be increased or reduced according to the process-
ing sequence. Also a number of cell C4 and cell C; is not
limited to that in the embodiment shown in the figure, and
may be increased or reduced according to the necessity.



US 2002/0123156 Al

[0107] And formed in a lower edge section of the pipette
nozzle P are 2 stage sections P,, and Py as shown in FIG.
7, and the chips T,, T, T; are detachably set in the first stage
section P while the chip T, is detachably set in the second
stage section Pg.

[0108] Furthermore in the lower edge section of the
pipette nozzle P, as shown in FIG. 8, a surface with flanges
P, P each projecting outward from the peripheral surface
and a surface Pp, crossing the flanges P, P are formed into
a flat surface respectively.

[0109] As described above, by providing the flanges P,
P_in a projecting form, it is possible to remove the chips T,
T,, T; with the removing body E, and also by having a
surface P, formed into a flat surface form, it is possible to
remove the chip T by holding it between the holding body
V and a magnetic body M.

[0110] In this holding body V and the magnetic body M,
a known gear mechanism or a cum mechanism is, as show
in FIG. 9, constructed so that it opens or closes in synchro-
nism to an operation of an opening/closing mechanism L
comprising a rack and pinion mechanism or the like, and the
opening/closing mechanism L is provided in a lower section
of the cylinder unit S as shown in FIG. 10.

[0111] Also in the holding body V, a surface contacting the
chip T, is formed into a concave form according to an
external form of an intermediate diameter section K, of the
chip T,, and by holding the chip T between the holding body
V and the magnetic body M and then moving the pipette
nozzle P upward, it is possible to easily remove the chip T,.

[0112] Setting of each of the chips Ty, T,, Ts, and T,
having the configuration as described above is executed, for
instance, by transferring the pipette nozzle P to just above a
chip rack (not shown) with the chips T;, T,, T, T, supported
thereon in at an erected position, then descending the pipette
nozzle P, and press-fitting the lower edge section PA or PB
of the pipette nozzle O into upper edge sections of the chips
Ty, T,, Ts, T,

[0113] Namely each of the chips T,, T,, T, each with the
filter holders H,, H, set thereon comprises, as shown in FIG.
7, a small diameter section K, an intermediate diameter
section K, connected to an upper section of this small
diameter section K;, and a large diameter section K, con-
nected to an upper section of this intermediate diameter
section K, all of which are connected to each other in the
vertical direction and formed into a monolithic form, and the
filter holder H;, H, described later are detachably set in the
intermediate diameter section K.

[0114] The intermediate diameter section K, of each of the
chips T,, T,, T;has the substantially same diameter as or a
slightly larger diameter than an inner diameter of the engag-
ing section between the filter holders H,, H,, and length of
the small diameter section K, is short enough for tip sections
of the filter holders H,, H, not to contact a filter when the
filter holders H,, H, are engaged.

[0115] On the other hand, the chip T,to which magnetic
particles are attracted is different in the purpose of its use as
well as in the method of using it from the chips T,, T,, T
with filter holders set thereon respectively, and the chip T,
comprises, as shown in FIG. 7, the large diameter section
having an internal bore engaged onto the second stage
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section Py which is smaller than the first stage section P, of
the pipette nozzle P, the intermediate diameter section K,
having a diameter smaller than that of the large diameter
section K5, and the small diameter section K,; having a
diameter smaller than that of the intermediate diameter
section K,,, and a magnetic body M attracting magnetic
particles is moved to or away from the intermediate section
K.

[0116] An internal diameter of the intermediate diameter
section K, of this chip T, has a dimension enough for a
ferromagnetic field of the magnetic body M to be effective
therein, and preferably the dimension is, as shown in FIG.
11, substantially identical to a width dimension of the
surface of the chip to which the magnetic body M contacts.

[0117] Tt should be noted that, although the description of
the present embodiment above assumes a case where, from
each of the chips T,, T,, T5 only the filter holders are
removed, but in a case of a reaction step in which only the
filter holders H,, H, are not required to be removed, locking
with a hook body is not required, so that a bore of the large
diameter section of a chip for a filter holder may be the same
as that of the chip T,.

[0118] The apparatus for extracting, recovering, and iso-
lating DNA having the configuration as described above is
driven and control in the steps shown in FIG. 12 and FIG.
13.

[0119] At first, as shown in FIG. 12, in step 1, the first chip
T, is inserted into the first stage P, in a lower edge section
of the pipette nozzle P. In this step, the pipette nozzle P and
the chip T, are locked by the hook bodies 6, 6 and the
connection between the two members are maintained.

[0120] When the chip T, has been set in the first stage P,
in the lower edge section of the pipette nozzle P, the pipette
nozzle P is transferred to just above the sample vessel C,
with a sample accommodated therein and then goes down
with the liquid surface checked by a liquid surface sensor Z,
(Refer to FIG. 10), and then the lower edge section of the
chip T, is inserted into the sample and a required quantity of
the sample is sucked (step 2).

[0121] The sample used in this embodiment is natural
blood having been subjected, before start of experiment, to
cell core lysis or protein lysis with such a solution as an SDS
solution or a proteinase K solution, but a step of cell core
lysis or protein lysis using the above solution may be
incorporated in this processing flow.

[0122] Then the chip T, having absorbed a required quan-
tity of sample therein is transferred to just above the first
filter holder H, with the first filter F; provided therein, and
goes down with the first filter holder H, locked and engaged
in a lower edge section of the chip T, (step 3).

[0123] The filter F; set in this first filter holder H,can
remove blood corpuscle shells in the sample above from the
blood dissolved and discharge a lymphocyte solution con-
taining DNA into the cell C,. The pipette nozzle P with the
first filter holder H, locked and engaged in the lower edge
section of the chip T, is then transferred to just above the cell
C,, and at the position the pipette nozzle P starts a discharg-
ing operation, separates cell membrane and blood corpuscle
shells in the sample from lymphocytes and DNA loading
reburied pressure to the sample sucked into the chip T,, and
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discharges only the lymphocytes and DNA into the cell C,
(step 4). At this point of time, as the pipette nozzle P is
energized downward by the spring 4, the flange 13 of the
first filter holder H, is pressed and closely adhered to a
periphery of an opening of the cell C, so that generation of
leak due to a discharging pressure of the liquid is prevented.

[0124] Then the pipette nozzle P is transferred to just
above a position where the chip removing body E shown in
FIG. 1 is provided, the chip T, and first filter holder H, are
removed from the lower edge section of the pipette nozzle
P according to the processing sequence described above
(step 5), and the chip T, and first filter holder H; removed as
described above are aborted into a waste tank (not shown).

[0125] Then the pipette nozzle P is transferred to just
above a chip rack with the chip supported in the erected
position, and goes down at the position with the second chip
T, set in the first stage P, in the lower edge section of the
pipette nozzle P (step 6). Also in this case, the pipette nozzle
P and the chip T, are locked and connected to each other by
the hook bodies 6, 6.

[0126] Then the pipette nozzle P with the chip T, set
therein is transferred to just above the cell C; again and goes
down at the position with a required quantity of lymphocyte
solution sucked from the cell C, there (step 7).

[0127] Then the pipette nozzle P is transferred to just
above the second filter holder H, with the second silica
membrane filter F, provided therein and goes down there
with the second filter holder H, locked and engaged in a
lower edge section of the chip T, (step 8).

[0128] Then the silica membrane filter F2 set in this
second filter holder H, separates DNA from foreign mate-
rials in the lymphocyte solution above, and discharges the
residual solution into the cell C,.

[0129] As described above, the pipette nozzle P with the
second filter holder H, locked and engaged in the lower edge
section of the chip T, is transferred to just above the cell C,,
and at the position the pipette nozzle P starts an discharging
operation, separates DNA from foreign materials in the
lymphocyte solution loading required pressure to the lym-
phocyte solution sucked into the chip T,, and discharges the
residual lymphocyte solution into the cell C, (step 9). In this
step, as the pipette nozzle P is energized downward by the
spring 4, the flange 14 of the second filter holder H, is
pressed and closely adhered to a periphery of an opening of
the cell C,, so that generation of leak due to a discharging
pressure of the liquid is prevented.

[0130] Then the pipette nozzle P with the second filter
holder H2 having captured DNA and locked and engaged
therein is transferred to just above the third cell C; in which
a cleaning liquid is accommodated, and goes down there
with the second filter holder H, steeped into the cleaning
liquid in the cell C; (step 10).

[0131] Then the locked state of the chip T, and filter
holder H, is released by the filter holder removing body E,
shown in FIG. 14, and only the second filter holder H, is
steeped into the cleaning liquid in the cell C; (step 11). It
should be noted that the chip T, is transferred to just above
the chip removing body E, removed from the pipette nozzle
P, and is aborted according to the sequence described above.
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[0132] 1t should be noted that the filter holder removing
body E, has a flat surface with a notched groove 15 having
a substantially U-shaped form, and a diameter of the notched
groove 15 is slightly larger than an external diameter of a
body section of each of the chips T, T,, T, but is smaller
than a diameter of the flanges 13, 14 of the filter holders H,,
H,.

[0133] Then the pipette nozzle P is transferred, as shown
in FIG. 13, to just above a chip rack with the chip supported
in the erected position therein, and at the position goes
downward with a third chip T} set in the first stage PA in the
lower edge section of the pipette nozzle P (step 12). Also in
this step, the pipette nozzle P and chip T; are locked by the
hook bodies 6, 6 and the connection is maintained.

[0134] Then the pipette nozzle P with this chip T; set
therein is gain transferred to just above the cell C;, and goes
downward at the position with the second filter holder H,
locked and engaged in a lower edge section of the chip T,
(step 13).

[0135] Then the pipette nozzle P starts a sucking opera-
tion, and a required quantity of a mixture liquid of a cleaning
liquid and DNA is sucked. With this operation, the work of
refining DNA is complete.

[0136] It should be noted that, in the present embodiment,
as a means for steeping the second filter holder H, into a
cleaning liquid accommodated in the cell Cj, for instance a
locking projection W, which allows intrusion of the second
filter holder H, but prevents it from going off may be
provided in the cell C; in place of the removing body E as
shown in FIG. 15 with also a locking projection S engaging
with the locking projection W provided for the purpose to
steep the second filter holder H, into a cleaning liquid
accommodated in the cell C; by having the locking projec-
tion W and locking projection S engaged with each other.

[0137] Description of the embodiment shown in the fig-
ures assumes a case where a number of filter holders set in
each of the chips T,, T,, T is only one, but in the present
invention the filter holder H; (or H,) may be set in each of
the chips T,, T,, T5 with the filter holder H, (or H;) set in
the filter holder H; (or H,) to form a two-stage joint of filter
holders, and also that a number of stages may be two or more
according to the necessity in the processing sequence.

[0138] Furthermore, in certain types of liquid processing,
a filter area may be short in the embodiment as shown in the
figures, and in this case, as shown in FIG. 17, a filter
accommodating section Q having a diameter larger than that
of the body section and also having an expanding and
projecting form may be provided in the intermediate section
of the filter holder H; to accommodate the filter F; having a
large filter area in the filter accommodating section Q. An
external diameter of the filter accommodating section Q in
this case should preferably be smaller than a diameter of a
projections Cg, Cy for positioning projecting from the upper
edge flange section C, of the cell C. It should be noted that
the sign R in the figure indicates a stay member for sup-
porting the filter F; in an intermediate section of the filter
accommodating section Q. It is needless to say that the filter
F3 may be supported by mesh in its lower section.

[0139] Next description is made for a step of subjecting
DNA refined through the reaction steps described above to
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such works as extracting, recovering, isolating or amplifying
with PCR or to control for temperature thereof.

[0140] Namely, in a case where such works—as extract-
ing, recovering, or isolating by making use of this pipette
device with magnetic particles G with DNA or DNA-bonded
substance bonded to the surface, as shown in step 14 in FIG.
13, at first the pipette nozzle P is moved upward and then
transferred to just above a fourth cell C, with the second
filter holder H, left in cell; via a filter holder removing body
E, having the same configuration as that of the filter holder
removing body E; and the sucked DNA solution is dis-
charged into the cell C,.

[0141] A required quantity of reaction liquid containing
magnetic particles G with DNA or DNA-bonded substance
bonded to the surface thereof has been supplied into this cell
C,, and when the DNA solution is discharged into the
reaction liquid, a reaction between DNA fragments and the
magnetic particles G is started.

[0142] The chip T, with the DNA solution having been
discharged into the cell C, is removed from the lower edge
section of the pipette nozzle P according to the processing
sequence like in a case of the chip T, or chip T,, and is
aborted.

[0143] Tt is needless to say that then the chip T, is set in
the lower edge section of the pipette nozzle P according to
the processing sequence as described above.

[0144] Then, after a certain period of time has passed, the
pipette nozzle P goes downward and steeps the chip T, into
the reaction liquid, the magnetic body M contacts the
intermediate diameter section K, , of the chip T,, the works
of sucking and discharging the liquid by the pipette nozzle
P is executed at least once according to the necessity, and
separation between the magnetic particles and the reaction
liquid is executed (step 15). Then the sucking and discharg-
ing work is executed to a slow speed so that almost all the
magnetic particles are captured. In this case, it is important
for completely attracting the magnetic particles to provide
controls over the sucking and discharging operations so that
the final liquid surface of the reaction liquid sucked or
discharged passes through an area effected by a magnetic
force generated by the magnetic body M.

[0145] With this separating operation, only the magnetic
particles G with DNA bonded thereto are attracted almost
completely onto an internal surface of the chip T,, and the
residual liquid is discharged into the cell C,.

[0146] In this embodiment, the processing is executed by
moving the magnetic body M upward and backward simul-
taneously in a direction perpendicular to the longitudinal
direction of the chip T, or turning ON/OFF an electric
magnet.

[0147] In a case where processing is executed with an
electric magnet, the electric magnet is controlled so that the
electric magnet is turned ON to generate a magnetic force
magnet when it contacts an external surface of the chip T,
and is moved upward and backward simultaneously, when
degaussed, in a direction perpendicular to the longitudinal
direction of the chip T,.

[0148] Then this chip T, with magnetic particles G
attracted onto the internal surface is transferred to a cell Ty
in which such a reagent as restriction enzyme liquid or the
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like required for extracting, recovering, and isolating the
target DNA, and at the position operations for sucking or
discharging the reagent such as the restriction enzyme liquid
are executed by pumping as described above (step 16). The
operations for sucking and discharging the reagent are
executed several times continuously with a tip section of the
chip T, steeped into the reagent, so that intrusion of bubbles
is prevented. In this step, by setting the magnetic body M so
that a magnetic force generated by the magnetic body M is
not effective, works of mixing and agitating the reagent such
as a restriction enzyme liquid and the magnetic particles can
be executed with high precision, and an excellent reaction
state can be insured.

[0149] After the reagent such as a restriction enzyme
liquid and magnetic particles are fully agitated and mixed
with each other, the chip T, again sucks and discharges this
liquid slowly, and executes the operations once or required
times according to the necessity, and separation of magnetic
particles from the liquid with the magnetic body M is
executed.

[0150] With the operations, only the magnetic particles G
with DNA bonded thereto are almost completely attracted
onto an internal surface of the chip T,, and the residual
liquid is discharged into the cell Cs (step 17).

[0151] Then the chip T, with magnetic particles G
attracted onto the internal surface thereof is transferred to
cells C,, C, by turns, in which a reagent required for
extracting, recovering, and isolating a target DNA is previ-
ously accommodated, and at the positions where the cells
C,, C; are provided, and the reaction processing by pumping
is executed like in the cases described above (step 18).

[0152] In this step, by setting the magnetic body M in the
state wherein a magnetic force generated by the magnetic
body M is not effective, works of agitating and mixing the
reagent and magnetic particles G with each other can be
executed with high precision. It is needless to say that times
of pumping is not limited to the values employed in the
above cases, and can be increased or reduced according to
the necessity.

[0153] Also in a case where temperature control or ampli-
fication is required during the processing described above, if
it is required to maintain the temperature at 90° C., 60° C.,
or 40° C., the reaction liquid may be transferred to the
thermostatic cells Cg,, Cgp, Cgc each heated to the target
temperature. In this case, as compared to a case where
temperature control is executed with one unit of heating
means like in the conventional technology or a case where
a solution is transferred vessel by vessel to the heating
section, the reaction can be executed effectively, and also
amplification under controlled temperature can easily be
executed within a short period of time, and further a device
for transferring vessels is not required, so that the apparatus
can be simplified.

[0154] Furthermore, if a sample is to be heated to a high
temperature such as 60° C. or 90° C., a mixture solution is
evaporated, and to prevent the evaporation, in this embodi-
ment, as shown in FIG. 18, it is desirable to set a covering
body L.

[0155] This covering body L is engaged and locked in a
thermostatic cell Cg to be heated to a high temperature of the
thermostatic cells Cg,, Cgp, Cge accommodated in a vessel
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accommodating hole provided in a heating member such as
a heater block, and comprises a flat surface section L., having
a diameter larger than a bore of the thermostatic cell Cg, a
locking piece section L, having a substantially L-shaped
form and engaging with a locking projection Y, extending
downward from a periphery of this flat surface section L,
and projecting to above an external periphery of the ther-
mostatic cell Cg, a supporting groove L provided in a
concave form at a center of the flat surface section L,, a tin
film section L, closing a bottom section of the supporting
groove section L; and formed with aluminum or a similar
material, and a seal projecting section L projecting from an
external periphery of the supporting groove section L, and
the supporting groove section L. has a bore which is identical
to an outer diameter of a tip of the pipette nozzle P.

[0156] 1t should be noted that the thin film section L,
described above may be formed by heating and welding a
separate seal material such as aluminum to the supporting
groove section L; or by means of supersonic welding, or
may be formed with soft plastics, which is the same material
as that for the supporting groove section L, into a thin film
form.

[0157] For the reasons as described above, after a mixture
solution is poured into the thermostatic cell Cg, the pipette
nozzle P with the chip T, having been removed therefrom is
transferred to a position where the covering body L is
stocked, then goes down with the tip section of the pipette
nozzle P press-fit into the supporting groove section L5 of
the covering body L, and the pipette nozzle P is transferred
with the covering body L supported thereon to just above the
thermostatic cell Cg, where the locking piece section L, of
the covering body L is engaged with a locking projection Y,
of the thermostatic cell Cg. It is needless to say that the
thermostatic cell Cq is locked so that it is not raised from a
heating member such as a heater block.

[0158] After the work as described above is finished, the
pipette nozzle P goes upward, and in this step, the covering
body L is fixed to the thermostatic cell Cq so that it is not
removed from the thermostatic cell Cg, and for this reason
the tip section of the pipette nozzle P goes out of the
supporting groove section L in the covering body L, and
only the pipette nozzle P is moved to a prespecified position.

[0159] Then a new chip (not shown) is set to the tip section
of the pipette nozzle P, and the pipette nozzle P is again
transferred to just above the thermostatic cell C and goes
down there with the tip section of the chip T inserted into the
supporting groove section L5 of the covering body L and
breaking through the thin film section L, downward, and
then the pipette nozzle P sucks a mixture solution accom-
modated in the thermostatic cell Cg thereinto, goes upward,
and sends the sucked mixture solution to the next thermo-
static cell Cg or cell C,,.

[0160] Thus, all of the DNA solution sucked into the cell
C,, or the thermostatic cell CgA is discharged into the cell Cg.
Then the magnetic body M contacts the intermediate diam-
eter section K, of the chip T,, operations for sucking and
discharging by the pipette nozzle P are executed once or
required times to separate the magnetic particles G from the
DNA solution, and only the DN A solution is discharged with
the magnetic particles G attracted onto an internal surface of
the chip T, (step 19).

[0161] The above description of the first embodiment of
the present invention assumes a case where the filter holders
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H,, H,, sample cell C,, and cells C, to cell Cq are arrayed in
the order of reaction steps, but the present invention is not
limited to this configuration, and as shown in FIG. 20,
excluding the sample cell C, and DNA recovery cell C, each
of a group of cells C, to C, used for refining with a filter, a
group of filter holders H,, H,, a group of cells C to C,
processed with the magnetic particles G, and a group of
thermostatic cells Cg, to Cgc may be set in a cassette with
the pipette nozzle P driven and controlled according to the
processing sequence described above. It is needless to say
that the covering body L. may be provided in parallel to a
cassette of the thermostatic cells Cg, to Cqe.

[0162] FIG. 21 shows a second embodiment of the present
invention, and this embodiment shows a case where a
plurality of reaction lines, for instance, 4 arrays of reaction
lines each having the same configuration as that of the single
reaction line are provided and the lines are separated from
each other with a partition wall X. It is needless to sat that,
in this case, a required number of pipette nozzles are
provided in series for each reaction line so that a plurality of
samples can simultaneously be processed.

[0163] Also it should be noted that the reagent vessels Ra,
Rb, Re, Rd, Re, Rf arrayed along each of the reaction lines
above and chips Ts ., Tsg, Tse, Tsg, Tsg each for pipetting
each reagent are provided in parallel along the trajectories of
the pipette nozzles P;, P,, P, P, moving along each of the
reaction lines.

[0164] The partition wall X comprises a rectangular plate
body having a size in a range including a tip section of each
of the pipette nozzle P,, P,, P5, P, when pulled up, and this
partition wall X forms a working space separated from a
neighboring reaction line, and with this construction it is
possible to prevent foreign materials other than target DNA
from coming in from other reaction lines.

[0165] It should be noted that an air inhalator (not shown)
having a long air inhalating port in the longitudinal direction
of each reaction line may be provided between each reaction
line for air inhalation in place of the partition wall X.

[0166] With this construction, a curtain of a downward air
flow is generated in each line, and the same working space
as that formed with the partition wall X described above is
formed, so that it is possible to prevent foreign materials
other than the target DNA from coming in from other
reaction lines without fail. In a case where an air inhalator
is used, there exists no physical curtain, so that a form and
movement of a pipette nozzle allowable in the production
line is relatively free. Furthermore the air inhalator may be
provided above each reaction line, and in this case a curtain
of upward air flow is generated between the reaction lines,
and a similar working space is generated between each line.
It is needless to say that this air inhalating method may be
use in combination with the partition wall X described
above, and in that case cross contamination between the
reaction lines can be prevented with higher accuracy.

[0167] FIG. 22 shows a cylinder J, used in the second
embodiment of the present invention, and this cylinder J,
shows the configuration in a case where works in each
reaction line are not executed with separate cylinders, but
executed only with this cylinder J,, and the configuration
and effects thereof are similar to those provided by this type
of cylinder known in the conventional technology excluding



US 2002/0123156 Al

the point that four chips T;, T, T5, T, or T5 4, Tsg, Tse, Tsg
or the like used in the second embodiment above each
detachably set in the pipette nozzles P,, P,, P, P, respec-
tively can simultaneously be set, and detailed description
thereof is omitted herein. A number of chips used in the
present invention is not limited to four, and a plurality of
chips may be set according to a number of liquid processing
lines.

[0168] FIG. 23 and FIG. 24 show a mechanism suited to
driving and controlling a magnetic body M and a holding
body V when a liquid is processed with the cylinder shown
in FIG. 22, and in this instance a magnetic body M having
magnetic sections M,, M,, M, M, formed into a shape like
comb teeth and a holding body V having holding sections
V1, V,, V5, V, also formed into a shape like comb teeth are
pivotally supported by an up-down mechanism O in a state
where opening or closing thereof is freely executed, and this
up-down mechanism O is moved upward and downward,
when rollers Oy, Oy of the up-down mechanism O are
closed as shown in FIG. 24. The magnetic body M and
holding body V are moved and closed by the spring Og
shown in FIG. 23 to hold a chip between them, and as a
result the magnetic body M is simultaneously contacted to
the four chips T,, Ty, T, and Ty, or each chip is simulta-
neously held by the holding body V and the magnetic body
M.

[0169] The embodiment shown in FIG. 23 and FIG. 24
shows a case where a plurality of liquid processing lines are
formed with partition lines like in the second embodiment
by providing the magnet body M and the holding body V,
and in this case the magnetic body M and holding body V
never collide against the partition wall, and such works as
attracting, agitating, and mixing magnetic particles or suck-
ing and discharging a liquid can simultaneously be executed
in four liquid processing lines at the same timing, so that the
processing efficiency can substantially be improved with
simple configuration. It is needless to say that the present
invention is not limited to a case where four pieces of
magnetic body M and four holding bodies V are used like in
the embodiment described above, and that any number of
magnetic bodied and holding bodies may be used according
to the necessity.

[0170] Also it should be noted that a filter may be set
above a large diameter section of each chip to prevent a
liquid from being deposited on or attracted to the sucking/
discharging line.

INDUSTRIAL APPLICABILITY

[0171] As described above, the liquid processing method
and the apparatus for the same making use of the pipette
device according to the present invention is suited for
executing such works as quantifying, separating, taking out,
pipetting, cleaning, condensing, and diluting a liquid or a
target high molecular substance contained in a liquid as well
as such works as extracting, recovering, and isolating the
target high molecular substance automatically and with high
precision by means of sucking and discharging the liquid
with a liquid sucking/discharging line in the pipette device.
The liquid processing method and the apparatus for the same
described above is suited for, for instance, executing such
works as quantifying, separating, taking out, pipetting,
cleaning, condensing, diluting a useful substance such as
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antibiotics, a genetic substance such as DNA or an immu-
nological substance such as antibodies, and/or such works as
extracting, recovering, and isolating a target high molecular
substance automatically and with high precision by means of
sucking and discharging the liquid in the liquid sucking/
discharging line in the pipette device.

1. A liquid processing method making use of a pipette
device which sucks a liquid containing a target high molecu-
lar substance via a chip detachably set in a sucking port or
a discharging port of a liquid sucking/discharging line from
inside of a vessel and transfers the liquid or the target high
molecular substance to a target next processing position,
wherein said chip has the sucked target high molecular
substance deposited on magnetic particles and/or separated
with a filter set in the chip.

2. A liquid processing method making use of a pipette
device according to claim 1, wherein said target high
molecular substance is a useful substance such as antibiot-
ics, a genetic substance such as DNA or an immunological
substance such as antibody.

3. A liquid processing method making use of a pipette
device according to any of claim 1 or claim 2, wherein such
works as quantifying, separating, taking out, pipetting,
cleaning, condensing, and diluting said target high molecu-
lar substance is carried out with a chip set in said liquid
sucking/discharging line and at least one type of filter set in
said chip.

4. A liquid processing method making use of a pipette
device according to claim 3, wherein a plurality of filter
holders for holding a filter can be provided in multiple stages
in said chip.

5. A liquid processing method making use of a pipette
device according to any of claim 3 or claim 4, wherein a
plurality of filters held by said filter holders comprise one or
a plurality types of filters each having a different pore size
for separation of a target high molecular material and foreign
materials other than the target high molecular substance
respectively.

6. A liquid processing method making use of a pipette
device, wherein after such works as quantifying, separating.
taking out, pipetting, cleaning, condensing, diluting a liquid
or a target high molecular substance with the filter according
to any of claim 3 to claim 5, in a step of detachably setting
anew chip in a tip section of said liquid sucking/discharging
line and sucking/discharging a solution containing magnetic
particles with this chip, said magnetic particles are attracted
by a magnetic body provided in the side of the chip onto an
internal surface of the chip to extract, recover, and isolate the
target high molecular substance.

7. A liquid processing method making use of a pipette
device according to any of claim 1 or claim 2, wherein such
works as capturing, extracting, isolating, amplifying, label-
ling, and measuring said target high molecular substance
may be executed only with a chip set in said liquid sucking/
discharging line, a magnetic force, and one or a plurality
types of magnetic particles.

8. A liquid processing method making use of a pipette
device according to claim 7, wherein by causing the chip set
in said liquid sucking/discharging line to react with mag-
netic particles, refining process such as capturing cells,
having cell cores or protein lysed is executed, and a par-
ticular target high molecular substance is extracted.

9. A liquid processing method making use of a pipette
device according to claim 7, wherein by using magnetic
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particles with a probe or biotin or streptoavidin coated
thereon by making use of a chip set in said liquid sucking/
discharging line, a particular base sequence piece is isolated.

10. A liquid processing method making use of a pipette
device according to claim 7, wherein by causing the chip set
in said liquid sucking/discharging line to react with mag-
netic particles, refining process such as capturing cells,
having cell cores or protein lysed is executed, and a par-
ticular target high molecular substance is extracted, then the
particular base sequence piece is isolated with other type of
magnetic particles with a probe or biotin or streptoavidin
coated thereon.

11. A liquid processing method making use of a pipette
device according to any of claim 7 to claim 10, wherein after
a series of works such as capturing, extracting, and isolating
a target high molecular substance by using said magnetic
particles, by making the isolated particular base sequence
piece emit light through chemical luminescence or fluores-
cence or enzymatic coloration, presence or a quantity of the
particular base sequence piece is detected or measured.

12. A liquid processing method making use of a pipette
device according to any of claim 7 to claim 10, wherein by
causing the chip set in said liquid sucking/discharging line
to react with magnetic particles, refining process such as
capturing cells, having cell cores or protein lysed is
executed, and a particular target high molecular substance is
extracted, then the extracted target high molecular substance
is amplified, the particular base sequence piece is isolated
with other type of magnetic particles with a probe or biotin
or streptoavidin coated thereon and then presence of or a
quantity of the particular base sequence piece is detected and
measured by causing the isolated piece to emit light through
chemical luminescence or fluorescence or enzymatic col-
oration.

13. A liquid processing method making use of a pipette
device according to any of claim 1 to claim 12, wherein the
works of separating, taking out, pipetting, cleaning, con-
densing, diluting said target high molecular substance and/or
works for capturing, extracting, isolating, amplifying, label-
ling, and measuring the substance are executed in a single
liquid sucking/discharging line.

14. A liquid processing method making use of a pipette
device according to any of claim 1 to claim 12, wherein the
works of separating, taking out, pipetting, cleaning, con-
densing, diluting said target high molecular substance and/or
works for capturing, extracting, isolating, amplifying, label-
ling, and measuring the substance are executed in a plurality
of liquid sucking/discharging lines provided in parallel to
each other.

15. A liquid processing method making use of a pipette
device according to claim 14, wherein said plurality of liquid
sucking/discharging lines execute the works of separating,
taking out, pipetting, cleaning, condensing, diluting said
target high molecular substance and/or the works of captur-
ing, extracting, isolating, amplifying, labelling, and measur-
ing the substance in each line according to the same timing.

16. A liquid processing method making use of a pipette
device according to claim 14, wherein said plurality of liquid
sucking/discharging lines execute the operations of sucking,
discharging each liquid by a different timing according to a
processing step specified by each liquid or independent
timing.

17. A liquid processing method making use of a pipette
device according to any of claim 13 to claim 16, wherein
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working spaces in the single or a plurality of liquid sucking/
discharging lines are separated from each other with parti-
tions.

18. A liquid processing method making use of a pipette
device according to any of claim 13 to claim 16, wherein air
sucking ports each are provided in each line working space
respectively in said single or a plurality of liquid sucking/
discharging lines, and the working spaces are separated from
each other with an air flow.

19. A liquid processing method making use of a pipette
device according to any of claim 13 to claim 16, wherein
working spaces in said single or a plurality of liquid sucking/
discharging lines are separated from each other with parti-
tions, and air in the working spaces separated from each
other with the partitions is sucked from an air sucking port
provided in the working space.

20. A liquid processing method making use of a pipette
device according to any of claim 1 to claim 19, wherein said
magnetic particles have a target high molecular substance or
a substance bonded to a target high molecular substance
deposited or absorbed to a surface of each magnetic par-
ticles.

21. A liquid processing method making use of a pipette
device according to any of claim 1 to claim 19, wherein said
magnetic particles are absorbed onto an internal wall of a
chip due to a magnetic force working from outside of said
chip, and, if effect of said magnetic force is weak or not
present, the magnetic particles can be separated from the
internal surface of the chip.

22. A liquid processing method making use of a pipette
device according to any of claim 1 to claim 21, wherein
controlling load of a magnetic force into or elimination of a
magnetic force in said chip is executed by means of moving
a permanent magnet in a direction perpendicular to the
longitudinal direction of the chip or in a range including the
direction perpendicular to the longitudinal direction of the
chip.

23. A liquid processing method making use of a pipette
device according to any of claim 1 to claim 21, wherein
controlling load of a magnetic force into or elimination of a
magnetic force in said chip is executed by turning ON or
OFF an electric magnet.

24. A liquid processing method making use of a pipette
device according to claim 23, wherein said electric magnet
is driven and controlled so that the electric magnet generates
a magnetic force when it contacts an external surface of the
chip and moves in a direction perpendicular to the longitu-
dinal direction of the chip or in a range including the
direction perpendicular to the longitudinal direction of the
chip when the magnetic force is eliminated.

25. A liquid processing method making use of a pipette
device according to any of claim 21 to claim 24, wherein a
holding body synchronously moves when the permanent
magnet or electric magnet moves to the chip, and said chip
is held with said permanent magnet or electric magnet and
holding body.

26. A liquid processing method making use of a pipette
device according to any of claim 1 or claim 6 to claim 25,
wherein said chip comprises a small diameter section
steeped into a liquid, a large diameter section having a
capacity larger than a capacity of a vessel in which a liquid
is accommodated, and an intermediate section provided
between the small diameter section and the large diameter
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section and having a diameter smaller at least than that of the
large diameter section, and magnetic particles are captured
by said intermediate section.

27. A liquid processing method making use of a pipette
device according to claim 26, wherein an internal diameter
of the intermediate section of said chip has a dimension
appropriate for ferromagnetic field of said magnetic body to
provide effects therein, and magnetic particles are captured
due to a magnetic force generated in the ferromagnetic field
of the magnetic body within a short period of time.

28. A liquid processing method making use of a pipette
device according to claim 26 or claim 27, wherein an
internal diameter of the intermediate section of said chip is
formed so as to have the substantially same width dimension
as that of a contacting surface of a magnetic body contacting
said intermediate section.

29. A liquid processing method making use of a pipette
device according to any of claim 1 or claim 6 to claim 28,
wherein sucking or discharging a liquid is controlled so that
absorption of magnetic particles onto an internal surface of
a chip set in said liquid sucking/discharging line is executed
by passing a solution containing magnetic particles through
a ferromagnetic field inside a chip at a slow speed appro-
priate for the magnetic particles to be captured completely.

30. A liquid processing method making use of a pipette
device according to claim 29, wherein controls are provided
so that the final liquid surface of a liquid passing through
said chip when sucked into or discharged from the chip
always reaches said magnetic field.

31. A liquid processing method making use of a pipette
device according to any of claim 1 or claim 6 to claim 30,
wherein, when sucking magnetic particles into said chip, a
tip section of a chip set in the liquid sucking/discharging line
is driven and controlled so that the chip section contacts an
internal bottom of a vessel with the liquid accommodated
therein and then lightly rises so as to suck the liquid.

32. A liquid processing method making use of a pipette
device, wherein agitation and mixing of magnetic particles
absorbed in the said chip with a reagent or cleaning water is
achieved under conditions in which the works of sucking
and discharging the liquid is continuously executed in the
liquid sucking/discharging line at a high speed and times
enough to agitate and mix the liquid with the magnetic
particles.

33. A liquid processing method making use of a pipette
device according to claim 32, wherein, when magnetic
particles absorbed in the said chip are agitated and mixed
with a reagent or cleaning water, the works of sucking and
discharging the liquid in said liquid sucking/discharging line
is driven and controlled so that no bubble is generated in a
state in which the tip section of the chip is steeped into a
reagent or cleaning water accommodated in a vessel.

34. A liquid processing method making use of a pipette
device, wherein controlling a temperature required for reac-
tion between said target high molecular substance and
reagent or the like or amplification of the target high
molecular substance is executed by transferring the reaction
liquid or a liquid to be amplified into each thermostatic
vessel previously kept at a constant temperature with said
chip.

35. A liquid processing method making use of a pipette
device according to claim 34, wherein, when controlling a
temperature in each reaction vessel, a covering body is set
over a tip section of said liquid sucking/discharging line, and

Sep. 5, 2002

said covering body is set via the liquid sucking/discharging
line on the thermostatic vessel.

36. A liquid processing method making use of a pipette
device according to claim 35, wherein said liquid sucking/
discharging line or a chip set in said line is driven and
controlled so that said covering body is plucked and broken
and a reaction liquid or a liquid to be amplified in a
thermostatic vessel is sucked thereby.

37. Aliquid processing apparatus making use of a pipette
device comprising a liquid sucking/discharging line which
can move in the horizontal direction and is maintained at a
specified position so that it can move in the vertical direc-
tion; a means for executing liquid sucking/discharging
works through said liquid sucking/discharging line; a plu-
rality of chips required for processing one type of liquid and
provided along the horizontal direction in which the liquid
sucking/discharging line moves; a vessel with said liquid
accommodated therein; one or more filter holders each
having a filter required for the processing above; and one or
more vessels with other types of liquid accommodated
therein respectively required for the processing above, and
the liquid sucking/discharging line or a chip set therein is
driven and controlled according to instructions from a
control unit so that the line or the chip is transferred with a
filter holder set therein to execute such works as quantifying,
separating, taking out, pipetting, clearing, condensing, and
diluting the liquid or a target high molecular substance
contained in the liquid.

38. A liquid processing apparatus making use of a pipette
device comprising a liquid sucking/discharging line which
can move in the horizontal direction and is maintained at a
specified position so that it can move in the vertical direc-
tion; a means for executing liquid sucking/discharging
works through said liquid sucking/discharging line; a plu-
rality of chips required for processing one type of liquid and
provided along the horizontal direction in which the liquid
sucking/discharging line moves; a vessel with said liquid
accommodated therein; a magnetic body for attracting mag-
netic particles contained in a liquid onto an internal surface
of a chip when the liquid is sucked into or discharged from
said chip; and one or more vessels with other types of liquid
accommodated therein respectively required for the process-
ing above, and the liquid sucking/discharging line or a chip
set therein is driven and controlled according to instructions
from a control unit so that the chip is transferred to execute
such works as capturing, extracting, isolating, amplifying,
labelling, and measuring a liquid or a target high molecular
substance contained in the liquid.

39. A liquid processing apparatus making use of a pipette
device comprising a liquid sucking/discharging line which
can move in the horizontal direction and is maintained at a
specified position so that it can move in the vertical direc-
tion; a plurality of chips required for processing one type of
liquid and provided along the horizontal direction in which
the liquid sucking/discharging line moves; a vessel with said
liquid accommodated therein; one or more filter holders
each having a filter required for the processing above; one or
more vessels each accommodating therein other types of
liquid required for the processing above; a vessel in which
a liquid containing magnetic particles is accommodated; and
a magnetic body for attracting said magnetic particles onto
an internal surface of the chip in the process of sucking or
discharging a solution containing said magnetic particles,
and the liquid sucking/discharging line is transferred accord-
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ing to instructions from a control unit to automatically
execute such works as quantifying, separating, taking out,
pipetting, clearing, condensing, and diluting the liquid or a
target high molecular substance contained in the liquid and
such works as extracting, recovering, and isolating a target
high molecular substance.

40. A liquid processing apparatus making use of a pipette
device according to any of claim 37 to claim 39, wherein a
hook for locking and supporting a chip engaged in and
supported by said liquid sucking/discharging line is rotat-
ably supported by said liquid sucking/discharging line, and
said hook is energized in its normal state in the direction in
which connection between the liquid sucking/discharging
line and the chip is maintained, and also said hook is
energized by a lock releasing body provided at a specified
position in the direction in which locking between the liquid
sucking/discharging line and the chip is released.

41. A liquid processing apparatus making use of a pipette
device, wherein said filter holder set in a tip section of said
chip is transferred so that said chip and/or the filter holder is
separated from an edge of the liquid sucking/discharging
line or a chip set therein when the liquid sucking/discharging
line locked by the locking body is raised.

42. A liquid processing apparatus making use of a pipette
device, wherein a vessel is formed into cassette form having
a plurality of chambers each for accommodating a type of
liquid therein and then samples or reagents required for a
reaction or processing are pipetted to each of the liquid
accommodating chambers, and magnetic particles are
absorbed onto an internal surface of said chip by a magnetic
force of said magnetic body for transferring.

43. A liquid processing apparatus making use of a pipette
device according to claim 42, wherein necessary reagents
are previously pipetted to each of said liquid accommodat-
ing chambers, and a portion or all of the reagent in each of
said liquid accommodating chambers is shielded with a thin
film body which can be broken by the liquid sucking/
discharging line or a chip thereon.

44. A liquid processing apparatus making use of a pipette
device according to any of claim 37 to claim 43, wherein
said magnetic body is built with a permanent magnet, and a
surface of said permanent magnet contacting a chip is
formed according to an external form of the chip and the
chip is movably provided in a direction perpendicular to the
longitudinal direction of the chip or in a range including the
direction perpendicular to the longitudinal direction of the
chip.
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45. A liquid processing apparatus making use of a pipette
device according to any of claim 37 to claim 43, wherein
said magnetic body is built with an electric magnet, and a
surface of said electric magnet contacting a chip is formed
according to an external form of the chip, and is provided so
that said electric magnet generates a magnet force when said
electric magnet contacts outside of said chip and also can
move, when degaussed, in a direction of separating from the
chip.

46. A liquid processing apparatus making use of a pipette
device according to any of claim 44 or claim 45, wherein a
holding body which moves, when said permanent magnet or
electric magnet moves to the chip, in synchronism to move-
ment of the magnet is provided in said permanent magnet or
electric magnet, a surface of said holding body contacting a
chip is formed according to an external form of the chip, and
the chip is held between said holding body and the perma-
nent magnet or electric magnet.

47. A liquid processing apparatus making use of a pipette
device, wherein a temperature control step required for a
reaction between a target high molecular substance and a
reagent or the like or for amplifying the target high molecu-
lar substance is inserted into the liquid processing step with
the liquid sucking/discharging line, the reaction liquid or the
liquid to be amplified is transferred with the chip to each
thermostatic vessel kept at a prespecified temperature for
controlling the temperature, and also a covering body, which
can be set in a tip section of the liquid sucking/discharging
line, is set by the liquid sucking/discharging line on each
thermostatic vessel in which the reaction liquid or the liquid
to be amplified is accommodated.

48. A liquid processing apparatus making use of a pipette
device according to claim 47, wherein said covering body
comprises a flat surface section having a diameter larger than
that of a bore of the thermostatic vessel and a maintenance
groove section formed in a substantially central portion of
said flat surface section and having the same bore as an
external diameter of the liquid sucking/discharging line or
the tip of the chip, and a bottom section of the maintenance
groove section is formed with a thin film body which can be
broken by the liquid sucking/discharging line or the chip.



