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from one opening of the at least two openings, in which the cartridge includes a container
having the at least two openings and containing a nucleic acid-adsorbent solid phase; pass-
ing the liquid through the nucleic acid-adsorbent solid phase by a pressure difference gen-
erated by a pressure generation means for generating a pressure difference between the
inside and outside of the container; and discharging the liquid from the other opening of
the container to the outside of the container by a pressure difference generated by the pres-
sure generation means, wherein a pressure generated in the inside of the container by the
pressure generation means is measured, a pressure change velocity and a pressure change
acceleration are calculated on the basis of the value of the measured pressure, and the tim-
ing of completion of discharge of the liquid from the container is determined by use of
a temporal change pattern of at least one of the measured pressure, the pressure change
velocity and the pressure change acceleration.
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Description
Method and Apparatus of Automatically Isolating and Purifying

Nucleic Acid

Technical Field

The present inventionrelates toamethodof automatically
isolating and purifying nucleic acid and apparatus for
automatically isolating and purifying nucleic acid. More
particularly it relates to a technique for determining é
completion of movement oﬁ'a liquid in @ process of moving the
liquid by a pressure difference generated by a pressure

generation means.

Background art
As a popularly known nucleic acid isolation and

purification method, there is a method for adsorbing nucleic
acid on a solid phase of silicon dioxide, silica polymer,
magnesium silicate or the like and isolating and purifying
nucleic acid by a succeeding operation of washing, desorption,
and so on (e.g. Patent Document 1). This method is excellent
in isolating performance but is insufficient in simplicity,
rapidity, automation andminiaturization adaptability. There
are problems in industrial difficulty in mass production of
adsorbent media having the same performance, inconvenience in
handling, difficulty in processing the adsorbent media to
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various shapes, and so on.

Asamethod forisolatingandpurifyingnucleicacideasily
and efficiently to solve the aforementioned problems, there
has been disclosed a method in which a solution for adsorbing
nucleicécidonaporousfilmandasolutionfordesorbingnucleic
acid from thé porous film are used, and nucleic acid is
adsorbed/desorbed on/from a porous film made of an organic
macromoleéulehavingwahydroxylgroup<n1itssurfacetx)thereby
automatically isolate and purify nucleic aéid.on the basis of
pressurizing (Patent Document 2).

Concerning a pressurizing apparatus for supplying
pressurized air to a isolator having a filter in its inside,
thére have been disclosed a pressurized air supply apparatus,
a pressure sensor and an apparatus for stopping pressurizing
when pressure detected by the préssure sensor becomes a set
value or higher (Patent Document 3).

[Patent Document 1] Japanese Patent Publication No.
51065/1995

[Patent Document 2] Japanese Patent Laid-Open No.
2003-128691

[Patent Document ‘3] Japanese Patent Laid-Open No.

19883/1998

Disclosure of the Invention
In Patent Document 1, there is however no description
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about a specific method for finding the timing of completion
of each of the steps for purifying nucleic acid. In Patent
Document 2, there is no description about algorithm for
determining a point of time of completion of each step though
theapparétusdescribedjjlPatentDocument:2stopspressurizing
and controls pressure to prevent hematolysis because
hematolysis occurs when too high pressure is applied at the
time of isolation of hematocytes. Moreover, even when this
technique is used, it is practically impossible to determine
a point of time of completion of each step before and after
a point of set pressure because the time required for passage
of the liquid and pressure and patterns of pressure change
reduired for isolation vary according to the individual
difference of the isolator having the filter in its inside,
the kind of the filter, the individual difference due to the
production lot of the filter, the difference in kind of.the
liquid to be used, and so on.

As described above, in the step of discharging the liquid
injected into the container from the container by pressurizing,
it is difficult to automatically determine the point of time
of completion of discharge of the liquid accurately and rapidly
because the time required for completion of discharge, and
pressure and patterns of pressure change required for isolation
vary according to the difference in kind of the nucleic
acid-adsorbent solid phase stored in the container, the
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difference inproductionlotof thenucleicacid-adsorbent solid
phase, the difference in prqduction lot of the container per
se, the difference in the container in each production lot,
the kind of the liquid to be used, and so on.

Thé present invention is designed in consideration of
theproblems in the backgroundart, andanobject of the invention
is toprovide anmethod of automatically isolating andpurifying
nucleicacidandthe apparatus, inwhich completion of discharge
of a liquid can be automatically determined accurately and
rapidly when the liquid is injected into the container having
the nucleic acid—-adsorbent solid phase stored therein and is
discharged from the container through the nucleic
acid-adsorbent solid phase on the basis of the pressure
difference between the inside and outside of the container.

Thepresentinventorshavemadeeagerexaminationtosolve
the aforementioned problems. As a result, it has been found
that in the step of injecting a liquid into a container having
a nucleic acid-adsorbent solid phase and two openings through
one opening of the two openings and then pressurized and
discharged from the container through the other opening, a
completion of discharge of the liquid can be determined
automatically by detecting patterns of temporal change of
pressureparameters inacontainer inacombinationbyapressure
sensor in themiddle of change of pressure. Thus, the invention

is accomplished.
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That is, the invention is configured as follows.

1. A method of automatically isolating and purifying
nucleicacid fromanucleicacid-containing specimen, themethod
comprises: | |

injecting a liquid into a cartridge for isolation and
purification of a nucleic acid including at least two openings
from one opening of the at least two openings, in which the
cartridge includes a container having the at least two openings
and containing a nucleic acid-adsorbent solid phase;

passing the liquid through the nucleic acid-adsorbent
solid phase by a pressure difference generated by a pressure
generation means for generatingz&preséure difference between
the inside and outside of the container; and

discharging the liquid from the other opening of the
container to the outside of the éontainer by a pressure
difference generated by the pressure generation means,

whereinapressuregeneratedintheinsideof the container
by the pressure generation means is measured,

a pressure change velocity and a pressure change
acceleration are calculated on the basis of the value of the
measured pressure, and '

the timing of completion of discharge of the liquid from
the container is determined by use of a temporal change pattern
of at least one of the measured pressure, the pressure change
velocity and the pressure change acceleration.

5
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2. The method according to the item 1, wherein, when
the pressure of the inside of the container reaches a set value
in the middle of pressurizing the inside of the cartridge by
the pressure generation means, the pressurization by the
pressure generation means is stopped, and a point of time when
the pressure change acceleration in said container isminimized
after the stop of pressurization is determined as the timing

of completion of discharge of the liquid from the container.

3. The method according to the item 'l or 2, wherein,
when the pressure of the inside of the container does not reach
a sét value in the middle of pressurizing the inside of the
cartridge byn the pressure generation means, at least one of
a point of time when the pressure iﬁ the container is maximized
and the pressure change velocity in the container becomes zero
or less and a point of time when the pressure in the container
is maximized and the pressure change acceleration in the
containerisminimized, isdeterminedasthetimingof completion

of discharge of the liquid from the container.

4. The method according to any one of the items 1 to
3, wherein, when the pressure of the inside of the container
does not reach a set value and is not maximized in the middle
of pressurizing the inside of the cartridge by the pressure
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generation means, a point of time when the pressure change
velocity in the container becomes lower than a threshold value,
is determined as the timing of completion of discharge of the

liquid from the container.

5. The method according to any one of the items 1 to
4, which comprises:

(1) injecting and pressurizing a nucleic acid-containing
specimen liquid into the container through one of the at least
two openings, and discharging the nucleic acid-containing
specimen liquid from the other opening to thereby adsorb a
nucleic acid contained in the nucleic acid-containing specimen
liduid to the nucleic acid-adsorbent solid phase;

(2) dispensing and pressurizing a washing liquid into
the container through one of theAat least two openings, and
discharging the washing liquid from the container through the
other opening.to remove impurities; and |

(3) dispensing and pressurizing an-elution liquid into
the container through one of the at least two openings to isolate
and discharge the nucleic acid adsorbed to the nucleic
acid-adsorbent solid phase from the container through the other
opening together with the elution liquid to thereby collect

nucleic acid.

6. Themethodaccordingtotheitem5, whereininresponse
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of thedetermined timingof completionof dischargeof the liquid,

the subsequent step is performed.

7. Anautomatic nucleic acid isolation andpurification
apparatuéforisolatingandpurifyingnucleicacidfromanucleic
acid-containing specimen, the apparatus comprising:

a cartridge for isolation and purification of a nucleic
acid, in which the cartridge includes a container having at
least two openings and containinganucleic acid-adsorbent solid
phase;

a pressure generation means for generating a pressure
difference between the inside and outside of the container in
thé cartridge, in which a liquid injected into the container
through one of the at least two openings is discharged from
the other opening to the outside of the container through the
nucleic acid-adsorbent solid phase by a pressure difference
generated by the pressure generation means; and

a control portion for discharging the liquid from the
container on the basis of the method according to any one of

the items 1 to 6.

8. The apparatus according to the item 7, which further
comprises a means for measuring a pressure of the inside of

the container.
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9. The apparatus according to the item 8, wherein the
control portion comprises: an arithmetic means for calculating
at least one of a pressure change velocity and pressure change
acceleration on the basis of the value of the measured pressure;
and a deﬁermination means for determining the timing of the
completion of discharge of the liguid on the basis of the
information from the arithmetic means, in which, in response
ofthedeterminedtimingofcompletionéfdischargeoftheliquid,

the subsequent step is performed.

10. The apparatus according to any ohe of the items 7
to 9, wherein the nucleic acid—-adsorbent solid phase is a porous
maferial including an organic macromolecule capable of
absorbing a nucleic acid by a weak interaction not concerned

wilth an ionic bond.

11. The apparatus according to the item 10, wherein the
porous material includes an organic macromolecule.having a

hydroxyl group.

12. The apparatus according to any one of the items 7
to 11, wherein the nucleic acid-adsorbent solid phase includes
an organicmaterial prepared by saponifying a mixture of acetyl

celluloses different in an acetyl value.
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13. The apparatus according to the item 12, wherein the

o]

saponification rate of said mixture is not lower than 5 %.

14. The apparatus according to theitem 12 or 13, wherein
the organic material is a saponified mixture of triacetyl

cellulose and diacetyl cellulose.

15. The apparatus according to any one of the items 7
to 14, whereinthenucleic acid-adsorbent solidphase is aporous
film, of which the front and back sides are asymmetrical with

each other.

Brief Description of the Drawings

Fig. 1 is a schematic block diagram showing the
configuration of important part folr automatically determining
completionofziliquiddischargestepjJ1anucleicacidisolation
and purification process according to the invention.

Figs. 2A to 2C show a profile in a first pattérn in the
case where pressure reaches a set value within a set time, Fig.
2A being a graph showing temporal change of pressure, Fig. 2B
beinga graph showing temporal changeofpressure changevelocity,
Fig.2Cbeingagnaphshowingtemporalchangeofbressu&echange
acceleration.

Fig. 3 is a flow chart showing a procedure of determining
completion of the step in the case where the first pattern is
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exhibited.

Figs. 4A to 4C show a profile in a second pattern in the
Case where pressure P does not reach a set value P; within a
set time t; but maximized within the set time t;, Fig. 4A being
a graph showing temporal change of pressure, Fig. 4B being a
graph showing teniporal change of pressure change velocity, Fig.
4C being a graph showing temporal change of pressure change
acceleration.

Fig. 5 is a flow chart showing a procedure of determining
completion of the step in the case where the second pattern
is exhibited.

Figs. 6A to 6C show a profile in a third pattern in the
casé where pressure P does not reach a set value P; within a
set time t; and is not maximized within the set time t;, Fig.
6A being a graph showing temporal éhange of pressure, Fig. 6B
beingagraph showing'temporal changeofpressure changevelocity,
Fig. 6Cbeinga graph showing temporal change of pressure change
acceleration.

Fig. 7 is a flow chart showing a procedure of determining
completion of the step in the case where the third pattern is
exhibited.

Fig. 8isaflowchart showingcombinationofdetermination
algorithms shown in Figs. 3, 5 and 7.

Fig. 9 is a perspective view showing an embodiment of
a nucleic acid extraction apparatus in a state where a cover
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is removed.

Fig. 10 is a schematic block diagram of the configuration
of the nucleic acid extraction apparatus.

Fig.llisaperspectiveviewofarackinamountmechanism.

Fig. 12 is a perspective view showing a state of use of
the rack.

Figs. 13(a) to 13 (g) are a process view showing an
extracting operation. .

Fig. 14 is a perspective view of cartridge for isolation

and purification of a nucleic acid.

Description of the Reference Numerals and Symbols
1 nucleicacidextractionapparatus (nucleicacidisolation

and purification apparatus)

2 apparatus body

3 mount mechanism

4 pressurized air supply mechanism

5 dispensing mechanism

6 rack

11 cartridge for isolation and purification of nucleic acid

11b nucleic acid—adsorbent porous film
llc discharge portion (other opening)
lle upper opening (one opening)

12 waste container

13 collection container

12
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16 liquid

14 suction flow passage

18 air

40 pressurizing head

41 aif nozzle

43 alr pump (pressure generation device)
45 on-off wvalve

46 pressure sensor

51w, 5lr dispensing nozzle

52w, b52r supply pump

56w, 56r bottle

70 control portion
s | specimen liquid
W washing liquid
R elution liquid

Best Mode for Carrying Out the Invention

PCT/JP2005/006530

A preferred embodiment of the invention as to an method

of automatically isolating and purifying nucleic acid and the

apparatus will be described below in detail with reference to

the drawings.

Fig. 1 is a schematic block diagram showing the

configuration of important part for automatically determining

the termination of a liguid discharge step in a nucleic acid

isolation and purification process according to the invention.

13
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This apparatus includes cartridge for isolation and
purification of a nucleic acid (hereinafter simply referred
toas“cartridge”)11containingapmrousfilterllbaszanucleic
acid—adsorbent'solid phase in its inside, and a pressurizing
head 40 &etachably attached to the. cartridge 11 so that the
pressurizinghead40canbemovedupanddownbycontrolaccording
to detection by a position sensor not shown. The pressurizing
head 40 is connecfed to a pump 43 through an electromagnetic
valve 45 which éerves as an on—-off valve. A pressure sensor
46 is interposed in the middle of a connected piping 74 so that
pressure in the piping 74 is measured. Medsurement results
of the position sensor and the pressure sensor 46 are input
tx)écontrolportion70. The pressure, pressure change velocity
and pressure change acceleration as well as positional
information of a pressurizing noézle are calculated by the
control portion 70, so that the operations of the pump 43, the
electromagnetic valve 45 and the pressurizing head 40 are
controlled by predetermined programmed algorithm for
automatically determining the termination of a discharge step.
That is, the control portion 70 serves as arithmetic means for
calculating the pressure change velocity and pressure change
acceleration and also as determination means for determining
the timing of the termination of liquid discharge on the basis
of the information.

Apressure signal giventothecontrolportion70issampled

14
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at intervals of a predetermined time and usually calculated
as an average value per second inorder to avoidmisdetermination
of the algorithm because of noise. It is preferable that the
?redetermined time interval is not larger than 0.5 sec. The
pressure.change velocity dP/dt obtained by differentiating
pressure with respect to time and the pressure change
acceleration d?P/dt? obtained by differentiating the pressure
change velocity with respect to time are usually calculated
as average values per second and used for the determination
of the algorithm.

Next, the algorithm for automatically determining the
termination of the liquid discharge step will be described on
thé basis of temporal change in pressure, pressure change
velocity and pressure change acceleration in the cartridge 11
atthetimeofdischargeofaliquidi6injectedintothecartridge
11 containing the nuéleic acid-adsorbent solid phase.

Thetemppralchangeinpressure,pressurechangevélocity
and pressure change acceleration varies widely acéording to
the kind of the nucleic acid-adsorbent solid phase contained
in the cartridge 11 and the kind of a specimen. Accordingly,
the temporal change is classified into three typical patterns.

(First Pattern)

Figs. 2A to 2C are graphs showing temporal change in
pressure, pressure change velocity and pressure change
acceleration respectively in a first pattern. Figs. 2A to 2C

15
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show a profile in the case where the pressure reaches a set
value within a set time. Fig. 3 is a flow chart showing a
procedureof process terminationdeterminationinthe casewhere
temporal change exhibits the first pattern.

Fifst, after a spécimen containing nucleic acid is
injected into the cartridge 11, the pressurizing head 40 is
attached to the cartridge 11. Then, pressurizing the inside
of the cartridge 11 by the pump 43 starts (step 11, hereinafter
abbreviated to S811). Incidentally, the pressure is set by
adjustment of the electromagnetic valve 45 and measured by the
pressure sensor 46. After pressurizing starts, the pressure
of the inside of the cartridge 11 increases. When the pressure
reaéhes a predetermined set value P; within a predetermined
set time t; (S12), pressurizingbymeans of the pump 43 is stopped
(813). As a result, the specimer; in the cartridge 11 passes
through the filter 11b as a nucleic acid-adsorbent solid phase
on the basis of_the pressure, so that the specimen is discharged
from the cartridge 11. As the amount of the specimen in the
cartridge 11 decreases, the pressure P of the inside of the
cartridge 11 decreases from P, to Py.

When pressurized air is extruded out of the cartridge
11 after all the specimen is discharged from the cartridge 11,
thepressurePof theinsideof thecartridge 11 decreases rapidly.
Onthisoccasion, pressureacceleration d’pP/dt? reaches aminimum
ai;. For this reason, when the point of time that pressure

16
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acceleration d?P/dt? reaches theminimumis detected (S14) after
the pump is stopped, a decision is made that d;scharge is
terminated, that is, the process is terminated (S15). When
pressure acceleration d°P/dt? does not reach the minimum within
a set tiﬁe t,, a decision is made that choking error occurs
(S16) . In this case, controlling is performed to operate the
electromagnetic valve 45 to open the pressure of the inside
of the cartridge 11 to the atmospheric air. The set times t;
and ty and the set pressure P; can be decided at option.

Although the pressure of the inside of the cartridge 11
increases after pressurizing starts, another determination
step may be carried out (S17) when the pressure does not reach
thé set value P; within the predetermined set time t;.

(Second Pattern)

Figs. 4A to 4C are graphs éhowing temporal change in
pressure, pressure change velocity and pressure change
acceleration fespectively in a second pattern. Figs. 4A to
4C show a profile in the case where the pressure P does not
reach the set value P, within the set time t; but reaches a maximum
withinthe set timet;,. Fig.5isa flowchart showingaprocedure
of process terminationdetermination in the case where temporal
change exhibits the second pattern.

As described above in the first pattern, first, after
aspecimencontainingnucleicacidisinjectedintothecartridge,
the pressurizing head 40 is attached to the cartridge 11. When

17
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pressuriz'ing by means of the pump 43 then starts (S21), the
specimen in the cartridge 11 passes through the filter 11b as
a nucleic acid-adsorbent solid phase and is discharged out of
the cartridge 11. As a result, the pressure of the inside of
the cartJ':idge 11 increases. With the passage of time, the
pressure change velocity decreases and the pressure P reaches
a maximum P.. On this occasion, the pressure velocity becomes
zero and the pressure acceleration reaches a minimum a,. For
this reason, the condition that the pressure P reaches a maximum
within the set time t; (S22) while the pressure velocity is
not higher than zero or while the pressure acceleration reaches
a minimum is determined (S23). At the point of time that this
coﬁdition is satisfied, a decision is made that divscharge is
terminated, that is, the process is terminated (S24).
Therefore, the pump 43 is stopped (S25). Incidentally, the
timing of stopping the pump 43 can be decided at option if the
timing is afte{r the point of time that a decision is made that
discharge is terminated.

Although the pressure of the inside of the cartridge 11
increases after pressurizing starts, another determination
step may be carried out (5S26) when the pressure P does not reach
the maximum within the set time t;.

(Third Pattern)

Figs. 6A to 6C are graphs showing temporal.change in

pressure, pressure change velocity and pressure change

18
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acceleration respectively in a third pattern. Figs. 6A to 6C
show a profile in the case where the pressure P neither reaches
the set value P; within the set time t: nor reaches a maximum
within the set timet;. Fig.7isaflow chart showing a procedure
of procesls termination determination in the case where temporal
change exhibits the third pattern.

| Asdescribedabove inthe first and secondpatterns, first,
after a specimen containing nucleic acid is injected into the
cartridge, the pressurizinghead 40 is attached to the cartridge
11. Whenpressurizingbymeansof thé pump 43 then starts (S31),
the specimen in the cartridge passes through the nucleic
acid-adsorbent solidphaseandisdischargedout of thecartridge
11.‘ As a result, the pressure of the inside of the cartridge
11 increases. In this case, however, the pressure change
velocity decreases slowly with tﬁe passage of time. 1In this
manner, when the pressure does not have any maximum within the
set time t; (532) , adecision ismade that discharge is terminated,
that is, the process is terminated (S34) at the timé that the
pressure change velocity reaches a set threshold P’; or lower
(S33). Asaresult, thepump43isstopped (S35). Incidentally,
the timing of stopping the pump can be decided at option if
the timing is after the point of time that a decision is made
that discharge is terminated. The predetermined threshold P’;
of the pressure change velocity can be set at any value.

As described above, in order to automatically determine

19
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the termi(nation of the process in which a liquid is injected
into the cartridge containing the filter 11b as a nucleic
acid-adsorbent solidphase andpressurizedsoas tobedischarged,
it is preferable that a program is provided so that an optimum
determinéfion algorithm is selected from three determination
algorithms while a determination is made as té which of the
three patterns is valid. An example of the automatic
Adetermination will be described below.
(Automatic Determination of All Patterns)

Fig. 8 is a flow chart combined with the determination
algorithms shown in Figs. 3, 5 and 7.

First, a determination is made as to whether the pressure
P feaches a set value P; or higher within a set time t; after
start of pressurizing. When the pressure P is not lower than
the set value P;, the termination 6f the process is determined
in accordance with the above descriptionwith reference to Figs.
2A to 2C and Fig. 3. When the pressure P is lower than the
set value P;,.a determination is made as to whether the pressure
P reaches a maximum within the set time t;. When the pressure
P reaches the maximum, the termination of the process is
determined in accordance with the above description with
reference to Figs. 4A to 4C and Fig. 5. When the pressure P
does not reach anymaximumwithin the set time t;, the termination
of the process is determined in accordance with the above
description with reference to Figs. 6A to 6C and Fig. 7.
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According to this configuration, the termination of the
process canbe determined appropriately for anyone of the first,
second and thirdpatterns, sothat theterminationof the process
can be determined accurately by use of an optimum algorithm
‘ in accorcllance with the fit pattern. As a result, discharge
of the liquid can be completed in the required minimum time
without continuing wasteful pressurizing in the process, so
that reduction in tact time can be attained.

As described above, the first, second and third typical
patternshavebeen illustrated and the determinationalgorithms
for determining these patterns have been described. Even if
any other pattern than these patterns is generated, the
defermination algorithms can be combined suitably to determine
the termination of the process accurately and rapidly in the
same ma‘nner as described above.

Next, an example in which the aforementioned
determination ‘of the termination of the liquid discharge step
is applied to a nucleic acid isolation and purification method
will be described.

First, thenucleicacid isolation andpurificationmethod
at least includes the steps of: (1) passing a nucleic
acid-containing specimen liquid through a nucleic
acid-adsorbent porous material (nucleic acid-adsorbent porous
film) to adsorb nucleic acid into the porous film; (2) washing
the nucleic acid-adsorbent porous film in a state in which the
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nucleic acid is adsorbed onto the nucleic acid-adsorbent porous
film; and (3) passing an elution liquid through the nucleic
acid-adsorbent porous film to desorb the nucleic acid from the
inside of the porous film.

Préferably, in each of the steps (1), (2) and (3), the
nucleic acid-containing specimen liquid, a washing liquid, a
DNase solutionor the collecti‘on solution ismade topass thfough
thenucleicacid~adsorbent porous filmwhilepressurized. More
preferably, in each of the steps (1), (2) and (3), the nucleic
acid-containing specimen liquid, the washing liquid or the
elution liquid is injected into one opening of the cartridge
11 including the nucleic acid-adsorbent porous film stored in
a éontainer having at least two openings, and the injected
solution or liquid is made to pass through jche porous film so-
as to be discharged from the othér opening whilé the inside
of the cartridge 11 is pressurizéd by a pressure difference
generator connected to one opening of the cartridge 11. When
thenucleicacid-containing specimen liquid, the washling liquid
or the elution liquid is made to pass through the porous film
while pressurized, the apparatus can be preferably automated
compactly. Pressurizing is made preferably in a range of from
10 to 200 kPa, more preferably in a range pf from 40 to 100
kPa.

In the nucleic acid isolation and purification process,
all the procedure of from the first step of injecting the nucleic
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acid-containingspecimenliquidtothe stepofobtainingnucleic
acid in the outside of the cartridge can be completed within
10minutes, especiallywithin2minutes inapreferredcondition.
The nucleic acid isolation and purification process can yield
50 mass%‘or more of nucleic acid, especially 90 mass% or more
of nucleic acid in a preferred condition, with respect to the
total amount of nucleic acid contained in the specimen.

Examples of the pressure difference generator used in
the aforementioned process include: an inflatable pump such
asaninjector, apipetteroraperistalticpump; andadeflatable
material such as an evaporator. Among thesé, the injector is
suitablg for manual operation and the pump is suitable for
aufomatic operation. The pipetter has an advantage that it
can be operated}easily by a single hand. Preferably, the
pressure difference generator is‘detachably attached to one
opening 6f the cartridge.

The speqimen allowed to be used in this invention is not
limited but, for example, humors such as whole bléod, blood
plasma, biood serum, urina, feces, semen or saliva taken as
a specimen or solutions prepared frombiological materials such
as a plant (or part thereof), an animal (or part thereof),
bacteria, virus or a dissolution or homogenate thereof are used
in the diagnostic field.

First, these specimens are treated with an aqueous
solution containing a reagent (nucleic acid solubilizing
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reagent) for dissolving cell membranes and nuclear membranes
to therebysolubilizenucleicacid. Asaresult, cellmembranes
and nuclear membranes are dissolved and the nucleic acid is
dispersed into the aqueous solution, so that a nucleic
acid~con£aining specimen liquid is prepared.

A process of dissolving cell membranes to solubilize
nucleic acid to.prepare a nucleic acid-containing specimen
liquid froma specimenwillbedescribedbelow. Intheinvention,
aﬁucleicacidsolﬁbilizingreagentisusedfordissolvingcell
membranes to solubilizenucleicacid. Anexampleof thenucleic
acid solubilizing reagent is a solution containing chaotropic
salt, and a surfactant.

An example of the method for dissolving cell membranes
to solubilize nucleic acid to prepare a nucleic acid~containing
specimen liquid from a specimen cén be a method including the
steps of: (I) injectinga.cell—containingcu:virus—containing
specimen into'a container; (II) adding a nucleic acid
solubilizing reagent solution containing chaotropié salt and
a surfactant into the container to mix the nucleic acid
solubilizing reagent solution with the specimen; and (IITI)
adding awater—-solubleorganic solvent into themixture solution
obtained by the aforementioned step.

Intheprocess fordissolvingcell membranes tosolubilize
nucleic acid to prepare a nucleic acid-containing specimen
liquid from a specimen, optimization of automation is improved
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when the specimen is homogenized. Homogenization can be made
by a treatment such as an ultrasonic treatment, a treatment
using a high-speed agitating treatment using a sharp-edged
protrusion from fine voids or a treatment using glass beads.

Thé method for mixing the nucleic acid solubilizing
reagent solution containing chaotropic salt and a surfactant
with the specimen is not particularly limited.

It is preferable that tﬂe two are mixed with each other
for a time of from 1 second to 3 minutes by an agitator rotating
at a speed of from 30 to 3000 rpm. In this manner, the yield
of nucleic acid isolated and purified can be increased. Or
it is preferable that the two are mixed with each other by
rebeating reversing mixture by 5 times to 30 times. Or the
two may be mixed with each other by repeating pipetting by 10
times to 50 times. In this case; the yield of nucleic acid
isolated and purified can be increased by aAsimple operation.

The nuc;eic acid-adsorbent porous film used in the
invention and the adsorbing process will be described below.
The ﬁucleic acid—adsorbent porous film used in the invention
can transmit the solution through its inside. The phrase “can
transmit the solutionthroughits inside” means that thesolution
can be transmitted from a high-pressure space side to a
low-pressure space side through the inside of the film when
a pressure difference is generated between a space adjacent
to one surface of the film and a space adjacent to the other
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surface of the film. Or the phrase means that the solution
canbe transmitted ina centrifugal direction through the inside
of the film when centrifugal force is applied to the film.
The nucleic acid-adsorbent porous film used in the

inventionis characterizedtobea poroﬁs filmontowhich nucleic
acid is adsorbed by an interaction substantially irrespective
of any ionic bond. What is meant by this is that the porous
film is not ionized as the porous film side condition in use.
It is supposed that the nucleic acid and the porous film will
attract each other when environmental polarity is changed. As
a result, nucleic acid can be isolated and purified while both
isolating performance and washing efficiency can be kept
excéllent. Preferably, thenucleicacid-adsorbent porous film
is a porous film having a hydrophilic group. It is supposed
that hydrophilic groups of the nucieic acid and the pokrous film
will attract each other when environmental po.larity is changed.
The term “porous film having a hydrophilic group” means a porous
film made of a material having a hydrophilic group or a porous
Ffilm made of a material into which a hydrophilic group is
introduced by treatment or coating. The material forming the
porous filmmay be an organicmaterial or an inorganicmaterial.
Examples of the porous film include: a porous film made of an
organic material having a hydrophilic group; a porous filmmade
of an organic material having no hydrophilic group but treated
so that a hydrophilic group is introduced into the porous film;
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a porous film made of an organic material having no hydrophilig
group but coated with a material having a hydrophilic group
so that the hydrophilic group is introduced into the porous
film; a porous film made of an inorganic material having a
hydrophilnic group; a porous film made of an inorganic material
having no hydrophilic group but treated so that a hydrophilic
group is introduced into the porous film; and a porous film
made of an inorganic material having no hydrophilic group but
coated with a material having a hydrophilic group so that the
hydrophilic group is introduced into the porous film. From
tﬁe point of view of processability, an organic material such
as an organic macromolecule is preferably used as the material
for. forming the porous film.

The term “hydrophilic group” means a polar group (atomic -
group) which can interact with wéter. All groups (atomic
groups) concerning adsorption of nucleic aqid are equivalent
to the hydroph.ilic groups. A group which can interact with
water at a medium strength (seé “medium hydrophilic group”
written in the item “hydrophilic group” in Chemical Dictionary
published by Kyoritsu Shuppan Co., Ltd.) is preferred as the
hydrophilic group. Examples of the hydrophilic group include
hydroxyl group, carboxyl group, cyano group, oxyethylene group,
etc. Especially, hydroxyl group 1is preferred.

An example of the porous film having a hydrophilic group
is a porous film made of an organic material having a hydroxyl
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group. An example of the organic material having a hydroxyl
group is a surface saponified of acetyl cellulose described
in Japanese Patent Laid-OpenNo. 2003-128691. Acetylcellulose
can be selected from monoacetyl cellulose, diacetyl cellulose
and triacetyl cellulose. Especially, triacetyl cellulose is
preferred. In this case, the amount (density) of the hydroxyl
group in a solid phase surface can be controlled by the degree
of saponification (saponification rate') . To improve the
nucleic acid isolating efficiency, it is preferable that the
amount (density) of the hydroxyl group is high. For example,
in the case of acetyl cellulose such as triacetyl cellulose,
the saponification rate (surface saponification rate) is
seiected to be preferably in a range of from about 5 to 100 %,
more preferably in a range of from 10 to 100 %. To increase
thé surface area of the organic macfomolecule having a hydroxyl
group, it is preferable that the porous film qf acetyl cellulose
is saponified. 1In this case, a porous film of which the front
and back sides are symmetrical with each other may be used as
the porous film or a porous film of which the front and back
sides are asymmetrical with each other may be preferably used
as the porous film.

The term “saponification” means a treatment for bringing
acetyl cellulose into contact with a saponification solution
(such as an aqueous solution of sodium hydroxide). By this
treatment, part of the acetyl cellulose in contact with the
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saponification solution is changed to regenerated cellulose
so that the hydroxyl group can be introduced into the porous
film.

To change the saponification rate, the sodium hydroxide
concentrétion'usedjjlthe saponification may be changedp The
saponif;cation rate can be measured easily by an NMR, an IR
or an XPS. (For example, the saponificationrate canbe decided
on the basis of the degree of reduction in peaks of carbonyl
groupS).

Examples of the porous f£ilm made of an organic material
having a hydroxyl group include porous films made of
polyhydroxyethyl acrylate, polyhydroxyethyl methacrylate,
poiyvinyl alcohol, polyvinyl pyrrolidone, polyacrylate,
polymethacrylate, polyoxyethylene, acetyl cellulose, mixture
of acetyl celluloses different ih acetyl number, etc.
Especially, a porous film made of an organic material having
a polysaccharide structure can be preferably used.

Particularly a porous film of an organic macfomolecule
including a mixture of acetyl celluloses different in acetyl
value can be preferably used as the porous film of an organic
material having a hydroxyl group. Preferable examples of the
mixtureof acetylcellulosesdifferent inacetyl number include:
a mixture of triacetyl cellulose and diacetyl cellulose; a
mixture of triacetyl cellulose and monoacetyl cellulose; a

mixture of triacetyl cellulose, diacetyl cellulose and
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monoacetyl cellulose; and a mixture of diacetyl cellulose and
monoacetyl cellulose.

Especially, amixtureof triacetyl cellulose anddiacetyl
cellulose canbe preferably used. Themixture rate (mass rate)
of triace'yl cellulose to diacetyl cellulose is preferably in
a range of from 99:1 to 50:50.

A porous film made of an organic material prepared by
saponifying a mixture of acetyl celluloses different in acetyl
number can be preferably used as the porous film of an organic
material having a hydroxyl group. Preferable examples of the
organic material prepared by saponifying a mixture of acetyl
celluloses different in acetyl number include: a saponified
mix'ture of triacetyl cellulose and diacetyl cellulose; a
saponified mixture of triacetyl cellulose and monoacetyl
cellulose; a saponified mixture bf triacetyl cellulose,
diacetyl cellulose and monoacetyl cellulose‘; and a saponified
mixture of diacetyl cellulose and monoacetyl cellulose.
Especially, a saponified mixture of triacetyl cell.ulose and
diacetyl cellulose can be preferably used.

The mixture ratio (mass ratio) of triacetyl cellulose
to diacetyl cellulose is preferably selected to be in a range
of from 99:1 to 50:50.

A porous film of cellulose can be preferably used as the
porous film of an organic material having a hydroxyl group.
A porous film of regenerated cellulose can be preferably used

30



WO 2005/093053 PCT/JP2005/006530

as the porous film of cellulose. Regenerated cellulose is
prepared by saponifying a solid surface or whole of acetyl
cellulose. Regenerated cellulose is different from original
cellulose in crystalline state or the like.

As a method for introducing a hydrophilic group into the
porous filmof an organicmaterial having néa hydrophilic groﬁp,
a graft polymer chain having a hydrophilic group in a polymer
chain or in a side chain can be bonded to the porous film.

Two methods may be used as the method for bonding the
graft polymer chain to the porous film of an organic material.
That is, there are a method for chemically bonding the porous
film and the graft polymer chain to each other and a method
fof‘polymeriZingeacompoundﬁhaving'polymerizable double bonds
with the porous film as é start point to thereby form a graft
polymer chain. |

First, in the method for attaching the porous film and
the graft polymer chain to each other by chemical bonding, a
polymer having a functional group capable of reactiﬁgxﬂith.the
porous film in a terminal or side chain of the polymer is used
so that this functional group chemicallyreactswitha functional
group of the porous film so as to be grafted to the functional
group of the porous film. The functional group capable of
reacting with the porous film is not particularly limited if
it can react with the functional group of the porous film.
Examples of the functional group include: a silane coupling
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group such as alkoxysilane; an isocyanate group; an amino group;
a hydroxyl group; a carboxyl group; a sulfonic group; a
phosphoric group; an epoxy group; anallyl group; amethacryloyl
group; and an acryloyl group.

Examples of a compound especially useful as the polymer
having a reactive functional group on a terminal or side chain
of the polymer include: a polymer having a trialkoxysilyl group
in a terminal of the polymer; a polymer having an amino group
in a terminal of the polymer; a polymer having a carboxyl group
in a terminal of the polymer; a polymér having an epoxy group
in a terminal of the polymer; and a polymer having an isocyanate
group in a terminal of the polymer. The polymer used in this
caée is not particularly limited if it has a hydrophilic group
concerning adsorption of nucleic acid. Specific examples of
the polymer include: polyhydroxyéthyl acrylate,
polyhydroxyethyl methacrylate and salt thgreof; polyvinyl
alcohol, polyvinyl pyrrolidone, polyacrylate,
polymethacrylate and salt thereof; and polyoxyethylene.

The method for polymerizing a compound having
polymerizable double bonds with the porous filmas a start point
to thereby form a graft polymer chain is generally called
“surface graft polymerization”. The surface graft
polymerization method is a method in which an active seed is
given onto a substrate surface by means of plasma irradiation,
light irradiation, heating or the like so that a compound having
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polymerizable double bonds and disposed so as to be adjacent
totheporous filmisbondedto theporous filmbypolymerization.
The compound useful for forming the graft polymer chain bonded
to the substrate needs to have two characteristics, that is,
the compouﬂd needs to have polymerizable double bonds and also
has a hydrophilic group concerning adsorption of nucleic acid.
Any compéund such as a polymer, an oligomer or a monomer having
a hydrophilic group can be used as the compound if the compound
has a double bond in amolecule. Amonomer havinga hydrophilic
group is an especially useful compound.

Specific examples of the especially useful monomer having
a hydrophilic group are as follows. For example, hydroxyl
groﬁp—containing monomers such as 2-hydroxyethyl acrylate,
2-hydroxyethyl methacrylate, glycerol monomethacrylate, etc.
can be especially preferably used.‘ Carboxyl group-containing
monomers such as acrylic acid, methacryli; acid, etc. or
alkali-metal salt and amine salt théreof canbe preferablyused.

As another method for introducing a hydrophilic group
into the porous filmof anorganicmaterial havingno hydrophilic
group, the porous film may be coated with a material having
a hydrophilic group. The material used for coating is not
particularly limited if it has a hydrophilic group concerning
adsorption of nucleic acid. From the point of view of easiness
of operation, a polymer of an organic material is preferred.
Examples of the polymer may include: polyhydroxyethyl acrylate,
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polyhydroxyethyl methacrylate, and salt thereof; polyvinyl
alcohol, polyvinyl pyrrolidone, polyacrylate,
polymethacrylate, and salt thereof; and polyoxyethylene,
acetyl cellulose, and a mixture of acetyl celluloses different
in acetyl number. Especially, a polymer having a
polysaccharide structure is preferred.

After the porous film of an organic material having no
hydrophilic group is coated with acetyl cellulose or a mixture
of acetyl celluloses different in acetyl value, the acetyl
celluioseorthemixtureofacetylceilulosesdifferentinacetyl
value for use in coating may be saponified. 1In this case, the
saponification rate is preferably selected to be not lower than
aboﬁt 5 %. Especially, the saponification rate is preferably
selected to be not lowef than about 10 3.

An example of the porous fiim of an inorganic material
having a hydrophilic group can be a porous film containing a
silica compound. Aglass filter canbe an example of the porous
film having a silica compound. A porous silica thin film as
described in Japanese Patent No. 3,058,342 can be an example
of theglass filter. Theporoussilicathinfilmcénbeproduced
as folloﬁs. That is, a developing solution of a cationic
amphipatic substancehavingtheabilityof formingabimolecular
film is developed on a board. Then, a solvent is removed from
a liquid film on the board to thereby prepare a multilayer
bimolecular thin film of the amphipatic substance. The
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multilayer bimolecular thin film is brought into contact with
a solution containing a silica compound. Then, themultilayer
bimolecular thin film is extracted and removed.

Examples of a method of introducing a hydrophilic group
into aporous f‘ilmof an inorganicmaterial havingno hydrophilic
group include: a method of chemically bonding a porous film
and a graft polymer chain to each other; and a method of
polymerizing a graft polymer chain with a porous film as a start
éoint by using a monomer having a hydrophilic group having a
double bond in a molecule.

To attach the porous film and the graft polymer chain
attached to each other by chemical bonding, a functional group
whiéh can react with a functional group at a terminal of the
graft polymer chain is introduced into an inorganic material
and the graft polymer is chemicaily bonded thereto. To
polymerize the graft polymer chain with the porous film as a
start point by using a monoﬁer having a hydrophilic group having
a double bond inamolecule, a functional group which will serves
as a start point for polymerizing the compound having a double
bond is introduced into an inorganicmaterial. A graft polymer
having a hydrophilic group and a monomer having a hydrophilic
group having a double bond in a molecule as described in the
method of chemically bonding the graft polymer chain to the
porous film of an organic material having no hydrophilic group
can be preferably used as the graft polymer having a hydrophilic
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group and the monomer having a hydrophilic group having a double
bond in a molecule.

As another method for introducing a hydrophilic group
into the porous film of an inorganic material having no
hydrophilicgroup,theporousfilmcanbecmatedwithanmterial
having a hydréphilic group. The material used in coating is
not particularly limited as long as it has a hydrophilic group
concernedlwith adsorption of nucleic acid. A polymer of an
organic material is preferred from the point of view of
facilitation of operation. Examples of the polymer may
include: polyhydroxyethyl acrylate, polyhydroxyethyl
methacrylate, and salt thereof; polyvinyl alcohol, polyvinyl
pyrrolidone, polyacrylic acid, polymethacrylic acid, and salt
thereof; and polyoxyethylene, actyl cellulose, a mixture of
acetyl celluloses different in aéetyl value, and so on.

| After the porous film of an inorganic material having
no hydrophilicgroup is coatedwithacetyl cellulose or amixture
of acetyl celluloses different in acetyl wvalue, the acetyl
cellulose or themixture of acetyl cellulosedifferent inacetyl
value for use in coating may be saponified. 1In this case, the
saponification rate is preferably selected to be not lower than
about 5 %. Especially, the saponification rate is preferably
selected to be not lower than about 10 %.

An example of the porous film of an inorganic material
having no hydrophilic group can be a porous film produced by
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processing a metal such as aluminum, ceramics such as glass,
cementcx:pottery,orruﬂvceramics,silicon,activatedcarbon,
etc.

The cartridge for isolation and purification of nucleic
achjispreferablyformedsothatothernmmbersthanthenucleic
acid-adsorbent porous film permeable to the aforementioned
solution are stored in the container havingat least two openings.
Plastics such as polypropylene, polystyrene, polycarbonate,
polyvinyl chloride, etc. may be used as the materiai of the
container. A biodegradable material may be also preferably
used. The.container may be transparent or colored.

Cartridge for isolation and purification of a nucleic
acialhaving means for identifying the cartridge individually
can be used as the cartridge for isolation and purification
of nucleic acid. A bar code, a maghetic tape, etc. may be used
as the means for identifying the cartridge individually.

A cartridge having a structure in which the nucleic
acid-adsorbent porous film can be easily taken ouf from the
container having at least two openings may be also used.

The cartridge for isolation and purification of nucleic
acid in which the nucleic acid-adsorbent porous film permeable
toeaghsolutioncanbeusedforisolatingandpurifyingnucleic
acid by the steps of:

(a) injectingzahucleic:acid—containing‘specimen.liquid
into a container having at least two openings, through one
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opening of cartridge for isolationandpurificationof anucleic
acid containing a nucleic acid-adsorbent porous film permeable
to a solution;

(b) pressurizingthe insideof thecartridge for isolation
and purification of nucleic acid by using a pressure difference
generation device connected to one opening of the cartridge
for isolation and purification of nucleic acid, and passing
the injected nucleic acid-containing specimen liquid through
the nucleic acid-adsorbent porous film, and discharging the
nucleic acid-containing specimen liquid from the ‘container
through the other opening of the cartridge for isolation and
purification of nucleic acid to thereby adsorb nucleic acid
intb the nucleic acid-adsorbent porous film;

(c) injecting a washing liquid into the container through
one opening of the cartridge fortisolation and purification
of nucleic acid;

(d) pressurizing the insideof thecartridge forisolation
andpurificationofnucleicacidbyusingthepressuredifference
generation device connected to one opening of the cartridge
for isolation and purification of nucleic acid, and passing
the injected washing 1iquid through the nucleic acid-adsorbent
porous film, and discharging the washing liquid from the
container through the other opening to thereby wash the nucleic
acid-adsorbent porous film in a state in which nucleic acid
is adsorbed on the nucleic acid-adsorbent porous film;
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(eyinjectinganelutionliquidintothecontainéfthrough
one opening of the cartridge for isolation and purification
of nucleic acid; and

(f) pressurizingtheinsideof thecartridge forisolation
andpurificationofnucleicacidbyusingthepressuredifference
generation device connected to one opening of the cartridge
for isolation and purification of nucleic acid, and passing
the injected elution liquid through the nucleic acid-adsorbent
porous film, and discharging the elution liquid from the
QOntainer through the other opening to thereby desorb nucleic
acid from the nucleic acid~adsorbent porous film and discharge
the nucleic acid from the container of the cartridge for
isélation and purification of nucleic acid.

In another embodiment, nucleic acidznay'bé isolated and
purified by the sfeps of: |

(a) injecting a nucleic acid—containipg'specimen.liquid
into a container having at least two openings, through one
openingofcartridgeforisolationandpurificationofanucleic
acid containing a nucleic acid~adsorbent porous film permeable
to a solution;

(b) reducing the pressure of the inside of the cartridge
for isolation and purification of nucleic acid by using a
pressure difference generation device connected to the other
opening of the cartridge for isolation and purification of
nucleic acid, and passing the injected nucleic acid-containing
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specimen liquid through thenucleic acid-adsorbent porous film,
and discharging the nucleic acid-containing specimen liquid
from the container throqgh.the other opening of the cartridge
for isolationandpurificationofnucleicacidto therebyadsorb
nucleic acid into the nucleic acid-adsorbent porous film;

(c) injecting awashing liquid into the container through
one opening of the cartridge for isolation and purification
of nucleic acid;

(d) reducing the pressure of the inside of the cartridge
for isolation and purification.of nucleic acid by using the
pressure difference generation device connected to the other
opening of the cartridge for isolation and purification of
nucleic acid, and passing the injected washing liquid through
the nucleic acid-adsorbent porous film, and discharging the
washing liquid from the containef through the other opening
to thereby wash the nucleic acid—adsorbent porous film in a
state in which nucleic acid is adsorbed on the nucleic
acid-adsorbent porous film;

(e) injectinganelution liquidinto the container through
one opening of the cartridge for‘isolation and purification
of nucleic acid; and

(f) reducing the pressure of the inside of the cartridge
for isolation and purification of nucleic acid by using the
pressure difference generation device connected to the other
opening of the cartridge for isolation and purification of

40



WO 2005/093053 PCT/JP2005/006530

nucleic acid, or applying centrifugal force on the cartridge
for isolation and purification of nucleic acid, and passing
the injected elution liquid through the nucleic acid-adsorbent
porous film, and discharging the elution liquid from the
container through the other opening to thereby desorb nucleic
acid from the nucleic acid-adsorbent porous £ilm and discharge
the nucleic acid from the container of the cartridge for
isolation and purification of nucleic acid.

In a further embodiment, nucleic acid may be isolated
and purified by the steps of:

(a) injecting a nucleic acid-containing specimen liquid
into a container having at least two openings, through one
opéning of cartridge for isolation andpurificationof anucleic
acid containing a nucleic acid-adsorbent porous film permeable
to a solution; |

(b) applying centrifugal force on the cartridge for
isolation and purification of nucleic acid, and passing the
injected nucleic acid-containing specimen liquid through thé
nucleicacid-adsorbent porous film, anddischarging the nucleic
acid-containing specimen liquid from the container through the
other opening of the cartridge for isolation and purification
of nucleic acid to thereby adsorb nucleic acid into the nucleic
acid-adsorbent porous film;

(c) injecting a washing liquid into the container through
one opening of the cartridge for isolation and purificatioh

41



WO 2005/093053 PCT/JP2005/006530

of nucleic acid;

(d) applying centrifugal force on the cartridge for
isolation and purification of nucleic acid, and passing the
injected washing liquid through the nucleic acid-adsorbent
porous film, and discharging the washing liquid from the
container through the other opening to thereby wash the nucleic
acid-adsorbent porous film in a state in which nucleic acid
is adsorbed on the nucleic acid-adsorbent porous film;

(e) injectinganelutionliquidinto the container through
one opening of the cartridge for isolation and purification
of nucleic acid; and

(f) applying centrifugal force on the cartridge for
isélation and purification of nucleic acid, and passing the
injected elution liquid through the nucleic acid-adsorbent
porous film, and discharging the.elution liquid from the
éontainer through the other opening to thereby desorb nucleic
acid from the nucleic acid-adsorbent porous film and discharge
the nucleic acid from the container of the cartridge for
isolation and purification of nucleic acid.

The steps for isolating and purifying nucleic acid from
a nucleic acid-containing specimen by using the cartridge for
isolationandpurificationofnucleicacidincludingacontainer
havingatleasttwoopeningsandarnxﬂeicacid—adsorbehtporous
film stored in the container, and the pressure generation means

may be preferably performed by an automatic apparatus for
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performing the steps automatically. In this manner, nucleic
acid of a predetermined level can be obtained regardless of
the operator’s skill as well as the operation can be simplified
and quickened.

The steps for isolating and purifying nucleic acid from
a nucleic acid-containing specimen by using the cartridge for
isolation and purification of nucleic acid and the pressure
generation means will be described below with reference to an
automatic nucleic acid extraction apparatus.

As shown in Figs. 9 and 10, the automatic nucleic acid
extraction apparatus 1 includes an apparatus body 2, a mount
mechanism 3, a pressurized air supply mechanism 4, and a
di s4pens ingmechanism 5. Themountmechanism3, the pressurized
alr supply mechanism 4 and the dispensing mechanism 5 are
disposed in the apparatus body 2. 'The mount mechanism 3 holds
a plurality of cartridges 11, a waste container 12 and a
collection container 13. The pressurizedair supply mechanism
4 introduces pressurized air into the cartridge for .isolation
andpurification of' nucleicacids1ll. Thedispensingmechanism
5 dispenses a washing liquid W and an elution liquid R into
the cartridges 11. The mechanisms 3 to 5 will be described
below specifically.
<Mount Mechanism>

The mount mechanism 3 has a mount table 21 in a front
lower portion of the apparatus body 2. A rack 6 in which the
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plurality of cartridges 11, the waste container 12 and the
collection container 13 are held is placed on the mount table
21. AsalsoshowninFig. 4, therack6éhasastand6l, acartridge
holder 62, and a container holder 63.

Thé stand 61 holds the cartridge holder 62 in pillar
portions 6la on opposite sides so that the cartridge holder
62 can move up and down. The stand 61 holds the container holder
63 on a bottom plate 61b in a lower portion between the pillar
portions 6la so that the container holder 63 can move back and
forth.

The cartridgeholder 62 is formedasa split-half structure
in which front and rear plates are joined to each other. The
caftridge holder 62 has a holding portion 62a extending
horizontally, and support legs 62b extending vertically and
disposed at opposite ends of the‘holding portion 62a. The
support legs 62b are inserted into vertically extending slide
grooves 6lc of the pillar portions 6la of the stand 61 so that
the support legs 62b can move up and down. The support legs
62b are urged upward by urging members (not shown) included
in the stand 61. In the holding portion 62a, a plufality of
holding holds. 62c are provided side by side. The cartridges
11 are inserted into the holding holes 62c from above. Lower
ends of protrusions 11d (see Fig. 14) formed on opposite sides
of cylindrical bodies 1la of the cartridges 11 are fitted and
held into fitting members (not shown) in.the cartridge holder
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62. The fitting members are movable. To move the fitting
members, fitting to the protrusions 11ld is released so that
all the cartfidges 11 can be dropped down and discarded
simultaneously.

Thé cartridge holder 62 has pin holes 62d on opposite
sides of itsupper surface. Inaconditionofuse, the cartridge
holder 62 is pushed down while front ends 49a of pressure pins
49 (see Fig. 9) as alignment means which will be described later
are fitted into thepinholes 62d respectively. Intheposition
where the cartridge holder 62 is moved up as shown in Fig. 11,
lower ends of discharge portions 11c of the cartridges 11 held
in the cartridge holder 62 are located above the waste container
12 and the collection container 13 set in the container holder
63. When the cartridge holder 62 is moved down as shown in
Fig. 12, setting is made so that Ithe discharge portions 1llc
of the cartridges 11 are inserted by a predetermined value into
the waste container 12 or the collection container 13.

The container holder 63 has waste container holding holes
63a and collection container holding holes 63b extending
horizontally and arranged in two parallel rows. A plurality
of waste containers 12 are held in the waste container holding
holes 63a provided on the rear side so that the plurality of
waste containers 12 can be arranged in a row. A plurality of
collection containers 13 are held in the collection container
holdingholes 63bprovidedon the front side so that theplurality
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of collection containers 13 canbe arranged in a row. The waste
container holdingholes 63aandthe collectioncontainerholding
holes 63b are arranged in positions equal to those of the holding
holes 62c of the cartridge holder 62 and at equal intervals
of a pitéh equal to that of the holding holes 62c. The waste
container holdingholes 63aandthecollectioncontainerholding
holes 63b are set so that the waste containers 12 and the
collection containers 13 are located below the held cartridges
11 respectively. To prevent confusion, it is preferable that
the waste containers 12 are different in size, shape, etc. from
the collection containers 13.

The 'container holder 63 is urged forward by an urging
member not shown but included in the stand 61. The movement
(back and forth movement) of the container holder 63 for
exchanging the containers is perf.ormed in the condition that
an operation member 31 (see Fig. 10) set on the mount table
21 is fitted into a fitting hole (not shown) of a bottom portion
of the container holder 63 through an opening formed in the
bottom plate 61b of the stand 61. The container holder 63 is
moved back in accordance with the moving operation of the
operation member 31 in accordance with the drive of a container
exchange motor 32 (DC motor) so that the collection containers
13 are located below the cartridge holder 62. At the time of
non-operation, the container holder 63 is urged by the urging
member not shown so that the waste containers 12 are located
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below the .cartridge holder 62. The operation of the container
exchange motor 32 is controlled in accordance with detection
by position sensors 33a and 33b.

<Pressurized Air Supply Mechanism>

As 'shown in Figs. 9 and 10, the pressurized air supply
mechanism4 has apressurizinghead40, apluralityofairnozzles
41, an air pump 43, a relief valve 44, on-off valves 45, and
pressure sensors 46. The pressurizing head 40 can move up and
down relative to the rack 6 of the mount mechanism 3. The
plurality of air nozzles 41 (eight air nozzles in Fig. 9) are
arranged in a row in the pressurizing head 40. The air pump
43 generatespressurizedair. Theon-offvalves45aredisposed
in the air nozzles 41 respectively so that the air nozzles 41
can be opened and closed individually. The pressure sensors
46 are set in the air nozzles 41 'respectively. Pressurized
air is supplied to the cartridges 11 successively. The air
pump 43, the relief valve 44 and the air nozzles 41 operate
onthebasisofacontrol instructiongiven froma control portion
70.

The pressurizing head 40 is held by guide rods 24 disposed
vertically between an intermediate frame 22 and an upper frame
23 of the apparatus body 2 so that the pressurizing head 40
canmove up anddown. Aballnut 40adisposedinthepressurizing
head 40 is thread-engaged with a ball screw 25 set vertically
in the same manner as the guide rods 24. The pressurizing head
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40 is contvrolled in accordance with detection by photo sensors
48a to 48c so that the pressurizing head 40 are moved up and
down in accordance with the rotation of the ball screw 25 in
accordance with the drivé of an elevationmotor 47 (pulsemotor)
througha fiming beltandapulley. Pressurepins49areprovided
on opposite sides of the pressurizing head 40. The pressure
pins 49 are urged downward by springs 49b so that the pressure
pins 49 can move up and down. Front ends 49a of the pressure
pins 49 are fitted into the pin holes 62d in the upper surface
of the cartridge holder 62 so that the pressure pins 49 presses
the cartridge holder 62 while the positions of the front ends
49a are limited.

The pressure pins 49 are disposed to press the front
position of the cartridge holder 62 so that the movement of
the pressure pins 49 does not int.erfere with the horizontal
movement of awashing liquiddispensingnozzle 5lwandanelution
liquid dispensing nozzle 51lr (which will be described later)
in the condition that the pressure pins 49 operate' to press
the cartridge holder 62;

The air nozzles 41 are disposed in the pressurizing head
40 so that the air nozzles 41 can move up and down individually
whileurgeddownward. Asheet-likesealingmaterial 42 inwhich
connection holes 42a (see Fig. 10) corresponding to the air
nozzles 41 are opened is disposed below the air nozzles 41.
When the pressurizing head 40 moves down, upper end openings
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of the ca;tridges 11 set in the cartridge holder 62 are pressed
and closed by the front ends of the air nozzles 41 through the
sealing material 42 so that pressurized air can be supplied
into the cartridges 11‘through the connection holes 42a.

Thé relief valve 44 is operated to open atmospheric air
when air is discharged from passages between the air pump 43
and the on-off valves 45. An air circuit is formed so that
the on-éff valves 45 are selectively operated to be opened so
‘that pressurized air can be introduced from the air pump 43
into the cartridges 11 through corresponding air nozzles 41.
That is, suction flow passages 14 are formed between the ailr
pump 43 and the cartridges 11. Pressurized air ié supplied
on the basis of an instruction given from the control portion
70. The pressure sensors 46 are disposed in the air nozzles
41 respectively and detect the préssures of the inside of the
cartridges individually. The pressure sensors 46 cooperate
with the control portion 70 to perform controlling for
determining completion of discharge of liquid on the basis of
the aforementioned algorithm in accordance with a pattern of
pressure change.
<Dispensing Mechanism>

The dispensingmechanism5has awashingliquiddispensing
nozzle 51w, an elution liquid dispensing nozzle 51lr, a washing
liquid supply pump 52w, an elution liquid supply pump 52r, and
a waste bottle 57. The washing liquid dispensing nozzle 51w
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and the elution liquid dispensing nozzle 51r are disposed in
a nozzle movement table 50 which can move horizontally on the
rack 6. The washing liquid supply pump 52w supplies a washing
liquid W stored in a washing liquid bottle 56w to the washing
liquid di.spensing nozzle 5lw. The elution liquid supply pump
52r supplies anelutionliquidRcollected into anelution ligquid
bottle 56r to the elution liquid dispensing nozzle 51r. The
waste bottle 57 is placed on the mount table 21.

The nozzle movement table 50 is held by a guide rail 27
set horizontally on a vertical wall 26 of the apparatus body
2 so that the nozzle movement table 50 can move horizontally.
The movement of the nozzle movement table 50 is stopped on the
caftridges 11 successively by a nozzle movement motor (pulse
motor) not shown. For restoration, the drive of the nozzle
movement table 50 is controlled éo that the nozzle movement
table 50 stops on the waste bottle 57. Each of the washing
liquid dispens‘ing nozzle 51w and the elution liquid dispensing
nozzle 51lr has a front end bent downward. The washing liquid
dispensing nozzle 51w is connected to the washing liquid supply
pump 52w through a change-over valve 55w. The washing liquid
supply pump 52w is conneécted to the washing liquid bottle 56w
through the change-over valve 55w. The elution liquid
dispensing nozzle 51r is connected to the elution liquid supply
pump 52r through a change-over valve 55r. The elution liquid
supply pump 52r is connected to the elution liquid bottle 56r
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through the change-over valve 55r. The washing liquid bottle
56w and the elution liguid bottle 56r are disposed on a side
of the apparatus body 2. The washing liquid supply pump 52w
and the elution liquid supply pump 52r are formed as syringe
pumps respectively. Pump motors 53w and 53r (pulse motors)
control to drive piston members of the syringe pumps so that
a predetermined amount of washing liquid W and a predetermined
amount of elution liquid R can be dispensed on the basis of
position detection by sensors 54w and 54r respectively. These
pump motors 53wand 53r and change—over valves 55wand 55r operate
on the basis of an instruction given from the control portion
70.

To dispense the washing liquid W or the elution liquid
R, the change-over valve 55w or 55r is switched to the washing
liquid bottle 56w side or the elﬁtion liquid bottle 56r side
to drive the pump motor 53w or 53r to move bac]; the piston member
of the washing liquid supply pump 52w or the elution liquid
supplypump 52r. Asaresult, thewashingliquidWor the elution
liquid R is sucked and stored into the washing liquid supply
pump 52w or the elution liquid supply pump 52r. Succeedingly,
the change-over valve 55w or 55r is switched to the washing
liquid dispensing nozzle 51w side or the elution liquid
dispensing nozzle 51lr side to drive the motor pump 53w or 53r
to push in the piston member of the washing liquid supply pump
52w or the elution liquid supply pump 52r. After the washing
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liquid or.the elution liquid is discharged from the washing
liquid dispensing nozzle 51w or the elution liquid dispensing
nozzle 51r to the waste bottle 57 until air in the passade is
exhausted, the drive of‘the washing liquid supply pump 52w or
fheelutiénliquidsupplypump52risstopped. Then, thewashing
liquid dispensing nozzle 51w or the elution liquid dispensing
nozzle 51r is moved on the cartridges 11. While the guantity
of drive of the washing liquid supply pump 52w or the elution
liquid supply pump 52r is controlled, a predetermined amount
of the washing liquid W or the elution liquid R is dispensed
into each cartridge 11.

Each of the washing liquid bottle 56w and the elution
liquid bottle 56r has a container body 56wb or 56rb, and a cap
56wu or 56ru. Slim pipe-like suction tubes 58w and 58r are
disposed in the caps 56wu and 56rﬁ respectively. Lower ends
of the suction tubes 58w and 58r are opened near bottom portions
ofthecontainerbodies56wband56rbsx>thatthewashingliquid
W or the elution liquid R can be sucked up in accordance with
theoperationofthewashiﬁgliquidsupplypump52wortheelution
liqguid supply pump 52r.

The mechanisms 3 to 5 are controlled to be driven on the
basis of a program stored in advance in a storage portion 72
connected to the control portion 70, by the control portion
70 associated with an input operation of an operation panel
7 disposed in the upper portion of the apparatus body 2.
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An Qperation of extractionby the nucleic acid extraction
apparatus 1 will be described specifically. First, the
cartridges 11 are set in the cartridge holder 62 in the rack
6 of the mount mechanism 3. The waste containers 12 and the
collectién containers 13 are set in the container holder 63
in the rack 6 of the mount mechanism 3. The rack 6 is placed
on the mount table 21 of the apparatus body 2 to perform
preparation. Then, aspecimenliquidsS subjectedtodissolving
treatment is injected into the cartridges 11 successively by
a pipette or the like. Incidentally, the specimen liquid S
may be injected into the cartridges 11 after or before the
cartridges 11 are set in the rack 6 before the rack 6 is mounted
in‘the apparatus 1.

When the apparatus is then operated by the operation of
the operation panel 7, the pressufizing head 40 moves down by
the drive of the elevationmotor 47 of the pressurized alr supply
mechanism 4 so that the front ends 49a of the pressure pins
49 are fittéd into the pin holes 62d of the cartridge holder
62 and press and move down the cartridge holder 62 to limit
the posifion of the cartridge holder 62. At the same time,
a lower end discharge portion 1lc of a cartridge 11 is inserted
by a predetermined quantity into a waste container 12 as shown
in Fig. 12 so that contamination with the discharged liguid
leaked out by scattering or the like can be prevented. The
pressurizing head 40 further moves down so that the lower end
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portion of each air nozzle 41 comes into pressure contact with
" the upper end opening of the cartridge 11 through the sealing
material 42 to thereby close the upper end opening of the
cartridge 11. On this occasion, because the position of the
cartridgé holder 62 is limited by the pressure pins 49, the
alrnozzles 4l cancome intopressure contact with the cartridges
11 respectively accurately to attain sure closure.

Then, pressurized air is supplied. The air pump 43 is
driven on the basis of an instruction given from the control
portion 70 in the condition that all the on-off valves 45 are
closed. The first on-off valve 45 is opened. A predetermined
amount of pressurized air is supplied from the air pump 43 to
the first cartridge 11 through the first air nozzle 41.

Then, the first on-off valve 45 is closed and the second
on-off valve 45 is opened. Pressufized ailr is supplied to the
second cartridge 11 through the second air nozzle 41. This
operation is rgpeated successively so that pressure is applied
on all the cartridges 11. When the specimen liquid S on which
pressure acts passes through the nucleic acid-adsorbent porous
film 11b, nucleic acid is adsorbed and held on the nucleic
acid-adsorbent porous f£ilm 11b. Other liquid components than
nucleic acid are discharged from the discharge portion 1llc of
the lower portion to the waste container 12. When all the
specimen liquid S passes through the nucleic acid-adsorbent
porous film 11b, pressure change as shown in Figs. 2A to 2C,
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4A to4cC and 6Ato 6Coccurs. Whenthepressurechange isdetected,
completionofdischargeof liquidis determined. Inthismanner,
when completion of extraction in all the cartridges 11 is
detected by the pressure sensors 46, the pressurizing head 40
is moved'up.

Then, processing is shifted to washing treatment. The
up movement of the pressurizing head 40 after supply of the
pressurized air is performed while the state shown in Fig. 12
is kept, that is, while the state where the air nozzle 41 is
departed from the cartridge 11 and stopped in the position where
the air nozzle 41 is moved up to a height allowing the nozzle
movement table 50 to move, the pressure pins 49 press the
caftridge holder 62 and the lower end of the cartridge 11 is
insertedintothewastecontainer12. Then, thenozzlemovement
table 50 is moved. The washing liquid dispensing nozzle 51w
is stopped on the first cartridge 11. A predetermined amount
of the washing.liquid W is dispensed into the first cartridge
11. Thenozzlemovement table 50 is moved to the next .cartridge
11 so that the washing liqﬁid W is dispensed into the cartridges
11 successively. When dispensing of the washing liquid W into
all the cartridges 11 is completed, the pressuring head 40 moves
down. After the lower end portion of each air nozzle 41 comes
into pressure contact with the upper end opening of a
corresponding cartridge 11 through the sealing material 42 to

close the upper end opening, the on-off valves 45 are operated
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successiv_ely in the same manner as described above. Thus,
pressurized air is supplied into the cartridges 11 in the same
manner as described above. The washing solution' W on which
pressure acts passes through the nucleic acid-adsorbent porous
film1llb t‘o thereby wésh and remove other impurities thannucleic
acid. The washing liquid W is discharged from the discharge
portion 1lc of the lower portion to the waste container 12.
When the washing liquid Win all the cartridges 11 is discharged
after passage through the nucleic acid-adsorbent porous film
11b, thepressurizinghead 40 ismovedup tothe initial position.
When the washing treatment needs to be performed several times,
the aforementioned operation is repeated.

Then, processing is shifted to collecting treatment.
First, the pressure pins 49 move up in accordance with the up
movement of thepressurizinghead 404after thewashing treatment,
so that the cartridge holder 62 of the rack 6 also moves up.
After the lowe; end discharge portion 11lc of the cartridge 11
moves up with respect to the waste container 12, the bperation
member 31 of the mount mechanism 3 is operated to move back
the container holder 63. The collection container 13 located
below the cartridge 11 is exchanged.

Then, the pressurizing head 40 moves down. The front
ends of the pressure pins 49 are fitted into the pin holes 62d
of the cartridge holder 62 to press the cartridge holder 62.
In this manner, the state where the lower end of the cartridge
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11 is inserted into the collection container 13 is kept. Then,
the nozzle movement table 50 is moved. The elution liquid
dispensing nozzle 51r is stopped on the first cartridge 11.
A predetermined amount of the elution liquid R is dispensed
into the first cartridge 11. The nozzle movement table 50 is
moved to thé next cartridge 11 so that the elution liquid R
is dispensed into the cartridges 11 successively. When
dispensing of the elution liquid R into all the cartridges 11
is completed, the pressuring head 40 moves down in the same
manner as described above. After the lower end portion of each
alr nozzle 41 is brought into pressure contact with the upper
end opening of the cartridge 11 through the sealing material
42 to close the upper end opening, the on-off valves 45 are
opened successively. Thus, pressurized air is supplied into
the cartridges 11 successively in fhe same manner as described
above. The elution liguid R on which pressure acts passes
through the nuc;leic acid-adsorbent porous film 11b to thereby
desorb nucleic acid adsorbed on the nucleic acid—édsorbent
porous film 11b. Thus, nucleic acid is discharged together
with the elution ligquid R from the discharge portion 11C of
the lower portion to the collection container 13. When the
elution liquid R in all the cartridges 11 is discharged to the
collection containers 13, the pressurizing head 40 is moved
up. Thus, a series of operations is completed.

After the extracting operation is completed, the rack
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6 is removed from the mount table 21. The cartridges 11 and
the waste containers 12 are taken out from the cartridge holder
62 and the container holder 63 and discarded. On the other
hand, the collection containers 13 are taken out from the4
containef holder 63, covered if necessary, and subjected to
the next nucleic acid analyzing treatment.

Although this embodiment has shown the case where a
pluralityofcartridge forisolationandpurificationofnucleic
acids 11 are mounted, the invention is not limited thereto.
For example, the invention may be applied to the case where
only one cartridge for isolation and purification of nucleic
acid 11 is mounted.

Any gas may be used as air supplied from the air pump
43 to the cartridge for isolation and purification of nucleic-
acid 11 as long as the gas has no‘influence on the property

of the liquid 16.

Industrial Applicability

According to the invention, when a liquid is injected
into a container having a nucleic acid-adsorbent solid phase
stored therein and is discharged from the container through
the nucleic acid-adsorbent solid phase by a pressure difference
generated between the inside and outside of the container,
completion of discharge of the liquid can be automatically
determined accurately and rapidly regardless of the difference
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in kind of the nucleic acid-adsorbent solid phase stored in
the céntainer, the difference in production lot of the nucleic
acid—adso;bent solid phase, the difference in production lot
of the container per se, the difference in the container in
each production lot, the kind of the liquid to be used, and
soon. Accordingly, inautomationof thenucleicacidisolation
and purification steps using the nucleic acid-adsorbent solid
phase excellent in isolating performance, efficiency can be
improved so greatly that takt time can be shortened and that
the throughput of isolation and purification can be improved

greatly.
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Claims

1. A method of automatically isolating and purifying
nucleicacid fromanucleicacid-containing specimen, themethod
comprises:

injecting a liquid into a cartridge for isolation and
purification of a nucleic acid including at least two openings
from one opening of the at least two openings, in which the
cartridge includes a container having the at least two openings
and containing a nucleic acid-adsorbent solid phase;

passing the liquid through the nucleic acid-adsorbent
solid phase by a pressure difference generated by a pressure
genérationlneans for generating a pressure difference between
the inside and outside of the container; and

discharging the liquid froﬁ the other épening of the
container to the outside of the container\by a pressure
difference generated by the pressure generation means,

whereinapressuregeneratedintheinsideoftheéontainer
by the pressure generation means is measured,

a pressure change velocity and a pressure change
acceleration are calculated on the basis of the value of the
measured pressure, and

the timing of completion of discharge of the liquid from
the container is determined by use of a temporal change pattern
of at least one of the measured pressure, the pressure change
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velocity and the pressure change acceleration.

2. The method according to Claim 1, wherein, when the
pressure of the inside of the container reaches a set value
in the mi'ddle of pressurizing the inside of the cartridge by
the pressure generation means, the pressurization by the
pressure generation means is stopped, and a point of time when
the préssure change acceleration in said container isminimized
after the stop of pressurization is determined as the timing

of completion of discharge of the liquid from the container.

3. The method according to Claim 1 or 2, wherein, when
thé pressure of the inside of the container does not reach a
set value in the middle of pressurizing the inside of the
cartridge by the pressure gene'rai;_ion means, at least one of
a point of time when the pressure in the container is maximized
and the pressure change velocity in the container becomes zero
or less and a point of time when the pressure in the container
is maximized and the pressure change acceleration in the
containerisminimized, isdeterminedasthe timingof completion

of discharge of the liquid from the container.

4. The method according to any one of Claims 1 to 3,
wherein, when the pressure of the inside of the container does
not reach a set value and is not maximized in the middle of
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pressurizing the inside of the cartridge by the pressure

generation means, a point of time when the pressure change
velocity in the container becomes lower than a threshold value,
is determined as the timing of completion of discharge of the

liquid from the container.

5. The method according to any one of Claims 1 to 4,
which comprises:

(1) injecting and pressurizing a nucleic acid-containing
specimen liquid into the container through one of the at least
two openings, and discharging the nucleic acid-containing
specimen liquid from the other opening to thereby adsorb a
nudleicacidcontainedji1thenucleicacid—containingspecimen
liquid to the nucleic acid-adsorbent solid phase;

(2) dispensing and pressurizing a washing liquid into
the coﬁtainer through one of the at least two openings, and
discharging‘thg washing liquid from the container through the
other opening to remove impurities; and

(3) dispensing and pressurizing an elution liquid into
the container through one of the at least two openings to isolate
and discharge the nucleic acid adsorbéd to the nucleic
acid-adsorbent solid phase from the container through the other
opening together with the elution ligquid to thereby collect

nucleic acid.
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6. The method according to Claim 5, wherein in response
of thedetermined timingof completionof discharge of the liquid,

the subsequent step is performed.

7. Anautomaticnucleic acid isolation and purification
apparatusforisolétingandpurifyingnucleicacidfromanucleic
acid-containing specimen, the apparatus comprising:

a cartridge for isolation,and.?urification.of a nucleic
acid, in which the cartridge includes a container having at
least twoopenings and containinganucleicacid-adsorbent solid
phase;

'a pressure generation means for generating a pressﬁre
difference between the inside and outside of the container in
the cartridge, in which a liquid injected into the container
through one of the at least two epenings is discharged from
Fhe other opening to the outside of the container through the
nucleic acid—edsorbent solid phase by a pressure difference
generated by the pressure generation means; and

a control portion for discharging the liquid from the
container on the basis of the method according to any one of

Claims 1 to 6.

8. The apparatus according to Claim 7, which further
comprises a means for measuring a pressure of the inside of
the container.
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9. The apparatus according to Claim 8, wherein the
control portion comprises: an arithmetic means for calculating
at least one of a pressure change velocity and pressure change
accelerafianonthebaéisofthevalueoftheneasuredpressure;
and a determination means for determining the timing of the
completion of discharge of the liquid on the basis of the
information from the arithmetic means, in which, in response
of thedetermined timingof completionof discharge of the liquid,

the subsequent step is performed.

10. The apparatus according to any one of Claims 7 to
9, wherein the nucleic acid-adsorbent solid phase is a porous
material including an organic macromolecule capable of
absorbing a nucleic acid by a weak interaction not concerned

with an ionic bond.

11. The apparatus according to Claim 10, wherein the
porous material includes an organic macromolecule having a

hydroxyl group. °

12. The apparatus according to any one of Claims 7 to
11, wherein the nucleic acid-adsorbent solid phase includes
an organicmaterial Iprepared by saponifying amixture of acetyl
celluloses different in an acetyl value.
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13. The apparatus according to Claim 12, wherein the

saponification rate of said mixture is not lower than 5 %.

14. The apparatus according to Claim 12 or 13, wherein
the organic material is a saponified mixture of triacetyl

cellulose and diacetyl cellulose.

15. The apparatus according to any one of Claims 7 to
14, wherein the nucleic acid-adsorbent solid phase is a porous
film, of which the front and back sides are asymmetrical with

each other.
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FIG. 1
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