BIOMOLECULE ANALYZER

TECHNICAL FIELD
[0001] The present relates to a biomolecule analyzer for

analyzing biomolecules such as proteins.

BACKGRQOUND ART
[0002]In proteome analysis, which bears a central posgition in
post-genomic research, a combination of two-dimensional
electrophoresis (2DE) and Western blotting has been known as
an excellent separation analytical method. 2DE can separate
proteomes with high resolution into a plurality of components
{(proteins), based on two independent physical properties
unique to proteins (electric charge and molecular weight)
using various separation media. In the case of further
analyzing proteins using the separation results by 2DE, it is
preferable to fixate the plurality of proteins contained in
the separation medium on a transfer membrane by way of the
Western blotting. This is because analysis is easy, since the
proteins fixed to the transfer membrane can be stably kept
over a long period. In particular, in the case of
comprehensively comparing and reviewing a plurality of
biological properties of proteins like the fluctuations in
expression of proteins and existence of post-translational
modification using the separation results by 2DE, Western

blotting is considered an essential process.



[0003]In conventional Western blotting, there is a problem in
that the patterns of proteins fixed to the transfer membrane
blurs and warps due to bubbles generating from the anode
adhering at the contact location bketween the transfer membrane
and separation medium. To address this problem, Patent
Document 1 discloses a scheme using a columnar anode coated
with a porous material. Patent Document 1 discloses the
advantage of this scheme as follows. Upon bubbles generating
from the anode passing through the porous material, since the
gizes thereof become large, the bubbles tend to rise to the
water surface. Since it is thereby possible to prevent mixing
of microscopic bubbles into the buffer, the negative influence

of bubbles on the contact location can be eliminated.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS

[0004] Patent Document 1: US Patent No. 5,916,429 {issued June
29, 1999)

Patent Document 2: US Patent No. 5,234,559 (issued August
10, 1993)

Patent Document 3: Japanese Published Translation of PCT
International Publication for Patent Applications “Japanese
Unexamined Patent Application (Translation of PCT Publication),

Publication No. H9-501774 (published February 18, 1997)”

DISCLOSURE OF THE INVENTION

Problems to be Sclved by the Inventicn



[0005]With the technology of Patent Document 1, since the
formed bubbles are collectively released from the upper part
of the buffer tank, a case of installing the separation medium
horizontally ig effective. However, in the case of installing
the separation medium vertically, since the bubbles generating
from the anode head towards the contact location between the
transfer membrane and separation medium before reaching the
liguid surface, the problem of bubbles negatively influencing
the contact location still arises as a result.
[0006] The present invention has been made in order to solve
the above-mentioned problem. Further, an object thereof is to
provide a biomolecule analyzer that is a configuraticn in
which the separation unit is arranged vertically, and bubbles
generating from the electrode do not negatively influence the
contact location between the transfer membrane and separation
unit.
Means for Solving the Problems
[0007] The biomolecule analyzer according to an embodiment of
the present invention

a transfer membrane;

a conveying unit that conveys the transfer membrane along
a predetermined conveying direction;

a separation unit that perpendicularly abutse the transfer
membrane and is installed vertically, separates analyte by way
of electrophoresis, and dispenses the analyte that has been

separated to the transfer membrane;



an electrode that is disposed at a position separated by
a certain distance in the conveying direction from a contact
location between the separation unit and the transfer
membrane; and

an insulating electrode cover that is disposed at an
upper part of the electrode to abut the electrode or be
separated from the electrode.

[0008]In addition, in oxder to solve the above-mentioned
problem, a biomolecule analyzer according to an aspect of the
present invention includesg:

a buffer solution tank;

a transfer membrane that is disposed inside the buffer
solution tank;

a conveying unit that conveys the transfer membrane along
a predetermined conveying direction;

a separation unit that perpendicularly abuts the transfer
membrane and is installed vertically, separates analyte by way
of electrophoresis, and dispenses the analyte that has been
separated to the transfer membrane;

an electrode that is disposed at a position separated by
a certain distance in the conveying direction from a contact
location between the separation unit and the transfer
membrane; and

an insulating electrode cover that is disposed between

the electrode and the contact location,



in which a first concave part is provided at a position
on a bottom part of the buffer solution tank that is
interposed by the electrode and the contact location, and

in which the electrode cover hangs down towards the first
concave part.
Effects of the Invention
[0009]According to an aspect of the present invention, the
effect is exerted of being able to provide a biomolecule
analyzer that is a configuration in which the separation unit
is arranged vertically, and thus bubbles generating from the
electrode will not negatively influence the contact location

between the transfer membrane and separation unit.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]FIG. 1 is a view showing the arrangement of an anode
cover in a biomolecule analyzer accorxrding to a first
embodiment of the present invention;

FIG. 2 is a view illustrating an outline of a framed
transfer membrane according to the first embodiment of the
present invention;

FIG. 3 is a wview illustrating an outline of the
biomolecule analyzer according to an embodiment of the present
invention;

FIG. 4 is a view showing a span of an electric line of
force arising in the case of there being no anode cover in the

first embodiment of the present invention;



FIG. 5 is a view showing an arrangement of a constricting
member and an electric line of force arising from an
dispensing part in a second embodiment of the present
invention;

FIG. 6 is a view showing a configuration of an electrocde
cover in a third embodiment of the present invention;

FIG. 7 is a wview showing an arrangement of an anode cover
in a fourth embodiment of the present invention;

FIG. 8 is a view showing an arrangement of an anocde cover
of a biomolecule analyzer according to a fifth embodiment of
the present invention;

FIG. 9 is a view illustrating an outline of a framed
transfer membrane according to the fifth embodiment of the
present invention;

FIG. 10 is a wview illustrating an outline of a
biomolecule analyzer according to an embodiment of the
invention;

FIG. 11 is a view illustrating an outline of an electrode
cover with a support member according to a modified example of
the present invention;

FIG. 12 is a view illustrating an outline of a
biomolecule analyzer according to a sixth embodiment of the
present invention;

FIG. 13 is a view illustrating outlines of biomoclecule
analyzers according to a seventh embodiment and eighth

embodiment of the present invention; and



FIG. 14 is a view illustrating an outline of a
biomolecule analyzer according to a ninth embodiment of the

present invention.

PREFERRED MODE FOR CARRYING OQUT THE INVENTION
[0011]First Embodiment
A first embodiment according to the present invention will be
explained hereinafter based on FIGS. 1 to 4.
[0012] (Framed Transfer Membrane 10)
First, a framed transfer membrane used in the biomolecule
analyzer according to the present embodiment will be explained
hereinafter by referencing FIG. 2. FIG. 2(a) is a view
illustrating an outline of a framed transfer membrane 10. FIG.
2 (b) provides cross-sectional views along line A and line B in
FIG. 2(a}.
[0013]2As shown in FIG. 2{a), the framed transfer membrane 10
is supported with one side of the transfer membrane 1 (first
side) and one side opposing this side (second side)
independently by a pair of frames (frame members) 2.
[0014]As shown in the cross-sectional views on line A and line
B in FIG. 2{b), the framed transfer membrane 10 more
preferably is provided with fitting parts (through holes) of
open form through which the frame 2 passes, as fitting parts 3
of the pair of frames 2. The fitting parts 3 can each fit to
fitting parts of a corresponding convex-type shape. It is
thereby possible to fix the framed transfer membrane 10 and

biomolecule analyzer with the fitting parts 3.



[0015] The framed transfer membrane 10 can tighten the transfer
membrane 1 without slack by horizontally fixing the pair of
frames 2 to be separated from each other. In addition, since
it ig pogsible to fix the transfer membrane 1 which is
sectioned into a predetermined shape in advance by the frame 2,
the framed transfer membrane 10 can be installed in the
biomolecule analyzer while imparting easy and appropriate
tension to the transfer membrane 1. For this reason, it is
possgible to prevent warping of the blot when fixing to the
biomolecule analyzer and transferring analyte by direct
blotting.

[0016]In addition, with the framed transfer membrane 10, it is
possible to use the frame 2 as a sinker of the transfer
membrane 1. For this reason, it is possible to prevent the
transfer membrane 1 in the reagent from moving inside a
reagent tank such as a shaker, and irregularity arising in the
antibody response. Furthermore, the framed transfer membrane
10 is a simple configuration consisting of the transfer
membrane 1 and pair of frames 2; therefore, compared with one
that breoadly fixes the transfer membrane smoothly by fixing
the entire periphery by a frame, and one that broadly fixes
the transfer membrane by a curved frame, it is not bulky and,
for example, it is possible to reduce the amount of antibody
used when performing Western blotting.

[0017] (Transfer Membrane 1)

The transfer membrane 1 1s a membrane for adsorbing and

retaining biomolecular sample (reagent) separated by the



separation unit of the biomolecule analyzer. Herein, it is
preferable for the transfer membrane 1 to be able to stably
preserve a biomolecular sample (analyte) separated by the
gseparation unit over a long period, and further, and to be an
absorbing/retaining body of bilomolecular samples that
facilitates subsequent analysis. As the material of the
transfer membrane 1, it is preferably a material having high
strength, and having high sample binding capacity (adsorbable
weight per unit volume). 2As the transfer membrane 1, a
polyvinylidene fluoride (PVDF) membrane or the like is suited
in the case of the sample being protein. It should be noted
that it i1s preferable to perform hydrophilization treatment
using methancl or the like in advance on the PVDF membrane.
Otherwise, a membrane conventionally used in the adsorption of
proteing, DNA and nucleic acids such as a nitrocellulose
membrane or nylon membrane can also be used.

[0018]As the biomolecular samples that can be separated and
adsorbed in the biomolecule analyzer, although proteins, DNA
and RNA can be exemplified, it is not limited thereto. For
example, a preparation from biological material (e.g., cell
strain, tissue culture, or tissue fragment), a commercially
available reagent, and the like are also included among
examples of the sample. Furthermore, polypeptides or
polynucleotides are also types of samples.

[0019] (Frame 2)

For each of the pair of frames 2, the length of the frame 2 is

sufficient if longer than the length of one side of the
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transfer membrane 1 to be fixed. In addition, the frame 2
preferably consists of an insulating material. As the
insulating material, it is possible to use a resin such as
polymethylmethacrylate (acrylic), polystyrene, polyethylene,
polypropylene, polyethylene terephthalate (PET), polyacetal
(POM) and polyether ether ketone (PEEK), or glass.

[00201In addition, hydrophilization treatment is more
preferably conducted on the surface of the frame 2. For
example, a coating layer may be provided to the surface of the
frame 2 consisting of the above-mentioned materials. It is
thereby possible to prevent a reagent such as protein
dispensed from the dispensing part of the separation unit from
adhering to the surface of the frame 2, and possible to
prevent the frame 2 from being contaminated.

[0021]1It sheould be noted that the water contact angle to the
surface of the frame 2 is preferably nc more than 90°, and
more preferably no more than 60°. By establishing the water
contact angle to the surface of the frame 2 as nc more than
90°, it is possible to suitably prevent the frame 2 from being
contaminated by reagent.

[0022] (Biomolecule Analyzer 200)

Next, a biomolecule analyzer 200 according to an embodiment of
the present invention will be explained in detail by
referencing FIG. 3. FIG. 3 is a view iliustrating an outline
of the biomolecule analyzer 200 according to the embodiment of
the present invention. As shown in this figure, the

biomolecule analyzer 200 includes a clamp 20, an anode buffer
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tank 30 (buffer tank), an anode stage 31, a cathode buffer
tank 40, an electrophoresis gel chip 50 (separation unit)} and
a conveying part.

[0023]In the biomolecule analyzer 200, the anode buffer tank
30 is fixed in a removable state relative to the ancde stage
31. The clamp 20 is arranged inside the anode buffer tank 30,
and the framed transfer membrane 10 is fixed to the clamp 20
inside of the anocde buffer tank 230. The cathode buffer tank 40
is fixed in a removable state relative to the anode buffer
tank 30. The electrophoresis gel chip 50 is arranged in the
biomolecule analyzer 200 so that, among both end parts
oppoging each other, cone end part is positioned inside of the
anode buffer tank 30, and the other end part is positioned
inside of the cathode buffer tank 40.

[0024]An overview of the biomolecule analyzer 200 is as
follows. The electrophoresis gel chip 50 separates the analyte
intreoduced to the separation gel 52 by way of electrophoresis,
and dispenses the separated analyvte through a dispensing part
50a, which is at one end of the electrophoresis gel chip 50,
onto the transfer membrane 1. The conveying part conveys the
transfer membrane 1 in a conveying direction X (direction from
a side (first side) at which the frame 2 of the framed
transfer membrane 10 is provided towards another side (second
gide) at which the frame 2 ig provided). The dispensed analyte
ie thereby adsorbed at a position acceording to the timing at
which dispensed on the transfer membrane 1 (position opposing

the electrophoresis gel chip 50 at the timing dispensed). The
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separated analyte is thereby transferred to the transfer
membrane 1.

[0025] (Clamp 20)

As shown in FIG. 3, the clamp 20 includes front clamps 20a and
20, rear clamps 2la and 21b, and a clamp frame 22. The front
clamps 20a and 20b are arranged at a conveying end point side
upon the transfer membrane 1 being delivered, while the rear
clamps 2la and 21b are arranged at a conveying starting point
side.

[0026]In the clamp 20, the front clamp 20a and front clamp 20b
are fixed so as to be able to release by a jig. Fitting parts
{not illustrated) are provided at two locations on the front
clamp 20a, and relative to these fitting parts, the fitting
parts 3 provided at two locatlons on one frame 2 shown in FIG.
2(a) are regpectively fitted. Subsequently, one frame 2 is
inserted between and fixed by the front clamp 20a and front
clamp 20b.

[0027]8imilarly, in the clamp 20, the rear clamp 2la and rear
clamp 21b are fixed so as to be able to release by a jig.
Fitting parts (not illustrated) are provided at two locations
on the rear clamp 2la, and relative to these fitting parts,
the fitting parts 3 provided at two locations on the other
frame 2 shown in FIG. 2(a) are resgpectively fitted.
Subsequently, the other frame 2 is inserted between and fixed
by the rear clamp 21la and rear clamp 21b.

[0028] The clamp frame 22 fixes the front clamp 20a and rear

clamp 2la in a state isolating by a certain distance. For this
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reason, when fixing the framed transfer membrane 10 by way of
the clamp 20, the transfer membrane 1 is fixed in a state
tightened without slack. Furthermore, the clamp frame 22 fixes
the front clamp 20a and rear clamp 21b from a lateral side to
the conveying direction of the transfer membrane 1 (outer side
of two sides not supported by the frames 2). When fixing the
framed transfer membrane 10 to the biomolecule analyzer 200
through the clamp 20, it is thereby possible o arrange the
framed transfer membrane 10 so that the clamp frame 22 does
not contact the electrophoresis gel chip 50 as well as guides
33 and 34 in the conveying path of the transfer membrane 1.
[0029]A carrier 23 is provided to the front clamp 20b. When
installing the clamp 20 to an inner side of the anode buffer
tank 30, the clamp 20 can be fixed in a removable state to a
guide pole 66 arranged at an outer side of the anode buffer
tank 30 via the carrier 23.

[0030] (Anode Buffer Tank 30}

In FIG. 3, the anode buffer tank 30 is shown with a dotted
line. As shown in FIG. 3, the anode buffer tank 30 includes an
anode (electrode) 32, guides (support members) 33 and 34, as
well as an anode cover 35 (electrode cover).

[0031]Anode buffer is filled in the anode buffer tank 30. As
the anode buffer, for example, it is possible to use buffer
solutions such as a Tris/glycine-based buffer solution, acetic
aclid buffer solution, sodium carbonate-based buffer sclution,
CPS buffer scolution, Tris/boric acid/EDTA buffer solution,

Trig/acetic acid/EDTA buffer solution, MOPS, phosphoric acid
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buffer solution, and Tris/tricine-based buffer solution. The
framed transfer membrane 10 fixed to the clamp 20 is
established in the anode buffer filled inside of the anode
buffer tank 30.

[0032]The ancode 32 is a long and narrow rod-shaped electrode
configured from platinum wire or the like. The anode 32 is
provided at the bottom of the anode buffer tank 30 so that the
length directicon thereof is perpendicular to the conveying
direction X of the framed transfer membramne 10. The anode 32
is not immediately below the dispensing part 50a of the
electrophoresis gel chip 50, but is rather arranged at a
position separated by a certain distance from the dispensing
part 50a in the conveying direction X. This position is a
position that allows for application of a voltage between the
ancde 32 and cathode 41, from a back face of the transfer
membrane 1 on a side opposing the electrophoresis gel chip 50,
when the framed transfer membrane 10 is installed.

[0033]The guides 33 and 34 are support members that each
support a pair of positions interposing from the front/rear in
the conveying direction a posgition on the transfer membrane 1
at which the electrophoresis gel chip 50 abuts (contacts),
from the opposite side to the electrophoresis gel chip 50 of
the transfer membrane 1. The guides 33 and 34 are provided at
the bottom of the anode buffer tank 30, on the conveying path
on which the framed transfer membrane 10 is conveyed. The
guides 33 and 34 are arranged so that the height direction of

each is parallel to the in-plane direction of the
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electrophoresis gel chip 50, and the framed transfer membrane
10 perpendicularly intersects the conveying direction X in
which the framed transfer membrane 10 is delivered. The guides
33 and 34 thereby support the transfer membrane 1 from the
back face of the transfer membrane 1 that is a side opposing
the electrophoresis gel chip 50, in parallel to the length
direction of an end part of the electrophoresis gel chip 50 on
a side of the dispensing part 50a.

[0034] {Anode Cover 35)

The anode cover 35 is provided tc abut the anode 32 or
separate from the anode 32 at a top part of the ancde 32.
Although described later in detail, the biomolecule analyzer
200 can set free bubbles generating from the anode 32
(electrode) to the top part of the anode buffer tank 30 by
including the anode cover 35; therefore, it is possible to
prevent bubblesg from negatively influencing the contact
location between the transfer membrane 1 and electrophoresis
gel chip 50.

[0035] The anode cover 35 is configured from an insulating
material. As the insulating material, it is possible to use a
resin such as polymethylmethacrylate (acrylic), polystyrene,
polyethylene, polypropylene, polyethylene terephthalate (PET),
polyacetal (POM) and polyether ether ketone (PEEK), or glass.
[0036]In addition, it is more preferable for hydrophilization
treatment to be conducted on the surface of the anode cover 35.
For example, a coating layer may be provided to the surface of

the frame 2 consisting of the above-mentioned material. It is



16

thereby possible to facilitate setting free the bubbles
generating from the anode 32 from the top part of the anode
buffer tank 30 along the surface of the anode cover 35.
[0037] It should be noted that the water contact angle of the
surface of the anode cover 35 is preferably no more than 90°C,
and more preferably no more than 60°. By establishing the
water contact angle of the surface of the anocde cover 35 as no
more than 90°, it is possible to further facilitate setting
free bubbles along the surface of the anode cover 35.

[0038] (Cathode Buffer Tank 40)

As shown in FIG. 3, the cathode buffer tank 40 includes a
cathode 41 and a lock 42. The cathode 41 is a long and narrow
rod-shaped electrode configured from platinum wire or the like.
The cathode 41 is arranged at a top part on the inner side of
the cathode buffer tank 40 (immediately above the separaticn
gel 52) so that the length direction thereof is orthogonal to
the conveying direction of the transfer membrane 1. In other
words, the length direction of the cathode 41 is parallel to
the length direction of the anode 32.

[0039] The cathode buffer is filled intoc the cathode buffer
tank 40. It is possible to use a similar buffer solution to
the anode buffer solution as the cathode buffer.

[0040] The electrophoresis gel chip 50 1s fixed inside of the
cathode buffer tank 40 by the lock 42. At this time, the end
part of the electrophoresis gel chip 50 on the opposite side
to the dispensing part 50a is immersed in the cathode buffer

filled in the cathode buffer tank 40. On the other hand, the
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end part of the electrophoresis gel chip 50 on the side of the
dispensing part 50a is immersed in the anode buffer filled in
the anode buffer tank 30.

[0041]As shown in FIG. 3, the end part of the separation gel
52 on the cpposite side to the side of the dispensing part 50a
is facing the cathode 41. On the other hand, the end part of
the separation gel 52 on the side of the dispensing part 50a
is not facing the anode 32. In this way, the end part of the
separation gel 52 on the side of the dispensing part 50a is
separated by a fixed distance from the anode 32 in the
conveying direction of the transfer membrane 1.

{0042] (Electrophoresis Gel Chip 50)

As shown in FIG. 3, the electrophoresis gel chip 50 includes
an insulating plate 51, separation gel 52 and insulating plate
53. The insulating plate 51 and insulating plate 53, for
example, are formed by plates consisting of insulators such as
glass and acrylic. The separation gel 52 is formed between the
insulating plate 51 and insulating plate 53.

[0043] The separation gel 52 is a gel for separating the
introduced biomolecule sample (analyte) according to molecular
welght. As examples of the separation gel 52, polyacrylamide
gel, agarose gel and the like are exemplified, and it is
preferable to use a gel made by combining with a buffer
golution in the aforementioned suitable compositions. The
separation gel 52 can form by filling into the electrophoresis
gel chip 50 prior to installing the electrophoresis gel chip

50 to the cathode buffer tank 40.
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{00441 The electrophoresis gel chip 50 is arranged in the
biomolecule analyzer 200 so as to perpendicularly abut against
the transfer membrane 1. Furthermore, the electrophoresis gel
chip 50 is arranged vertically. The dispensing part 50a of the
electrophoresis gel chip 50 contacts the surface of the
transfer membrane 1. The biomolecule sample is supplied to the
gseparation gel 52 through the end of the electrophoresis gel
chip 50 that is facing the dispensing part 50a and is arranged
inside the cathode buffer tank 40. After the biomolecule
sample 1s supplied, electrophoresis is pexformed by applyving a
voltage between the anode 32 and cathode 41. As a result
thereof, the analyte 1s transferred to the transfer membrane 1
through the dispensing part 50a.

[0045] (Conveying Part)

As shown in FIG. 3, the conveying part includes a motor 62,
ball screw 63, guide shaft 64, shaft holder 65, and guide pole
66.

[0046]With the conveying part, it is possible to move the
shaft holder 65 in the conveying direction X along the guide
shaft 64, by causing the ball screw 63 to rotate with the
motor 62. The gulde pole 66 1s fixed to the shaft holder 65,
and the guide pole 66 supports the carrier 23 provided to the
clamp 20 from ocutside of the anode buffer tank 30.

[0047] The conveying part causes the framed transfer membrane
10 arranged inside of the anode buffer tank 30 to move in the

conveying direction via the guide pole 66 arranged outside of
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the anode buffer tank 30, by causing the motor 62 to rotate
according to the above-mentioned configuration.

[0048] (Operation of Biomolecule Analyzer 200)

Operation of the biomolecule analyzexr 200 will be explained
below. First, the framed transfer membrane 10 is fixed by the
clamp 20, and arranged at the inner side of the anode buffer
tank 30 filled with the anode buffexr. The transfer membrane 1
of the framed transfer membrane 10 is fixed in a state
supported from the lower side by the guide 33 and guide 34.
[0049] Subsequently, the cathode buffer tank 40 to which the
electrophoresis gel chip 50 is fixed by the lock 42 is fixed
to the top of the anode buffer tank 30. At this time, the
cathode buffer tank 40 is installed in a state such that
pushes the electrophoresis gel chip 50 to above the transfer
membrane 1. The transfer membrane 1 is thereby fixed in a
state folded back (valley fold shape) so as to be convex to an
opposite side to the electrophoresis gel chip 50 by touching
the guide 33, guide 34 and electrophoresis gel chip 50.
[0050]Next, by applying a voltage between the anode 32 and
cathode 41, the transfer membrane 1 of the framed transfer
membrane 10 is conveyed in the transfer direction X shown in
FIG. 3, in the state as is transferring the analyte dispensed
by the electrophoresis gel chip 50 and pushing against the
dispensing part of the electrophoresis gel chip 50, in the
anode buffer. For this reason, the tension occurring when the
transfer membrane 1 is conveyed is focused on the dispensing

part provided at the end of the electrophoresis gel chip 50.
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In other woxrds, the transfer membrane 1 is conveved in the
transfer direction X while pushing against the dispensing part
of the electrophoresis gel chip 50 with a constant force.
[0051] For this reason, when conveying the transfer membrane 1
with the framed transfer membrane 10, it is possible to
prevent a gap from forming between the transfer membrane 1 and
the dispensing part of the analyvte of the electrophoresis gel
chip 50. Therefore, it is possible to suppress dispersing in
the anode buffer prior to the analyte dispensed from the
dispensing part of the electrophoresis gel chip 50 being
transferred to the transfer membrane 1. It is thereby possible
to reduce the fluctuation in the band of analyte transferred
to the transfer wmembrane 1, and it is possible to improve the
sensitivity of the biomolecule analyzer.

[0052] {(Arrangement of Anode Cover 35)

FIG. 1 is a view showing the arrangement of the anode cover 35
in the biomolecule analyzer 200 according to the present
embodiment. This drawing illustrates only a part of the
members provided to the biomolecule analyzer 200. In the
example of FIG, 1, the anode cover 35 has a flat-plate shape
[0053] The anode cover 35 has an end 35a and end 35b that face
each other. In the conveying direction X, the end 35a is
closer than the end 35b to the ceontact locaticen (matching the
dispensing part 50a) between the transfer membrane 1 and
electrophoresis gel chip 50. In other words, in the conveying
direction X, the end 35b is farther than the end 35a from the

dispensing part 50a.
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[0054] The anode cover 35 slopes at a certain angle relative to
the conveying direction X of the transfer membrane 1. The
certain angle referred to herein is an angle at which the end
35a is closer to the anode 32 than the end 35b (bottom part of
anode buffer tank 30) in a direction orthogonal to the in-
plane direction of the transfer membrane 1. In other words, it
is an angle at which the end 35b becomes closer to the anode
buffer liguid surface than the end 35a in a direction
orthogonal to the in-plane direction of the transfer membrane
1.

[0055] Since the anode cover 35 slopes as shown in FIG. 1, it
is possible to set free bubbles generating at the anode 32 in
the lifting direction Y of the transfer membrane 1 along the
surface of the anode cover 35. In other words, bubbles escape
in a direction distancing from the dispensing part 50, and do
not move to the side of the end 35a (side of dispensing part
50a}. As a result thereof, bubbles will not negatively
influence the contact location between the transfer membrane 1
and electrophoresis gel chip 50.

[0056] (Constricting of Electric Line of Force)

As mentioned above, the anode 32 is not immediately below the
dispensing part 50a, but is arranged at a position separated a
certain distance from the dispensing part 50a in the conveying
direction X. PFor this reason, if there is no anode cover 35,
the electric line of force 37 arising from the dispensing part
50a during electrophoresis will widen greatly as shown in FIG.

4. FIG. 4 is a view showing the span of the electric line of
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force 37 arising in the case of there being no anode cover 35.
As shown in this drawing, when the electric line of force 37
that has greatly widened arises, the analyte dispensed from
the dispensing part 50a will greatly disperse, a result of
which there is a possibility of causing the separability of
analyte to greatly decline.

[0057]10n the othexr hand, in the present embodiment, as shown
in FIG. 1, the end 35a of the anode cover 35 is positioned at
a lower part of the end on a side of the ancde 32 at the
contact location between the electrophoresis gel chip 50 and
transfer membrane 1. Since the anode cover 35 is constituted
from an insulating material, the electric line of force 36
ariging from the dispensing part 50a is inhikited by the anode
cover 35 existing nearest the dispensing part 50a, and does
not widen towards the anocde 32. As a result thereocf, as shown
in FIG. 1, it is possible to cause the constricted electric
line of force 36 to arise from the dispensing part 50a. It is
thereby possible to greatly improve the separability of
analyte.

[0058]1In addition, the anode cover 35 can be easily detached
from the biomolecule analyzer 200. For this reason, it is
possible to easily clean or wash the anode cover 35 at fixed
intervals. Furthermore, it 1s also possible to replace the
anode cover 35 which has degraded with time with a new article.
[0059] Second Embodiment

A second embodiment according to the present invention will be

explained hereinafter based on FIG. 5.
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[0060]FIG. 5 is a view showing the arrangement of a
constriction member 38 and an electric line of force 39
arising from the dispensing part 50a. As shown in this drawing,
the biomolecule analyzer 200 according to the present
embodiment further includes the constriction member 38 (second
insulating member), in addition to the respective members
included by the biomclecule analyzer 200 according to the
first embodiment.

[0061] The constriction member 38 is configured by an
insulating material. In the present embodiment, the material
of the constriction member 38 is the same as the material of
the anode cover 35; however, it is not necessarily limited
thereto.

[0062] The constriction member 38 is arranged perpendicular to
the transfer membrane 1 at a lower part of an end of the
dispensing part 50a that is an opposite side to the side of
the ancde 32. 8Since the constriction member 38 is insulating,
the electric line of force 39 arising from the dispensing part
50a is inhibited by the constriction member 38, and cannot
spread to an opposite side to the side of the anode 32. As a
result therecf, it is possible to further constrict the
electric line of force 39 than the electric line of force 36
shown in FIG. 1 occurring in the case of there not being the
constriction member 38. It is thereby possible to even more
greatly improve the separability of analyte.

[0063] Third Embodiment
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A third embodiment of the present invention will be explained
herein based on FIG. 6.

[0064]FIG. 6 is a view showing the configuraticn of the anode
cover 35 in the biomolecule analyzer 200 according to the
present embodiment.

[0065] The respective members included by the biomolecule
analyzer 200 shown in FIG. 6{a) or (b) are the same as the
biomolecule analyzer 200 according to the first embodiment.
However, it differs from the first embodiment in the point of
a slit 70 {(gap} being provided between the anode cover 35 and
the bottom face cof the anode buffer tank 30.

[0066]In FIG. 6{(a), the slit 70 is provided between the end
35a of the anode cover 35 and the bottom face of the anode
buffer tank 30. This slit 70 is arranged in a perpendicular
direction relative to the conveying direction X, or arranged
lower than the anode 32. Furthermore, the slit 70 1s arranged
immediately below the dispensing part 50a.

[0067]As shown in FIG. 6(a), a side at the end 35b of the
anode cover 35 is arranged higher than the anode 32. A wide
opening part 71 is thereby formed in the anode cover 35 at a
gide of an end 354b. Heat and bubbles generate at the ancde 32
during electrophoresis. Convective flow of anode buffer occurs
at the periphery of the ancde 32 due to this heat. Since the
opening part 71 is wider than the slit 70, the anode buffer
containing bubbles comes to more easily move to the opening
part 71 than the slit 70 due to the convective flow according

to heat. As a result thereof, 1t is possible to further
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prevent bubbles generating from the anode 32 from heading
towards the dispensing part 50a.

[0068]In FIG. 6(b), the anode cover 35 curves at the lower
part of the dispensing part 50a, and the end 35a is arranged
at a lower part of the anode 32. Therefore, the slit 70
provided between the end 35a and the bottom face of the anode
buffer tank 30 is arranged lower than the anode 32. According
to this configuration, the electric line of force 72 arising
from the dispensing part 50a is inhibited by the anocde cover
35, and will not widen towards the anode 32, In other words,
the electric line of force 72 is constricted along the anode
cover 25 towards the slit 70, which is below the anode 32. It
ig thereby possible to greatly improve the separability of
analyte.

[0069]Herein, the wide opening part 71 is formed in the ancde
cover 35 at the side of the end 35b, also in the configuration
shown in FIG. 6(b). Therefore, similarly to the configuration
shown in FIG. 6(a), it is possible to further prevent the
bubbles generating from the anode 32 from heading towards the
dispensing part 50a.

[0070] The biomolecule analyzer 200 shown in FIG. 6(c¢)} further
includes an insulating upright member 73 (first insulating
member) that is long and narrow lengthwise provided to the
bottom face of the anode buffer tank 30, in addition to the
respective members included by the biomoclecule analyzer 200
according to the first embodiment. The upright member 73 is

arranged perpendicularly to the transfer membrane 1, at a
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lower part of an end of the dispensing part 5Ca on a side of
the anode 32. The anode cover 35 is extended so far as the
upper part of the upright member 73.

[0071]1In the configuration shown in FIG. 6(c), the slit 70 is
formed between the end 35a of the anode cover 35 and the
bottom face of the anode buffer tank 30. In place thereof, the
glit 74 is provided between a lcocation slightly more to the
end 35b of the ancde cover 35 than the end 35a, and the
upright member 73. In other words, the slit 74 is provided at
a location separated by a certain distance (equal to the
height of the upright member 73) from the bottom face of the
anode buffer tank 30.

[0072]Herein, the wide opening part 71 is formed in the ancde
cover 35 at a side of the end 35b thereof, also in the
configuration shown in FIG. 6(c). Therefore, similarly to the
configuration shown in FIG. 6(a), it is possible to further
prevent bubbles generating from the anode 32 from heading
towards the dispensing part 50a as a result thereof.

[0073] Fourth Embodiment

A fourth embodiment according to the present invention will be
explained hereinafter based on FIG. 7.

[0074] The respective members included by the biomolecule
analyzer 200 according to the present embodiment are the same
as the biomolecule analyzer 200 according to the first
embodiment. However, the sloping direction of the anode cover

35 differs from the first embodiment.
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[0075]FIG. 7(a) 1s a view showing the arrangement of the anode
cover 35 in the case of viewing the biomolecule analyzer 200
from the left side in the conveying direction X¥. As shown in
this drawing, the anode cover 35 does not slope relative to
the conveying direction X.

[0076]FIG. 7(b) 1s a view showing the arrangement of the anode
cover 35 in the case of viewing the biomolecule analyzer 200
from an end point side in the conveying direction X. As shown
in this drawing, the anode cover 35 slopes at a certain angle
relative to the direction orthogonal to the conveying
direction X and parallel to the in-plane direction of the
transfer membrane 1. More specifically, among the pair of ends
35¢ and 35d possessed by the anode cover 35 in a direction
orthogonal to the in-plane direction of the transfer membrane
1, the end 35c positioned at the lefﬁ side in the conveying
direction X is closer to the anode 32 than the end 35d
positioned at the right side in the conveying direction X. In
other words, in the direction orthogonal to the in-plane
direction of the transfer membrane 1, the end 35d is closer to
the liguid surface of the ancde buffer than the end 35c.
[0077]Since the anode cover 35 slopes as shown in FIG. 7(b),
it is possible to set free bubbles generating at the anode 32
to a side at the end 35d of the anode cover 35, i.e. in a
direction perpendicular to the lifting direction Y of the
transfer membrane 1. As a result thereof, the bubblés will not
move to the side of the dispensing part 50a; therefore,

bubbles will not negatively influence the contact location
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between the transfer membrane 1 and electrophoresis gel chip
50.

[0078] It should be noted that the slope of the anode cover 35
is not limited to that shown in FIG. 7(b). The anode cover 35
may slope at an angle at which the end 35c is closer to the
liguid surface of anode buffer than the end 35d. In this case,
the bubbles generated at the anode 32 can be set free to the
gide of the end 35c.

[0079]Fifth Embodiment

A fifth embodiment according to the present invention will be
explained below based on FIGS. 8 to 11.

f0080] (Framed Transfer Membrane 110)

First, the framed transfer membrane used in the biomolecule
analyzer according to the present embodiment will be explained
hereinafter by referencing FIG. 9. FIG. 9(a) is a view
illustrating an outline of the framed transfer membrane 110.
FIG. 9(b) provides cross-sectiocnal views along the line A and
line B in FIG. 9%({(a).

[0081]As shown in FIG. 9(a), the framed transfer membrane 110
is supported separately by the pair of frames {frame members)
102 at a side of the transfer membrane 101 (first side) and a
gide facing this side (second side).

[0082]As shown in the cross-sgsectional views along the line A
and line B in FIG. 9(b), the framed transfer membrane 110 more
preferably is provided with fitting parts (through holes) of
open form through which the frame 102 passes, as fitting parts

103 of the pair of frames 102. The fitting parts 103 can
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respective fit into the fitting parts of a corresponding
convex form. It ig thereby possible to fix the framed transfer
membrane 110 and biomolecule analyzer with the fitting parts
103.

[0083] The framed transfer membrane 110 can tighten the
transfer membrane 101 without slack by horizontally fixing the
pair of frames 102 to separate from each other. In addition,
since it is possible to fix the transfer membrane 101 which is
sectioned into a predetermined shape in advance by the frame
102, the framed transfer membrane 110 can be installed in the
biomolecule analyzer while imparting easy and appropriate
tension to the transfer membrane 101. For this reason, it is
possible to prevent warping of the blot when fixing to the
biomolecule analyzer and transferring analyte by direct
blotting.

[0084] in addition, with the framed transfer wembrane 110, it
is possible to use the frame 102 as a sinker of the transfer
membrane 101. For this reason, it is possible to prevent the
transfer membrane 101 in the reagent from moving inside a
reagent tank such as a shaker, and irregularity arising in the
antibody response. Furthermore, the framed transfer membrane
110 is a simple configuration consisting of the transfer
membrane 101 and pair of frames 102; therefore, compared with
one that broadly fixes the transfer membrane smoothly by
fixing the entire periphery by a frame, and one that broadly

fixes the transfer membrane by a curved frame, it is not bulky
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and, for example, it is possible to reduce the amount of
antibody used when performing Western blotting.

[0085] (Transfer Membrane 101)

The transfer membrane 101 is a membrane for adsorbing and
retaining biomolecular sample (reagent) separated by the
separation unit of the biomolecule analyzer. Herein, it is
preferable for the transfer membrane 101 to be able to stably
preserve a biomolecular sample (reagent) separated by the
separation unit over a long period, and further, and to be an
abgorbing/retaining body of biomolecular samples that
facilitates subsequent analysis. BAs the material of the
transfer membrane 101, it is preferably a material having high
strength, and having high sample binding capacity (adsorbable
weilght per unit volume). As the transfer membrane 101, a
polyvinylidene fluoride (PVDF} membrane or the like is suited
in the case of the sample being protein. It should be noted
that it is preferable to perform hydrophilization treatment
using methanol or the like in advance on the PVDF membrane.
Otherwise, a membrane conventionally used in the adsorption of
proteins, DNA and nucleic acids such as a nitrocellulose
membrane or nylon membrane can also be used.

[0086]As the biomolecular samples that can be geparated and
adsorbed in the biomolecule analyzer, although proteins, DNA
and RNA can be exemplified, it is not limited thereto. For
example, a preparation from biclogical material (e.g., cell
strain, tissue culture, or tissue fragment), a commercially

available reagent, and the like are also included among
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examples of the sample. Furthermore, polypeptides or
polynucleotides are also types of samples.

[0087] {(Frame 102)

For each of the pair of frames 102, the length of the frame
102 is gufficient if longer than the length of one side of the
transfer membrane 101 to be fixed. In addition, the frame 102
preferably consists of an insulating material. As the
insulating material, it is possible to use a resin such as
polymethylmethacrylate (acrylic), polystyrene, polyethylene,
polypropylene, polyethylene terephthalate (PET)}, polyacetal
{POM} and polyether ether ketone (PEEK), or glass.

[c088]In addition, hydrophilization treatment is more
preferably conducted on the surface of the frame 102. For
example, a coating layer may be provided to the surface of the
frame 102 consisting of the above-mentioned materials. It is
thereby possible to prevent a reagent such as protein
dispensed from the dispensing part of the separation unit from
adhering to the surface of the frame 102, and possible to
prevent the frame 102 from being contaminated.

[0089] It should be noted that the water contact angle to the
gurface of the frame 102 is preferably no more than 90°, and
more preferably no more than 60°. By establishing the water
contact angle to the surface of the frame 102 as no more than
90°, it is possible to suitably prevent the frame 102 from
being contaminated by reagent.

[0090] (Biomolecule analyzer 201)
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Next, a biomolecule analyzer 201 according to an embodiment of
the present invention will be explained in detail by
referencing FIG. 10. FIG. 10 is a view illustrating an outline
of the biomolecule analyzer 200 according to the embodiment of
the present invention. As shown in this figure, the
biomolecule analyzer 201 includes a clamp 120, an anode buffer
tank 130 (buffer tank), an anode stage 131, a cathode buffer
tank 140, an electrophoresis gel chip 150 (separation unit)
and a conveying part, and a first concave part 130a is
provided to the bottom part of the anode buffer tank 130.
[0091]In the biomolecule analyzer 201, the anode buffer tank
130 is fixed in a removable state relative to the anode stage
131. The clamp 120 is arranged inside the anode buffer tank
130, and the framed transfer membrane 110 ig fixed to the
clamp 120 inside of the anode buffer tank 130. The cathode
buffer tank 140 is fixed in a removable state relative to the
anode buffer tank 130. The electrophoresis gel chip 150 is
arranged in the biomolecule analyzer 201 so that, among both
end parts opposing each other, one end part is positioned
inside of the anode buffer tank 130, and the other end part is
positioned inside of the cathode buffer tank 140.

[0092]2An overview of the biomolecule analyzer 201 is as
follows. The electrophoresis gel chip 150 separates the
analyte introduced to the separation gel 152 by way of
electrophoresis, and dispenses the separated analyte through a
dispensing part 150a, which is at one end of the

electrophoresis gel chip 150, onto the transfer membrane 101.
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The conveying part conveys the transfer membrane 101 in a
conveying direction X (direction from a side (first side) at
which the frame 102 of the framed transfer membrane 110 is
provided towards another side (second side) at which the frame
102 is provided). The dispensed analyte is thereby adsorbed at
a position according to the timing at which dispensed on the
transfer membrane 101 (positioh opposing the electrophoresis
gel chip 150 at the timing dispensed). The separated analyte
is thereby transferred to the transfer membrane 101.

[0093] (Clamp 120)

As shown in FIG. 10, the clamp 120 includes front clamps 120a
and 120b, rear clamps 121a and 121b, and a clamp frame 122.
The front clamps 120a and 120b are arranged at a conveying end
point side upon the transfer membrane 101 being conveyed,
while the rear clamps 12la and 121b are arranged at a
conveying starting point side.

[0024]1In the clamp 120, the front clamp 120a and front clamp
120b are fixed so as to be able to release by a jig. Fitting
parts (not illustrated) are provided at two locations on the
front clamp 120a, and relative to these fitting parts, the
fitting parts 103 provided at two locations on -one frame 102
shown in FIG. 9{(a) are respectively fitted. Subsequently, one
frame 102 is inserted between and fixed by the front clamp
120a and front clamp 120b.

[0095]18imilaxrly, in the clamp 120, the rear clamp 1l2la and
rear clamp 121b are fixed so as to be able to release by a jig.

Fitting parts (not illustrated) are provided at two locations
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on the rear clamp 1l2la, and relative to these fitting parts,
the fitting parts 103 provided at two locations on the other
frame 102 shown in FIG. 9(a) are respectively fitted.
Subsequently, the other frame 102 is inserted between and
fixed by the rear clamp 12l1la and rear clamp 121b.

[0096] The clamp frame 122 fixes the front clamp 120a and rear
clamp 1l21a in a state isolating by a certain distance. For
this reason, when fixing the framed transfer membrane 110 by
way of the clamp 120, the transfer membrane 101 is fixed in a
state tightened without slack. Furthermore, the clamp frame
122 fixes the front clamp 120a and rear clamp 121b from a
lateral side to the conveying direction of the transfer
membrane 101 (outer side of two sides not supported by the
frames 102). When fixing the framed transfer membrane 110 to
the biomolecule analyzer 201 through the clamp 120, it is
thereby possible to arrange the framed transfer membrane 110
gso that the clamp frame 122 does not contact the
electrophoresis gel chip 150 as well as guides 133 and 134 in
the conveying path of the transfer membrane 101.

[0097]A carrier 123 is provided to the fromnt clamp 120b. When
installing the clamp 120 to an inner side of the anode buffer
tank 130, the clamp 120 can be fixed in a removable state to a
guide pole 166 arxanged at an outer side of the anode buffer
tank 130 via the carrier 123,

[0098] (Anode Buffer Tank 130)

In FIG. 10, the anode buffer tank (buffer solution tank} 130

is shown with a dotted line. As shown in FIG. 10, the anode
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buffer tank 130 includes an ancde {(electrode) 132, guides
(support members) 133 and 134, as well as an anode cover 135
{electrode cover). In addition, a concave part 130a is
provided to the bottom part of the anode buffer tank 130.
[0099] Anode buffer is filled in the anode buffer tank 130. As
the ancde buffer, for example, it is possible to use buffer
solutions such as a Tris/glycine-based buffer solution, acetic
acid buffer solution, sodium carbonate-based buffer solution,
CPS buffer solution, Tris/beric acid/EDTA buffer solution,
Tris/acetic acid/EDTA buffer solution, MOPS, phosphoric acid
buffer solution, and Tris/tricine-based buffer sclution. The
framed transfer membrane 110 fixed to the clamp 120 is
established in the anode buffer filled inside of the anode
buffer tank 130.

{0100]The anode 132 is a long and narrow rod-shaped electrode
configured from platinum wire or the like. The anode 132 is
provided at the bottom of the anode buffer tank 130 so that
the length direction thereof is perpendicular to the conveying
direction X of the framed transfer membrane 110. The anode 132
is not immediately below the dispensing part 150a of the
electrophoresis gel chip 150, but is rather arranged at a
position separated by a certain distance from the dispensing
part 150a in the conveying direction X. This position is a
position that allows for application of a voltage between the
anode 132 and cathode 141, from a back face of the transfer
membrane 101 on a side opposing the electrophoresis gel chip

150, when the framed transfer membrane 110 1s installed.
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[0101] The guides 133 and 134 are support members that each
support a pair of positions intexposing from the front/rear in
the conveying direction a position on the transfer membrane
101 at which the electrophoresis gel chip 150 abuts {(contacts),
from the opposite side to the electrophoresis gel chip 150 of
the transfer membrane 101. The guides 133 and 134 are provided
at the bottom of the anode buffer tank 130, on the conveying
path on which the framed transfer membrane 110 is conveyed.
The guides 133 and 134 are arranged so that the height
direction of each is parallel to the in-plane direction of the
electrophoresis gel chip 150, and the framed transfer membrane
110 perpendicularly intersects the conveying direction X in
which the framed transfer membrane 110 is delivered. The
guides 133 and 134 thereby support the transfer membrane 101
from the back face of the transfer membrane 101 that is a side
opposing the electrophoresis gel chip 150, in parallel to the
length direction of an end part of the electrophoresis gel
chip 150 on a side of the dispensing part 150a.

[0102] {Anode Cover 135)

The anode cover 135 ig provided to abut the anode 132 or
separate from the anode 132, between the anocde 132 and the
contact location of the transfer membrane 101 and
electrophoresis gel chip 150. Although described later in
detail, the biomoleeule analyzer 201 can set free bubbles
geﬁerating from the anode 132 (electrcde) to the top part of
the anode buffer tank 130 by including the anode cover 135;

therefore, it is possible to prevent bubbles from negatively
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influencing the contact location between the transfer membrane
101 and electrophoresis gel chip 150.

[0103] The anode cover 135 1s configured from an insulating
material. Ag the insulating material, it is possible to use a
regin such as polymethylmethacrylate (acrylic), polystyrene,
polyethylene, polypropylene, polyethylene terephthalate (PET),
polyacetal (POM) and polyether ether ketone (PEEK), or glass.
[0104])In addition, it is more preferable for hydrophilization
treatment to be conducted on the surface of the anode cover
135. For example, a coating layer may be provided to the
surface of the frame 102 consisting of the above-mentioned
material. It is thereby possible to facilitate setting free
the bubbles generating from the anode 132 from the top part of
the anode buffer tank 130 along the surface of the anode cover
135.

[0105] 1t should be noted that the water contact angle of the
surface of the anode cover 135 is preferably no more than 90°C,
and more preferably no more than 60°. By establishing the
water contact angle of the surface of the anode cover 135 as
no more than 909, it 1s possible to further facilitate setting
free bubbles along the surface of the anode cover 135.

[0106] (Cathode Buffer Tank 140)

As shown in FIG. 10, the cathode buffer tank 140 includes a
cathode 141 and a lock 142. The cathode 141 is a long and
narrow rod-shaped electrode configured from platinum wire or
the like. The cathode 141 is arranged at a top part cn the

inner side of the cathode buffer tank 40 (immediately above
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the separation gel 152) so that the length direction thereof
is orthogonal to the conveying direction of the transfer
membrane 101. In other words, the length direction of the
cathode 141 is parallel to the length direction of the anode
132,

[0107] The cathode buffer is filled into the cathode buffer
tank 140. It is possible to use a similar buffer solution to
the ancde buffer solution as the cathode buffer.

[0108] The electrophoresis gel chip 150 is fixed inside of the
cathode buffer tank 140 by the lock 142. At this time, the end
part of the electrophoresis gel chip 150 on the opposite side
to the dispensing part 150a is immersed in the cathode buffer
filled in the cathode buffer tank 140. On the other hand, the
end part of the electrophoresis gel chip 150 on the side of
the dispensing part 150a is immersed in the aﬁode buffer
filled in the anode buffer tank 130.

[0109]As shown in FIG. 10, the end part of the separation gel
152 on the opposite side to the side of the dispensing part
150a is facing the cathode 141. On the other hand, the end
part of the separation gel 152 on the side of the dispensing
part 150a is not facing the anode 132. In this way, the end
part of the separation gel 152 on the side of the dispensing
part 150a is separated by a fixed distance from the anode 132
in the conveying direction of the transfer membrane 101.
[0110] (Electrophoresis Gel Chip 150)

As shown in FIG. 10, the electrophoresis gel chip 150 includes

an insulating plate 151, separation gel 152 and insulating
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plate 153. The insulating plate 151 and insulating plate 153,
for example, are formed by plates consisting of insulators
such as glass and acrylic. The separation gel 152 is formed
between the insulating plate 151 and insulating plate 153.
[0111] The separation gel 152 is a gel for separating the
introduced biomolecule sample (analyte) according to molecular
weight. As examples of the separation gel 152, polyacrylamide
gel, agarose gel and the like are exemplified, and it is
preferable to use a gel made by combining with a buffer
solution in the aforementioned suitable compositions. The
separation gel 152 can form by filling intoc the
electrophoresis gel chip 150 prior to installing the
electrophoresis gel chip 150 to the cathode buffer tank 140.
[0112] The electrophoresis gel chip 150 is arranged in the
biomolecule analyzer 201 so as to perpendicularly abut against
the transfer membrane 101. Furthermore, the electrophoresis
gel chip 150 is arranged vertically. The dispensing part 150a
of the electrophoresis gel chip 150 contacts the surface of
the transfer membrane 101. The biomolecule sample is supplied
to the separation gel 152 through the end of the
electrophoresis gel chip 150 that is facing the dispensing
part 150a and is arranged inside the cathode buffer tank 140.
After the biomolecule sample is supplied, electrophoresis is
performed by applying a voltage between the anode 132 and
cathode 141. As a result thereof, the analyte is transferred
to the transfer membrane 101 through the dispensing part 150a.

[0113] (Conveying Part)
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As shown in FIG. 10, the conveying part includes a motor 162,
ball screw 163, guide shaft 164, shaft holder 165, and guide
pole 166,

[0114]With the conveying part, it is possible to move the
shaft holder 165 in the conveying direction X along the guide
shaft 164, by causing the ball screw 163 to rotate with the
motor 162. The guide pole 166 is fixed to the shaft holder 165,
and the guide pole 166 supports the carrier 123 provided to
the clamp 120 from ocutside of the anode buffer tank 130.

[0115] The conveying part causes the framed transfer membrane
110 arranged inside of the anode buffer tank 130 to move in
the conveying direction via the guide pole 166 arranged
outside of the anode buffer tank 130, by causing the motor 162
to rotate according to the above-mentioned configuration.
[0116] {Operation of Biomolecule Analyzer 201)

Operation of the biomolecule analyzer 201 will be explained
below. First, the framed transfer membrane 110 is fixed by the
clamp 120, and arranged at the inner side of the anode buffer
tank 130 filled with the anode buffer. The transfer membrane
101 of the framed transfer membrane 110 is fixed in a state
supported from the lower side by the guide 133 and guide 134,
[0117] Subsequently, the cathode buffer tank 140 to which the
electrophoresis gel chip 150 is fixed by the lock 142 is fixed
to the top of the anode buffer tank 130. At this time, the
cathode buffer tank 140 is installed in a state such that
pushes the electrophoresis gel chip 150 tc the above the

transfer membrane 101. The transfer membrane 101 is thereby
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fixed in a state folded back (valley fold shape) so as to be
convex to an opposite side to the electrophoresis gel chip 150
by touching the guide 133, guide 134 and electrophoresis gel
chip 150.

[0118]Next, by applying a voltage between the anode 132 and
cathode 141, the transfer membrane 101 of the framed transfer
membrane 110 is conveyed in the transfer direction X shown in
FIG. 10, in the state as is transferring the analyte dispensed
by the electrophoresis gel chip 150 and pushing against the
dispensing part of the electrophoresis gel chip 150, in the
anode buffer. For this reason, the tension occurring when the
transfer membrane 101 is conveyed 1g focused on the dispensing
part provided at the end of the electrophoresis gel chip 150.
In other words, the transfer membrane 101 is conveyed in the
transfer direction X while pushing against the dispensing part
of the electrophoresis gel chip 150 with a constant force.
[0119] For this reason, when conveving the transfer membrane
101 with the framed transfer membrane 110, it is possible to
prevent a gap from forming between the transfer membrane 101
and the dispensing part of the analyte of the electrophoresis
gel chip 150. Therefore, 1t is possible to suppress dispersing
in the anode buffer prior to the analyte dispensed from the
dispensing part of the electrophoresis gel chip 150 being
transferred to the transfer membrane 101. It is thereby
possible to reduce the fluctuation in the band of analyte
transferred to the transfer membrane 101, and it is possible

to improve the sensitivity of the biomolecule analyzex.
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[0120] (Arrangement of Anode Cover 135)

FIG. 8 is a view showing the arrangement of the anode cover
135 in the biomolecule analyzer 201 according to the present
embodiment. This drawing illustrates only a part of the
members provided to the biomolecule analyzer 201. In the
example of FIG. 8, the anode cover 135 is made in a trapezoid
having a bottom face that slopes in the conveying direction of
the transfer member 101.

[0121] The anode cover 135 has, in the bottom face thereof, an
end (end part) 135a and end 135b that are orthogonal to the
conveying direction X and face each other. In the conveying
direction X, the end 135a is closer than the end 135b to the
contact location {matching the dispensing part 150a) between
the transfer membrane 101 and electrophoresis gel chip 150. In
other words, in the conveying direction X, the end 135b is
farther than the end 135a from the dispensing part 150a.
[0122] The bottom face of the ancde cover 135 slopes so that
the end 135a is closer to the bottom of the anode buffer tank
130 than the end 1358b. In other words, the bottom face of the
anode cover 135 slopes so that the end 135b is closer to the
liquid surface of the anode buffer than the end 135a. The
sloping angle is not particularly limited, and may be a fixed
angle, or the sloping angle may vary according to position.
[0123]In addition, at the lower part of the contact location
between the transfer membrane 101 and the electrophoresis gel
chip 150, a first concave part 130a of groove shape 1is

provided in the anode buffer tank 130 so that the longitudinal
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direction thereof is orthogonal to the conveying direction of
the transfer membrane 101, The first concave part 130a has a
depth on the order of 2 to 3 mm deep.

[0124] The end 135a of the anode cover 135 hangs down towards
the first concave part 130a. Preferably, the end 135a of the
anode cover 135 is movably inserted in the first concave part
130a by making to follow the longitudinal direction of the
first concave part 130a. A bottleneck is thereby formed
between the anode cover 135 and first concave part 130a, while
arranging the end 13%5a of the anode cover 135 at a position
lower than the bottom face of the anode buffer tank 130 in
which the ancde 132 is arranged.

[0125] Since the anode cover 135 slopes as shown in FIG. 8, it
igs possible to set free bubbles generating at the anode 132 in
the lifting direction Y of the transfer membrane 101 along the
surface of the anode cover 135. In addition, since the end
135a of the anode cover 135 is arranged at a position lower
than the bottom part of the anode 132, bubbles generating from
the anode 132 will not pass through the bottleneck formed by
the end 135a and first concave part 130a. For this reason,
bubbles escape in the direction distancing from the dispensing
part 150a, and will not migrate to the side of the end 135a
{side of dispensing part 150a). As a result thereof, bubbles
will not negatively influence the contact location between the
transfer membrane 101 and electrophoresis gel chip 150.

[0126] {Constricting of Electric Line of Force)
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As mentioned above, the anode 132 is not immediately below the
dispensing part 150a, but is arranged at a position separated
a certain distance from the dispensing part 150a in the
conveying direction X. For this reason, if there is no anode
cover 135, the electric line of forece arising from the.
dispensing part 150a during electrophoresis will widen greatly.
If the electric line of force greatly spreads, analyte
dispensed from the dispensing part 150a will greatly scatter,
a result of which there is a possibility of causing the
separability of analyte to greatly decline.

[0127]0n the other hand, in the present embodiment, the end
135a of the anode cover 135 is arranged above the first
concave part 130a provided in the bottom part of the anode
buffer tank 130 so as to be positioned at a lower part of an
end on the anode 132 side of the contact location between the
electrophoresis gel chip 150 and transfer membrane 101, as
shown in FIG. 8. Since the anode cover 135 is constituted from
an insulating material, the electric line of force 170 arising
from the dispensing part 150a is inhibited by the anode cover
135 existing nearest the dispensing part 150a, and does not
widen towards the anode 132. TIn addition, the bottleneck
formed by the end 135a of the anode cover 135 and the first
concave part 130a of the anode buffer tank 130 is in
communication between the anode 132 and dispensing part 150a,
and is open towards the digpensing part 150a at the bottom
part of the ancde buffer tank 130. As a result therecf, as

shown in FIG. 8, it is possible to cause the constricted



45

electric line of force 170 to arise from the dispensing part
150a. It is thereby possible to greatly improve the
separability of analyte.

[0128]In addition, the anode cover 135 can be easily detached
from the biomolecule analyzer 201. For this reason, it is
possible to easily clean or wash the anode cover 135 at fixed
intervalg. Furthermore, it is also possible to replace the
anode cover 135 which has degraded with time with a new
article.

[0129]1Modified Example

The anode cover included by the biomolecule analyzer according
to the present embodiment is not limited to the above-
mentioned embodiments. For example, as shown in FIGS. 11 (a)
and (b), the anode cover 135 and guide 133 may be formed
integrally. FIG. 1l(a) is a view illustrating an outline of
the anode cover with a support member according to one
modified example of the present invention, and FIG. 11(b) is a
cross-sectional view along the line A in FIG. 1l1l{a).

[0130]As shown in FIG. 1l(a), two support parts 133b of the
guide 133 are fixed at both ends on lateral faces in the
longitudinal direction of the anode cover 135, and a shaft
133a is supported by these two support parts 133b.

[0131]As shown in FIG. 11(b), with the anode cowver 135, the
support part 133b is fixed on a lateral face on a side of the
end 135b, and is open without cover at a lower part of the
shaft 133a supported by the support part 133b. In addition, a

side wall 135c¢ perpendicular relative to the bottom face of
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the anode cover 135 is provided along two sides intersecting
the end 135a and end 135b at both ends in the longitudinal
direction of the anode cover 135 (side wall 135c as seen from
behind is shown in FIG. 11 (b)}).

[0132]With the biomolecule analyzer 201, the guide 133 is
arranged so as to support the transfer membrane 101 conveyed
in the conveying direction by the shaft 133a, and the anode
cover 135 has an end 135a arranged on a concave part 130a of
the anode buffer tank 130, and the end 135b is arranged at a
position farther than the end 135a relative to the contact
location between the transfer membrane 101 and electrophoresis
gel chip 150. In addition, the side wall 135c¢c of the anode
cover 135 1s arranged along the conveying direction of the
transfer membrane 101.

[0133] The bubbles generating from the anode 132 are prevented,
by the side wall 135c of the anode cover 135, from flowing
towards the contact location between the transfer membrane 101
and electrophoresis gel chip 150, from the two sides along the
conveying direction of the anode cover 135. Therefore, the
bubbles generating from the anode 132 move from the side of
the end 135a of the anode cover 135 along the bottom face of
the anode cover 135 and side wall 135c towards the side of the
end 135b, and are set free from the bottom part of the shaft
133a of the guide 133 towards the upper part of the anode
buffer tank 130. The end 135b of the anode cover 135 is
arranged at a position far from the contact location between

the transfer membrane 101 and electrophoresis gel chip 150;
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therefore, bubbles set free from the lower part of the shaft
133a of the guide 133 will not reach the contact location.
[0134]8ixth Embodiment

A sixth embodiment according to the present invention will be
explained hereinafter based on FIG. 12.

[0135]As shown in FIG. 12({(a), the respective members of the
biomolecule analyzer 202 are the same as the biomolecule
analyzer 201 according to the fifth embodiment. However, it
differs from the fifth embodiment in the point of, in a anode
buffer tank 130, a second concave part 130b being provided at
a position separated by a certain distance in the conveying
direction from the concave part 130a, and an anode 132 being
arranged at an inner side of the second concave part 130b.
[0136] The second ceoncave part 130b is provided at a position
separated in the conveying direction from the first concave
part 130a to the same extent as the position at which the
ancde 132 is arranged in the fifth embodiment.

[0137]As shown in FIG. 12(b), it is possible to prevent
microscopic bubbles B generating from the anode 132 from
gspreading and moving in a horizontal direction of the anode
132 during electrophoresis, by arranging the anode 132 at an
inner side of the second concave part 130b. In addition,
micros;opic bubbles B generating from the anode 132 can be
made to agglomerate at the inner side of the second concave
part 130b, and grow intoc larger bubbles B. It is thereby
possible to cause the bubbles B to more suitably rise towards

the top part of the second concave part 130b, and possible to
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make move along the bottom face of the anode cover 135. It is
thereby possible to further prevent the microscopic bubbles B
generating from the anode 132 from moving towards the
dispensing part 150a. Therefore, the bubbles B will not
negatively influence the contact location between the transfer
membrane 101 and electrophoresis gel chip 150.

[0138] It should be noted that the depth of the second concave
part 130b may be a depth of an extent capable of accommodating
the anode 132 at an inner side; however, it is preferably
deeper than the height of the anode 132 in order to allow
bubbles to agglomerate more suitably.

[0139] Seventh Embodiment

A seventh embodiment according to the present invention will
be explained hereinafter based on FIG. 13.

[0140]FIG. 13 is a view showing the configurations of the
respective anode covers and anode buffer tanks of biomolecule
analyzers 203 and 204 according to the present embodiment.
(01411 The biomolecule analyzer 203 shown in FIG. 13 (a)
includes an anode cover 136 in place of the anode cover 135.
Differing from the bottom face of the anode cover 135, a
convex part 136a that hangs down towards the first concave
part 130a is provided along an end on a side of the dispensing
part 150a at the bottom face of the anode cover 136. The
longitudinal direction of the convex part 136a is parallel to
the longitudinal direction of the first concave part 130a. In
the conveying direction of the transfer membrane 101, the

convex part 136a is arranged at a position closer to the



49

dispensing part 150a than the anode 132, which is arranged at
the inner side of the second concave part 130b.

[0142] The convex part 136a is movably inserted in the first
concave part 130a, and the anode cover 136 and first concave
part 130a thereby form a bottleneck at the bottom face of the
anode buffer tank 130.

[0143]With the anode cover 136, since the convex part 136a
protrudes towards the inner side of the first concave part, it
ig possible to movably insert the convex part 136a deeply to
the inner side of the first concave part 130a. For this reason,
when bubbles generating from the anode 132 rise towards the
bottom face of the anode cover 136, it is possible to prevent
these bubbles from moving towards the side of the dispensing
part 150a, and it is possible to make these bubbles move
towards the side of the end 136b along the bottom face of the
anode cover 136. Therefore, it is possible to further prevent
bubbles from negatively influencing the contact location
between the transfer membrane 101 and electrophoresis gel chip
150.

f0144]In addition, the bottleneck formed by the convex part
136a and first concave part 130a is opened at the lower part
of the contact location between the transfer membrane 101 and
electrophoresis gel chip 150. For this reason, it is possible
to cause a constricted electric line of force to generate from
the dispensing part 150a.

[0145] The biomolecule analyzer 204 shown in FIG. 13(b)

includes an anode cover 137 in place of the anode cover 135.
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Differing from the bottom face of the anode cover 135, a
convex part 137a’ is provided at the bottom face of the anode
cover 137 at a position that is farther than the side 137a
relative to the dispensing part 150a, and closer than the
anode 132 relative to the dispensing part 150a, in the
conveying direction of the transfer membrane 101l. The convex
part 137a’ is movably inserted in the first concave part 130a
provided at a position opposing the convex part 137a’ on the
anode buffer tank 130. A bottleneck is thereby formed by the
site on the bottom face of the anode cover 137 from the convex
part 137a’ to the end 137a, and a part of the bottom face of
the anode buffer tank 130 including the first concave part
130a. PFor this reason, it is possible to prevent the bubbles
generating from the anode 132 from moving toc the side of the
dispensing part 150a, by the convex part 137a’ provided at a
position farther than the side 137a relative to the dispensing
part 150a.

[0146]In addition, the bottleneck 1s opened at the bottom part
of the dispensing part 150a according to the site from the
convex part 137a‘ to the end 137a, and a part of the bottom
face of the anode buffer tank 130 including the first concave
part 130a. For this reason, it 1s possible to cause a
constricted electric line of forxce to arise from the
dispensing part 150a.

[0147]Eighth Embodiment

An eighth embodiment according to the present invention will

be explained hereinafter based on FIG. 14.
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[0148] FIG. 1l4(a) is a view showing the respective
configurations of the anocde cover and anode buffer tank of the
biomolecule analyzer 205 according to the present embodiment.
[0149] The biomolecule analyzer 205 shown in FIG. 1l4({a)
includes an anode cover 138 in place of the anode cover 136.
In addition, a first concave part consisting of concave parts
130a and 130a’ is provided at the bottom part of the anode
buffer tank 130. The concave part 130a is provided at the
bottom part of the dispensing part 150a in the bottom part of
the anode buffer tank 130, and 130a’ is provided betﬁeen the
concave part 130a and second concave part 130b. The concave
parts 130a and 130a’ are provided in parallel to each other so
that a longitudinal direction intersects the conveying
direction of the transfer membrane 101.

[0150]In place of the convex part 136a of the anode cover 136,
a plurality of convex parts 138a and 138Ba’ are provided in
parallel to the longitudinal direction of the concave parts
130a and 130a’ at the bottom face of the anode cover 138. The
convex part 138a of the anode cover 138 is movably inserted in
the concave part 130a, and the convex part 138a’ is movably
inserted in the concave part 130a‘’. A bottleneck is thereby
formed by the convex parts 138a and 138a’ of the anocde cover
138, and the concave parts 130a and 130a’ of the anode buffer
tank 130.

[0151]As shown in FIG. 14(b), with the anode cover 138, it is
poessible to movably insert the convex parts 138a and l38a’

deeply towards the inner side of the concave parts 130a and
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130a’ separately. For this reason, even if the bubbles B
generated from the anode 132 move towards the side of the
dispensing part 150a past the convex part 138a’, it is
possible to allow the bubbles B passing the convex part 138a’
to temporarily rise inside of the bottleneck, then accumulate
between the convex part 138a and the convex part 138a’ to
gseparate from the flow of phoresis buffer liquid. It is
thereby possible to make the bubbles B hardly flow to the side
of the dispensing part 150a due to the flow of phoresis buffer
solution. Therefore, it is possible to further prevent the
bubbles B generating from the ancde 132 from moving towards
the side of the dispensing part 150a.

[0152]In addition, since the bottleneck formed by the convex
parts 138a and 138a’ of the anode cover 138, and the first
concave parts 130a and 130a’ of the ancde buffer tank 130 is
open at a lower part of the dispensing part 150a, it is
possible to cause a constricted electric line of force to
arise from the dispensing part 150a.

[0153]Other Embodiments

It should be noted that the biomolecule analyzer according to
the preseﬁt invention is not limited to the above-mentioned
embodiments. For example, in the biomolecule analyzer
according to another embodiment, the shape of the first
concave part in a lateral view may be semicircular, or may be
a rectangle, V-shape {taper) or the like. In addition, in the
case of the electrode cover drocoping the concave part hanging

down towards the first concave part, the shape in the lateral
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view of this convex part may also be semicircular, orx may be a
rectangle, V-shape (taper}) or the like. The shapes of the
electrode cover and firxst concave part are not limited sc long
as able to form a bottleneck in communication with the contact
location between the separation unit and transfer membrane,
between the electrode cover and first concave part.
[0154]In addition, in a biomolecule analyzer according to yet
another embodiment, an end side (end) of the electrode cover
arranged at the side of the first concave part of the buffer
solution tank is arranged at the gsame height as the bottom
face of the buffer solution tank on the first concave part. If
the above-mentioned configuration, it is possible to form a
bottleneck by the electrode cover and first concave part,
while preventing bubbles generating from the electrode from
passing over the first concave part and flowing until the
contact location between the transfer membrane and
electrophoresis gel chip.
[0155]1In addition, with the biomolecule analyzer according to
yvet another embodiment, the frame 102 may not be provided to
the transfer membrane 101, and the clamp 120 may sServe SO as
to fix the transfer membrane 101 directly.
[0156] Supplement
A biomolecule analyzer according to a first aspect of the
present invention includes:

a transfer membrane;

a conveying unit that conveys the transfer membrane along

a predetermined conveying direction;
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a separation unit that perpendicularly abuts the transfer
membrane and ig installed vertically, separates analyte by way
of electrophoresis, and dispenses the analyte that has been
separated to the transfer membrane;

an electrode that is disposed at a position separated by
a certain distance in the conveying direction from a contact
location between the separation unit and the transfer
membrane; and

an insulating electrode cover that is disposed at an
upper part of the electrode to abut the electrode or be
geparated from the electrode.

[0157]According to the above-mentioned configuration, bubbles
generating from the anode during electrophoresis are prevented
by the anocde cover from migrating towards the contact location
between the separation unit and transfer membrane. The bubbles
generating from the electrode will thereby not negatively
influence the contact locaticon between the transfer membrane
and separation unit.

[0158]According to a second aspect of the present invention,
in the biomolecule analyzer of the above-mentioned first
aspect, one end part of the electrode cover is at a lower part
of an end part of the contact location on a side of the
electrode.

[0159] According to the above-mentioned configuration, the
electric line of force arising from the contact location of

the separation unit during electrophoresis is prevented from
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spreading at the electrode side. As a result thexeof, the
separability of analyte can be improved.
[01l60]According to a third aspect of the present invention,

the biomolecule analyzer of the above-mentioned second
aspect further includes:

a buffer tank in which the electrode is disposed,
in which a slit 1s formed between the one end part of the
electrode cover and a bottom face of the buffer tank.
f0l61]According to the above-mentioned configuration, it is
possible to further prevent bubbles generating from the
electrode during electrophoresis from migrating towards the
glit side (i.e. side of the contact location between the
separation unit and transfer membrane).
[0162] According to a fourth aspect of the present invention,
the biomolecule analyzer of the above-mentioned first aspect
further includes:

a buffer tank in which the electrode is disposed,

in which the electrode cover is curved to a side of the
electrode at a lower part of an end part of the contact
location on a side of the electrode, so that one end part of
the electrode cover is positiconed at a lower part of the
electrede, and

in which a slit is formed between the one end part of the
electrode cover and a bottom face of the buffer tank.
[0163]According to the above-mentioned configuration, it is
possible greatly improve the separability of analyte, as well

as further prevent bubbles generating from the electrode
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during electrophoresis from migrating towards the slit side
(i.e. side of the contact location between the separation unit
and transfer membrane) .

[0164] According to a fifth aspect of the present invention,
the biomolecule analyzer of the above-mentioned first aspect
further includes:

a first insulating member that is disposed
perpendicularly relative to the transfer membrane at a lower
part of an end part of the contact location on a side of the
electrode side,

in which the electrode cover is extended until an upper
part of the first insulating member, and

in which a slit is formed between the electrode cover and
the first insulating member.

[0165]According to the above-mentioned configuration, it is
possible to further prevent bubbles generating from the
electrode during electrophoresis from migrating towards the
slit side (i.e. side of the contact location between the
separation unit and transfer membrane) .

[0166] According to a sixth aspect of the present invention,
the biomolecule analyzer of any of the above-mentioned first
to fifth aspects further includes:

at a lower part of an end parﬁ of the contact location on
an opposite gside to the side of the electrode, an insulating
member that is disposed perpendicularly relative to the

transfer membrane.
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[0167]According to the above-mentioned configuration, the
electric line of foxce arising from the contact location of
the separation unit during electrophoresis is prevented from
spreading at the opposite side to the electrode. As a result
thereof, the separability of analyte can be improved.
[0168] According to a seventh aspect of the present invention,
in the biomolecule analyzer of any of the above-mentioned
first to gixth aspects,

the electrode cover slopes relative te the conveying
direction, and

an end part of the electrode cover that is farther from
the contact location is farther from the electrode in a
direction orthogonal to an in-plane direction of the transfer
membrane, than an end part of the electrode cover that is
closer to the contact location.
[0169] According to the above-mentioned configuration, it is
possible to set free bubbles generating from the electrode in
a direct distancing from the contact location.
[0170] According to an eighth aspect of the present invention,
in the biomolecule analyzer of any of the above-mentioned
first to sixth aspects,

the electrode cover slopes relative to a direction that
is orthogonal tc the conveying direction and parallel to an
in-plane direction of the transfer membrane.
[0171]According to the above-mentioned configuration, it is
possible to set free bubbles generating from the electrode in

a direction distancing from the contact location.
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[0172] According to a ninth aspect of the present invention, in
the bicmolecule analyzer of any of the above-mentioned first
to eighth aspects,

a water contact angle to a surface of the electrode cover
is no more than 90°.

[0173]According to the above-mentioned configuration, it is
possible to further facilitate setting free bubbles generating
from the electrode along the surface of the electrode cover.
[0174]A biomolecule analyzer according to a tenth aspect of
the present invention includes:

a buffer solution tank;

a transfer membrane that is disposed inside the buffer
solution tank;

a conveying unit that conveys the transfer membrane along
a predetermined conveying direction;

a separation unit that perpendicularly abuts the transfer
membrane and is installed wvertically, separates analyte by way
of electrophoresis, and dispenses the analyte that has been
separated to the transfer membrane;

an electrode that is disposed at a position separated by
a certain distance in thé conveying direction from a contact
location between the separaticn unit and the transfer
membrane; and

an insulating electrode cover that is disposed between

the electrode and the contact location,
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in which a first concave part is provided at a position
on a bottom part of the buffer soclution tank that is
interposed by the electrode and the contact location, and

in which the electrode cover hangs down towards the first
concave part.
[0175]According to the above-mentioned configuration, it is
possible to prevent, by way of the electrode cover, bubbles
generating from the electrode from migrating towards the
contact location between the separation unit and transfer
membrane. In addition, since the electrode cover hangs down
towards the first concave part provided in the bottom part of
the buffer soclution tank, it is possible to prevent bubbles
generating form the electrode from passing the first concave
part and migrating towards the contact location between the
geparation unit and transfer membrane. The bubbles generating
from the electrode will thereby not negatively influence the
contact location between the transfer membrane and separation
unit.
[01L76]1In addition, the side of the contact location between
the separation unit and transfer membrane and the side of the
electrode are in communicaticn by the bottleneck formed by the
insulating electrode cover and the first concave part;
therefore, it is possible to constrict the electric line of
force from the contact location towards the bottleneck.
[0177]According to an eleventh aspect of the present invention,
in the biomolecule analyzer of the above-mentioned tenth

aspect,
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a second concave part is provided to the buffer solution
tank at a position separated by a certain distance in the
conveying direction from the first concave part, and

the electrode is disposed at the second concave part.
[0178] According to the above-mentioned configuration, i1t is
possible to prevent, by way of the second concave part,
bubbles generating from the electrode during electrophoresis
from spreading in the horizontal direction. In addition, at
the inner side of the second concave part, it is possible to
make microscopic bubbles generating from the electrode to
agglomerate, and grow into larger bubbles. For this reason, it
is possible to further prevent the bubbles generating from the
electrode from migrating through the bottleneck formed by the
first concave part and electrode cover towards the contact
location between the transfer membrane and separation unit.
[0179] According to a twelfth aspect of the present invention,
in the biomolecule analyzer of the above-mentioned tenth or
eleventh aspect,

the electrode cover includes a convex part that hangs
down towards the first concave part.

[0180] According to the above-mentioned confiquration, it is
possible to further prevent, by way of the convex part,
bubbles generating from the electrode from migrating along the
bottom face of the electrode cover towards the contact
location between the separation unit and transfer membrane.
[0181] According to a thirteenth aspect of the present

invention, in the biomolecule analyzer of the above-mentioned



61

twelfth aspect, the convex part of the electrode cover
consists of a plurality of convex parts,

the first concave part of the buffer solution tank
gonsists of a plurality of concave parts, and

the plurality of convex parts ig disposed so as to
individually hang down to the plurality of concave parts.
[0182] According to the above-mentioned configuration, it is
possible to further prevent, by way of the plurality of convex
parts, bubbles generating from the electrode from migrating
along the bottom face of the electrode cover towards the
contact location between the separation unit and transfer
membrane .
[0183]According to a fourteenth aspect of the present
invention, in the biomolecule analyzer of the above-mentioned
tenth or eleventh aspect,

an end part of the electrode cover is movably inserted in
the first concave part.
[0184]According to the above-mentioned configuration, it is
possible to further prevent bubbles generating from the
electrode from migrating through the bottleneck formed by the
end of the electrode cover and the first concave part towards
the contact location between the transfer membrane and
separation unit.
[0185]In addition, according to a fifteenth aspect, in the
biomolecule analyzer cof the above-menticned twelfth or
thirteenth aspect, the convex part of the electrode cover is

movably inserted in the first concave part.
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[0186]Accoxrding to the above-mentioned configuratiom, it is
possible to further prevent bubbles generating from the
electrode from migrating through the bottleneck formed by the
convex part of the electrode cover and the first concave part
towards the contact location between the transfer membrane and
gseparation unit.
[0187}According to a sixteenth aspect of the present invention,
in the biomolecule analyzer of any of the above-mentioned
tenth to fifteenth aspects,

the first concave part is prévided at a lower part of an
end part of the contact location on a side of the electrode.
[0l188] According to the above-mentioned configuration, it is
possible to prevent the electric line of force arising from
the contact location of the separation unit during
electrophoresis from spreading at the electrode side. As a
result therecf, the separability of analyte can be improved.
[0189] According to a seventeenth aspect of the present
invention, in the biomolecule analyzer of any of the above-
mentioned tenth to sixteenth aspects,

a face of the electrode cover that opposes the buffer
solution tank slopes relative to the conveying direction, and

an end part of the face opposing the buffer solution tank
that is farther from the contact location is farther from the
electrode in a direction orthogonal to an in-plane direction
of the transfer membrane, than an end part of the electrode

cover that is closer to the contact location.
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[0190]According to the above-mentioned configuration, it is
possible to set free bubbles generating from the electrode in
a direction distancing from the contact location.
[0191]According to an eighteenth aspect of the present
inventiocn, in the biomolecule analyzer of any of the above-
mentioned tenth to seventeenth aspects,

the electrode cover has a side wall that widens towards a
bottom face of the buffer solution tank along two sides that
are parallel to the conveying direction.
[0192] According to the above-mentioned configuration, it is
possible to prevent bubbles generating from the electrode from
migrating towards the contact location between the transfer
membrane and separation unit from two sides of the electrode
cover along the conveying direction of the transfer membrane.
[0193]According to a nineteenth aspect of the present
invention, in the biomolecule analyzer of any of the above-
mentioned tenth to eighteenth aspects,

a water contact angle of a surface of the electrode cover
is no more than %0°.
[0194] According to the above-mentioned configuration, it is
possible te further facilitate setting free bubbles generating
from the electrode along the surface of the electrode cover.
[0195] The present inventiocn is not to be limited to the
aforementioned respective embodiments, with various
modifications within the scope shown in the claims being
possible, and embodiments achieved by appropriately combining

the technical means disclosed in each of the different
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embodiments are also included in the technical scope of the
present invention. Furthermore, it is possible to form novel
technical features by combining the technical means disclosed

in each of the respective embodiments.

INDUSTRIAL APPLICABILITY
[0196] The present invention can be suitably employed in a two-

dimensional electrophoresis apparatus.

EXPLANATION OF REFERENCE NUMERALS

[0197]1 transfer membrane

2 frame

10 framed transfer membrane

20 clamp

32 anode (electrode)

35 anode cover (electrode cover)

36, 37 electric line of force

38 constricting member (second insulating member)

41 cathode

50 electrophoresis gel chip (separation unit)

50a dispensing part

52 separation gel

70 slit

71 opening

72 electric line of force

73 upright member {(first insulating member)

74 slit
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101 transfer membrane

130 ancde buffer tank (buffer solution tank)
130a, 130a’ first concave part

130b second concave part

132 anode (electrode)

135, 136, 137, 138 anode cover {(electrode cover)
135a end {end part)

136a, 137a, 137a’, 138a, 1l38Ba' convex part
141 cathode

150 electrophoresis gel chip (separation unit)
150a dispensing part

152 geparation gel

200, 201, 202, 203, 204, 205 biomeclecule analyzer
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CLAIMS

1. A biomolecule analyzer, comprising:

a transfer membrane;

a conveying unit that conveys the transfer membrane along a predetermined conveying
direction;

a separation unit that is installed so as to abut the transfer membrane, separates
analyte by way of electrophoresis, and dispenses the analyte that has been separated to the
transfer membrane;

an electrode that is disposed at a position which is separated by a certain distance in
the conveying direction from a contact location between the separation unit and the transfer
membrane and is located below the transfer membrane; and

an insulating electrode cover that is disposed at an upper part of the electrode to abut
the electrode or be separated from the electrode,

wherein cne end part of the electrode cover is at a lower part of an end part of the
contact location on a side of the electrode, and

wherein the electrode cover slopes relative to the conveying direction, and the one end
part of the electrode cover is located at a position lower than the other end part of the
electrode cover.

2. A biomolecule analyzer, comprising:

a transfer membrane;

a conveying unit that conveys the transfer membrane along a predetermined conveying
direction;

a separation unit that is installed so as to abut the transfer membrane, separates
analyte by way of electrophoresis, and dispenses the analyte that has been separaied to the
transfer membrane;

an electrode that is disposed at a position which is separated by a certain distance in
the conveying direction from a contact location between the separation unit and the transfer
membrane and is located below the transfer membrane;

an insulating electrode cover that is disposed at an upper part of the electrode to abut
the electrode or be separated from the electrode; and

a buffer tank in which the electrode is disposed,

wherein the electrode cover is curved to a side of the electrode at a lower part of an
end part of the contact location on a side of the electrode, so that one end part of the
electrode cover is positioned at a lower part of the electrode,

wherein a slit is formed between the one end part of the electrode cover and a bottom
face of the buffer tank, and

wherein the electrode cover slopes relative to the conveying direction, and the one end
part of the electrode cover is located at a position lower than the other end part of the
electrode cover.

3. A biomolecule analyzer, comprising:

a transfer membrane;

a conveying unit that conveys the transfer membrane along a predetermined conveying
direction;

a separation unit that is installed so as to abut the transfer membrane, separates
analyte by way of electrophoresis, and dispenses the analyte that has been separated to the
transfer membrane;

an electrode that is disposed at a position which is separated by a certain distance in
the conveying direction from a contact location between the separation unit and the transfer
membrane and is located below the transfer membrane; and

an insulating electrode cover that is disposed at an upper part of the electrode to abut
the electrode or be separated from the electrode; and

a first insulating member that is disposed at a lower part of an end part of the contact
location on a side of the electrode,

wherein one end part of the electrode cover is extended until an upper part of the first
insulating member,

wherein a slit is formed between the electrode cover and the first insulating member,
and
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wherein the electrode cover slopes relative to the conveying direction, and the one end
part of the electrode cover is located at a position lower than the other end part of the
electrode cover.

4. The biomolecule analyzer according to claim 1, further comprising a buffer tank in which the
electrode is disposed,

wherein a slit is formed between the one end part of the electrode cover and a bottom
face of the buffer tank.

5. The biocmolecule analyzer according to any one of claims 1 to 4, further comprising, at a
lower part of an end part of the contact location on an opposite side to the side of the
electrode, a second insulating member.

6. The biomolecule analyzer according to any one of claims 1 to 5, wherein a water contact
angle to a surface of the electrade cover is no more than 90°

7. A biomolecule analyzer, comprising:

a buffer solution tank;

a transfer membrane that is disposed inside the buffer solution tank;

a conveying unit that conveys the transfer membrane along a predetermined conveying
direction;

a separation unit that perpendicularly abuts the transfer membrane and is installed vertically,
separates analyte by way of electrophoresis, and dispenses the analyte that has been separated to
the transfer membrane;

an electrode that is disposed at a position separated by a certain distance in the conveying
direction from a contact location between the separaticn unit and the transfer membrane; and

an insulating electrode cover that is disposed between the electrode and the contact location,

wherein a first concave part is provided at a position on a bottom part of the buffer solution
tank that is interposed by the electrode and the contact location, and

wherein the electrode cover hangs down towards the first concave part.

8. The biomolecule analyzer according to claim 7, wherein a second concave part is provided to
the buffer solution tank at a position separated by a certain distance in the conveying direction from
the first concave part, and

wherein the elecirode is disposed at the second concave part.

9. The biomolecule analyzer according to claim 7 or 8, wherein the electrode cover includes a
convex part that hangs down towards the first concave part,

10. The biomalecule analyzer according to claim 8,
wherein the convex part of the electrode cover consists of a plurality of convex parts,

wherein the first concave part of the buffer solution tank consists of a plurality of concave
parts, and

wherein the plurality of convex parts is disposed so as to individually hang down to the
plurality of concave parts.

11. The biomolecule analyzer according to claim 7 or 8, wherein an end part of the electrode
cover is movably inserted in the first concave part.

12. The biomolecule analyzer according to claim 9 or 10, wherein the convex part of the electrode
cover is movably inserted in the first concave part.

13. The biomolecule analyzer according to any one of claims 7 to 12, wherein the first concave
part is provided at a lower part of an end part of the contact location on a side of the electrode.

14. The biomolecule analyzer according to any one of claims 7 to 13, wherein a face of the
electrode cover that opposes the buffer solution tank slopes relative to the conveying direction, and
wherein an end part of the face opposing the buffer solution tank that is farther from the
contact location is farther from the electrode in a direction orthogonal to an in-plane direction of the
transfer membrane, than an end part of the slectrode cover that is closer to the contact location,
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15. The biomolecule analyzer according to any cne of claims 7 to 14, wherein the electrode cover
has a side wall that widens towards a bottom face of the buffer solution tank along two sides that are
parallel to the conveying direction.

186. The biomolecule analyzer according fo any one of claims 7 to 15, wherein a water contact
angle of a surface of the electrode cover is no more than 90°.



