SAMPLE SEPARATION/TRANSFER DEVICE AND SAMPLE ANALYIS METHOD

TECHNICAL FIELD
[0001]The present invention relates to electrophore
particular, relates to a sample separation/transfer
that separates analyte by way of electrophoresis, t
the separated analyte to a transfer membrane, and t

performs subsequent processing.

BACKGROUND ART

[0002]After the completion of the human genome proj
the present day, the relationship between various d
biopolymers has been being clarified. In particula
which are one type of biopolymer directly, impart t
functions of the cells, organs and internal organs
organisms, and the possibility of causing many dise
the differences in amino acid sequence and stereost
the sugar chain, and chemical modifications such as
phosphorylation, etc. is starting to become clear.
[0003]In such a situation, an abundance of proteome
is being performed. Proteome indicates an entire s
proteins that are translated and produced in specif
organs and internal organs, and as analysis thereof
profiling, functional analysis, etc. of proteins ca
exemplified. Thereamong, the proteins synthesized
bodies after translation of proteins have been know
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posttranslational modification such as phosphorylat
the acquisition of information related to the chemi
modification of proteins can be one of the importan
in future proteome analysis. For this reason, meth
separating and analyzing samples in which a plurali
proteins coexist with high precision are given emph
the development of devices for this purpose is bein
[0004]Currently, as separation techniques for benef
proteins, there is gel electrophoresis, capillary
electrophoresis, liquid chromatography, etc.; howev
electrophoresis is widely employed in general due t
of ease and separability thereof.

[0005]Currently, in the detection of chemical modif
proteins, a technique of performing Western blottin
electrophoresis is mainly adopted. Samples of prot
separated by way of electrophoresis are fixated by
adsorb to a transfer membrane by a technique called
(blotting). Subsequently, when the proteins adsorb
transfer membrane are overlaid with a specific anti
probe with fluorescence labeling or radioactive mar
becomes possible to detect specific proteins based
antigen-antibody reaction. This flow sequence is r
as Western blotting. A nitrocellulose membrane, PV
(polyvinylidene difluoride) membrane, or the like t
sample easily bonds and has high hydrophobicity is
transfer membrane.

[0006]A combination of electrophoresis and Western
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this way is a very effective method in proteome ana
example, refer to Non-patent Document 1).
[0007]Conventionally, electrophoresis and Western b
each performed by way of the manual labor of a rese
using independent devices. For example, after perf
isoelectric point electrophoresis and SDS-PAGE with
electrophoresis device, it is common for the gel to
from the device and moved to a transfer device, the
membrane to be set and transfer (blotting) performe
overlaid manually with antibody or probe on the tra
membrane. Since the gel used in this operation is
material and difficult to handle, manipulation is ¢
requires proficiency in this work. Therefore, tech
automating this work is being developed. For examp
Documents 1 and 2 disclose devices that automate a
operations from electrophoresis to blotting. In ad
Patent Document 3 discloses a gel cassette for simu
performing phoresis and transfer. Furthermore, Pat
4 discloses a device that automatically processes a
transcriptional body to which a living body sample

transferred.

prior art documents
patent documents
[0008]Patent Document 1: US Patent No. 5,234,559 (r
August 10, 1993)
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Application “Japanese Unexamined Patent Application
Publication No. 2011-80842 (published April 21, 201

Patent Document 3: Japanese Published Translation
International Publication for Patent Applications
Unexamined Patent Application (Translation of PCT P
Publication No. H9-501774 (published February 18, 1

Patent Document 4: Japanese Published Unexamined P
Application “Japanese Unexamined Patent Application

Publication No. 2011-58968 (published March 24, 201

Non-Patent documents
[0009]Non-Patent Document 1: Notebook for Protein E
(basic): From Separation Identification to Function

(Yodosha Co., Ltd., 2005, pp. 38-47)

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0010]However, the aforementioned such conventional
has problems in that it is not possible to automati
perform the separation and transfer of analyte, or
processing.
[0011]The present invention has been made taking ac
the above-mentioned issues, and has a main object o
novel technology for automatically performing the s
and transfer of analyte, and subsequent processing.
Means for Solving the Problems

[0012]In order to solve the above-mentioned problem
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separation/transfer device according to an aspect o
present invention separates analyte by way of elect
dispenses the analyte thus separated from a dispens
a buffer tank, and transfers the analyte thus separ
transfer membrane by causing the transfer membrane
dispensing part and move, the sample separation/tra
device including a liquid delivery pump that replac
filling the buffer tank.

Effects of the Invention

[0013]According to the first aspect of the present

it is possible to automatically perform the separat
transfer of analyte and subsequent processing, and

the effect of streamlining Western blotting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]FIG. 1 is a perspective view showing an outli
configuration of a sample separation-transfer devic
to a first embodiment of the present invention;

FIG. 2 is a cross-sectional view showing an outlin
configuration of a sample separation-transfer devic
to the first embodiment of the present invention;

FIG. 3 is a perspective view showing the position
nozzle in the first embodiment of the present inven

FIG. 4 provides schematic drawings illustrating fu
of a partition panel in the first embodiment of the
invention;

FIG. 5 is a perspective view showing the position
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nozzle in a second embodiment of the present invent
FIG. 6 is a top view showing the positions of hydr
and hydrophobic regions of a bottom face of an anod
tank in a third embodiment of the present invention
FIG. 7 provides top views showing grooves provided
bottom face of the anode buffer tank in modified ex
the second and third embodiment of the present inve
FIG. 8 provides schematic drawings illustrating fu
of a lift plate in a fourth embodiment of the prese
invention; and
FIG. 9 is a perspective view showing an outline
configuration of a sample separation/transfer devic

to a fifth embodiment of the present invention.
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PREFERRED MODE FOR CARRYING OUT THE INVENTION

[0015] First Embodiment

An embodiment (first embodiment) of the present inv
as follows when explaining based on the drawings.
[0016]First, a schematic configuration of a sample
separation/transfer device 100 according to the fir
embodiment will be explained by referencing FIGS. 1
1 is a perspective view schematically showing a con
of the sample separation/transfer device 100. FIG.
cross-sectional view schematically showing the conf
of the sample separation/transfer device 100. FIG.
perspective view showing the position of a nozzle i
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schematic drawings illustrating the functions of a

of the sample separation/transfer device 100.
[0017]As shown in FIGS. 1 and 2, the sample
separation/transfer device 100 is a sample separati
device that separates an analyte by way of electrop
dispenses the separated analyte from a dispensing p
after transferring the separated analyte to a trans
membrane by causing the transfer membrane to abut w
dispensing part and causing to move, replaces the s
the anode buffer tank using a pump, and performs su
processing, i.e. washing, blocking, antibody reacti
detection reaction (staining, luminescence, or the
includes pumps (liquid delivery pump) 11a, 11b, tan
12f, tubes 13a to 13h, nozzles 14a, 14b, a frame 20
(arm part) 23, an anode buffer tank (buffer solutio

a table 31, a Peltier element 34, a cathode buffer
separation unit 50, a motor (drive unit) 62, a ball
(drive unit) 63, a guide shaft (drive unit) 64, a s

(drive unit) 65, guide poles (arm part) 66, and a c

68. In addition, although not illustrated for expl

lid covering the entirety during operation is furth

for safety.

[0018]Herein, the separation unit 50 accommodates s
gel (separation medium) 52, and has a first opening
(dispensing part) 50a that opens within the anode b
30 and a second opening 50b that opens within the ¢

buffer tank 40. In addition, a transfer membrane 1
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inside of the anode buffer tank 30 so as to face th
opening 50a. Furthermore, an anode 32 is arranged
anode buffer tank 30, and a cathode 41 is arranged
cathode buffer tank 40.

[0019]For this reason, with the sample separation/t
device 100, the cathode 41 within the cathode buffe
and the anode 32 within the anode buffer tank 30 ar
electrically connected via the buffer solutions of
tanks, separation gel 52 and transfer membrane 1, b
buffer solutions into the cathode buffer tank 40 an
buffer tank 30. In other words, by applying a volt

the cathode 41 and anode 32, the sample separation/
device 100 is a device that separates a sample intr
the second opening 50b by way of the separation gel
causes each separated component to be dispensed fro
opening 50a and adsorb to the transfer membrane 1.
[0020]Hereinafter, the respective principle members
explained in detail by referencing FIGS. 1 to 4.
[0021](Anode and Cathode)

The anode 32 is arranged within the anode buffer ta
the cathode 41 is arranged within the cathode buffe
The anode 32 and cathode 41 are formed from a mater
electrical conductivity such as a metal. As the ma
forming the anode 32 and cathode 41, for example, p
preferred from the viewpoint of suppressing ionizat
electrodes.

[0022]The electrode arrangements of these are not p
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limited so long as the anode 32 is arranged within
buffer tank 30 and the cathode 41 is arranged withi
cathode buffer tank 40 so as to be immersed in cath
however, for example, the cathode 41, first opening
anode 32 may be arranged on substantially the same
line. In such an arrangement, so long as the trans

1 is arranged as shown in FIG. 1, the precision of
adsorption can be improved since the line of electr
passing through the first opening 50a will be subst
vertical relative to the transfer membrane 1.

[0023]In addition, the anode 32 is preferably arran
distanced from the transfer membrane 1. It is ther

to suppress the bubbles generating from the anode 3
negatively influencing the adsorption of separated

on the transfer membrane 1.

[0024]The anode 32 and cathode 41, for example, may
connecting to the control unit 68, or may be used b
connecting to an external power supply (DC power so
the case of using by connecting to an external powe
after setting the time, current and voltage in the
supply, the control unit 68 may be operated to caus
sample separation/transfer device 100 to start oper
the same time as operation initiation of the power
[0025](Anode Buffer Tank and Cathode Buffer Tank)
The anode buffer tank 30 and cathode buffer tank 40
insulative containers storing the buffer solution (
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tank 30. It should be noted that, in the first emb
anode buffer tank 30 is fixed on the table 31, and
buffer tank 40 is fixed to the anode buffer tank 30
the present invention is not limited to this config
[0026]The buffer solutions filled in the anode buff
and cathode buffer tank 40 can be any buffer soluti
electrical conductivity, and particularly, a buffer
having a buffering region of weakly acidic to weakl
be suitably used. As such a buffer solution, for e

is possible to use buffer solutions such as a Tris/
based buffer solution, acetic acid buffer solution,
carbonate-based buffer solution, CAPS buffer soluti
Tris/boric acid/EDTA buffer solution, Tris/acetic a
buffer solution, MOPS, phosphoric acid buffer solut

Tris/tricine-based buffer solution.

[0027]The anode buffer tank 30 accommodates the par

panel 33 at the bottom face. The partition panel 3
in the vertical direction relative to the bottom fa
anode buffer tank 30. As shown in FIG. 4, by the p
panel 33 projecting within the anode buffer tank 30
bottom face of the anode buffer tank 30, the anode
30 is divided into two regions (first region 35 and
region 36). The first region 35 is a space on the
which the cathode buffer tank 40 is equipped. The
region 36 is a space on the side on which the catho
tank 40 is not equipped. The partition panel 33 is

and thus the liquid poured into the second region 3
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leak into the first region 35. The second region 3
sufficiently large for the frame 20 to fit. Accord

a configuration, since the processing steps after t
be performed only in the second region 36, it is po
advance reaction efficiently with the minimum liqui
for the processing steps after transfer. It should
that the first region 35 refers to a region for per
electrophoresis and transfer, and the second region
to a region for post-transfer performing processing
[0028]Inside the anode buffer tank 30, nozzles 14a,
provided at an inside face of the second region 36.
(opening part 15a) of the nozzle 14a faces the bott

the anode buffer tank 30 to be separated by about 5

mm. The nozzle 14a extends outside of the anode bu

and the other end (connection 16a) of the nozzle 14
with a tube 13a outside of the anode buffer tank 30
addition, an end (opening part 15b) of the nozzle 1

the bottom face of the anode buffer tank 30 to be s

about 5 mm to 50 mm. The nozzle 14b extends outsid

anode buffer tank 30, and the other end (connection
the nozzle 14b connects with a tube 13b outside of
buffer tank 30.

[0029]According to such a configuration, it is poss
establish one of the nozzles 14a, 14b for dispensin
other for injecting. For this reason, it is possib
replace the liquid filling the anode buffer tank 30

[0030]In addition, the nozzles 14a, 14b are provide
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inside face at an end of the anode buffer tank 30 i
movement direction of the transfer membrane 1 durin
In addition, the nozzles 14a, 14b extend in the mov
direction to outside of the anode buffer tank 30.
reason, it is possible to successfully perform the
steps without becoming obstacles to the movement of
transfer membrane 1. It should be noted that the p
the nozzles 14a, 14b are not limited thereto, and m
positions so long as being positions that do not be
obstacles to the movement of the transfer membrane
[0031]The nozzles 14a, 14b are preferably configure
insulating material, e.g., plastic. So long as usi
material, it will be possible to successfully perfo
electrophoresis, without inhibiting the flow of the
electric force in the vicinity of the anode.

[0032]The anode buffer tank 30 includes the Peltier
at an outer bottom face of the second region 36. B
the Peltier element 34, it is possible to adjust th
temperature of the liquid inside the anode buffer t
each step to a suitable temperature for the step.
[0033](Separation Unit)

The separation unit 50 accommodates the separation
the interior thereof. In the first embodiment, the

unit 50 is standing in a substantially vertical dir

the lower part thereof is arranged within the anode
tank 30, and the upper part thereof is arranged so

side contacts the cathode buffer tank 40. The sepa
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52 is thereby liquid-cooled by at least one of the
solution within the anode buffer tank 30 and the bu
solution within the cathode buffer tank 40, and thu
sufficiently cooled.

[0034]In addition, the separation unit 50 has the f
opening 50a that opens within the anode buffer tank
the second opening 50b that opens within the cathod
tank 40. It is thereby configured so that the sepa

52 faces inside the anode buffer tank 30 via the fi
50a, and faces inside the cathode buffer tank 40 vi
second opening 50b. It should be noted that, in th
embodiment, the separation unit 50 is fixed to the
buffer tank 40 by the lock 42 provided to the catho
tank 40; however, the present invention is not limi
configuration.

[0035]The separation unit 50 can be configured from
insulating plates 51, 53 formed from insulators suc
or acrylic. In one embodiment, the separation unit
the separation gel 52 by a part of the insulating p
being notched out at the second opening 50b, whereb
can be easily introduced to the separation gel 52.

[0036]The separation gel 52 is a gel for separating

components introduced from the second opening 50b a

the molecular weight. The separation gel 52 can be
the separation unit 50 prior to installation of the
unit 50 to the sample separation/transfer device 10

installing. In addition, a commercially available
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into which the separation gel 52 is filled may be u
separation unit 50. As an example of the separatio
acrylamide gel, agarose gel and the like are exempl
width of the separation gel 52 can be established a
enabling a 10- to 12-lane sample to be separated, f
It should be noted that the separation medium in th
invention is not limited to gel, and may be another
that can perform the separation of analyte.

[0037]1t should be noted that, although a configura
filling the separation gel 52 into the separation u
being adopted in the first embodiment, a configurat
providing a large number of ultrafine posts called
pillars between the insulating plate 51 and insulat
53 can also be adopted.

[0038]In addition, the first opening 50a of the sep
unit 50 may be covered by a coating part formed by

electrically conductive porous material (e.g., hydr

PVDF membrane, hydrophilic PTFE (polytetrafluoroeth

membrane, etc.), including the circumference thereo
case of the transfer membrane 1 contacting or being
against the first opening 50a (case of not providin
distance between the first opening 50a and transfer
1), the transfer membrane 1 can reduce the friction

resistance and damage incurred from the separation

separation gel 52 when the transfer membrane 1 is c

[0039]It should be noted that, by the separation un
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unit 50 can greatly increase the sample introductio
compared to a configuration being installed in a su
horizontal direction. This is because, with the ho

type sample separation/transfer device, it is diffi
change the depth of the well provided in the separa
however, with the vertical-type sample separation/t
device, since the depth of the well can be changed
sample introduction amount can be made to increase
[0040](Transfer Membrane 1)

It is preferable for the transfer membrane 1 to be
absorbing/retaining body of samples that enables to
preserve a sample separated by the separation gel 5
long period, and further, facilitates subsequent an

the material of the transfer membrane 1, it is pref
material having high strength, and having high samp
capacity (adsorbable weight per unit volume). As't
membrane 1, a PVDF membrane or the like is suited i
of the sample being protein. It should be noted th
preferable to perform hydrophilization treatment us
methanol or the like in advance on the PVDF membran
Otherwise, a membrane conventionally used in the ad
proteins, DNA and nucleic acids such as a nitrocell
membrane or nylon membrane can also be used.
[0041]1t should be noted that, the samples that can
separated and adsorbed in the sample separation/tra
device 100 are not particularly limited to these; h

preparation from biological material (e.g., biont,
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cell strain, tissue culture, or tissue fragment), a
commercially available reagent, or the like can be
For example, polypeptides or polynucleotides can be
exemplified.

[0042]The transfer membrane 1 is used in a state im
the buffer solution within the anode buffer tank 30
[0043]In the first embodiment, the transfer membran
adequate so long as having a length used in one-tim
electrophoresis/transfer, i.e. length of a distance
within the anode buffer tank 30 in the one-time
electrophoresis/transfer. By configuring the trans

1 in this way, an operation to cut the transfer mem
every one-time electrophoresis/transfer becomes unn
and thus the usability of the sample separation/tra
device 100 can be improved. In addition, the width
transfer membrane 1 is sufficient so long as establ
length corresponding to the width of the separation
[0044](Frame)

In the first embodiment, the transfer membrane 1 is
state retained by the frame 20. In one example, th
consists of a frame lower part 20a and frame upper
and retains the transfer membrane 1 by sandwiching
frame lower part 20a and frame upper part 20b, at b
the movement direction of the transfer membrane 1.
20 is not limited thereto; however, for example, it
possible to constitute from synthetic resins such a

(registered trademark), acrylic resin and PEEK resi

exemplified.
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[0045]However, the present invention is not limited
and so long as the transfer membrane 1 is fixed, it
problem even if another configuration (for example,
configuration detachably retaining the transfer mem
restraining with a retaining member, etc.).
[0046](Arm Part)

In the first embodiment, the frame 20 is built into
part. The arm part causes the transfer membrane 1
abut the first opening 50a. In the first embodimen
part is configured from the frame 20, carrier 23 an
poles 66, which are a series of connected members.
[0047]The guide pole 66 is a shaft member that is a
as to connect to a drive unit described later (shaf
65), and pass to outside of a side wall of the anod
tank 30. The carrier 23 is a member that connects
poles 66, and connects to the frame 20 by going aro
upper ends of the side walls of the anode buffer ta
[0048]In the above way, the arm part passes along t
sides of the side walls of the anode buffer tank 30
position connecting to the drive unit, goes around
ends of the side walls, and links at the inner side
side walls.

[0049]1t should be noted that, although not to limi
present invention, in the first embodiment, the gui
extend at outer sides of the side walls of the anod
tank 30 until positions aligning with the upper end

side walls. Then, the carrier 23 fits together wit
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poles 66, and extends to an inner side of the side
spanning over the upper ends of the side walls of t
buffer tank 30.

[0050]By configuring in this way, the carrier 23 ca
and detach easily to the drive unit. The guide pol
arranged at the outer side of the side walls of the
buffer tank 30, and do not become obstructions to v
operations such as detachment of the anode buffer t
setting of electrodes, which are performed as neces
this reason, it is possible to successfully perform
operations by removing the carrier 23 as appropriat
[0051](Drive Unit)

The drive unit drives the arm part in a horizontal
and is configured by the motor 62, ball screw 63, g
64 and shaft holder 65 in the first embodiment.

[0052]The motor 62 causes the ball screw 63 to rota

motor 62 may employ one that can vary rotation spee

employ one of fixed rotation speed in combination w
The ball screw 63 threads with the shaft holder 65
penetrating the shaft holder 65. The guide shaft 6
the shaft holder 65, and the shaft holder 65 is con
be movable along the guide shaft 64. Then, by the
causing the ball screw 63 to rotate, the shaft hold
driven in the X-axis direction in the drawing (subs
horizontal direction). The shaft holder 65 connect
arm part (guide pole 66), whereby the drive unit ca

arm part in the X-axis direction in the drawing (su

walls by

he anode

n attach
es 66 are
anode
arious
ank 30, or
sary. For
various

e.

direction,

uide shaft

te. The

d, and may
ith gears.
along with
4 penetrates
figured to
motor 62
er65is
tantially

s with the

n drive the

bstantially



19

horizontal direction). Then, due to the arm part r

transfer membrane 1, the transfer membrane 1 moves

axis direction in the drawing (substantially horizo
direction).

[0053]However, the present invention is not limited
and so long as being able to drive the arm part in
substantially horizontal direction, the drive unit
configured by another drive mechanism (e.g., belt,
etc.).

[0054]In addition, the drive unit is provided below
buffer tank 30. It is thereby possible to prevent

the buffer solution scattered from the anode buffer
from causing the durability of the drive unit to de
the risk of the drive unit becoming a hindrance to
operations on the sample separation/transfer device
[0055](Tank)

Tanks 12a to 12e are vessels for storing the reagen
washing buffer required in the post-transfer proces
tank 12f is a vessel for storing waste liquid. For
washing buffer (e.g., PBS buffer, TBS buffer contai
surfactant) can be filled in the tank 12a, blocking
(e.g., BSA solution, casein solution, skim milk sol
polymer blocking liquid) in the tank 12b, primary a
solution (e.g., antibody solution recognizing targe
peptide aptamer solution, nucleic-acid aptamer solu
protein solution having interaction) in the tank 12

secondary antibody solution (e.g., antibody solutio
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recognizing primary antibody that is recognized by
substance, fluorescent substance, radioisotope or t
the tank 12d, and detection reaction solution (e.qg.

or fluorescent solution such as horseradish peroxid
alkaline phosphatase, etc.) in the tank 12e.
[0056]The tanks 12a to 12f are preferably made remo
long as being removable, since it is possible to re
use and easily wash inside the tank, contamination
during the next use can be prevented.

[0057]1t should be noted that the number of tanks i
present invention is not limited thereto, and a gre

of tanks may be provided, or a smaller number of ta
provided.

[0058](Pump and Tube)

The pump 11a is connected to each of the tanks 12a,
12d and 12e via the tubes 13c, 13d, 13e, 13f and 13
connected to the nozzle 14a via the tube 13a. The
inject the liquid filling the tanks 12a, 12b, 12c,
arbitrarily into the anode buffer tank 30.

[0059]The pump 11b is connected to the tank 12f via
13h, and is connected to the nozzle 14b via the tub
pump 11b can discharge the liquid inside of the ano
tank 30 to the tank 12f.

[0060]The pumps 11a, 11b are not particularly limit
is possible to use well-known pumps that are automa
controllable such as partition panel pumps, etc.

[0061]The tubes 13a to 13h are not particularly lim
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however, they are preferably tubes of a soft materi
silicone tubes. In addition, the tubes 13a to 13h
detachable from the tanks 12a to 12f, pumps 11a, 11
as nozzles 14a, 14b. So long as being detachable
configurations, it is possible to replace with new

the case of the tube deteriorating, case of a clog

the like.

[0062](Control Unit)

The control unit 68 is a control panel for performi
controls on the sample separation/transfer device 1
of the position of arm part, control of current/vol
applied to anode 32 and cathode 41, control of pump
control of Peltier element 34, control of operation
partition panel 33, etc.). The control unit 68 may
buttons and switches for receiving input from the u
lamps, a display unit, etc. for notifying the opera

to the user.

[0063](Electrophoresis of Sample, Transfer and Post
Processing)

Next, the flow of electrophoresis of sample, transf
post-transfer processing in the sample separation/t
device 100 of the first embodiment will be explaine
referencing FIGS. 1 to 4. As shown in FIG. 1, duri
electrophoresis and transfer of sample, the transfe

1 is retained in a state arranged at a position abu
first opening 50a by the frame 20.

[0064]Buffer solution is filled into the anode buff
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and cathode buffer tank 40. In the first embodimen
example, 400 mL of buffer solution is filled into t
buffer tank 30, and 170 mL of buffer solution is fi
the cathode buffer tank 40.

[0065]Then, the sample is introduced to the separat
from the second opening 50b of the separation unit
addition to biomolecules serving as the analysis ta
preferable to add a visible molecular weight marker
confirming the progress of electrophoresis to the s
[0066]In the above state, separation is performed b
electrophoresis of the sample. The control unit 68
the motor 62 to set the position of the transfer me
the start position, and then flows electric current

the anode 32 and cathode 41 to start electrophoresi
electric current value flowing between the anode 32
cathode 41 is not particularly limited; however, it
preferably no more than 50 mA, and more preferably
mA to no more than 30 mA. It should be noted that
control so that the electric current value becomes
may be controlled so that the voltage becomes const
current and voltage may be controlled in other mode
control unit 68 controls the Peltier element 34 to
anode buffer tank 30. The entirety of the sample
separation/transfer device 100 is thereby cooled, w
is possible to prevent the smiling phenomenon in

electrophoresis.

[0067]The transfer membrane 1 is moved gradually in
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towards the arrow direction in FIG. 1 by driving of
part by the drive unit, according to the progress o
electrophoresis in the separation unit 50. The X-a
direction is a direction orthogonal to the longitud
direction of the first opening 50a. Although the m
speed of the transfer membrane 1 is not particularl

it is possible to set a pace of moving 5to 10 cm i
minutes, for example.

[0068]Then, the sample dispensed according to elect
from the first opening 50a (sample separated in sep
52) is adsorbed at positions (positions opposing th
opening 50a at the dispensed timing) according to t
of dispensing on the transfer membrane 1. The sepa
is thereby transferred to the transfer membrane 1.
[0069]After transfer, the arm part moves the transf

1 retained by the frame 20 until a position fitting
second region 36. At this time, the arm part may ¢
frame 20 to go up or down so that the frame 20 and
unit 50 do not interfere.

[0070]Next, post-transfer processing is performed.
first embodiment, the transfer membrane 1 is immuno
Western blotting. In the first embodiment, for exa
washing buffer is filled into the tank 12a, blockin

into the tank 12b, primary antibody solution into t
secondary antibody solution into the tank 12d, and
reaction solution into the tank 12e, in advance.

[0071]First, the control unit 68 controls the pump
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discharge the buffer solution in the anode buffer t
the tank 12f. More specifically, the buffer soluti
anode buffer tank 30 moves to the tank 12f from the
part 15b of the nozzle 14b, through the nozzle 14b,
pump 11b and tube 13h, in order. Next, the partiti
projects from the bottom face of the anode buffer t
according to the control of the control unit 68, an

the anode buffer tank 30 into the first region 35 a
region 36.

[0072]Next, the pump 11a is controlled to inject th
buffer in the tank 12a into the anode buffer tank 3
specifically, the washing buffer in the tank 12a mo
the opening part 15a of the nozzle 14a into the ano
tank 30 through the tube 13c, pump 11a, tube 13a an
14a, in order. The amount of washing buffer is 100
example. Washing is performed for 5 min, for examp
time, it is preferable for the control unit 68 to ¢

arm part, causing the transfer membrane 1 to move b
forth in the X axis direction to perform shaking.
thereby possible to perform washing efficiently, an
to realize shortening of time and an improvement in
sensitivity. Subsequently, the pump 11b is control
discharge the solution in the anode buffer tank 30
tank 12f. Washing is performed three times, for ex
[0073]After washing, the control unit 68 controls t

to inject the blocking solution in the tank 12b int

buffer tank 30. More specifically, the blocking so
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the tank 12b moves from the opening part 15a of the
into the anode buffer tank 30, through the tube 13d
tube 13a and nozzle 14a, in order. The liquid amou
blocking solution is 100 mL, for example. Itis th
possible to perform blocking. The blocking is perf
hour, for example. At this time, it is preferable
control unit 68 to control the arm part, causing th
membrane 1 to go back and forth in the X axis direc
perform shaking. It is thereby possible to efficie
blocking, and possible to realize shortening of tim
improvement in sensitivity.

[0074]After blocking completion, the control unit 6
the pump 11b to discharge the blocking solution in
buffer tank 30 into the tank 12f. Next, the contro
controls the pump 11a to inject the primary antibod
in the tank 12c into the anode buffer tank 30. Mor
specifically, the primary antibody solution in the
moves from the opening part 15a of the nozzle 14a i
anode buffer tank 30 through the tube 13e, pump 11a
and nozzle 14a, in order. The amount of primary an
solution is 10 mL, for example. The reaction is ca
over 1 hour, for example. At this time, it is pref

the control unit 68 to control the arm part, causin
transfer membrane 1 to go back and forth in the X a
direction to perform shaking. The opportunities fo
between analyte and primary antibody thereby increa

Is possible to realize shortening of time and an im
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in sensitivity. In addition, the control unit 68 c

Peltier element 34 to raise the temperature of the
buffer tank 30 (e.g., 37°C). The reaction with the
antibody is thereby promoted, and it is possible to
shortening of time and an improvement in sensitivit
[0075]After reaction completion, the control unit 6
the pump 11a to inject the washing buffer in the ta
the anode buffer tank 30. The amount of washing bu
mL, for example. Washing is performed for 5 min, f
At this time, it is preferable for the control unit
control the arm part, causing the transfer membrane
back and forth in the X axis direction to perform s
Subsequently, the pump 11b is controlled to dischar
solution in the anode buffer tank 30 into the tank
Washing is performed three times, for example.
[0076]After washing, the control unit 68 controls t

to inject the secondary antibody solution in the ta
the anode buffer tank 30. More specifically, the s
antibody solution in the tank 12d moves from the op
15a of the nozzle 14a into the anode buffer tank 30
the tube 13f, pump 11a, tube 13a and nozzle 14a, in
amount of secondary antibody solution is 10 mL, for
The reaction is performed over 1 hour, for example.
time, it is preferable for the control unit 68 to ¢

arm part, causing the transfer membrane 1 to go bac
in the X axis direction to perform shaking. The op

for contact between the analyte and secondary antib
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increases, and it is possible to realize shortening
and an improvement in sensitivity. The control uni
controls the Peltier element 34 to raise the temper
the anode buffer tank 30 (e.g., 37°C). The reactio
secondary antibody is thereby promoted, and it is p
realize shortening of time and an improvement in se
[0077]After reaction completion, the control unit 6
the pump 11a to inject the washing buffer in the ta
the anode buffer tank 30. The amount of washing bu
mL, for example. Washing is performed for 5 min, f
At this time, it is preferable for the control unit
control the arm part, causing the transfer membrane
back and forth in the X axis direction to perform s
Subsequently, the pump 11b is controlled to dischar
solution in the anode buffer tank 30 into the tank
Washing is performed three times, for example.
[0078]After washing, the control unit 68 controls t

to inject the detection reaction solution in the ta

the anode buffer tank 30. More specifically, the d
reaction solution in the tank 12e moves from the op
15a of the nozzle 14a into the anode buffer tank 30
the tube 13g, pump 11a, tube 13a and nozzle 14a, in
amount of detection reaction solution is 10 mL, for
The reaction is performed for 1 hour, for example.
[0079]After reaction completion, the control unit 6
the pump 11a to inject the washing buffer in the ta

the anode buffer tank 30. The amount of washing bu
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mL, for example. Washing is performed for 5 min, f
At this time, it is preferable for the control unit

control the arm part, causing the transfer membrane
back and forth in the X axis direction to perform s
Subsequently, the pump 11b is controlled to dischar
solution in the anode buffer tank 30 into the tank
Washing is performed for three times, for example.
[0080]It should be noted that the sequence of immun
of the transfer membrane 1 is not limited to that d
above, and it is possible to omit washing, or add w
appropriate.

[0081]The transfer membrane 1 obtained in this way
recovered, and the separation pattern of components
transferred to the transfer membrane 1 are detected
a fluorescence detector or the like. Such a fluore
detector may be built into the sample separation/tr
device 100, and can thereby automate all steps of
electrophoresis, transfer, post-transfer processing
detection.

[0082](Second Embodiment)

Another embodiment (second embodiment) of the prese
invention is as follows when explaining based on FlI
should be noted that, for convenience of explanatio
having the same function as members explained in th
embodiment are assigned the same reference numbers,
explanations thereof will be omitted.

[0083]The points of difference between the second e
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and first embodiment are the shapes of the nozzles
and the configurations of the bottom face of the an
tank 30. Other points are the same as the first em
[0084](Nozzle)

In the second embodiment, as shown in FIG. 5, the e
nozzles 14a, 14b having the opening part 15a, 15b i
an L-shape along the side face and bottom face in t
buffer tank 30, and the opening parts 15a, 15b open
perpendicular direction relative to the bottom face
anode buffer tank 30.

[0085]Recovery of the waste liquid (used liquid) in
buffer tank 30 from the nozzle 14b thereby becomes
particular, although not illustrated in the drawing
possible to further facilitate the recovery of wast
angling the bottom face of the anode buffer tank 30
the waste liquid flow to the nozzle 14b side.
[0086]In addition, in a modified example, it may be
to provide grooves 73 in the bottom face of the ano
tank 30 so that the waste liquid flows to the perip
nozzle 14b. The grooves 73 are preferably provided
with the opening part 15b of the nozzle 14b as the
shown in FIG. 7(a), for example. By making such a
configuration, it is possible to cause the waste i
efficiently flow to the opening part 15b from the e
the bottom face of the anode buffer tank 30. For t
the waste liquid remaining in the anode buffer tank
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in sensitivity. Furthermore, the nozzle 14b may be
the groove 73. It is thereby possible to further f
recovery of waste liquid. The groove 73 can be mad
depth of 0.1 mm to 1 mm, and width of 11 mm, for ex
[0087](Electrophoresis of Sample, Transfer and Post
Processing)

The flow of the electrophoresis of sample, transfer
transfer processing in the sample separation/transf
100 of the second embodiment is the same as the fir
embodiment.

[0088](Third Embodiment)

Another embodiment (third embodiment) of the presen

is as follows when explaining based on FIG. 6. It
noted that, for convenience of explanation, members

same function as members explained in the first emb

assigned the same reference numbers, and explanatio

will be omitted.

[0089]The points of difference between the third em
and first embodiment are the material and configura
bottom face of the anode buffer tank 30. Other poi
same as the first embodiment.

[0090](Bottom Face of Anode Buffer Tank)

In the third embodiment, as shown in FIG. 6, a hydr
region (partial region) 71 and hydrophobic region (
region) 72 exist on the bottom face of the anode bu
30. More specifically, the hydrophilic region 71 e

second region 36. In other words, the bottom face
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buffer tank 30 (specifically, second region 36) inc
hydrophilic region 71 and the hydrophobic region 72
so as to surround this hydrophilic region 71.
[0091]The hydrophilic region 71 is configured by gl
resin material that has been plasma treated, etc.
hydrophobic region 72 is configured by a resin mate
(acrylic, polycarbonate, polyvinyl chloride, polyet
polypropylene, polystyrene, acrylonitrile styrene,
polyethylene, terephthalate, etc.), for example.
[0092]The hydrophilic region 71 exists at a positio
with the position of the transfer membrane 1 upon p
the post-transfer processing. The size of the hydr
region 71 is preferably substantially equal to the
membrane 1. In addition, the opening parts 15a, 15
positions contacting the hydrophilic region 71. Ac
this configuration, in the case of injecting a smal
liquid from the opening part 15a, it is possible to
efficiently retain this liquid in the hydrophilic r

For this reason, the amount of expensive reagent (a
solution, etc.) used can be decreased. In addition
possible to cause even, uniform reaction. In the t
embodiment, for example, the used amount of primary
solution, secondary antibody solution and detection
solution can be set to no more than 10 mL, preferab
than 5 mL, and even more preferably no more than 3
[0093]In the third embodiment, it is possible to au

perform, inside the anode buffer tank 30, both step
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solution for which the amount used one time is pref
great as in the buffer solution for electrophoresis
buffer and blocking solution, and steps using a liq
which the amount used one time is preferably small
antibody solutions and the detection reaction solut
more preferred liquid amounts, respectively.
[0094]In addition, in the modified example, it may
configured to provide the groove 73 in the bottom f
anode buffer tank 30, so that the waste liquid flow
periphery of the nozzle 14b. The groove 73 is pref
provided at the boundary between the hydrophilic re
the hydrophobic region 72, as shown in FIG. 7(b), f
More specifically, it is provided so as to surround
hydrophilic region 71. At this time, the groove 73
preferably hydrophilic. By making such a configura
possible to make the liquid retained in the hydroph
71 to effectively flow into the opening part 15b.
reason, it is possible to decrease the waste liquid

in the anode buffer tank 30, and it is possible to
improvement in sensitivity. Furthermore, the nozz|
provided in the groove 73. It is thereby possible
facilitate the recovery of waste liquid. The groov
made with a depth of 0.1 mm to 1 mm, and width of 1
example.

[0095](Electrophoresis of Sample, Transfer and Post
Processing)

The flow of the electrophoresis of sample, transfer
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transfer processing in the sample separation/transf
100 of the third embodiment is the same as the firs
embodiment. In addition, the nozzles of the sample

separation/transfer device 100 of the third embodim

explained as being the same as the second embodimen

they may be the same as the first embodiment.

[0096](Fourth Embodiment)

Another embodiment (fourth embodiment) of the prese

invention is as follows when explaining based on FlI

should be noted that, for convenience of explanatio

having the same function as members explained in th

third embodiments are assigned the same reference n

explanations thereof will be omitted.

[0097]The points of difference between the fourth e
and third embodiment are the structure of the botto
the anode buffer tank 30, and the positions of the
parts 15a, 15b. The other points are the same as t
embodiment.

[0098](Lift Plate)

In the fourth embodiment, a lift plate 82 that is m

to move in a direction to disjoin relative to the t
membrane 1, as shown in FIG. 8, is equipped to the
of the anode buffer tank 30. In other words, the |

is equipped at a position corresponding to the hydr
region 71 in the second embodiment. Herein, the si
lift plate 82 is larger than the transfer membrane

words, the size of the lift plate 82 is larger than
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diameter of the frame 20. For this reason, when th
82 moves in a direction approaching the transfer me
the lift plate 82 abuts the frame 20, and a space 8
the lift plate 82, frame 20 and transfer membrane 1
In a state placing the liquid injected to the anode
tank 30 on the lift plate 82, it is possible to ret

liquid in the space 83 so long as moving in a direc
approaching the transfer membrane 1. In this case,
distance from the transfer membrane 1 is short comp
case of not having the lift plate 82, it is possibl

this liquid to contact the transfer membrane 1 even
small liquid amount. For this reason, it is possib
further decrease the amount used of expensive reage
(antibody solutions, etc.). In addition, it is pos

cause even, uniform reaction. In the fourth embodi
example, the used amount of primary antibody soluti
secondary antibody solution and detection reaction
can be set to no more than 5 mL, preferably no more
and even more preferably no more than 1 mL.
[0099]In the fourth embodiment, the lift plate 82 |

of a ball screw 81 provided at the bottom part. Th

81 is controlled by the control unit 68. However,
invention is not limited to the ball screw 81, and

by another method (for example, solenoid, etc.) tha
the lift plate 82 to lift.

[0100]The lift plate 82 preferably has outer edges

upper face that are hydrophobic, and other regions
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hydrophilic. In this case, the lift plate 82 more

has a portion contacting the frame 20 and an outer
this portion that are hydrophobic regions. If such
configuration, it is possible to more reliably reta

at the inner side on the upper face of the lift pla
hydrophilic region).

[0101]In addition, as shown in FIG. 8, it is prefer
gasket 24 to be provided at the bottom face of the

If such a configuration, it is possible to prevent
retained in the space 83 from leaking through a gap
the lift plate 82 and frame 20. For this reason, i

to more reliably retain liquid in the space 83.
[0102](Nozzle)

The nozzles 14a, 14b of the fourth embodiment are e
positions not overlapping the lift plate 82. In ot

the opening parts 15a, 15b contact portions on the
of the anode buffer tank 30 at which the lift plate
provided. The opening part 15a is more preferable
position to the lift plate 82, due to liquid tendin
arranged on the hydrophilic region 71.
[0103](Electrophoresis of Sample, Transfer and Post
Processing)

The flow of the electrophoresis of sample, transfer
transfer processing in the sample separation/transf
100 of the fourth embodiment.

[0104]The electrophoresis of sample and transfer ar

as the first embodiment.
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[0105]After transfer, the transfer membrane 1 is mo
to a position to fit in the second region 36. More
specifically, it is moved until a position opposing
plate 82. At this time, the lift plate 82 is in a
lowered to the height of the bottom face of the ano
tank 30 (FIG. 8(a)).

[0106]First, the control unit 68 controls the pump
discharge the buffer solution in the anode buffer t
the tank 12f. Next, the partition panel 33 project
bottom face of the anode buffer tank 30 according t
control of the control unit 68, and divides the ano
tank 30 into the first region 35 and second region
[0107]Next, similarly to the first embodiment, the
unit 68 controls the pump 11a to inject the washing
the tank 12a into the anode buffer tank 30 to perfo
Subsequently, the pump 11b is controlled to dischar
solution inside the anode buffer tank 30 into the t
Washing is performed three times, for example.
[0108]Next, the control unit 68 controls the pump 1
inject the blocking solution in the tank 12b into t
buffer tank 30 to perform blotting. After blocking
similarly to the first embodiment, the control unit
controls the pump 11b to discharge the solution in
buffer tank 30 into the tank 12f.

[0109]Next, the control unit 68 controls the pump 1
inject the primary antibody solution in the tank 12
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is 1 mL, for example. At this time, the upper face
plate 82 enters a state with the primary antibody s
placed thereon. Next, the control unit 68 controls
screw 81 to gradually raise the lift plate 82 until

the frame 20 (more accurately, the gasket 24) (FIG.
reaction between analyte and primary antibody is th
performed. Herein, the analyte exists on the upper
of the transfer membrane 1; whereas, the primary an

solution exists on the bottom face side of the tran

membrane 1; however, the transfer membrane 1 enable

also from the bottom face side. The reaction is pe
1 hour, for example.

[0110]After reaction completion, the control unit 6
the ball screw 81 to lower the lift plate 82 to the
the bottom face of the anode buffer tank 30. Next,
unit 68 controls the pump 11a to inject the washing
the tank 12a into the anode buffer tank 30. The am
washing buffer is 100 mL, for example. Washing is
similarly to the first embodiment, the control unit
controls the pump 11b to discharge the solution in
buffer tank 30 into the tank 12f.

[0111]After washing, the control unit 68 controls t
to inject the secondary antibody solution in the ta
the anode buffer tank 30. The amount of secondary
solution is 1 mL, for example. At this time, the u
the lift plate 82 enters a state with the secondary

solution placed thereon. Next, the control unit 68

of the lift
olution

the ball
contacting
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the ball screw 81 to gradually raise the lift plate
contacting the frame 20 (more accurately, the gaske
reaction between analyte and secondary antibody is
performed.

[0112]After reaction completion, the control unit 6
the ball screw 81 to lower the lift plate 82 to the

the bottom face of the anode buffer tank 30. Next,
unit 68 controls the pump 11a to inject the washing
the tank 12a into the anode buffer tank 30. The am
washing buffer is 100 mL, for example. Washing is
similarly to the first embodiment, and the control
controls the pump 11b to discharge the solution in
buffer tank 30 into the tank 12f.

[0113]After washing, the control unit 68 controls t

to inject the detection reaction solution in the ta

the anode buffer tank 30. The amount of detection
solution is 1 mL, for example. At this time, the u

the lift plate 82 enters a state with the detection
solution placed thereon. Next, the control unit 68
the ball screw 81 to gradually raise the lift plate
contacting the frame 20 (more accurately, the gaske
Reaction with the detection reaction solution is th
performed.

[0114]After reaction completion, the control unit 6
the ball screw 81 to lower the lift plate 82 to the

the bottom face of the anode buffer tank 30. Next,

unit 68 controls the pump 11a to inject the washing

82 until
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the tank 12a into the anode buffer tank 30. The am
washing buffer is 100 mL, for example. Washing is
similarly to the first embodiment, the control unit
controls the pump 11b to discharge the solution in
buffer tank 30 into the tank 12f.

[0115]it should be noted that the sequence of immun
of the transfer membrane 1 is not limited to that d
above, and it is possible to omit washing, or add w
appropriate.

[0116]The transfer membrane 1 obtained in this way
recovered, and the separation pattern of components
transferred to the transfer membrane 1 are detected
a fluorescence detector or the like. Such a fluore
detector may be built into the sample separation/tr
device 100, and can thereby automate all steps of
electrophoresis, transfer, post-transfer processing
detection.

[0117]In the fourth embodiment, it is possible to
automatically perform, inside the anode buffer tank
steps using a solution for which the amount used on
preferably great as in the buffer solution for elec
washing buffer and blocking solution, and steps usi
for which the amount used one time is preferably sm
the antibody solutions and the detection reaction s
more preferable liquid amounts, respectively.

[0118](Fifth Embodiment)

Another embodiment (fifth embodiment) of the presen
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is as follows when explaining based on FIG. 9. It
noted that, for convenience of explanation, members

same function as members explained in the first emb

assigned the same reference numbers, and explanatio

will be omitted.

[0119]The points of difference between the fifth em
and first embodiment are the connection methods of
tube, pump and nozzle for injection. Other points

as the first embodiment.

[0120](Tank, Tube, Pump and Nozzle)

In the fifth embodiment, tanks 92a to 92f correspon
tanks 12a to 12f of the first embodiment are provid
as shown in FIG. 9, nozzles 94a to 94f are equipped
inside face of the second region 36, inside the ano
tank 30. The tanks 92a to 92f are connected to the
to 94f via the tubes 93¢ to 93I, pumps 91a to 91f,
93a to 93f. In other words, the tanks 92a to 92f i
include tubes, pumps and nozzles. In this way, in
embodiment, the tanks for injection (tanks 92a to 9
individually include tubes, pumps and nozzles. Wit
configuration, since each liquid is injected into t
buffer tank 30 by separate routes, there is an adva
that the risk of contamination of reagent is small.
[0121]1t should be noted that the position and orie

the opening part of the nozzle is not limited to th

in FIG. 9, and may be the same as the second embodi

may be another form.

should be
having the
odiment are

ns thereof

bodiment
the tank,

are the same

ding to the
ed. Herein,
at the

de buffer
nozzles 94a
and tubes

ndividually

the fifth

2e)

h such a
he anode

ntage in

ntation of
ose shown

ment, or



41

[0122](Modified Example)

In the sample separation/transfer devices 100 of th
fifth embodiments, similarly to the second embodime
hydrophilic region 71 and hydrophobic region 72 may
the bottom face of the anode buffer tank 30.
[0123]In addition, in the sample separation/transfe
100 of the first and fifth embodiments, similarly t
embodiment, the lift plate 82 may be equipped at th
face of the anode buffer tank 30.

[0124]In addition, in the sample separation/transfe
100 of the first to fifth embodiments, the bottom f
anode buffer tank 30 may be sloped. A portion at w
opening of the nozzle 14b or 94f is positioned is p
lower. If such a configuration, it is possible to

liquid at a low portion upon discharging this liqui
anode buffer tank 30. For this reason, recovery of
becomes easy.

[0125]In addition, in the sample separation/transfe
100 of the first to fifth embodiments, the tanks 12
92b to 92e may not be included. In this case, it i

to establish a device that places the washing buffe
tank 12a or 92a, and performs up to the step of was
transfer.

[0126]In addition, in the sample separation/transfe
100 of the first to fifth embodiments, the tanks 12
92c to 92e may not be included. In this case, it i

to establish a device that places the washing buffe
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tank 12a or 92a, places the blocking solution in th
or 92b, and performs up to the washing after transf
blocking steps.

[0127]In addition, in the sample separation/transfe
100 of the first to fifth embodiments, the tanks 12
92d to 92e may not be included. In this case, it i

to establish a device that places the washing buffe
tank 12a or 92a, places the blocking solution in th
or 92b, places the primary antibody solution in the
or 92c¢, and performs up to the post-transfer washin
and primary antibody reaction steps.

[0128]In addition, in the sample separation/transfe
100 of the first to fifth embodiments, the tank 12e
not be included. In this case, it is possible to e
devices that places the washing buffer in the tank
places the blocking solution in the tank 12b or 92b
the primary antibody solution in the tank 12c or 92
the secondary antibody solution in the tank 12d or
performs up to the post-transfer washing, blocking,
antibody reaction and secondary antibody reaction s
[0129]In addition, in the sample separation/transfe
100 of the first to fifth embodiments, the tanks ma
established as constituent elements. In this case,
of the sample separation/transfer device 100, the u
prepare a tank and connect with a tube.

[0130]In addition, in the sample separation/transfe

100 of the first to fifth embodiments, the post-tra
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processing is not limited to immunostaining using a
and may be processing according to another method ¢
detecting proteins or peptides. In addition, in th

the sample not being proteins or peptides, processi
performed by a method suited to the sample.
[0131](Summary)

A sample separation/transfer device 100 according t
aspect of the present invention separates analyte b
electrophoresis, dispenses the analyte thus separat
dispensing part (first opening 50a) in a buffer tan
buffer tank 30), and transfers the analyte thus sep

a transfer membrane 1 by causing the transfer membr
abut the dispensing part and move, the device inclu
liquid delivery pump (pumps 11a, 11b or 91a to 91f)
replaces liquid filling the buffer tank.

[0132]According to the above-mentioned configuratio
possible to replace the liquid filling the buffer t

of the liquid delivery pump. It is thereby possibl
automatically perform the step of separating analyt
electrophoresis, the step of transferring analyte t
transfer membrane and post-transfer processing (was
blocking, antibody reaction, detection reaction, et

For this reason, it is possible to simply perform W
blotting.

[0133]According to a second aspect of the present i
in the sample separation/transfer device according

first aspect, the liquid delivery pump may perform
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of the liquid filling the buffer tank between two |
selected from the group consisting of anode buffer,
liquid, blocking solution, antibody solution and de
reaction solution.

[0134]According to the above-mentioned configuratio
possible to simply perform Western blotting.
[0135]According to a third aspect of the present in
the sample separation/transfer device of the first
aspect, a bottom face of the buffer tank may have a
region that is hydrophilic, and a region surroundin
partial region that is hydrophobic.

[0136]According to the above-mentioned configuratio
case of filling the buffer tank with a small amount

it is possible to efficiently retain this liquid in
hydrophilic region. So long as the transfer membra
to contact the liquid retained in the hydrophilic r

Is possible to efficiently promote the reaction. F
reason, it is possible to decrease the liquid amoun
expensive reagent.

[0137]According to a fourth aspect of the present i

in the sample separation/transfer device of the fir
second aspect, a bottom face of the buffer tank may
lift plate (lift plate 82) that moves in a directio
disjoining relative to the transfer membrane.
[0138]According to the above-mentioned configuratio
distance between a part of the bottom face of the b

(i.e. lift plate) and the transfer membrane 1 becom
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For this reason, by moving in a direction approachi
transfer membrane 1 in a state retaining the liquid
lift plate, it is possible to cause the liquid to ¢
transfer membrane 1, even if a small liquid amount.
reason, it is possible to further decrease the liqu

of expensive reagent, and possible to promote the r
efficiently.

[0139]According to a fifth aspect of the present in
the sample separation/transfer device of the fourth
upper face of the lift plate may have an outer edge
is hydrophobic, and other regions thereof may be hy
[0140]According to the above-mentioned configuratio
possible to more reliably retain the liquid at the

(i.e. hydrophilic region) on the upper face of the
[0141]According to a sixth aspect of the present in
the sample separation/transfer device of the first
aspects may further include a partition panel that

in the bottom face of the buffer tank, and can divi
buffer tank into two regions (first region 35 and s
region 36) by projecting.

[0142]According to the above-mentioned configuratio
buffer tank is divided into two regions by the part
33. By performing electrophoresis and post-transfe
only in one region, it is possible to decrease the
amount used. For this reason, it is possible to ac
savings in expensive reagent and shortening in time

[0143]According to a seventh aspect of the present
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in the sample separation/transfer device of the fir
aspects, the bottom face of the buffer tank may be
[0144]According to the above-mentioned configuratio
possible to collect the liquid filling the buffer t

low region of the buffer tank during the replacemen
For this reason, it is possible to efficiently perf
replacement of the liquid filling the buffer tank.
[0145]According to an eighth aspect of the present

in the sample separation/transfer device of the fir
seventh aspects, a groove (groove 73) may be provid
bottom face of the buffer tank.

[0146]According to the above-mentioned configuratio
possible to collect the liquid filling the buffer t

groove in the bottom face of the buffer tank, durin
replacement of liquid. For this reason, it is poss
efficiently perform replacement of the liquid filli

buffer tank.

[0147]According to a ninth aspect of the present in
the sample separation/transfer device of the first
aspects may further include an arm part that retain
shakes the transfer membrane.

[0148]According to the above-mentioned configuratio
possible to retain the transfer membrane 1 by the a
shake in post-transfer processing. For this reason
possible to efficiently perform reaction.

[0149]A sample analysis method according to a tenth

the present invention performs separation of analyt
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to a transfer membrane and immunostaining (e.g., wa
blocking, antibody reaction, detection reaction, et

the sample separation/transfer device according to
the first to ninth aspects, the method including pe
transfer to the transfer membrane 1 and immunostain
a buffer tank.

[0150]According to the above-mentioned configuratio
effects as the above-mentioned first to ninth aspec
exerted.

[0151]The present invention is not to be limited th
aforementioned embodiment, with various modificatio
possible within the scope indicated by the claims,
embodiments obtained by appropriately combining the
means disclosed in each of the different embodiment
included in the technical scope of the present inve
Furthermore, it is possible to form novel technical

by combining the technical means disclosed in each

respective embodiments.

INDUSTRIAL APPLICABILITY

[0152]The present invention is applicable to analys

of biomolecules, etc.

EXPLANATION OF REFERENCE NUMERALS

[0153]1 transfer membrane
11a, 11b pump (liquid delivery pump)

12a to 12f tank

shing,

C.) using
any one of
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features
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13a to 13h tube

14a, 14b nozzle

15a, 15b opening part

16a, 16b connection

20 frame

20a frame lower part

20b frame upper part

23 carrier (arm part)

24 gasket

30 anode buffer tank (buffer tank)
31 table

32 anode

33 partition panel

34 Peltier element

35 first region

36 second region

40 cathode buffer tank

41 cathode

42 lock

50 separation unit

50a first opening (dispensing part)
50b second opening

51, 53 insulating plate

52 separation gel (separation medium)
62 motor (drive unit)

63 ball screw (drive unit)

64 guide shaft (drive unit)
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65 shaft holder (drive unit)

66 guide pole (arm part)

68 control unit

71 hydrophilic region (partial region)
72 hydrophobic region (region surrounding partial
73 groove

81 ball screw

82 lift plate

83 space

91a to 91f pump (liquid delivery pump)
92a to 92f tank

93a to 93l tube

94a to 94f nozzle

100 separation/transfer device

region)
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CLAIMS

1. A sample separation/transfer device that separat
analyte by way of electrophoresis, dispenses the an
separated from a dispensing part in a buffer tank,
transfers the analyte thus separated onto a transfe
by causing the transfer membrane to abut the dispen
and move,

the device comprising a liquid delivery pump that

replaces liquid filling the buffer tank.

2. The sample separation/transfer device according
1, wherein the liquid delivery pump performs replac

the liquid filling the buffer tank between two liqu
selected from the group consisting of anode buffer,
liquid, blocking solution, antibody solution and de

reaction solution.

3. The sample separation/transfer device according
1 or 2, wherein a bottom face of the buffer tank ha
region that is hydrophilic, and a region surroundin

partial region that is hydrophobic.

4. The sample separation/transfer device according
1 or 2, wherein a bottom face of the buffer tank in
lift plate that moves in a direction disjoining rel

the transfer membrane.
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5. The sample separation/transfer device according
4, wherein an upper face of the lift plate has an o
part that is hydrophobic, and other regions thereof

hydrophilic.

6. The sample separation/transfer device according
one of claims 1 to 5, further comprising a partitio
that is housed in the bottom face of the buffer tan

divide the buffer tank into two regions by projecti

7. The sample separation/transfer device according
one of claims 1 to 6, wherein the bottom face of th

tank is sloped.

8. The sample separation/transfer device according
one of claims 1 to 7, wherein a groove is provided

bottom face of the buffer tank.

9. The sample separation/transfer device according
1 or 2, further comprising an arm part that retains

the transfer membrane.

10. A sample analysis method of performing separati
analyte, transfer to a transfer membrane and immuno
using the sample separation/transfer device accordi

one of claims 1 to 9, the method comprising perform
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transfer to the transfer membrane and immunostainin g inside a

buffer tank.



