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(57) ABSTRACT 
The present invention absorbs and captures nucleic compo 
nents from various specimens by a single stationary phase 
and ?nally recovers the nucleic components by eluting the 
captured nucleic components from the stationary phase. This 
invention enables recovery of nucleic components Without 
reducing the concentrations of nucleic acids and detection of 
speci?c nucleic components such as speci?c viruses. 
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METHOD OF RECOVERING A PLURALITY OF 
NUCLEIC ACIDS BY AN IDENTICAL 

STATIONARY PHASE AND AN APPARATUS 
THEREOF 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method of recov 
ering nucleic acids and an apparatus thereof, more particu 
larly a method and apparatus ?t to recover nucleic acids 
from some kinds of sample substances Without reducing the 
concentrations of the nucleic acids. 

[0002] As the molecular biology advances, many kinds of 
gene-related technologies have been developed and used to 
isolate and identify various infected genes. As the result, 
these molecular biological techniques have been employed 
by a Wide variety of ?elds including medical, diagnostic, and 
testing ?elds, enabling various neW diagnostic methods that 
had not been realiZed by conventional methods and dramati 
cally shortening test periods. 

[0003] This rapid progress is attributed mainly by a 
nucleic acid amplifying method, particularly by PCR (Poly 
merase Chain Reaction). 

[0004] As PCR can peculiarly amplify nucleic segments of 
a speci?c structure in a solution, for example, PCR can be 
used to testify to the existence of an extremely small amount 
of viruses in blood indirectly by amplifying and detecting a 
nucleic acid Which is the gene of the virus. 

[0005] HoWever, PCR has some problems When it is used 
for daily testing jobs in a clinical ?eld. The main concern is 
extraction and re?ning of nucleic acids in preprocessing. 
These steps are greatly affected by the inhibiting factors 
Which remain unremoved after re?ning. Hemoglobin in 
blood and surface-active agent used for extraction have been 
Widely knoWn as such inhibiting factors. 

[0006] Further, the extraction process requires time- and 
labor-consuming complicated manual operations by experts, 
Which mainly causes a hospital to hesitate to employ a neW 
gene testing system. The automation of this process has been 
longed for. 

[0007] In a blood center Which must quickly detect HCVs 
(hepatitis C virus), HIV (human immunode?ciency virus), 
and so on in a great many blood specimens, a screening 
(sieving) method is sometimes employed to quicken the test. 
The screening method comprises steps of mixing some 
specimens into one and testing it. This is because such 
viruses (HCV, HIV, etc.) are rarely detected and most 
specimen mixtures are free from such viruses. Only When 
such viruses are detected in a specimen mixture, the speci 
mens of the specimen mixture are individually tested. 

[0008] HoWever, in this screening method, the specimen 
mixture is diluted too much for example, one ?ftieth When 
50 specimens are combined into one or one ?ve-hundredth 
When ten SO-specimen mixtures are combined into one and 
the concentrations of specimens may go beloW those 
required to detect nucleic acids Which are the genes of such 
viruses. In extreme cases, the virus-positive specimens may 
be evaluated as virus-negative. 

[0009] For extraction of nucleic acids, Japanese Non 
examined Patent Publication HOS-320274 (1996) discloses a 
method of isolating genes by means of a plurality of con 
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tainers and tips for a single specimen. This method com 
prises the steps of mounting a ?rst tip onto the pipette noZZle 
Which is moved by a driving mechanism, sucking up a 
specimen into the ?rst tip, ?tting a ?lter Which breaks blood 
corpuscles to the loWer end of the ?rst tip and discharging 
the specimen from the ?rst tip to a ?rst container through 
this ?lter. 

[0010] The method further comprises the steps of 
demounting the ?lter and the ?rst tip from the pipette noZZle, 
mounting a second tip to the loWer end of the second tip, and 
sucking the specimen from the ?rst container into the second 

[0011] The method furthermore comprises the steps of 
?tting a silica membrane ?lter to the loWer end of the second 
tip to catch genes, and discharging the specimen from the 
second tip to the second container through the silica mem 
brane ?lter. With this, genes are caught by the silica mem 
brane and impurities are discharged to the second container. 

[0012] Further, the method comprises the steps of moving 
the pipette noZZle to a third container Which contains a 
Washing liquid, demounting the silica membrane ?lter Which 
has genes from the second tip, immersing the ?lter into the 
Washing liquid in the third container, mounting the third tip 
to the pipette noZZle from Which the second tip Was 
demounted, ?tting the Washed silica membrane to the loWer 
end of the third tip, sucking up a mixture of the Washing 
liquid and the genes into the third tip, and discharging the 
mixture to the fourth container. 

[0013] Japanese Non-examined Patent Publication H02 
289596 (1990) discloses a method of using silica particles 
Which can bind With nucleic acids in the presence of a 
chaotropic agent as a stationary phase for binding nucleic 
acids. This method comprises the steps of adding a specimen 
containing nucleic acids to a reaction container Which con 
tains a silica particle suspension and guaniZithiocyanate 
buffer solution Working as the chaotropic agent, mixing 
thereof, centrifugally separating a complex Which binds 
nucleic acids to silica particles, and disposing of the super 
natant solution. 

[0014] This method further comprises the steps of adding 
a Washing liquid to the complex residue, Washing thereof by 
means of a vortex mixer, Washing the complex precipitate 
With an aqueous solution of ethanol, Washing the precipitate 
again With acetone, removing acetone, drying the precipi 
tate, adding a buffer solution for elution to the dried com 
plex, and recovering the eluted nucleic acids. 

[0015] Further, Japanese Non-examined Patent Publica 
tion H11-266864 (1999) discloses a method comprising the 
steps of connecting a nucleic acid capturing tip Which 
contains a silica stationary phase to a noZZle, sucking and 
discharging a mixture of a specimen Which contains nucleic 
acids and a substance Which accelerates the nucleic acids to 
be bound to the stationary phase, causing the nucleic acids 
to be bound to the stationary phase in the nucleic acid 
capturing tip, and Washing this tip. 

[0016] The technology in accordance With Japanese Non 
examined Patent Publication H11-266864 (1999) enables 
automated extraction of nucleic acids. 

[0017] HoWever, as the technology in accordance With 
Japanese Non-examined Patent Publication HOS-320274 
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(1996) is so constructed to capture genes When discharging 
the specimen from the second tip through the silica mem 
brane, the time in Which the specimen is in contact With the 
silica membrane is very short and the rate of capturing genes 
is loW. This may cause a suspected virus-negative case. 

[0018] Further, the technology in accordance With Japa 
nese Non-examined Patent Publication H02-289596 (1990) 
requires a centrifugal separation process Which is an 
obstacle to automation of the re?ning process and takes a lot 
of time for re?ning. 

[0019] As already explained above, although the screening 
method can increase the test speed, the specimen is diluted 
doWn to about one hundredth and high-accuracy detection of 
viruses (HCV, HIV, etc.) cannot be expected. 

[0020] Therefore, any other fast and high-precision testing 
method than the screening method has been longed for. 

[0021] A comprehensive object of the present invention is 
to provide a method and apparatus Which can automatically 
recover nucleic segments of a speci?c structure from a bio 
specimen. 

SUMMARY OF THE INVENTION 

[0022] The present invention has attained the aforesaid 
object by claims, particularly by making a plurality of 
specimens in contact With a stationary phase for extracting 
nucleic acids, capturing nucleic acids from the specimens by 
a single stationary phase, and extracting thereof by an eluate. 

[0023] A ?rst embodiment of the present invention com 
prises the steps of making a plurality of specimens contain 
ing nucleic components in contact With a stationary phase 
Which can bind With said nucleic components, letting said 
stationary phase absorb the nucleic acids from the speci 
mens, separating other components Which are left unab 
sorbed from said stationary phase, performing said tWo 
processes on each of the other specimens, letting said 
stationary phase absorb nucleic acids, making an eluate in 
contact With said stationary phase, discharging thereof, and 
eluting. This-embodiment further comprises the steps of 
removing components that are not absorbed by the station 
ary phase, applying a Washing liquid to said stationary 
phase, and discharging the Washing liquid to Wash the 
stationary phase. 
[0024] A second embodiment of the present invention 
comprises the steps of passing a plurality of specimens 
containing nucleic components into a capillary having a 
stationary phase Which can bind With said nucleic compo 
nents, letting said stationary phase absorb and bind With the 
nucleic acids in the specimen, discharging the other com 
ponents that are not absorbed and bound by said stationary 
phase, Washing the stationary phase With a Washing liquid by 
sucking the Washing liquid into the capillary and discharging 
the Washing liquid into the capillary, repeating said steps on 
every specimen to cause the identical stationary phase to 
absorb and bind With the nucleic acids, sucking an eluate 
into said capillary, discharging the eluate, and thus eluting 
the nucleic components from the stationary phase. This 
method can have a step of adding a substance Which 
accelerates binding of the nucleic components having a 
speci?c structure With the stationary phase to said specimen 
before the step of passing a plurality of specimens contain 
ing nucleic components into a capillary having a stationary 
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phase Which can bind With said nucleic components and 
letting said stationary phase absorb and bind With the nucleic 
acids in the specimen. Further, a specimen containing 
nucleic components can be divided into some samples. Said 
capillary should have a capillary tip at the end thereof and 
said stationary phase can be placed in said tip. Further said 
tip should be mountable on and demountable from said 
capillary. 

[0025] A third embodiment of the present invention com 
prises the steps of preparing a plurality of specimens N 
(Wherein “N” is the number of specimens equal to or greater 
than 10) containing nucleic components, mixing at least one 
part of said specimens, preparing mixed specimens N/n 
(Wherein “n” is an integer equal to or greater than 2 and “n” 
of respective mixed specimens can be identical or different) 
or a set of mixed specimens and single specimens, making 
said specimen (mixed or single) in contact With a stationary 
phase Which can bind With said nucleic components, making 
said stationary phase contact With and absorb the nucleic 
acids in the specimens, removing the other components 
Which are not absorbed and bound from said stationary 
phase, feeding a Washing liquid to said stationary phase, 
discharging said Washing liquid (thus Washing the stationary 
phase), repeating these steps on each of the other mixed or 
single specimens, letting the same stationary phase absorb 
and bind With nucleic components, supplying an eluate to 
the stationary phase, discharging the eluate from the sta 
tionary phase, and thus eluting the nucleic components from 
said stationary phase. In other Words, an object of the present 
invention is to recover nucleic acids from a lot of specimens 
or samples Without reducing the concentrations of the 
nucleic acids. If necessary or if circumstances permit, the 
method in accordance With the present invention can com 
prise the steps of mixing a plurality of specimens into one 
sample, performing absorption, binding, and Washing steps 
on this sample (mixture of specimens), repeating these steps 
on the other mixed or single sample, letting the same 
stationary phase to absorb nucleic components, and ?nally 
eluting nucleic acids from the stationary phase. Further, this 
method can have a step of adding a substance Which 
accelerates binding of the nucleic components having a 
speci?c structure With the stationary phase to said specimen 
before the step of passing said specimens through the 
stationary phase. This step can let the stationary phase 
absorb and bind nucleic acids of the selected structure only. 

[0026] A fourth embodiment of the present invention 
comprises the steps of 

[0027] performing a ?rst process Which comprises 
the steps of mixing a plurality of prepared specimens 
N (Wherein “N” is the number of specimens equal to 
or greater than 10) containing nucleic components, 
preparing mixed specimens N/n (Wherein “n” is an 
integer equal to or greater than 2 but smaller than 
“N” and “n” of respective mixed specimens can be 
identical or different) or a set of mixed specimens 
and single specimens, making said specimen (mixed 
or single) in contact With a stationary phase Which 
can bind With nucleic components of a speci?c 
structure in a container, and letting said stationary 
phase absorb and bind With said nucleic acids in the 
specimen and a second process Which comprises a 
step of removing the other components Which are not 



US 2005/0084886 A1 

absorbed and bound from said stationary phase on 
each of the other mixed or single specimens, 

[0028] letting said stationary phase absorb and bind 
With the target nucleic acids, 

[0029] supplying an eluate into said container, 

[0030] discharging the eluate from the stationary 
phase, and 

[0031] thus eluting the nucleic components from said 
stationary phase. 

[0032] A ?fth embodiment of the present invention com 
prises the steps of 

[0033] performing a ?rst process Which comprises 
the steps of mixing a plurality of prepared specimens 
N (Wherein “N” is the number of specimens) con 
taining nucleic components, preparing mixed speci 
mens N/n (Wherein “n” is an integer equal to or 
greater than 3 but smaller than “N” and “n” of 
respective mixed specimens can be identical or dif 
ferent) or a set of mixed specimens and single 
specimens, making said specimen (mixed or single) 
in contact With a stationary phase Which can bind 
With nucleic components of a speci?c structure in a 
container, and letting said stationary phase absorb 
and bind With said nucleic acids in the specimen, a 
second process Which comprises a step of removing 
the other components Which are not absorbed and 
bound from said stationary phase, and a third process 
Which comprises the steps of applying a Washing 
liquid to said stationary phase, discharging said 
Washing liquid, and thus Washing said stationary 
phase on each of the other mixed or single speci 
mens, 

[0034] letting said stationary phase absorb and bind 
With the target nucleic acids, 

[0035] supplying an eluate into said container, 

[0036] discharging the eluate from the stationary 
phase, and 

[0037] thus eluting the nucleic components from said 
stationary phase. 

[0038] Arecovery apparatus Which is another embodiment 
of the present invention comprising the steps of making a 
specimen containing nucleic components in contact With a 
stationary phase Which can bind With said nucleic compo 
nents in an area, causing said stationary phase to absorb and 
bind With said nucleic components, and eluting said nucleic 
components for recovery comprises a means Which scans 
over said in a preset sequence, a ?rst means Which supplies 
said specimen to said area, a second means Which removes 
the other components Which are not absorbed and bound 
from said stationary phase, and a third process Which 
comprises the steps of applying a Washing liquid to said 
stationary phase, discharging said Washing liquid, and thus 
Washing said stationary phase on each of the other mixed or 
single specimens, a third means Which supplies a Washing 
liquid to said area, and a mean Which supplies an eluting 
solution to said stationary phase, Wherein said ?rst, second, 
and third means exert upon each specimen in sequence to 
cause said stationary phase to absorb and bind With nucleic 
acids and the eluting solution is supplied to said stationary 
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phase to elute said nucleic acids. Said apparatus can further 
comprise a means for mixing said specimen With a substance 
Which accelerates nucleic components of a speci?ed struc 
ture to be bound to said stationary phase prior to the step of 
adding said specimen to said stationary phase to contact. 
Further, said area of said recovery apparatus is a capillary 
having a capillary tip at the end of the capillary. Said 
stationary phase can be put in said tip. Furthermore, said tip 
is mountable on and removable from said capillary. 

[0039] Another embodiment of the present invention pro 
vides a recording medium storing a processing program 
Which executes the steps of applying a specimen containing 
nucleic components to a stationary phase Which can bind 
With said nucleic components, letting said nucleic compo 
nents be absorbed and bound by said stationary phase, 
removing the other components Which are left unbound and 
unabsorbed from said stationary phase, performing these 
tWo steps on each of the other specimens, letting nucleic 
components be absorbed by said stationary phase, supplying 
an eluting solution to said stationary phase, discharging the 
used eluting solution, and eluting said nucleic components 
from said stationary phase. This processing program can 
contain the steps of applying a Washing solution to said 
stationary phase and removing the used Washing solution 
after a step of removing the other components Which are left 
unbound and unabsorbed from said stationary phase. 

[0040] By repeating absorption, binding, and Washing on 
the identical stationary phase and ?nally eluting nucleic 
components from said stationary phase, the method of the 
present invention can recover nucleic components Without 
reducing the concentrations of nucleic acids and conse 
quently, this method enables detection of target nucleic acids 
such as target viruses. 

[0041] For example, to inspect 50 specimens, said method 
can mix up all of the specimens or tWo or more specimens 
as unit samples (a mixed sample or a set of mixed samples 
and single samples), perform absorption, binding, Washing, 
and elution on each of the sample unit on a single stationary 
phase. This method is applicable even When the concentra 
tion of nucleic acids of a specimen is very loW to be 
detected. This method can ef?ciently recover nucleic acids 
Without reducing the concentration of nucleic acids. When a 
specimen contains an extremely loW concentration of a 
speci?c nucleic acid to be detected, it is preferable to inspect 
the specimen alone Without mixing it With the others. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a ?oWchart explaining a method of 
recovering nucleic acids Which is one embodiment of the 
present invention. 

[0043] FIG. 2 is a plane vieW of a nucleic acid recovering 
apparatus for executing a method of recovering nucleic acids 
of a speci?c structure Which is one embodiment of the 
present invention. 

[0044] FIG. 3 shoWs a How path to recover nucleic 
components from a syringe through a noZZle holder and a 
noZZle. 

[0045] FIG. 4 is an explanatory vieW of mounting a 
separation/injection tip to the noZZle. 

[0046] FIG. 5 is an explanatory vieW of demounting a 
separation/injection tip from the noZZle. 
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DETAILED DESCRIPTION OF THE 
PREFERRED INVENTION 

[0047] Some embodiments of the present invention will be 
explained below with the accompanying drawings. 

[0048] FIG. 1 is a ?owchart explaining a method of 
recovering nucleic acids-which is one embodiment of the 
present invention. FIG. 2 is a plane view of a nucleic acid 
recovering apparatus for executing a method of recovering 
nucleic acids of a speci?c structure which is one embodi 
ment of the present invention. FIG. 3 shows a How path to 
recover nucleic components from a syringe through a noZZle 
holder and a noZZle. 

[0049] FIG. 4 is an explanatory view of mounting a 
separation/injection tip to the noZZle. FIG. 5 is an explana 
tory view of demounting a separation/injection tip from the 
noZZle. 

[0050] The syringes 10 and 32 in FIG. 2 through FIG. 5 
can suck and discharge liquid automatically and indepen 
dently. The syringes 10 and 32 are respectively connected to 
noZZles 35 and 37 with capillaries 34 and 39. 

[0051] The noZZles 35 and 37 are respectively held by 
noZZle holders 17 and 33. The noZZle holders 17 and 33 are 
mounted on the arm 16 so that they can respectively move 
in Y and Z directions. The arm 16 is movable in the X 
direction to cover the major part of the panel of the appa 
ratus. (The “Y” direction is along the shorter edge (up to 
down) of FIG. 2 and the “X” direction is along the longer 
edge (left to right) of FIG. 2. The Z direction is perpen 
dicular to FIG. 2.) 

[0052] The apparatus has three tip holders 14 each of 
which holds a plurality of tips 15. Any number of tip holders 
is selectable. The reaction container rack 23 can hold 
forty-eight reaction containers 24 and the re?ned material 
container rack 25 can hold forty-eight re?ned material 
containers 26. The re?ned material container rack 25 has a 
cooling mechanism (not visible) under it to keep the re?ned 
material container rack 25 cooled. 

[0053] The nucleic acid recovery apparatus has at least 
one washing liquid bottle 19, one eluting liquid bottle 20, 
one diluting liquid bottle 21, and one accelerator bottle 22. 
(The number of bottles is arbitrary.) A heating mechanism 
(not visible) is provided under the eluting liquid bottle 20 
and the accelerator bottle 22 to heat the bottles 19 through 
22. The separation tip rack 30 can has forty-eight separation 
tip (capillary tips) 31. 

[0054] The nucleic acid recovery apparatus controls the 
movement of the arm 16 and the noZZle holder 17 to position 
the arm 16 and the noZZle 35 over the target separation/ 
injection tip 15 in the tip holder 14. The apparatus moves 
down the noZZle holder 17 to make the noZZle 35 contact 
with the preset position of the separation/inj ection tip 15 and 
automatically mount the tip 15 to the lower end of the noZZle 
35. Similarly the noZZle 37, the noZZle holder 33, and the 
arm 16 are controlled to mount the separation tip 31 to the 
lower end of the noZZle 37. 

[0055] Next, the arm 16 and the noZZle holder 17 are 
controlled to position the noZZle 35 to the upper front of the 
tip puller 27. Then the noZZle holder 17 is controlled to put 
the joint between the noZZle 35 and the tip 15 below the tip 
puller 27, move the noZZle 35 toward the tip puller 27 until 
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the joint ?ts to the tip puller 27, and move up the noZZle 
holder 17. With these steps, the tip 15 is automatically pulled 
out from the noZZle 35. (See FIG. 5.) Similarly, the noZZle 
37, the noZZle holder 33, and the arm 16 are controlled to 
automatically pull out the separation tip 31 from the noZZle 
37. It is possible to classify the used tips by types for 
disposal by providing a plurality of tip pullers by tip types. 

[0056] The droplet pans 11 and 28 are provided to receive 
droplets from the noZZles 35 and 37 and drain out the liquid. 
These pans 11 and 28 also function as the home positions of 
the noZZles 35 and 37. The washing basin 18 is provided to 
wash a separation/injection tip 15 mounted on the noZZle 35 
of the noZZle holder 17 with water. 

[0057] Referring to FIG. 3, the separation tip 31 contains 
two holding material layers 38 and 39 and a stationary phase 
36 therebetween in the tip 31. These layers 38 and 39 
prevent the stationary phase from moving from the tip 31 
into the noZZle 35 or 37 (capillary). The pore siZe of the 
holding material 38 is smaller than the outer diameters of 
stationary phase particles. 
[0058] To prevent the holding material 38 from going out 
from the separation tip 31, the separation tip 31 is tapered at 
the lower end and the outer diameter of the holding material 
layer 38 is made greater than the inner diameter of the 
tapered tip end. The separation tip 31 has a projection to 
guide the holding material 38 to be installed on the inner 
wall of the tip 31. Further the separation tip 31 can be stored 
in the separation tip rack 30 of the apparatus (FIG. 2). 
Specimens are prepared in the rack 12 of the apparatus. 

[0059] The inspector causes the nucleic acid recovery 
apparatus to start a preset operation after putting the sepa 
ration/injection tip rack 14 with separation/injection tips 15, 
the separation tip rack 30 with the separation tips 31, reagent 
bottles, reaction containers 24, and the re?ned material 
container rack 26 in place on the nucleic acid recovery 
apparatus. Amethod of recovering nucleic acids which is an 
embodiment of the present invention will be explained 
below referring to FIG. 1 through FIG. 3. This embodiment 
causes the stationary phase to absorb and bind with every 
single specimen (instead of mixing the specimens), repeats 
these steps on every specimen, washes the stationary phase, 
elutes nucleic components from the stationary phase, and 
?nally recovers a mixture of nucleic components from all 
specimens. However, as already described, some or all of the 
specimens can be mixed up and processed in the same 
manner to get a mixture of nucleic components from all 
specimens. The present invention is also characteriZed by 
collecting all nucleic mixtures onto a single stationary phase 
site such as a stationary phase placed in a single capillary 
and eluting the nucleic components from the stationary 
phase. 
[0060] The ?rst process comprises the steps of controlling 
the movement of the arm 16 and the noZZle holder 17 to 
mount a separation/injection tip 15 onto the noZZle 35, 
controlling the movement of the arm 16, the noZZle holder 
17, and the syringe 10 to suck a preset amount of the binding 
accelerator from the accelerator bottle 22, causing the noZZle 
35 to suck a preset amount of air, moving the tip 15 to the 
washing basin 18, and wash the outer wall of the tip 15 with 
clean water. 

[0061] The ?rst process further comprises the steps of 
moving the noZZle holder having the washed noZZle to a 
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selected specimen 13, sucking a preset amount of specimen 
into the nozzle 35 by controlling the operation of the 
syringe, moving the noZZle holder 17 to a selected reaction 
container 24 in the reaction container rack 23, and discharg 
ing all amount of the specimen from the noZZle. 

[0062] In this case, it is possible to manually handle 
specimens instead of placing them on the apparatus. The ?rst 
process further comprises sucking and discharging the speci 
men and the binding accelerator into and from the noZZle to 
mix thereof, moving the noZZle holder 17 to the tip puller 27, 
and removing the tip 15 from the noZZle 35 by a preset 
operation. 
[0063] The second process comprises the steps of control 
ling the movement of the arm 16 and the noZZle holder 33 
to mount a separation tip 31 to the noZZle 37 by a preset 
operation, moving the noZZle holder 33 to a reaction con 
tainer 24 having said mixture on the reaction container rack 
23, controlling the syringe 32 to suck the mixture into the 
separation tip 31, further controlling the syringe 32 to repeat 
suction and discharge into and from the noZZle 37 by a preset 
number of times, and contacting the mixture With the 
stationary phase capable of binding With a selected base 
structure. 

[0064] The third process comprises the steps of repeating 
suction and discharge into and from the noZZle 37 by a preset 
number of times, sucking the mixture from the reaction 
container 24 into the separation tip 31, controlling the 
movement of the arm 16 and the noZZle holder 33 to position 
the noZZle over the drain port 29, discharging the mixture 
from the separation tip 31 by the control of the syringe 32, 
then controlling the movement of the arm 16 and the noZZle 
holder 33 to move the noZZle to the droplet pan 28. 

[0065] The third-A process judges Whether each of the ?rst 
to third processes is repeated by a preset number of times 
(that is, as many as the number of specimens). If the 
repetition is not complete yet, control is returned to the ?rst 
process using the tip 15 having the same stationary phase 36 
(Without changing the stationary phase). When the repetition 
is complete, control is transferred to the fourth process. If 
this third-A process is provided, the fourth-A process is 
omitted. Similarly, if this fourth-A process is provided, the 
third-A process is omitted. 

[0066] The fourth process comprises the steps of control 
ling the movement of the arm 16 and the noZZle holder 33 
to mount a separation/injection tip 15 to the noZZle 35 by a 
preset operation, controlling the movement of the arm 16, 
the noZZle holder 17, and the syringe 10 to suck a preset 
amount of a Washing liquid from the Washing liquid bottle 
19, moving the noZZle holder 17 to a selected reaction 
container 24 on the reaction container rack 23, and discharg 
ing the Washing liquid from the noZZle 35 to the reaction 
container 24. 

[0067] The fourth process further comprises the steps of 
controlling the movement of the arm 16 and the noZZle 
holder 17 to move the noZZle holder to the tip puller 27 and 
removing the tip 15 from the noZZle 35 by a preset operation. 

[0068] The fourth process further comprises the steps of 
moving the noZZle holder 17, controlling the movement of 
the arm 16 and the noZZle holder 33 to position the noZZle 
35 over a selected reaction container 24 on the reaction 
container rack, controlling the operation of the syringe 32 to 
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suck a Washing liquid into the separation tip 31, repeating 
suction and discharge by the preset number of times by 
controlling the operation of the syringe 32 to Wash the 
stationary phase 36 With the Washing liquid. It is also 
possible to feed the mixture from the reaction container 24 
directly into the noZZle 37 or the separation/injection tip 15 
through another capillary (instead of sucking the mixture). 

[0069] After suction and discharge is repeated by a preset 
number of times, the fourth process further comprises the 
steps of sucking a Washing liquid from a reaction container 
24 into the separation tip 31, controlling the movement of 
the arm 16 and the noZZle holder 33 to move the noZZle to 
the drain port 29, discharging the Washing liquid from the 
separation tip 31 by the operation of the syringe 32, and 
controlling the arm 16 and the noZZle holder 33 to move the 
noZZle to the droplet pan 28. 

[0070] The fourth process can be repeated by a preset 
number of times if necessary. For repetition of the process 
at higher ef?ciency, the process can comprise the steps of 
sucking a Washing liquid by a number of times into the tip 
15, discharging a required quantity of the liquid to the 
reaction container 24, moving the noZZle to the droplet pan 
11, operating the separation tip 31, and discharging a 
required quantity of the Washing liquid to the reaction 
container 24. 

[0071] The fourth-A process judges Whether each of the 
?rst to fourth processes is repeated by a preset number of 
times (that is, as many as the number of specimens). If the 
repetition is not complete yet, control is returned to the ?rst 
process using the tip 15 having the same stationary phase 36 
(Without changing the stationary phase). When the repetition 
is complete, control is transferred to the ?fth process. 

[0072] The ?fth process comprises the steps of controlling 
the movement of the arm 16 and the noZZle holder 17 to 
mount a separation/injection tip 15 on the noZZle 35 by a 
preset operation, controlling the movement of the arm 16, 
the noZZle holder 17, and the syringe 10 to suck a preset 
amount of Washing liquid from the eluting liquid bottle 20. 
It is also possible to feed the Washing liquid from the bottle 
20 directly into the noZZle 37 or the separation/injection tip 
15 through another capillary (instead of sucking the liquid). 
The ?fth process further comprises the steps of moving the 
noZZle holder 17 to the reaction container rack 23 and 
discharging the Washing liquid from the noZZle to a selected 
reaction container 24. 

[0073] The ?fth process further comprises the steps of 
controlling the movement of the arm 16 and the noZZle 
holder 17 until the noZZle holder 17 ?ts to the tip puller 27, 
and removing the tip 15 from the noZZle 35 or 37 by a preset 
operation. 

[0074] The ?fth process further comprises the steps of 
controlling the movement of the arm 16 and the noZZle 
holder 17 to position the noZZle over a selected reaction 
container 24 containing an eluting solution on the reaction 
container rack 23, controlling the syringe 32 to suck the 
eluting solution into the separation tip 31, repeating suction 
and discharge by a preset number of times by the control of 
the syringe 32, and thus eluting nucleic components from the 
stationary phase 36. 

[0075] The ?fth process further comprises the steps of 
sucking the eluting solution from the reaction container 24 
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into the separation tip 31, controlling the movement of the 
arm 16 and the nozzle holder 17 to position the noZZle over 
a selected re?ned material container on the re?ned material 
container rack 25, discharging the eluting solution from the 
separation tip 31 by the control of the syringe 32, and 
controlling the movement of the arm, and the noZZle holder 
33 to position the noZZle over the droplet pan 28. 

[0076] The ?fth process can be repeated by a preset 
number of times if necessary. For repetition of the process 
at higher ef?ciency, the process can comprise the steps of 
sucking a Washing liquid by a number of times into the tip 
15, discharging a required quantity of the liquid to the 
reaction container 24, moving the noZZle to the droplet pan 
11, operating the separation tip 31, and discharging a 
required quantity of the Washing liquid to the reaction 
container 24. 

[0077] After completing the ?fth process, the apparatus 
controls the movement of the arm 16 and the noZZle holder 
33 until the noZZle ?ts to the tip puller 27, and demounting 
the separation tip 31 from the noZZle 37 by a preset opera 
tion. 

[0078] As described above, the ?rst process to the third 
process or to the fourth process are repeated using an 
identical tip. During this repetition, the stationary phase 36 
in the identical tip accumulates nucleic components of all 
specimens. Finally, the ?fth process is performed on this 
stationary phase. This method can recover nucleic compo 
nents Without reducing the concentrations of nucleic acids 
and enables detection of nucleic acids of speci?c viruses in 
the nucleic acids. 

[0079] In other Words, for inspection of ?fty specimens, 
the ?rst process to the third process or to the fourth process 
are repeated on each of the specimens using an identical tip 
(Without diluting the specimens). This method can ef?ciently 
recover nucleic acids even from specimens containing 
nucleic acids Whose concentration is not enough to be 
detected Without reducing the concentrations. Further, this 
method uses a stationary phase 36 to capture nucleic acids 
and enables automatic recovery of nucleic acids. This 
method further comprises a siXth process Which keeps 
cooling the liquid for eluting nucleic components of a 
selected structure (eluted in the ?fth process). 

[0080] As described above, the embodiment of the present 
invent-on can provide a quick, simple, accurate and inex 
pensive method and apparatus for automatically recovering 
nucleic components of a speci?c structure from biological 
specimens containing nucleic acids Without reducing the 
concentration of the specimens. 

[0081] Particularly, this method is effective for quick 
treatment of a lot of large-quantity specimens containing 
nucleic acids such as blood specimens before blood trans 
fusion. (The conventional nucleic acid recovering method 
takes much time to treat such a large number of specimens 
and must classify the specimens into some groups for quick 
treatment.) The method in accordance With the present 
invention can quickly recover nucleic acids from a large 
number of specimens Without reducing the concentrations 
and sensitivity of detection. Naturally, this method can 
greatly reduce the time to recover nucleic acids from a large 
quantity of specimens and to detect viruses (such as HCV 
and HIV) in the specimens. 
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[0082] Further, as this method and apparatus can increase 
the yield of recovery of nucleic acids from specimens, they 
are effective When it is doubtful Whether nucleic acids Whose 
concentration is very loW in a specimen are recovered or 
When the concentration of a specimen is increased to get a 
higher yield of recovery of nucleic acids. 

[0083] In said ?rst process, sodium chloride NaCl can be 
used as a substance to accelerate nucleic components to be 
bound With the stationary phase. This accelerator Will not 
give any in?uence to processes after nucleic components are 
recovered. This accelerator unlike organic solvents has 
almost no in?uence upon human bodies and environments. 

[0084] The stationary phase capable of binding With 
nucleic components in the second process can be any as far 
as it can retain nucleic components in the second process to 
the fourth process and it is insoluble to the liquids used in the 
?rst process to the fourth process. The stationary phase can 
be prepared by a publicly-knoWn technology and substan 
tially practicable for binding With nucleic acids. Further, this 
embodiment repeats suction of a solution from a container to 
a tip and discharging a solution from a tip to a container 
several times to assure contact betWeen nucleic acids and the 
stationary phase. This increases the ef?ciency of binding and 
reproductivity. Separation of liquid components from the 
stationary phase in the third process requires no additional 
process and equipment and can be accomplished by a simple 
device con?guration. The means for Washing the stationary 
phase binding With nucleic components in the fourth process 
requires no additional process and equipment as Well as in 
the third process and can be accomplished by a simple 
device con?guration. The fourth process can be repeated to 
assure Washing. 

[0085] The eluting process (the ?fth process) comprises 
suction or injection and discharge of an eluting solution and 
can be accomplished by a simple device con?guration as 
Well as in the second and fourth processes. The ?fth process 
can be repeated several times to increase the yield of 
recovery. When these processes are performed on each of 
specimen parts divided from a specimen having nucleic 
components, the nucleic components accumulated on the 
stationary phase increases as the specimen parts are sucked. 
Therefore, even When the concentration of nucleic acids in 
a specimen is very loW, the amount of nucleic acids enough 
for detection can be obtained by this repetition. 

[0086] The cooling process as said siXth process cools the 
solution Which passed the ?fth process to keep the recovered 
nucleic acids stable. This process can reduce the evaporation 
from the recovered liquid. 

[0087] When a control unit of an automatic analyZing 
apparatus controls operations so that said ?rst to third or 
fourth processes may be performed on a plurality of speci 
mens using an identical stationary phase, a processing 
program must be stored on memory in the control unit. This 
method is also characteriZed by medium for recording said 
processing program. 

[0088] In other Words, said medium must store a process 
ing program Which controls the suction, discharging, and 
movement of said capillary to execute said ?rst to third 
processes or said ?rst to fourth processes and the ?fth 
process respectively on each of specimens containing 
nucleic acids using an identical stationary phase. 
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[0089] Said medium can store a processing program Which 
divides one specimen containing nucleic components into a 
plurality of specimen units and controls the suction, dis 
charging, and movement of said capillary to eXecute said 
?rst to third processes or said ?rst to fourth processes and the 
?fth process respectively on each of specimen units con 
taining nucleic acids using an identical stationary phase. 
Therefore, this embodiment of the present invention can 
provide a method and apparatus for automatically recover 
ing nucleic components having a speci?c structure from 
biological specimens. 

[0090] Embodiment 2 

[0091] This embodiment prepared a total of ten specimen 
groups comprising ten miXed specimen groups (4 specimens 
per miXed specimen group) and ten single specimen groups 
from ?fty biological specimens, performed addition of a 
binding accelerator, absorption of each specimen group to a 
stationary phase (silica membrane), removal of materials 
Which are left unabsorbed, Washing of the stationary phase 
on each group, and eluted re?ned nucleic miXtures contain 
ing nucleic acids in all specimens. 

1-11. (canceled) 
12. A nucleic acid recovering apparatus Which applies 

specimens containing nucleic components in an area to a 
stationary phase capable of binding With said nucleic com 
ponents to make said nucleic components be absorbed and 
bound by said stationary phase and elutes said nucleic 
components from said stationary phase for recovery, com 
prising means to scan said area in a predetermined sequence, 
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?rst means to supply said specimen to said area, second 
means to remove components Which are left unab 

sorbed from said stationary phase, 

third means to supply a Washing liquid to said area, and 

means to apply an eluting solution to said stationary 
phase; Wherein 

the apparatus controls to perform said ?rst, second, and 
third means in sequence, to cause an identical station 

ary phase to absorb and bind With target nucleic com 
ponents, and to apply an eluting solution to said sta 
tionary phase to elute nucleic components from said 
stationary phase. 

13. A nucleic acid recovering apparatus in accordance 
With claim 12, further comprising means to add a substance 
Which accelerates nucleic components having a speci?c 
structure to be bound With the stationary phase before 
applying said specimen to said stationary phase. 

14. A nucleic acid recovering apparatus in accordance 
With claim 12, Wherein said area is a capillary having a 
capillary tip at the loWer end and the capillary tip contains 
said stationary phase in it. 

15. A nucleic acid recovering apparatus in accordance 
With claim 14, Wherein said tip can be mounted on and 
demounted from said capillary. 


