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SAMPLE SEPARATOR AND SAMPLE SEPARATION/ADSORPTION DEVICE 

 

TECHNICAL FIELD 

[0001]The present invention relates to a sample sep arator and 

a sample separation/adsorption device.  This applic ation is 

based upon and claims the benefit of priority from the prior 

Japanese Patent Application No. 2014-245857, filed December 4, 

2014 in Japan, and the entire contents of which are  

incorporated herein by reference.   

 

BACKGROUND ART 

[0002]In molecular biology and biology, analysis is  performed 

that separates and detects biomolecules such as ind ividual 

proteins and nucleic acids from a specimen (sample)  in which a 

plurality of proteins, nucleic acids and the like a re 

contained.  As a technique for separating the indiv idual 

biomolecules from samples, poly-acrylamide gel (PAG E) 

electrophoresis has been know.  PAGE is a method th at uses a 

gel (separation medium) containing polyacrylamide a s a carrier 

molecule, and detects a difference in the molecular  weights of 

biomolecules.   

[0003]In addition, the respective biomolecules thus  separated 

are retained by allowing to adsorb on resinous shee ts called 

transfer membranes.  This operation may be called “ transfer”.   

[0004]The transferred biomolecules are detected by antigen-

antibody reaction using antibodies marked with fluo rescent 
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reagent or the like.  The technique of detecting bi omolecules 

using such antibodies has been known as Western blo tting.   

[0005]In recent years, technology for automating th e 

aforementioned separation of samples and detection of the 

respective biomolecules thus separated has been pro posed (for 

example, refer to Patent Documents 1 and 2).   

[0006]The devices proposed in Patent Documents 1 an d 2 both 

have a sample separation unit accommodating a gel f or 

performing electrophoresis of samples, and a transf er membrane 

(sample adsorption member, adsorbing member) that p erforms 

transfer of the biomolecules thus separated.  With these 

devices, after performing separation of sample with  the gel 

inside of the sample separation unit, a voltage is applied so 

as to extend over the sample separation unit and tr ansfer 

membrane, in a state bringing the sample separation  unit and 

transfer membrane into contact.  By configuring in this way, 

the biomolecules separated in the sample separation  unit can 

be further subjected to electrophoresis up to the t ransfer 

membrane, and it is possible to continuously perfor m the 

separation of sample and the transfer of the biomol ecules thus 

separated (adsorption to transfer membrane) with on e device.   

 

PRIOR ART DOCUMENTS 

PATENT DOCUMENTS 

[0007]Patent Document 1: Japanese Unexamined Patent  

Application, Publication No. 2007-292616 
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Patent Document 2: Japanese Unexamined Patent Appli cation, 

Publication No. 2010-8376 

 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

[0008]With the technology described in the above-me ntioned 

patent documents, when the contact area of the loca tion at 

which the sample separation unit and transfer membr ane contact 

fluctuates, the state of transfer will not be stabl e, and 

stable detection of biomolecules becomes difficult.   For this 

reason, an apparatus that enables stable transfer h as been 

demanded.   

[0009]The present invention is a sample separator t hat enables 

to make samples in which a plurality of proteins or  nucleic 

acids are contained to be favorably separated, as w ell as 

transfer stably to a transfer membrane.  In additio n, it 

provides a sample separation/adsorption device havi ng such a 

sample separator that enables the stable continuous  conduction 

of the separation of sample and adsorption to a tra nsfer 

membrane.   

Means for Solving the Problems 

[0010]One aspect of the present invention provides a sample 

separator including: an accommodation part capable of 

accommodating a separation medium for electrophores is; and a 

support body with a porous material as a formation material 

thereof, in which the accommodation part has an int ernal space 

capable of being filled with the separation medium,  and is 
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provided with a supply port and discharge port that  are in 

communication with the internal space, and the supp ort body is 

provided to block the discharge port.   

[0011]In one aspect of the present invention, it ma y be 

configured to further include a retaining member th at retains 

the support body at the discharge port.   

[0012]In one aspect of the present invention, it ma y be 

configured to further include a separation medium a ccommodated 

in the internal space, in which the separation medi um is 

formed integrally with the support body.   

[0013]In one aspect of the present invention, the s eparation 

medium may be configured to be a polyacrylamide gel .   

[0014]One aspect of the present invention provides a sample 

separation/adsorption device including: a first buf fer 

solution tank that stores a first buffer solution; a second 

buffer solution tank that stores a second buffer so lution; a 

first electrode disposed in the first buffer soluti on tank; a 

second electrode disposed in the second buffer solu tion tank; 

the above-mentioned sample separator that is dispos ed in the 

first buffer solution tank; and a transcriptional b ody that 

transfers a sample, in which the sample separator h as the 

supply port that opens inside of the first buffer s olution 

tank, and the discharge port positioned inside of t he second 

buffer solution tank, the support body possessed by  the sample 

separator contacts one face of the transcriptional body, and 

the second electrode contacts another face of the 

transcriptional body.   
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[0015]In one aspect of the present invention, the 

transcriptional body may be configured to be provid ed to be 

movable relative to the support body.   

Effects of the Invention 

[0016]According to the present invention, it is pos sible to 

provide a sample separator that enables to make sam ples in 

which a plurality of proteins or nucleic acids are contained 

to be favorably separated, as well as transfer stab ly to a 

transfer membrane.  In addition, it is possible to provide a 

sample separation/adsorption device having such a s ample 

separator that enables the stable continuous conduc tion of the 

separation of sample and adsorption to a transfer m embrane.   

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017]FIG. 1 is an illustrative drawing of a sample  separator 

according to a first embodiment; 

FIG. 2 is an illustrative drawing of a sample separ ator 

according to the first embodiment; 

FIG. 3 is an illustrative drawing of a sample separ ator 

according to a second embodiment; 

FIG. 4 is an illustrative drawing of a sample separ ator 

according to the second embodiment; 

FIG. 5 is an outline perspective view of a sample 

separation/adsorption device according to a third e mbodiment; 

FIG. 6 is a cross-sectional view of a sample 

separation/adsorption device according to the third  

embodiment; and  
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FIG. 7 is an illustrative drawing of a sample 

separation/adsorption device according to a fourth embodiment.   

 

PREFERRED MODE FOR CARRYING OUT THE INVENTION 

[0018]First Embodiment 

Hereinafter, a sample separator according to a firs t 

embodiment of the present invention will be explain ed while 

referencing FIGS. 1 and 2.  It should be noted that , in order 

to easily view the drawings in all of the below dra wings, the 

dimensions, ratios, etc. of each constituent elemen t is varied 

as appropriate.   

[0019]The sample separator according to the present  invention 

explained hereinafter, and a sample separation devi ce 

described later can be suitably employed in operati ons for 

separating by way of electrophoresis, and detecting  samples 

that are a mixture of biomolecules.   

[0020]It should be noted that “biomolecule” in the present 

disclosure is a biologically relevant molecule part icipating 

in reactions in a living body, and may be any of mo lecules 

derived from nature, synthetic molecules, and compl exes 

containing either one or both of molecules derived from nature 

and synthetic molecules.   

[0021]The biomolecules that are the analysis target s are 

normally high molecular weight compounds, and are p referably 

high molecular weight compounds derived from living  bodies or 

biologically relevant, and proteins, deoxyribonucle ic acid 

(DNA), ribonucleic acid (RNA), peptide nucleic acid s, sugars, 
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and complexes formed by at least two of these types  bonding or 

interacting can be exemplified.  In the case of the  

biomolecules being derived from living bodies, it m ay be 

derived from any of animals, plants and microorgani sms.   

[0022]The biomolecules separated by way of electrop horesis, 

transferred to the transfer membrane and detected b y 

antibodies (detected by Western blotting) are often  proteins 

or complexes containing proteins.  The sample separ ator or 

sample separation/adsorption device of the present invention 

is used with such proteins or complexes containing proteins 

(sample) as the target.   

[0023]FIG. 1 is an illustrative drawing of the samp le 

separator 1.  In the following explanation, the sam ple 

separator 1 may be referred to simply as “separator  1”.  FIG. 

1(a) is an exploded perspective view of the separat or 1, FIG. 

1(b) is a perspective view of the separator 1, and FIG. 1(c) 

is a cross-sectional view along the arrow of the li ne segment 

Ic-Ic in FIG. 1(b).   

[0024]As shown in FIG. 1, the separator 1 has an ac commodation 

part 10, a support body 20, and a retaining member 30.   

[0025](Accommodation Part) 

As shown in FIG. 1(a), the accommodation part 10 ha s a first 

member 11, second member 12, and spacers 13 and 14.   The first 

member 11 and second member 12 are rectangular plat e-like 

members in a plan view.  The first member 11 and se cond member 

12 are configurations in which the lengths in the s hort 
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direction match, and the length in the long directi on is 

longer for the first member 11 than the second memb er 12.   

[0026]The spacers 13 and 14 are square rods having the same 

length as the length in the long direction of the f irst member 

11.   

[0027]The accommodation part 10 having the first me mber 11, 

second member 12, and spacers 13 and 14 may be form ed using 

the same formation materials, or may be formed usin g different 

formation materials.  As the formation material of the 

accommodation part 10, resin materials such as acry lic resin 

and polycarbonate resin; inorganic materials such a s glass and 

ceramics; etc. can be exemplified.  Either one or b oth of the 

first member 11 and second member 12 may be formed using a 

material having optical transparency.   

[0028]Furthermore, on the first member 11 and secon d member 12, 

surface treatment for suitably retaining the separa tion medium 

described later may be conducted on the faces oppos ing each 

other.   

[0029]As shown in FIGS. 1(a) and (b), upon assembli ng the 

accommodation part 10, first, the end positions in the short 

direction of the first member 11 and second member 12 are made 

to match in a plan view, and the positions on one e nd in the 

long direction are made to match.  Then, in a state  arranging 

the spacers 13 and 14 along the long direction of t he first 

member 11 at both ends in the short direction of th e first 

member 11, the spacers 13 and 14 are fixed by sandw iching with 

the first member 11 and second member 12.   
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[0030]As shown in FIGS. 1(b) and (c), the accommoda tion part 

10 is a flattened, rectangular cylindrical structur e having an 

internal space 10c, and having a supply port 10a at  one end 

side, and a discharge port 10b at the other end sid e.  The 

separation medium for electrophoresis described lat er is 

accommodated in the internal space 10c.   

[0031]The supply port 10a opens largely at the seco nd member 

12.  Operation during the filling of separation med ium and 

during the supply of sample by the operator becomes  easy, and 

thus workability improves.   

[0032](Support Body) 

The support body 20 is a right-angled parallelepipe d member 

with a porous material as the formation material.  As shown in 

FIG. 1, in the separator 1, the support body 20 is provided by 

configuring so as to block the discharge port 10b o f the 

accommodation part 10.  In addition, the support bo dy 20 is 

provided to project from the discharge port 10b of the 

accommodation part 10.   

[0033]The support body 20 may be fixed at the disch arge port 

10b by adhesive, double-sided tape, or crimping or heat 

sealing.  As the adhesive, a vinyl acetate resin-ba sed adhesive, 

or a synthetic rubber-based adhesive can be used.   

[0034]Although described later in detail, as the se paration 

medium accommodated in the accommodation part 10, g el-like 

materials containing water, and a carrier molecule of high 

molecular weight that supports water is suitably us ed.  The 
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support body 20 has a function of supporting such a  separation 

medium in the discharge port 10b.   

[0035]For this reason, the support body 20 is prefe rably a 

porous material having hydrophilicity on the order of having 

adherence with the separation medium, without inhib iting the 

gelation of the separation medium.  For example, it  is possible 

to suitably use felt of fibrillated resin (non-wove n processed 

article).  As the formation material of the fibrill ated resin, 

polyethylene terephthalate (PET), polyethylene (PE) , and 

polypropylene (PP) can be exemplified.   

[0036]The fibrillated resin that is the formation m aterial of 

the support body 20 may use only one type thereof, or may be a 

mixture of two or more types thereof.  In addition,  the 

fibrillated resin that is the formation material ma y be 

arrived at by performing additional treatment such as 

hydrophilization treatment thereon.  As the support  body 20, a 

felt with fibrillated resin of PET resin as the for mation 

material is preferred.   

[0037]Such a support body 20, for example, preferab ly has 

rigidity of an order that does not substantially de formed even 

when 10 N of pressure is applied thereto, for examp le.  When 

using the support body 20 having such rigidity, the  support 

body 20 hardly deforms during the transfer operatio n described 

later, and thus stable operation is possible.  It s hould be 

noted that, although the support body 20 is explain ed as a 

right-angled parallelepiped member in the above des cription, 
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it is not limited thereto, and may be any shape so long as 

able to support, such as film form.   

[0038](Retaining Member) 

The retaining member 30 is provided at an end of th e 

accommodation part 10 on the side of the discharge port 10b.  

The retaining member 30 has a through hole 30a that  is in 

communication with the discharge port 10b of the ac commodation 

part 10.  The through hole 30a is provided so as to  be the same 

diameter from a side facing the discharge port 10b until the 

opposite side to the discharge port 10b.   

[0039]The retaining member 30 accommodates the supp ort body 20 

projecting from the discharge port 10b of the accom modation 

part 10 inside of the through hole 30a, and retains  a lateral 

face 20a of the support body 20.  The support part 20 

accommodated in the through hole 30a is arranged so  that a 

position of an end face 20x matches an end of the t hrough hole 

30a, or projects slightly from the end of the throu gh hole 30a.   

[0040]In addition, as shown in FIG. 1(c), the retai ning member 

30 has an end face 30x on an opposite side to a sid e of the 

accommodation part 10 that curves in a cross-sectio n in the 

arrow direction along the line segment Ic-Ic.  For this reason, 

the leading end on the side of the discharge port 1 0b of the 

separator 1 is the end face 20x of the support body  20, when 

viewing the separator 1 in a cross-section along th e arrow 

direction of the line segment Ic-Ic.   

[0041]The retaining member 30 can be formed using t he same 

formation material as the accommodation part 10.   
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[0042]During assembly of the separator 1, first, th e support 

body 20 may be inserted into the through hole 30a o f the 

retaining member 30, and subsequently, the support body 20 may 

be inserted in the discharge port 10b of the assemb led 

accommodation part 10.  By configuring in this way,  the 

assembly operation becomes easy.   

[0043]FIG. 2 is an illustrative drawing for one exa mple of the 

separator 1 accommodating the separation medium in the 

internal space 10c.  FIG. 2(a) is a cross-sectional  view 

corresponding to FIG. 1(c), and FIG. 2(b) is a cros s-sectional 

view along the arrow of the line segment IIb-IIb in  FIG. 1(b).   

[0044]The separation medium 40 retains biomolecules  during 

electrophoresis, and enables the biomolecules to mo ve inside 

thereof during electrophoresis.  Gel electrophoresi s normally 

uses a gelatinous separation medium containing wate r and a 

carrier molecule of high molecular weight that supp orts water.   

[0045]In gel electrophoresis, when a potential diff erence is 

produced between one end side and the other end sid e of the 

separation medium handling the sample, the proteins  that are 

charged particles will move within the gel.  Upon d oing so, due 

to the “molecular sieve effect” of interrupting mov ement of 

proteins by the carrier molecules in the gel, the m ovement 

distance of proteins per unit time during voltage a pplication 

will differ based on differences in the charge, mol ecular 

weight, shape, etc. of proteins.  As a result there of, it is 

possible to individually separate a plurality of pr oteins 

contained in the analysis target.   
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[0046]The separation medium 40 can use anything so long as 

normally used in the aforementioned such electropho resis.  The 

formation material of the separation medium 40 may be 

appropriately selected according to the volume of s ample that 

is the separation target, or type of biomolecules a ssumed to 

be contained in the sample, and polyacrylamide gel,  

dimethylacrylamide gel, agarose gel, etc. can be ex emplified.   

[0047]Such a separation medium 40 is obtained by po uring in a 

precursor (monomer and crosslinker) of the separati on medium 

40 from the supply port 10a of the separator 1, and  causing to 

gel by polymerizing the precursor in the internal s pace 10c.   

[0048]More specifically, after installing a cover f or liquid 

leak prevention at the outer side of the support bo dy 20, the 

precursor of the separation medium 40 is poured in from the 

supply port 10a, and gelled by polymerizing the pre cursor.  The 

cover functions also as a protective member of the end face 

20x of the support body 20 when trying to remove pr ior to use.   

[0049]It may be configured to provide a plurality o f grooves 

40a at an end of the separation medium 40, as shown  in FIG. 

2(b), by arranging a comb-shaped jig on the side of  the supply 

port 10a in advance prior to pouring in the precurs or, and 

then removing the jig after pouring in the precurso r until the 

jig is immersed.  It is possible to control the int ervals of 

the plurality of grooves 40a according to the shape  of the jig.  

For example, by providing the plurality of grooves 40a at 

equal intervals, and injecting sample into the groo ves 40a, 
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the interval between the samples on the separation medium 40 

tends to be controlled to equal intervals.   

[0050]When accommodating the separation medium 40 i n the 

aforementioned way, upon pouring the precursor into  the 

internal space 10c, the precursor impregnates not o nly the 

internal space 10c, but also the support body 20 wi th a porous 

material as the formation material.  When polymeriz ing the 

precursor in such a state, the separation medium 40  is 

accommodated in the internal space 10c, as well as being 

filled into the internal space of the support body 20, which 

is a porous material.  For this reason, the separat ion medium 

40 comes to be formed by one member from the end of  the supply 

port 10a until the end face 20x of the support body  20.  In 

addition, the separation medium 40 and support body  20 may be 

formed integrally.  For example, the separation med ium 40 and 

support body 20 may be formed integrally by the sep aration 

medium 40 impregnating the support body 20 as descr ibed above, 

or the separation medium 40 and support body 20 may  be formed 

integrally by way of adhesive.   

[0051]Since the separation medium 40 is a gel-like substance 

having water and a carrier molecule of high molecul ar weight 

in the aforementioned way, there may be shrinking d epending on 

the change in water content of the gel or temperatu re change.  

For example, in a case of the separation medium 40 not being 

integrally formed with the support body 20 by arran ging the 

support body 20 at the discharge port 10b after acc ommodating 

the separation medium 40, since the separation medi um 40 
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isotropically shrinks, there is a risk of shrinking  inside of 

the internal space 10c, and the separation medium 4 0 

retracting from the side of the discharge port 10b.   In this 

case, the separation medium 40 will separate from t he support 

body 20, and there is a risk of defects arising in the 

separation operation of the sample, and the state o f transfer 

of the sample described later.   

[0052]However, as mentioned above, when adopting a structure 

in which the separation medium 40 and support body 20 are 

formed integrally, in the case of the separation me dium 40 

shrinking, the separation medium 40 will shrink by being drawn 

to the side of the separation body 20.  For this re ason, the 

separation medium 40 can constantly keep the positi on of the 

end on the side of the discharge port 10b, without retracting 

from the side of the discharge port 10b.   

[0053]According to the separator 1 of the above suc h 

configuration, it is possible to provide a sample s eparator 

capable of causing samples in which a plurality of proteins or 

nucleic acids are contained to favorably separate, as well as 

stably transfer to a transfer membrane.   

[0054]It should be noted that, although the separat or 1 has 

the retaining member 30, it may be configured so as  to 

constitute the separator by the accommodation part 10 and 

support body 20, without using the retaining member  30.   

[0055]In addition, the accommodation part 10 is sai d to be 

configured by the first member 11, second member 12 , and 

spacers 13 and 14; however, it is not limited there to.  For 
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example, the accommodation part may be configured u sing the 

second member 12 and a structure in which the first  member 11 

and spacers 13, 14 are configured in a single membe r.   

[0056]Second Embodiment 

FIGS. 3 and 4 are illustrative drawings illustratin g a sample 

separator according to a second embodiment of the p resent 

invention, and are partial cross-sectional views sh owing the 

shape of a leading-end side (discharge port side) o f the 

sample separator.  The sample separator according t o the second 

embodiment differs from the sample separator 1 of t he first 

embodiment in the shape of the leading-end side of the sample 

separator.  For this reason, explanations will be o mitted for 

members shared with the separator 1.   

[0057]The sample separator 2 (separator 2) shown in  FIG. 3 is 

provided with a retaining member 31 at an end of th e 

accommodation part 10 on a side of the discharge po rt 10b 

thereof.  The retaining member 31 has a through hol e 31a that 

is in communication with the discharge port 10b of the 

accommodation part 10.  The through hole 31a is pro vided so 

that an opening diameter L2 on an opposite side to the 

discharge port 10b is smaller than an opening diame ter L1 on a 

side facing the discharge port 10b.  Herein, a conf iguration in 

which the opening diameter L1 and opening diameter L2 vary is 

adopted by the width in the thickness direction (la mination 

direction of the first member 11 and second member 12) of the 

separator 2 varying.   
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[0058]The separator 2 has a support body 21.  The s upport body 

21 is a member with a porous material as the format ion 

material, and the shape in a cross section in the v iewing 

field of FIG. 3 is a trapezoidal shape in which the  width in 

the thickness direction of the separator 2 graduall y decreases.  

In other words, the support body 21 has a width L2 on the 

opposite side to the internal space that is smaller  than the 

width W1 of the separator 2 on the internal space s ide thereof.  

It should be noted that, in the drawing, although t he end of 

the support body 21 on the accommodation part 10 si de thereof 

is positioned outside of the discharge port 10b of the 

accommodation part 10, at least a portion of the su pport body 

21 may be accommodated in the discharge port 10b.   

[0059]The sample separator 3 (separator 3) shown in  FIG. 4 has 

a retaining member 32 provided at an end of the acc ommodation 

part 10 on a discharge port 10b side thereof.  The retaining 

member 32 has a through hole 32a that is in communi cation with 

the discharge port 10b of the accommodation part 10 .  The 

through hole 32a is provided so as to have an openi ng diameter 

L4 that is smaller than the opening diameter L3 of the 

discharge port 10b.   

[0060]The separator 3 has a support body 22.  The s upport body 

22 is a member with a porous material as the format ion 

material.  The support body 22 has an end on the di scharge port 

10b side thereof that overhangs in the thickness di rection of 

the separator 3, in the shape of a cross section in  the 

viewing field of FIG. 4.  In other words, the suppo rt body 22 
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has a width L4 on the opposite side to the internal  space that 

is smaller than the width W3 of the separator 3 on the 

internal space side thereof.   

[0061]According to the separators 2, 3 of the above  such 

configurations, it is possible to provide a sample separator 

for which it is possible to cause transfer to a tra nsfer 

membrane stably, similarly to the aforementioned se parator 1.  

In addition, by adopting the support bodies 21, 22,  the 

dropping out of the support body is suppressed, and  thus 

stable working becomes possible.   

[0062]Third Embodiment 

FIGS. 5 and 6 are illustrative drawings illustratin g a sample 

separation/adsorption device 100 according to a thi rd 

embodiment of the present invention.  In the follow ing 

explanation, the sample separation/adsorption devic e 100 may 

also be referred to simply as “separation/adsorptio n device 

100”.  FIG. 5 is an outline perspective view of the  

separation/adsorption device 100.  FIG. 6 is a cros s-sectional 

view of the separation/adsorption device 100, and i s a view 

showing an appearance during use.   

[0063]As shown in FIGS. 5 and 6, the separation/ads orption 

device 100 of the present embodiment has a sample s eparation 

unit 110, and sample adsorption unit 120.   

[0064]The sample separation unit 110 includes a fir st buffer 

solution tank 111, first electrode 112, bridge part  113, and 

the aforementioned sample separator according to th e present 
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invention.  FIG. 5 illustrates by having the separa tor 1 shown 

in the first embodiment as the sample separator.   

[0065]The first buffer solution tank 111 is a conta iner having 

an internal space 111a that stores the buffer solut ion.  The 

separator 1 is installed in the first buffer soluti on tank 111.   

[0066]The separator 1 installed in the first buffer  solution 

tank 111 has a supply port 10a that opens at the in ternal 

space 111a of the first buffer solution tank 111.  In addition, 

the leading end of the separator 1 at a side of the  retaining 

member 30 is provided to project more downwards tha n the 

bottom of the first buffer solution tank 111.   

[0067]The first electrode 112 is arranged at the in ternal 

space 111a of the first buffer solution tank 111.  For example, 

it is possible to use a platinum electrode as the f irst 

electrode 112.   

[0068]The bridge part 113 is a member that clamps t he first 

buffer solution tank 111, and supports in a state l ifted to a 

predetermined height direction.  The bridge part 11 3 is 

provided to be movable in the thickness direction o f the 

separator 1 (in the drawing, direction of white arr ow 

indicated by symbol D), in a state supporting the f irst buffer 

solution tank 111.  In addition, the bridge part 11 3 may be 

provided with an adjustment means for adjusting the  height 

position of the first buffer solution tank 111.   

[0069]The sample adsorption unit 120 includes a sec ond buffer 

solution tank 121, second electrode 122 and transcr iptional 

body 123.   
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[0070]The second buffer solution tank 121 is a cont ainer 

assuming a rectangle in a plan view, and having an internal 

space 121a that stores the buffer solution.  The br idge part 

113 of the sample separation unit 110 is arranged a t both 

sides of the second buffer solution tank 121, and t he first 

buffer solution tank 111 and separator 1 are arrang ed above 

the second buffer solution tank 121 by making to sp an the 

second buffer solution tank 121.   

[0071]The separator 1 installed in the first buffer  solution 

tank 111 has the discharge port 10b positioned at t he internal 

space 121a of the second buffer solution tank 121.   

[0072]The second electrode 122 is a plate-like memb er assuming 

a rectangle in a plan view, and is arranged in the internal 

space 121a of the second buffer solution tank 121.  For example, 

it is possible to use a platinum electrode as the s econd 

electrode 122.   

[0073]The second electrode 122 is electrically conn ected to 

the first electrode 122, thereby enabling a voltage  to be 

applied between the first electrode 112 and the sec ond 

electrode 122.  At this time, the first electrode 1 12 is used 

as the cathode, and the second electrode 122 is use d as the 

anode.   

[0074]The transcriptional body 123 is a plate-like or film-

like member assuming a rectangle in the plan view, and is a 

member that can adsorb and retain biomolecules.  Th e formation 

material of the transcriptional body 123 may be app ropriately 

selected according to the volume of sample that is the 
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separation target, or the type of biomolecules that  are 

assumed to be contained in the sample, and PVDF 

(polyvinylidene fluoride), nitrocellulose membrane,  etc. can 

be exemplified.   

[0075]The transcriptional body 123 is a layer on on e side of 

the second electrode 122, and is arranged by orient ing a face 

on an opposite side to the second electrode 122 sid e thereof 

towards a side of the sample separation unit 110.   

[0076]As shown in FIG. 6, during use of the 

separation/adsorption device 100, a buffer solution  150 is 

stored in the first buffer solution tank 111, and a  buffer 

solution 160 is stored in the second buffer solutio n tank 121.  

The buffer solution 150 is a buffer solution for th e cathode, 

and the buffer solution 160 is a buffer solution fo r the anode.   

[0077]The buffer solutions 150, 160 can employ buff er 

solutions of known compositions, and may be appropr iately 

selected according to the volume of sample that is the 

separation target, or the type of biomolecules assu med to be 

contained in the sample.  As preferred solutions, a  

tris(hydroxymethyl)aminomethane (Tris)/glycine buff er solution, 

Tris/glycine/sodium dodecyl sulfate (SDS) buffer so lution, 

acetate buffer solution, sodium carbonate buffer so lution, N-

cyclohexyl-3-aminopropane sulfonic acid (CAPS) buff er solution, 

Tris/boric acid/ethylenediaminetetraacetic acid (ED TA) buffer 

solution, Tris/acetic acid/ ethylenediaminetetraace tic acid 

(EDTA) buffer solution, 3-morpholinopropanesulfonic  acid 

(MOPS) buffer solution, phosphate buffer solution, 
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Tris/tricine buffer solution, Tris/methanol buffer solution, 

Tris/ethanol buffer solution, etc. can be exemplifi ed.   

[0078]During use of the separation/adsorption devic e 100, 

after supplying sample to the separation medium 40 from the 

supply port 10a of the separator 1, the separator 1  is set in 

the first buffer solution tank 111.  At this time, the support 

body 20 of the separator 1 is pushed against the 

transcriptional body 123 with a predetermined press ure.   

[0079]The “predetermined pressure” upon pushing the  support 

body 20 against the transcriptional body 123 is pre ferably 0.1 

N to 10 N, more preferably 2 N to 8 N, and even mor e 

preferably 5 N to 6 N.  The upper limit value and l ower limit 

value can be combined arbitrarily.   

[0080]Subsequently, the buffer solution 150 is stor ed in the 

first buffer solution tank 111 and second buffer so lution tank 

121.  In the first buffer solution tank 111, an amo unt of the 

buffer solution 150 reaching the supply port 10a is  stored.  

The first electrode 112 is immersed in the buffer s olution 150.   

[0081]In addition, in the second buffer solution ta nk 121, an 

amount of the buffer solution 160 reaching the end face 20x of 

the support body 20, which is a leading end of the separator 1, 

is stored.  The second electrode 122 and transcript ional body 

123 are immersed in the buffer solution 160.   

[0082]In such a state, a predetermined voltage is a pplied 

between the first electrode 112 and second electrod e 122, 

thereby causing the biomolecules contained in the s ample 

handled by the separation medium 40 of the separato r 1 to 
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undergo electrophoresis.  The type of electrophores is is not 

particularly limited, and may be appropriately sele cted 

according to the biomolecules subjected to electrop horesis.  In 

the case of the biomolecules being proteins, employ ing an 

electrophoresis method such as SDS electrophoresis,  Native 

electrophoresis, Blue Native electrophoresis, and t wo-

dimensional electrophoresis can be exemplified.   

[0083]The sample handled by the separation medium 4 0 of the 

separator 1 is separated based on differences in th e charge, 

molecular weight, shape, etc. of the biomolecules o n the 

separation medium 40, while moving within the separ ation 

medium 40 to the side of the support body 20 (separ ation 

operation).   

[0084]Among the biomolecules contained in the sampl e, the 

bridge part 113 of the sample separation unit 110 s tarts 

movement along the edge of the second buffer soluti on tank 121, 

around the time when biomolecules having the fastes t migration 

speed reach the support body 20.  The support body 20 of the 

separator 1 and the transcriptional body 123 thereb y move 

relatively.   

[0085]In the transcriptional body 123, the position  adsorbing 

biomolecules dispensed changes via the support body  20, 

accompanying movement of the support body 20.  The 

transcriptional body 123 thereby retains the biomol ecules 

separated by the separation medium 40 in a state se parated 

without allowing to mix again (transfer operation).    
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[0086]After the transfer operation, it is possible to detect 

the types and amount of separated biomolecules, by removing 

the transcriptional body 123 on which the biomolecu les are 

retained, and conducting a known method such as Wes tern 

blotting.   

[0087]According to the separation/adsorption device  100 of the 

above such configuration, since the aforementioned sample 

separator 1 of the present invention is used, it be comes 

possible to continuously conduct the separation of sample and 

adsorption to the transcriptional body stably.   

Fourth Embodiment 

[0088]FIG. 7 is an illustrative drawing illustratin g a sample 

separation/adsorption device 200 (separation/adsorp tion device 

200) according to a fourth embodiment of the presen t invention, 

and is a view corresponding to FIG. 6.   

[0089]The separation/adsorption device 200 has the 

aforementioned sample separation unit 110 and sampl e 

adsorption unit 220.   

[0090]The sample adsorption unit 220 has a second b uffer 

solution tank 221, second electrode 222, transcript ional body 

223, unwinding roll 224, and winding roll 225.   

[0091]The second buffer solution tank 221 can adopt  a similar 

configuration as the aforementioned second buffer s olution 

tank 121.   

[0092]The second electrode 222 is a plate-like memb er that is 

rectangular in a plan view, having an identical siz e as the 

opening diameter of the discharge port 10b, for exa mple, and 
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is arranged below the support body 20 of the separa tor 1 at a 

position corresponding with the support body 20.  F or example, 

it is possible to use a platinum electrode as the s econd 

electrode 222.   

[0093]The second electrode 222 is electrically conn ected to 

the first electrode 112, whereby it is possible to apply a 

voltage between the first electrode 112 and second electrode 

222.  At this time, the first electrode 112 is used  as the 

cathode, and the second electrode 222 is used as th e anode.   

[0094]A transcriptional body 223 is a belt-like mem ber 

extending in one direction, and is a member that ca n adsorb 

and retain biomolecules.  As the formation material  of the 

transcriptional body 223, it is possible to adopt t he same 

material as the aforementioned transcriptional body  123.   

[0095]The transcriptional body 223 is arranged at t he 

unwinding roll 224 in a state wound up in a rolled form, and 

is unwound from the unwinding roll 224, passes betw een the 

support body 20 and second electrode 222, while bei ng wound up 

at the winding roll 225.   

[0096]During use of such a separation/adsorption de vice 200, 

after supplying the sample to the separation medium  40 from 

the supply port 10a of the separator 1, the separat or 1 is set 

in the first buffer solution tank 111.  At this tim e, the 

transcriptional body 223 is clamped between the sup port body 

20 of the separator 1 and the second electrode 222,  and the 

support body 20 is pushed against the transcription al body 223 

with a predetermined pressure.   
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[0097]The “predetermined pressure” upon pushing the  support 

body 20 against the transcriptional body 223 is pre ferably 0.1 

N to 10 N, more preferably 2 N to 8 N, and even mor e 

preferably 5 N to 6 N.  The upper limit value and l ower limit 

value can be combined arbitrarily.   

[0098]In such a state, the buffer solution 150 is s tored in 

the first buffer solution tank 111 and the second b uffer 

solution tank 221.  A predetermined voltage is appl ied between 

the first electrode 112 and second electrode 122, t hereby 

causing the biomolecules contained in the sample ha ndled by 

the separation medium 40 of the separator 1 to unde rgo 

electrophoresis.   

[0099]Among the biomolecules contained in the sampl e, around 

the time when those having the fastest migration sp eed reach 

the support body 20, the transcriptional body 223 w ound up in 

a rolled form from the unwinding roll 224 is unwoun d, and the 

winding roll 225 winds up.  The support body 20 of the 

separator 1 and the transcriptional body 223 thereb y move 

relatively.   

[0100]In the transcriptional body 223, the position  adsorbing 

biomolecules changes, accompanying movement of the 

transcriptional body 223.  The transcriptional body  123 thereby 

retains the biomolecules separated by the separatio n medium 40 

in a state separated without allowing to mix again (transfer 

operation).   

[0101]After the transfer operation, it is possible to detect 

the types and amount of separated biomolecules, by removing 
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the transcriptional body 223 on which the biomolecu les are 

retained, and conducting a known method such as Wes tern 

blotting.   

[0102]Even if the separation/adsorption device 200 of the 

above such configuration, since the aforementioned sample 

separator 1 of the present invention is used, it be comes 

possible to continuously conduct the separation of sample and 

adsorption to the transcriptional body stably.   

 

EXAMPLES 

[0103]Although the present invention will be explai ned by 

Examples hereinafter, the present invention is not to be 

limited to these examples.   

[0104]It should be noted that a separator of the sa me 

configuration as the separator 1 explained in the f irst 

embodiment was used as the separator in the Example s.  In 

addition, a device of the same configuration as the  

separation/adsorption device 100 explained in the t hird 

embodiment was used as the separation/adsorption de vice.  For 

this reason, in the following explanation, an expla nation is 

provided using the reference symbols attached in FI GS. 1 and 2 

as appropriate.   

[0105][Example 1] 

The biomolecule samples employed a protein solution  prepared 

by solubilizing biological tissue (mouse liver) by the 

respective aqueous solutions of 8 mol/L urea, 2 mol /L of 

thiourea, 4% by mass 3-(3-cholamidepropyl)dimethyla mmonio-1-
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propanesulphonate (CHAPS), and 20 mmol/L dithiothre itol (DTT), 

and extracting by removing insoluble impurities by way of 

centrifugal separation.   

[0106]To the separator 1 to which the support body 20 formed 

with a porous material of polyethylene terephthalat e is fixed, 

a 10% by mass acrylamide solution on which degassin g was 

sufficiently performed under reduced pressure so th at gel 

polymerization would not be inhibited was injected.   To the 

acrylamide solution, tetramethyl ethylenediamide (T EMED) and 

ammonium persulfuric acid (APS) were added to cause  gelation, 

thereby preparing the separation medium 40 of polya crylamide 

gel.   

[0107]In the first buffer solution tank 111, 180 mL  of buffer 

solution for the cathode was stored, and 200 mL of buffer 

solution for the anode was stored in the second buf fer 

solution tank 121.   

[0108]As the buffer solution for the cathode, a mix ed aqueous 

solution of 100 mmol/L of MOPS, 50 mmol/L of (bis(2 -

hydroxyethyl)amino-tris(hydroxymethyl) methane) (Bi s-Tris), 50 

mmol/L of Tris, and 0.25% SDS was used.   

[0109]As the buffer solution for the anode, a mixed  aqueous 

solution of 100 mmol/L of MOPS, 50 mmol/L of Bis-Tr is, 50 

mmol/L of Tris, and 20% by volume of EtOH was used.    

[0110]After adding SDS solution to the above-mentio ned protein 

solution and equilibrating, it was added to the sep aration 

medium 40 exposed at the supply port 10a side.  Sub sequently, 

separation of the biomolecules by way of SDS-polyac rylamide 
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gel electrophoresis (SDS-PAGE) was performed, by ap plying a 

voltage at a constant current of 50 mA between the first 

electrode 112 and second electrode 122.   

[0111]After adsorbing the biomolecules to the trans criptional 

body, blocking treatment was performed with 3% by m ass skim 

milk, and it was confirmed that the band shapes of proteins 

could be detected by Western blotting.   

[0112][Example 2] 

First, using an electrophoresis device (Auto 2D, BM -100, 

manufactured by Sharp Corp.), the above-mentioned p rotein 

solution was separated with a unique electric charg e to the 

IEF (isoelectric focusing) chip (one-dimensional 

electrophoresis).  After impregnating the gel porti on of the 

IEF chip with SDS solution and equilibrating, the g el portion 

of the IEF chip was set in the separation medium 40  exposed at 

the side of the supply port 10a.   

[0113]Subsequently, similarly to Example 1, the sep aration of 

the biological sample was performed by way of SDS-

polyacrylamide gel electrophoresis (SDS-PAGE) (two- dimensional 

electrophoresis).   

[0114]Using the transfer membrane on which the prot eins were 

retained, it was confirmed that specific proteins c ould be 

detected by way of Western blotting, similarly to E xample 1.   

[0115]In the present embodiment, due to spreading o ut the 

proteins by way of two-dimensional electrophoresis,  the 

transfer membrane to which proteins were transferre d in the 

present embodiment can be used as a protein chip ha ving 
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protein information such as molecular weight and is oelectric 

point.   

[0116]According to the above results, it could be c onfirmed 

that the present invention is effective.   

 

INDUSTRIAL APPLICABILITY 

[0117]The present invention is widely applicable in  life 

science fields such as medicine, engineering, pharm acy, 

physics and agriculture.   

 

EXPLANATION OF REFERENCE NUMERALS 

[0118]1, 2, 3 sample separator (separator) 

 20, 21, 22 support body 

 10 accommodation part 

 10a supply port 

 10b discharge port 

 10c internal space 

 30, 31, 32 retaining member 

 40 separation medium 

 100, 200 sample separation/adsorption device 

 (separation/adsorption device) 

 111 first buffer solution tank 

 112 first electrode 

 121, 221 second buffer solution tank 

 122, 222  second electrode 

 123, 223 transcriptional body 

 150, 160 buffer solution 
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CLAIMS 

 

1. A sample separator, comprising: 

 an accommodation part capable of accommodating a 

separation medium for electrophoresis; and 

 a support body with a porous material as a formati on 

material thereof, 

 wherein the accommodation part has an internal spa ce 

capable of being filled with the separation medium,  and is 

provided with a supply port and discharge port that  are in 

communication with the internal space, and 

 wherein the support body is provided to block the 

discharge port.   

 

2. The sample separator according to claim 1, where in the 

support body projects from the discharge port.   

 

3. The sample separator according to claim 1 or 2, further 

comprising a retaining member that retains the supp ort body at 

the discharge port.   

 

4. The sample separator according to any one of cla ims 1 to 

3, further comprising a separation medium filled in to the 

internal space, wherein the separation medium is fo rmed 

integrally with the support body.   
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5. The sample separator according to any one of cla ims 1 to 

34, wherein the separation medium is a polyacrylami de gel.   

 

6. A sample separation/adsorption device, comprisin g: 

 a first buffer solution tank capable of storing a first 

buffer solution; 

 a second buffer solution tank capable of storing a  second 

buffer solution; 

 a first electrode disposed in the first buffer sol ution 

tank; 

 a second electrode disposed in the second buffer s olution 

tank; 

 a sample separator according to any one of claims 1 to 5 

that is disposed in the first buffer solution tank;  and 

 a transcriptional body that transfers a sample, 

 wherein the sample separator has the supply port t hat 

opens inside of the first buffer solution tank, and  the 

discharge port positioned inside of the second buff er solution 

tank,  

 wherein the support body possessed by the sample 

separator contacts one face of the transcriptional body, and 

 wherein the second electrode contacts another face  of the 

transcriptional body.   

 

7. The sample separation/adsorption device accordin g to 

claim 6, wherein the transcriptional body is provid ed to be 

movable relative to the support body. 


