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(57) ABSTRACT 

The invention provides a dry electroblotting system for dry 
blotting gels, in Which the system includes an electroblotting 
transfer stack that comprises an analysis gel and a blotting 
membrane, an anode, a body of anodic gel matrix juxtaposed 
With the anode between the anode and the transfer stack, a 
cathode, and a body of cathodic gel matrix juxtaposed With 
the cathode between the cathode and the transfer stack, in 
Which the anodic gel matrix and the cathodic gel matrix each 
comprise an ion source for electrophoretic transfer. The dry 
electroblotting system does not use any liquid buffers that are 
added to the system just before electroblotting (such as When 
the transfer stack is being assembled). The anode, the cath 
ode, or both can be separate from a poWer supply and pro 
vided as part of a disposable electrode assembly that also 
includes a body of gel matrix that includes ions for electro 
phoretic transfer. 
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ELECTRO-BLOTTING DEVICES, SYSTEMS, 
AND KITS AND METHODS FOR THEIR USE 

RELATED APPLICATION 

[0001] This patent application is a continuation of US. 
application Ser. No. 11/357,416, ?led on 21 Feb. 2006, Which 
claims the bene?t of priority of US. Provisional Patent Appli 
cation No. 60/655,420 ?led on 24 Feb. 2005, entitled “Dis 
posable Dry Electro-blotting Electrodes, Methods for their 
Use and Dry Blotting,” and US. Provisional Patent Applica 
tion No. 60/774,231 ?led on 17 Feb. 2006, entitled “Dry 
Electro-blotting Devices, Systems, and Kits, and Methods for 
their Use” naming Ilana Margalit, Uri Yogev, Sela Itay, Yuri 
KatZ, Adam Sartiel, and Tim Updyke as inventors. The con 
tent and subject matter of these patent applications are hereby 
incorporated by reference in their entireties, including all text 
and drawings. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to the ?eld of 
gel blotting and more speci?cally to dry electroblotting com 
positions and methods. 

BACKGROUND 

[0003] The separation of molecular species using gel elec 
trophoresis methods is Well knoWn in the art. Various molecu 
lar species, including, inter alia, proteins, peptides, oligo 
nucleotides, DNA and RNA may be electrophoretically 
separated on a body of separating gel, based, inter alia, on 
their charge/ mass ratio, dimensional characteristics and other 
properties. Methods of isoelectric focusing may also be used 
for molecular species separation, as is Well knoWn in the art. 
[0004] It is often necessary or desired to transfer the elec 
trophoretically separated molecular species or resolved com 
ponents from the separating gel into another matrix or onto a 
support in order to perform additional desired steps or chemi 
cal reactions, or immunological characterization or other 
manipulations on the separated molecular species. A useful 
method knoWn in the art for transferring such resolved or 
separated species from the gel into another matrix or onto a 
support is electro-blotting. 
[0005] A revieW article entitled “Protein Blotting: A 
revieW” by B. T. Kurien and R. H. Sco?eld published in J. of 
Immunological methods, Vol. 274, pp. 1-15 (2003), incorpo 
rated herein by reference in its entirety, describes, inter alia, 
various protein blotting methods including Wet and semi-dry 
electro -blotting methods. 
[0006] US. Pat. Nos. 5,482,613, 5,445,723, 5,356,772, 
4,889,606, 4,840,714, 5,013,420, and US PublishedApplica 
tion 2002157953 disclose, inter alia, various types of appa 
ratuses and methods for performing Wet and semi-dry elec 
trophoretic transfer, all the above cited US patents and 
published patent Application are incorporated herein by ref 
erence in their entirety. 
[0007] In electro-blotting, after electrophoretic separation 
of molecular species, the electrophoresis gel containing the 
separated molecular species is put in contact With a relatively 
thin matrix of a porous material, such as, among others, a 
nitrocellulo se-based blotting membrane, a PVDF -based blot 
ting membrane, an activated paper blotting membrane, an 
activated nylon blotting membrane or the like, and an electri 
cal current is passed through the sandWiched gel and blotting 
membrane in a direction generally perpendicular to the sur 
face of the blotting membrane. Some or most of the electri 
cally charged molecular species may thus be electrophoreti 
cally transferred from the gel to the blotting membrane. 
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[0008] Current may be passed through the gel and blotting 
membrane combination by putting the gel and the blotting 
membrane betWeen tWo suitable electrodes and applying a 
suitable voltage difference betWeen the electrodes. One such 
electrode operates as a cathode and the other opposite elec 
trode operates as the anode. 
[0009] Typically, the electrical connection betWeen the 
electrodes and the gel and blotting membrane is achieved by 
placing an electrically conducting buffer solutionbetWeen the 
electrode and the gel and/or betWeen the electrode and the 
blotting membrane. These buffer solution(s) serve as a source 
of ions for the electro-blotting. This method is knoWn in the 
art as Wet blotting. A disadvantage of Wet blotting methods is 
the need for relatively cumbersome apparatus and the need to 
prepare and handle buffers, thus making the method time 
consuming. 
[0010] Alternatively, one or more pieces of dry ?lter paper 
or another suitable type of dry porous material are put in 
contact With the blotting membrane and With the gel, the ?lter 
paper or other dry porous material is Wetted With a buffer 
solution that serves as the ion reservoir for the transferring. 
The electrodes (cathode and anode) are put in contact With the 
buffer Wetted ?lter paper(s) or other porous material and 
electro-blotting is performed. 
[0011] While the semi-dry electro-blotting methods knoWn 
in the art solve some of the problems of Wet electro-blotting 
methods, they still have the disadvantage of requiring prepa 
ration and handling of liquid buffer solutions for Wetting the 
?lter papers and requiring handling and alignment of the ?lter 
papers With the gel and the blotting membrane. These meth 
ods are, therefore, still inconvenient and time consuming. 
Additionally, in semi-dry electro-blotting methods, the lim 
ited amount of ions in the buffer Wetted ?lter paper may limit 
the amount of current that may be used, resulting in a rela 
tively long electro-blotting time. Commercially available 
semi-dry blotters are typically limited to current densities in 
the range of 2-6 milliamperes per square centimeter (2-6 
mA/cm2). 

SUMMARY OF THE INVENTION 

[0012] The present invention is based, in part, on the dis 
covery that a reservoir of ions for electrophoretic transfer can 
be provided in gel matrices positionedbetWeen an anode of an 
electroblotting system and one side of a separating gel/blot 
ting membrane transfer stack, and betWeen a cathode of the 
electroblotting system and the other side of the transfer stack, 
alloWing electroblotting to be performed With no liquid buff 
ers other than those provided Within the gel matrices posi 
tioned adjacent to and in contact With the electrodes of the 
system. Using this dry-blotting system, proteins, nucleic 
acids, and other biomolecules are transferred from a separat 
ing gel to a blotting membrane much more e?iciently and 
rapidly than traditional electroblotting, and no liquid buffer 
handling is required by a user performing the electroblotting 
method. For example, using an electroblotting system pro 
vided herein, an electroblotting transfer can be performed in 
as little as 5 or 10 minutes. Furthermore, in certain aspects of 
the invention, an electrode of the electroblotting system is 
provided that creates feWer bubbles during electroblotting. 
[0013] Anodic and/or cathodic gel matrix ion reservoirs 
can be provided to a customer in pre-made, disposable form 
for use in a dry-blotting system. The pre-made, disposable 
anodic and/or cathodic gel matrix ion reservoir can be 
enclosed Within in a sealed package. Furthermore, multiple 
anodic and/or cathodic gel matrix ion reservoirs can be 
enclosed together in packaging. 
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[0014] Provided herein in another aspect is electrode 
assemblies for performing dry electroblotting, in Which the 
electrode assemblies include a body of gel matrix that 
includes a source of ions; and an electrically conducting 
electrode associated With the body of gel matrix. In certain 
embodiments, the electrode is attached to the body of gel 
matrix. In certain embodiments, the electrically conducting 
electrode is at least partially embedded in the body of gel 
matrix. In certain embodiments, the body of gel matrix is 
juxtaposed With the conducting electrode in a plastic tray 
before and during electrophoretic transfer. The electrode 
assembly can be enclosed in a sealed package. An electrode 
used in the dry electroblotting systems and electrode assem 
blies provided herein can be, for example, a layer that 
includes a non-metallic electrically conducting material, a 
mesh comprising a non-metallic electrically conducting 
material, a metal foil, a metal mesh, nonconducting polymer 
coated With a conducting metal or nonmetal, and/or combi 
nations thereof. An electrode of a nonconducting material 
coated With a conducting material can be in the form of a 
sheet, mesh, or other structure. In certain embodiments, an 
electrode of an electrode assembly comprises an electro 
chemically ioniZable metal such as lead, copper, silver or 
combinations thereof. In certain embodiments, an electrode 
of an electrode assembly comprises aluminum or palladium. 
[0015] An electrode assembly that includes an electrode in 
association With a gel matrix ion reservoir for dry electrob 
lotting can also be provided to a customer in a pre-made, 
disposable form, thereby making it easy for a customer to use 
the electrode assembly, and providing an effective business 
model. The electrode is juxtaposed With a body of gel matrix, 
and can be provided in a tray or holder. The electrode assem 
bly can be enclosed in a sealed package. The present invention 
also provides embodiments Wherein the electrode assembly 
provides additional functionality. For example, staining com 
pounds, molecules for blocking non-speci?c binding, reduc 
ing agents, or proteases can be included in the electrode 
assembly, to facilitate analysis of molecular species separated 
Within a separating gel. 
[0016] In a further aspect, the invention provides a dry 
electroblotting system, in Which the system includes an elec 
troblotting transfer stack that comprises an analysis gel and a 
blotting membrane, an anode, a body of anodic gel in contact 
With the anode and positioned betWeen the anode and the 
transfer stack, a cathode, and a body of cathodic gel matrix in 
contact With the cathode and positioned betWeen the cathode 
and the transfer stack, in Which the anodic gel matrix and the 
cathodic gel matrix each comprise an ion source for electro 
phoretic transfer. The dry electroblotting system does not 
require any liquid buffers to be added to the system just before 
electroblotting (such as When the transfer stack is being 
assembled). In some preferred embodiments, the system is 
assembled such that the anodic gel matrix and anode are on 
the membrane side of the transfer stack, and the cathodic gel 
matrix and cathode are on the analysis gel side of the transfer 
stack. In some embodiments, the anode, the cathode, or both 
can be integral to a poWer supply. In some embodiments, the 
anode, the cathode, or both can be separate from a poWer 
supply. 
[0017] The invention also includes an apparatus for dry 
blotting gels, in Which the apparatus includes: a poWer supply 
that can hold a transfer stack, an anode, a body of anodic gel 
matrix juxtaposed With the anode betWeen the anode and the 
transfer stack, a cathode, and a body of cathodic gel matrix 
juxtaposed With the cathode betWeen the cathode and the 
transfer stack, during electrophoretic transfer. During elec 
troblotting, the dry electroblotting apparatus does not 
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include, hold, or connect to reservoirs for holding liquid 
buffers for electrophoretic transfer. In some embodiments, 
the anode and anodic gel matrix of the apparatus are provided 
as an anode assembly that can be reversibly positioned on or 
against or connected With electrical contacts of the apparatus. 
In some embodiments, one or both of the anode or cathode is 
integral to the apparatus. 
[0018] The poWer supply of the apparatus includes an 
on/ off sWitch, a poWer cord for connecting to a poWer source, 
and preferably an AC/ DC adaptor. In some embodiments, the 
poWer supply of the dry electroblotting apparatus comprises 
display panel that indicate at least one of the voltage, current, 
elapsed time, or time remaining for an electrophoretic trans 
fer. The poWer supply optionally includes softWare that 
includes a menu of electroblotting conditions. In some 
embodiments, the dry electroblotting apparatus comprises at 
least one universal serial bus (USB) port. 
[0019] In another aspect, the invention provides a method 
of dry electroblotting, Which includes passing an electric 
current betWeen an anode and cathode of a dry electroblotting 
system that includes, in the folloWing order: an anode, a body 
of anodic gel matrix, a blotting membrane, an analysis gel that 
comprises one or more biomolecules, a body of cathodic gel 
matrix, and a cathode to transfer one or more biomolecules 
from the analysis gel to the blotting membrane. 
[0020] In certain illustrative aspects of the method, the 
anodic electrode is made of copper. In certain illustrative 
aspects, both the anodic and cathodic electrodes are made of 
copper. In some aspects, current density used to pass a current 
can be equal to or larger than 15 milliamperes per square 
centimeter of the ?rst face of said separating gel. 
[0021] The method can further include, prior to passing a 
current betWeen the anodic and cathodic electrodes, passing 
the analysis gel, an anodic electrode assembly that includes 
the anode, a body of anodic gel matrix, and a blotting mem 
brane, and a cathodic electrode assembly that includes a 
cathode and a body of cathodic gel matrix, through a de 
bubbling device having gel separator members con?gured for 
reducing or avoiding the trapping of air bubbles betWeen the 
separating gel, the blotting membrane, and the cathodic body 
of gel matrix. 
[0022] In yet another aspect, provided herein are kits for 
performing dry electroblotting. In one embodiment, a kit 
includes at least one body of gel matrix that comprises an ion 
source for electrophoresis and at least one blotting mem 
brane. In another embodiment, a kit includes at least one body 
of anodic gel matrix and at least one body of cathodic gel 
matrix. In another embodiment, a kit includes at least one 
body of gel matrix that includes at least one dye, detergent, 
modifying enZyme or reagent, or reducing compound. Abody 
of anodic gel matrix and a body of cathodic gel matrix may be 
provided in a kit in sealed packages. Electroblotting gel 
matrix kits can also optionally further include at least one 
blotting membrane, at least one sheet of ?lter paper, at least 
one sponge, and/or at least one electrode. 

[0023] In another aspect, a kit provides one or more dispos 
able anodic electrode assemblies and/or one or more dispos 
able cathodic electrode assemblies. In some embodiments, 
one or more anodic electrode assemblies can include a body 

of gel including a source of ions and an electrode juxtaposed 
With a body of gel matrix. In some embodiments, one or more 
cathodic electrode assemblies can include a body of gel 
including a source of ions and an electrode juxtaposed With a 
gel matrix. An anodic electrode assembly, a cathodic assem 
bly, or both, can be provided in a tray, such as a plastic tray. A 
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cathodic assembly can be provided in a tray, such as a plastic 
tray. An anodic electrode assembly provided in a kit can 
include one or more blotting membranes juxtaposed With a 
second side of the body of gel matrix. 
[0024] The anodic and/or cathodic electrode assemblies 
can be enclosed Within a sealed package together, or sepa 
rately. Furthermore, multiple anodic and/or cathodic elec 
trode assemblies can be enclosed together in packaging. 
[0025] In some aspects, an electroblotting kit includes one 
or more disposable anodic electrode assemblies and one or 
more disposable cathodic electrode assemblies. In some 
aspects, an electroblotting kit includes one or more dispos 
able anodic electrode assemblies and at least one body of 
cathodic gel matrix. The kits can optionally include one or 
more blotting membranes, sheets of ?lter paper, or sponges. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The invention is herein described, by Way of 
example only, With reference to the accompanying draWings, 
in Which like components are designated by like reference 
numerals, Wherein: 
[0027] FIG. 1 is a schematic isometric vieW of a disposable 
dry electro-blotting electrode assembly, in accordance With 
an embodiment of the present invention; 
[0028] FIG. 2 is a cross sectional vieW of the electrode 
assembly illustrated in FIG. 1, taken along the lines II-II; 
[0029] FIG. 3 is a schematic cross-sectional vieW illustrat 
ing a disposable dry electro-blotting electrode assembly hav 
ing a mesh type or a Woven type electrode; 
[0030] FIG. 4 is a schematic cross-sectional vieW illustrat 
ing a disposable dry electro-blotting electrode assembly hav 
ing a mesh type electrode and a body of gel including an ion 
exchange matrix; 
[0031] FIG. 5 is a schematic across-sectional vieW illustrat 
ing a disposable dry electro-blotting electrode assembly 
including a blotting membrane, in accordance With an 
embodiment of the present invention; 
[0032] FIG. 6 is a schematic cross-sectional vieW illustrat 
ing a separating gel disposed betWeen an anodic dry electro 
blotting electrode assembly and a cathodic dry electro-blot 
ting electrode assembly, in accordance With an embodiment 
of the dry electro-blotting method of present invention; 
[0033] FIG. 7 is a schematic cross-sectional vieW ofpart of 
a de-bubbling device usable in reducing the trapping of air 
bubbles While attaching the dry electro-blotting electrode 
assemblies of the present invention to a gel to be electro 
blotted in accordance With an embodiment of the present 
invention; 
[0034] FIG. 8 provides several vieWs of an apparatus of the 
present invention; 
[0035] FIG. 9 provides several vieWs of an apparatus of the 
present invention; 
[0036] FIG. 10 provides several vieWs of an apparatus of 
the present invention; 
[0037] FIG. 11 is a photograph of a blotting membrane after 
completion of dry electroblotting transfer from a protein 
separating gel, performed using the dry electro-blotting elec 
trode assemblies of the present invention, in accordance With 
an embodiment of the present invention; 
[0038] FIG. 12 is a photograph of a blotting membrane after 
completion of protein dry electroblotting transfer from a 
resolving gel, performed using the dry electro-blotting elec 
trode assemblies of the present invention; 
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[0039] FIG. 13 is a photograph of a blotting membrane after 
completion of protein dry electroblotting transfer from a 
separating gel, performed by the dry electroblotting method 
of the present invention; 
[0040] FIG. 14 is a photograph of blotting membrane after 
completion of protein dry electro-blotting transfer from a 
separating gel, performed by the dry electro-blotting method 
of the present invention; 
[0041] FIG. 15 is a photograph of a blotting membrane after 
completion of protein dry electro-blotting transfer from a 
separating gel performed by the dry electro-blotting method 
using of the present invention and immunodetection using 
chemiluminescent reagents; 
[0042] FIG. 16 is a photograph of a blotting membrane after 
completion of protein dry electro-blotting transfer from a 
separating gel performed by the dry electro-blotting method 
using of the present invention and immunodetection using 
chromogenic reagents; 
[0043] FIG. 17 is a cross-sectional vieW illustrating a blot 
ting assembly including a suitable electrode built into a hold 
ing tray for performing dry electro-blotting While a blotting 
assembly is disposed Within the holding tray. 

DETAILED DESCRIPTION OF THE INVENTION 

[0044] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Generally, the nomenclature used herein 
and the manufacture or laboratory procedures described 
beloW are Well knoWn and commonly employed in the art. 
Conventional methods are used for these procedures, such as 
those provided in the art and various general references. 
Terms of orientation such as “up” and “doWn”, “top” and 
“bottom”, or “upper” or “loWer” and the like refer to orien 
tation of parts during use of a device. Where a term is pro 
vided in the singular, the inventors also contemplate the plural 
of that term. Where there are discrepancies in terms and 
de?nitions used in references that are incorporated by refer 
ence, the terms used in this application shall have the de?ni 
tions given herein. As employed throughout the disclosure, 
the folloWing terms, unless otherWise indicated, shall be 
understood to have the folloWing meanings: 
The folloWing terms are used throughout the application: 
[0045] A “dry electroblotting electrode assembly” is an 
assembly that includes an electrode and a non-liquid ion 
source in contact With the electrode, in Which the dry elec 
troblotting electrode assembly alloWs electroblotting to be 
performed Without requiring that liquid buffers are added to 
an electroblotting system before use. Rather, the electrode 
assemblies of a dry electroblotting system provide the ion 
source for electrophoretic transfer. A “non-liquid” ion source 
can be a solid or gel. The ion source of a dry electroblotting 
electrode assembly is preferably provided in a body of gel 
matrix. A dry electroblotting electrode assembly can also 
optionally include other components of a dry electroblotting 
system, for example, a blotting membrane. 
[0046] “Dry electroblotting” is electroblotting performed 
using a solid or semi-solid ion source for electrophoresis. In 
some embodiments, dry electroblotting is performed Without 
the addition of liquid buffers or solutions providing an ion 
source to the electroblotting system When assembling the 
transfer stack (a membrane positioned against an electro 
phoresis gel, and any ?lters, sponges, meshes, etc., surround 
ing or against the outside surfaces of the juxtaposed gel and 
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membrane) prior to electroblotting. In some embodiments, 
one or more components of an electroblotting system, such as 
a piece of ?lter paper or blotting membrane, can be Wetted 
prior to electroblotting, but the Wetting is not required for 
providing ions that enable electrophoretic transfer 
[0047] A “disposable” electrode is an electrode that is 
intended to be used less than 10 times. A “disposable” elec 
trode assembly is an electrode assembly that is intended to be 
used less than 10 times. In embodiments in Which an elec 
trode assembly includes a blotting membrane, a blotting 
membrane of an electrode assembly is typically used only 
once. In certain illustrative aspects, the entire disposable elec 
trode assembly is intended to be used only once. 
[0048] As used herein “electrochemically ioniZable metal” 
is a metal that, When used as an electrode under standard 
electrophoresis conditions, ioniZes in response to applied cur 
rent. “Standard electrophoresis conditions” are conditions of 
betWeen about 0 degrees Celsius and about 100 degrees Cel 
sius, more preferably betWeen about 0 degrees Celsius and 
about 80 degrees Celsius, and more preferably yet betWeen 
about 2 degrees Celsius and about 50 degrees Celsius, in 
Which the electrode is in contact With a conducting medium, 
such as a solution or gel. During electrophoresis (or electro 
phoretic transfer) ioniZation of an electrochemically ioniZ 
able metal electrode occurs in place of electrolysis of Water at 
the electrode. Non-limiting examples of electrochemically 
ioniZable metals include copper, silver, and lead. 
[0049] An “analysis gel” is a gel that includes one or more 
biomolecules to be detected. The biomolecules can be, as 
nonlimiting examples, polysaccharides, nucleic acids, or pro 
teins, and can be puri?ed, partially puri?ed, or part of a 
mixture or sample. An analysis gel can be a gel to Which 
biomolecules or samples or mixtures that include biomol 
ecules have been applied to or electrophoreses or absorbed 
into Without further separation, or an analysis gel can be a 
separating gel, such as an electrophoresis gel on Which bio 
molecules have been separated on the basis of siZe, charge, or 
other properties. 
[0050] An “electroblotting transfer stack” or simply, a 
“transfer stack” is a structure that includes an analysis gel and 
a blotting membrane, in Which the blotting membrane is 
juxtaposed With the gel such that one of the tWo faces of the 
blotting membrane is in contact With one of the tWo faces of 
the gel. In exemplary embodiments, the analysis gel in a 
transfer stack is an electrophoresis gel, that is, a gel on Which 
one or more biomolecules has been electrophoresed. The 
blotting membrane is typically nitrocellulose or another cel 
lulose derivative, nylon, or polyvinylidene di?uoride (PDVF) 
(or derivatiZed versions of any of these) to Which a biomol 
ecule can be transferred such that it reversibly or, preferably, 
irreversibly binds the membrane. A transfer stack can option 
ally also include other elements, such as, for example, ?lter 
paper placed against the non-gel face of the membrane or the 
non-membrane face of the gel. 
[0051] As used herein, “juxtaposed With” means that tWo 
structures so referenced are positioned so as to be in side-by 
side contact With one another. In the context of the present 
invention, juxtaposed structures are preferably in contact and 
aligned such that a major portion of a side or face of one 
structure is adjacent to and in continuous contact With a major 
portion of a side or face of the other structure. Juxtaposed 
structures may reversibly or irreversibly adhere to one 
another, for example by adhesives, chemical bonds, or 
mechanical fasteners. In some aspects, one juxtaposed struc 
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ture may be attached to another by being at least partially 
embedded in the other structure. In some aspects, juxtaposed 
structures can be reversibly juxtaposed by being placed in the 
same holder Where they are held by gravity, Walls of the 
holder, or fasteners. In some aspects, juxtaposed structures 
can be reversibly juxtaposed by being held together by elec 
trostatic forces such that the structures, such as a membrane 
and a body of gel, can be easily separated by a technician. 
[0052] As used herein “anode compartment” refers an area 
of an electroblotting apparatus, device, or system that 
includes a source of ions for electroblotting that is in contact 
With the anode of the system, device, or apparatus. For 
example, an anode compartment can be a buffer tank that 
includes or is contacted by an anode and holds a solution 
comprising ions, ?lter paper soaked in a transfer buffer, or an 
anodic gel matrix. 
[0053] As used herein “cathode compartment” refers an 
area of an electroblotting apparatus, device, or system that 
includes a source of ions for electroblotting that is in contact 
With the cathode of the system, device, or apparatus. For 
example, a cathode compartment can be a buffer tank that 
includes or is contacted by a cathode and holds a solution 
comprising ions, ?lter paper soaked in a transfer buffer, or a 
cathodic gel matrix. 
[0054] A compound that is “preferentially provided”, 
“preferentially present”, or “preferentially used” in one com 
partment or component of an electroblotting system is a com 
pound that is provided, present, or used in that compartment 
and either not provided, present, or used, in another compart 
ment or component of the system, or present at signi?cantly 
reduced amounts in another compartment or component of 
the system When compared With the amount of compound in 
the compartment or component the compound is preferen 
tially provided, present, or used in. In some exemplary 
embodiments, a compound preferentially provided in an 
anode compartment of an electroblotting system is either not 
present or present in signi?cantly reduced amounts in the 
cathode compartment of the system. In some exemplary 
embodiments, a compound preferentially provided in a cath 
ode compartment of an electroblotting system is either not 
present or present in signi?cantly reduced amounts in the 
anode compartment of the system. 
[0055] As used herein, a compound present, used, or pro 
vided in “signi?cantly reduced concentration” or “signi? 
cantly reduced amount” means that the concentration of the 
anionic compound in the cathode compartment is 0.5x (50%) 
or less, preferably 02x (20%) or less, and more preferably 
0.1x (10%) or less When compared With the concentration of 
the anionic compound in the anode compartment of an elec 
troblotting system or apparatus. 

Dry Electroblotting System 

[0056] The invention provides a dry electroblotting system 
comprising an electroblotting transfer stack, an anode, a body 
of anodic gel matrix positioned betWeen the anode and the 
electroblotting transfer stack, a cathode, and a body of 
cathodic gel matrix positioned betWeen the cathode, in Which 
the anodic gel matrix and the cathodic gel matrix each com 
prise an ion source for electrophoretic transfer. The transfer 
stack comprises at least one analysis gel that includes at least 
one biomolecule (such as, for example, a polysaccharide, a 
protein, a peptide, or a nucleic acid) and at least one blotting 
membrane juxtaposed With the analysis gel. In some embodi 
ments, the dry electroblotting system does not use any liquid 
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buffers that are added to the system before electroblotting 
(such as When the transfer stack is being assembled). In some 
embodiments, one or more components of the dry electoblot 
ting system, such as a blotting membrane, or a sheet of ?lter 
paper placed betWeen the analysis gel and a body of gel 
matrix or placed betWeen the blotting membrane and a body 
of gel matrix, can be Wetted prior to electroblotting. In a dry 
electroblotting system of the invention, hoWever, Wetting of a 
system component such as a blotting membrane or sheet of 
?lter paper With Water, a detergent solution, a buffer, or solu 
tion, is not necessary for providing ions required to drive 
electrophoretic transfer. In some embodiments, a gel can be 
equilibrated in a buffer or solution prior to electroblotting. 
Equilibrating a gel in a solution or buffer is not necessary for 
providing ions required to drive electrophoretic transfer in a 
dry electroblotting system. 
[0057] The system is constructed such that When an elec 
trical current is passed betWeen the cathode and the anode, 
biomolecules are transferred from an analysis gel to a blotting 
membrane. The assembled system thus provides electrical 
continuity from the cathode to the anode, in Which current 
passes from the cathode through the cathodic body of gel 
matrix, one or more analysis gels, one or more blotting mem 
branes, and the anodic body of gel matrix to the anode. Thus, 
in a preferred embodiment, one side of the cathodic body of 
gel matrix is in contact With the cathode, and another side of 
the cathodic body of gel matrix is in direct or indirect elec 
trical contact With an analysis gel of the transfer stack. One 
side of the anodic body of gel matrix is in contact With the 
anode, and another side of the anodic body of gel matrix is in 
direct or indirect electrical contact With a blotting membrane 
of the transfer stack. 

[0058] In a variation of this con?guration, a dry electrob 
lotting system of the invention can have a blotting membrane 
juxtaposed With the cathode face of an analysis gel. In such a 
con?guration, an additional blotting membrane can option 
ally also be juxtaposed With the anode face of the analysis gel. 
This con?guration can be used, for example, When one or 
more biomolecules of interest in an analysis gel are expected 
to have positive charge under electrophoretic transfer condi 
tions. In one example, the analysis gel can be a native gel on 
Which proteins have been electrophoresed in the absence of a 
detergent or reagent that confers negative charge, in Which 
case one or more of the proteins on the analysis gel may have 
a net positive charge and migrate toWard the cathode during 
transfer. Negatively charged biomolecules in the same analy 
sis gel can optionally be simultaneously blotted to a mem 
brane provided on the anode side of the analysis gel. 
[0059] An analysis gel can be of any irregular or regular 
shape, e.g., oval or circular, but is typically rectangular. An 
analysis gel can be of any feasible length and Width, and has 
a thickness signi?cantly less than the length or Width dimen 
sions of the analysis gel. For example, the thickness of an 
analysis gel can be 20% or less than the length or Width, and 
is preferably 10% or less than the length or Width, or prefer 
ably 5% or less than the length or Width, or preferably 2% or 
less than the length or Width of the analysis gel. An analysis 
gel used in a dry electroblotting system thus has tWo faces 
opposite one another de?ned by the length and Width dimen 
sions of the gel. An analysis gel can have any composition, 
and can be, as nonlimiting examples, an agar gel, a starch gel, 
an agarose gel, an acrylamide gel, a composite gel comprising 
one or more different polymers, etc. Illustrative nonlimiting 
examples of analysis gels that can be used in a dry electrob 
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lotting system are separating gels that can be poured by the 
user or pre-made, such as, but not limited to, Tris-glycine 
gels, NuPAGE® Bis Tris gels (Invitrogen, Carlsbad, Calif.), 
NuPAGE® Tris Acetate gels (Invitrogen, Carlsbad, Calif.), 
E-PAGETM gels (Invitrogen, Carlsbad, Calif.), E-gels® (In 
vitrogen, Carlsbad, Calif.), etc. 
[0060] A ?rst face of an analysis gel of a dry electroblotting 
system is juxtaposed With a ?rst face of a blotting membrane, 
and the second face of the analysis gel is positioned in direct 
or indirect contact With an electrode assembly. In some 
embodiments, the second face of the analysis gel is in contact 
With a cathodic electrode assembly. If the contact betWeen the 
gel and the cathodic electrode assembly is indirect (for 
example, Wetted ?lter paper may be betWeen the cathodic gel 
matrix and an analyis gel), the indirect contact provides elec 
trical continuity betWeen the analysis gel and the cathodic gel 
matrix. The stack is positioned such that the second face of the 
blotting membrane that is positioned against the ?rst face of 
an analysis gel is in direct or indirect contact With the anodic 
gel matrix. If the contact betWeen the blotting membrane and 
the anodic electrode assembly is indirect (for example, Wetted 
?lter paper may be betWeen the anodic gel matrix and a 
blotting membrane), the indirect contact provides electrical 
continuity betWeen the blotting membrane and the anodic gel 
matrix. 
[0061] A Wetted ?lter paper positioned betWeen a gel stack 
and a body of gel matrix can be Wetted in, for example, Water, 
buffer, or a staining or detergent solution. 
[0062] A transfer stack of a dry electroblotting system can 
comprise more than one analysis gel. For example, tWo or 
more analysis gels can be positioned side-by-side in a transfer 
stack. In cases Where more than one analysis gel is provided 
in a transfer stack of a dry electroblotting system, more than 
one blotting membrane can optionally be used. For example, 
an individual blotting membrane can be juxtaposed With each 
analysis gel of the dry electroblotting system. In the altema 
tive, a single blotting membrane can be juxtaposed With more 
than one analysis gel, such that biomolecules of tWo or more 
analysis gels are transferred to the same blotting membrane. 
[0063] In preferred embodiments, an analysis gel and a 
blotting membrane of a dry electroblotting system have 
length and Width dimensions that are the same or nearly the 
same (e. g., dimensions Within 10%, 5%, or 2% of each other). 
A blotting membrane can be, for example, paper, a cellulose 
based blotting membrane (such as but not limited to cellulose 
nitrate or cellulose acetate), a nitrocellulose-based mem 
brane, a nylon-based membrane, or polyvinylidene di?uoride 
(PVDF)-based membrane, or activated or derivatiZed ver 
sions of these (such as, for example, surface-charged deriva 
tives). A blotting membrane in a dry electroblotting system is 
juxtaposed With an analysis gel such that a ?rst face of the 
blotting membrane is in continuous surface contact With a 
?rst face of the analysis gel. 
[0064] In some embodiments, the system further includes 
at least one piece of ?lter paper positioned betWeen the analy 
sis gel and the body of cathodic gel matrix. 
[0065] A body of anodic gel matrix and a body of cathodic 
gel matrix of a dry electroblotting system can have the same 
or different compositions. For example, a body of anodic gel 
matrix and a body of cathodic gel matrix of a dry electroblot 
ting system can have the same or different gel-forming poly 
mers, or one or more common gel-forming polymers at dif 
ferent concentrations.A body of anodic gel matrix and a body 
of cathodic gel matrix of a dry electroblotting system can 
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have the same or different buffers, or can have a common 
buffer present at different concentrations. An anodic gel 
matrix can comprises one or more additional compounds not 
present in the cathodic gel matrix. A cathodic gel matrix can 
comprises one or more additional compounds not present in 
the anodic gel matrix. 
[0066] A body of gel matrix (a body of anodic gel matrix or 
a body of cathodic gel matrix) can comprise agarose, acryla 
mide, alumina, silica, starch or other polysaccharides such as 
chitosan, gums (e.g., xantham gum, gellan gum), carrag 
eenan, pectin, or other polymers that form gels, or any com 
binations of these. In some preferred embodiments, the body 
of cathodic gel matrix comprises acrylamide, for example, at 
a concentration of from about 2.5% to about 30%, or from 
about 5% to about 20%. In some embodiments, the body of 
cathodic gel matrix comprises agarose, for example at a con 
centration of from about 0.1% to about 5%, or from about 
0.5% to about 4%, or from about 1% to about 3%. In some 
preferred embodiments, the body of cathodic gel matrix com 
prises acrylamide and agarose, for example, a cathodic gel 
matrix can comprise from about 2.5% to about 30% acryla 
mide and from about 0.1% to about 5% agarose, preferably 
from about 5% to about 20% acrylamide and from about 0.2% 
to about 2.5% agarose. 

[0067] A source of ions for electrophoretic transfer pro 
vided in an cathodic gel matrix or an anodic gel matrix can be 
from for example, a salt, acid, base, or buffer, or combinations 
thereof. Preferably, the body of cathodic gel matrix comprises 
at least one buffer, preferably an organic buffer. A buffer 
provided in the cathodic gel matrix can be a ZWitterionic 
buffer. In preferred embodiments in Which an analysis gel 
comprises proteins orpeptide to be electroblotted, the body of 
cathodic gel matrix comprises a buffer having a pKa of 
betWeen about 6.5 and about 8.5, and more preferably 
betWeen about 7 and about 8. A buffer in the cathodic gel 
matrix can be present at a concentration of from about 10 mM 
to about 1 M, for example, at a concentration of betWeen 
about 20 mM and about 500 mM, and in some embodiments 
betWeen about 50 mM and about 300 mM. 

[0068] For example, the body of cathodic gel matrix can 
comprise, as nonlimiting examples, 2-N-morpholino) 
ethanesulfonic acid (MES), N-(2-acetamido)-2-aminoet 
hanesulfonic acid (ACES), piperaZine-N,N'-2-ethane 
sulfonic acid (PIPES), 2-(N-morpholino)-2-hydroxy 
propanesulfonic acid (MOPSO), N,N-bis-(hydroxyethyl)-2 
aminoethanesulfonic acid (BES), 3-(N-morpholino) 
propanesulfonic acid (MOPS), N-2-hydroxyethyl 
piperaZine-N-2-ethanesulfonic acid (HEPES), 3-(N-tris 
(hydroxymethyl)methylamino)-2-hydroxypropanesulfonic 
acid (TAPSO), 3-(N,N-Bis[2-hydroxyethyl]amino)-2-hy 
droxypropanesulfonic acid (DIPSO), N-(2-Hydroxyethyl) 
piperaZine-N'-(2-hydroxypropanesulfonic acid) (HEPPSO), 
4-(2-Hydroxyethyl)-1-piperaZine propanesulfonic acid 
(EPPS) N-[Tris(hydroxymethyl)-methyl]glycine (Tricine), 
N,N-Bis(2-hydroxyethyl)glycine (Bicine), (2-Hydroxy-1,1 
bis(hydroxymethyl)ethyl)amino] - 1 -propanesulfonic acid 
(TAPS), N-(1,1-Dimethyl-2-hydroxyethyl)-3 -amino-2-hy 
droxypropanesulfonic acid (AMPSO), tris(hydroxy methyl) 
amino-methane (Tris), or bis[2-hydroxyethyl]iminotris-[hy 
droxymethyl]methane (BisTri s). 
[0069] The cathodic gel matrix, the anodic gel matrix, or 
both can optionally comprise an ion exchange matrix. For 
example, the anodic gel matrix can optionally comprise a 
cation exchange matrix. The cathodic gel matrix can option 
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ally comprise an anion exchange matrix such as, but not 
limited to, DEAF cellulose. The ion exchange matrix can be 
loaded With ions, such as buffer ions, for example, a DEAE 
ion exchange matrix can be loaded With Tricine anions. 

[0070] A cathodic gel matrix body can further include eth 
ylene glycol, an alcohol, one or more detergents, one or more 

anti-fungal agents, one or more blocking agents, one or more 
anti-corrosion agents, one or more modifying agents or 

enZymes, proteases, reducing agents, etc. The body of 
cathodic gel matrix can comprise a dye, such as, for example, 
a nucleic acid or protein stain. For example, the body of 
cathodic gel matrix can comprise a dye such as, but not 
limited to, a SYPRO dye, a Coomassie dye, a Direct Blue dye, 
or a copper-based stain. 

[0071] Many different types of protein and/or DNA stains 
or other stains for other types of separated molecular species 
may be included in the gel bodies of the electrode assemblies 
disclosed herein. Preferably, such stains may be anionic or 
cationic stains and may be suitably loaded into the anodic 
electrode assembly or the cathodic electrode assembly, 
respectively. It is also possible, in accordance With an addi 
tional embodiment of the present invention, to use in the same 
blotting assembly an anionic stain included in the cathodic 
electrode assembly and a cationic stain included in the anodic 
electrode assembly. When current is applied to the electrodes 
of such a blotting assembly, the anionic stain molecules 
migrate aWay from the cathode and toWards the blotting 
membrane and simultaneously the cationic stain molecules 
also migrate aWay from the anode and toWards the blotting 
membrane. The blotted molecular species at the blotting 
membrane may thus be stained by both stains. 

[0072] A source of ions for electrophoretic transfer pro 
vided in the anodic gel matrix can be from a salt, acid, base, 
or buffer. Preferably, the body of anodic gel matrix comprises 
at least one buffer, preferably an organic buffer. A buffer 
provided in the anodic gel matrix can be a ZWitterionic buffer. 
In preferred embodiments in Which an analysis gel comprises 
proteins or peptide to be electroblotted, the body of anodic gel 
matrix comprises a buffer having a pKa of betWeen about 6 
and about 8, and more preferably betWeen about 6 .2 and about 
7.2. A buffer can be present at a concentration of from about 
10 mM to about 1 M, for example, at a concentration of 
betWeen about 20 mM and about 500 mM, and in some 
embodiments betWeen about 50 mM and about 300 mM. 

[0073] For example, the body of anodic gel matrix can 
comprise 2-(N-morpholino)-ethanesulfonic acid (MES), 
N-(2-acetamido)-2-aminoethanesulfonic acid (ACES), pip 
eraZine-N,N'-2-ethanesulfonic acid (PIPES), 2-(N-mor 
pholino)-2-hydroxypropane-sulfonic acid (MOPSO), N,N 
bis-(hydroxyethyl)-2-aminoethanesulfonic acid (BES), 
3-(N-morpholino)-propanesulfonic acid (MOPS), N-tris 
(hydroxymethyl)-2-ethanesulfonic acid (TES), N-2-hy 
droxyethyl-piperaZine-N-2-ethanesulfonic acid (HEPES), 
3-CN-tris-(hydroxymethyl) methylamino)-2-hydroxypro 
panesulfonic acid (TAPSO), 3-(N,N-Bis[2-hydroxyethyl] 
amino)-2-hydroxypropanesulfonic acid (DIPSO), N-(2-Hy 
droxyethyl)-piperaZine-N'-(2-hydroxypropanesulfonic acid) 
(HEPPSO), 4-(2-Hydroxyethyl)-1 -piperaZinepropane 
sulfonic acid (EPPS), N-[Tris(hydroxymethyl)methyl]-gly 
cine (Tricine), N,N-Bis(2-hydroxyethyl)glycine (Bicine), 
(2-Hydroxy-1 ,1 -bis-(hydroxymethyl)ethyl)amino] -1 -pro 
panesulfonic acid (TAPS), N-(1,1-Dimethyl-2-hydroxy 
ethyl)-3-amino-2-hydroxypropanesulfonic acid (AMPSO), 
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tris(hydroxy methyl) amino-methane (Tris), or bis[2-hy 
droxyethyl] iminotris [hydroxymethyl] methane (Bi sTri s) . 
[0074] In some preferred embodiments of dry electroblot 
ting systems of the invention, one or more buffers can be 
provided in the anodic gel matrix of an electroblotting system 
that is not provided in the cathodic gel matrix. In these 
embodiments, the blotting membrane is positioned on the 
anode side of the analysis gel. 
[0075] Without limiting the invention to any particular 
mechanism, it is contemplated that one or more species of 
anions present in an anodic gel matrix of an electroblotting 
system that moves relatively fast When an electric ?eld is 
established during electrophoretic transfer can, as it migrates 
rapidly to the anode, contribute to the electrophoretic concen 
tration of migrating biomolecules Which are also moving 
toWard the anode, but are moving in a part of the ?eld that 
lacks the fast-moving anions. In the context of electrophoretic 
transfer, biomolecules that are migrating “behind” fast mov 
ing anions (that is, they are farther from the anode) experience 
an electrophoretic concentration that is ampli?ed by the 
depletion of the fast-moving ions from the anodic gel matrix 
as the fast-moving anions rapidly move to the anode. When 
the concentrated transferring biomolecules contact the blot 
ting membrane, they are likely to become so concentrated as 
a result of this force as to be at least partially de-solubiliZed 
and potentially aggregated on the surface of the membrane 
that faces the gel. In denaturing gels, the sodium dodecyl 
sulfate (SDS) used to solubiliZe the proteins also migrates 
faster than the proteins, and is thus likely to be largely 
stripped from the proteins When they contact the blotting 
membrane. The de-solubiliZation of the transferred biomol 
ecules at the surface of the blotting membrane inhibits their 
further migration and thus, in effect “stacks” the biomol 
ecules on the membrane surface. This stacking effect can 
improve detection of biomolecules on blotting membranes. 
[0076] The effect of anionic compounds provided exclu 
sively in the anodic gel matrix also applies to anionic com 
pounds that are present at a signi?cantly reduced concentra 
tion in the cathodic gel matrix When compared With the 
anodic gel matrix. As used herein “signi?cantly reduced con 
centration” means that the concentration of the anionic buffer 
compound in the cathodic matrix is 0.5x or less, preferably 
0.2x or less, and more preferably 0. l x or less When compared 
With the concentration of the anionic compound in the anodic 
gel matrix of an electroblotting system or apparatus. Thus, in 
one embodiment, the cathode compartment and the anode 
compartment of an electroblotting system can include the 
same anionic compound, in Which the compound is present at 
different concentrations in the cathode compartment and the 
anode compartment. 
[0077] Compounds provided in an anodic gel matrix of an 
electroblotting apparatus, device or system that are not 
present, or present in signi?cantly reduced amounts, in the 
cathodic gel matrix, are buffer compounds that during elec 
trophoretic transfer are present in the electroblotting system 
in the form of anions, and are referred to herein as “anionic 
buffer compounds”. Anionic buffer compounds provided in 
the anodic gel matrix and not provided in the cathodic gel 
matrix (or provided in signi?cantly reduced amount in the 
cathodic gel matrix) are “fast-moving” With respect to some 
other buffer compounds, including, for example, other 
anionic buffer compounds that may be provided in the 
cathodic gel matrix. Therefore the choice of anionic buffer 
compounds for preferential use in the anodic gel matrix Will 
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depend, in part, on the anionic compounds (such as buffers) 
provided in the cathodic gel matrix, the pH of the buffers in 
the anodic gel matrix and cathodic gel matrix, and the pKas of 
the anionic buffer compounds. For example, anionic buffer 
compounds that can be preferentially provided in the anodic 
gel matrix of an electrophoretic transfer system in Which 
electroblotting occurs near neutral pH include compounds 
that have a pKa at or neutrality (betWeen about pH 6 and about 
pH 8), in some examples betWeen pH 6.0 and pH 8.0, and at 
least 0.5 log units beloW, such as, for example, about one log 
unit beloW, the pKa of one or more buffer compounds pro 
vided in the cathodic gel matrix. 
[0078] In some embodiments, the anodic gel matrix of an 
electroblotting system includes an anionic buffer compound 
that is not present in the cathodic gel matrix, in Which the 
anionic compound has a pKa near or beloW neutrality and is 
present as an anion at or near neutral pH. In some embodi 

ments, the compound can be a biological buffer having a pKa 
of less that about 7.5, and preferably less than about 7.2, and 
in some embodiments beloW about 7.0, Where the biological 
buffer compound forms an anion in solution during electro 
phoresis. In certain illustrative aspects, the anionic buffer has 
a pKa less than 7.5, 7.4, 7.3, 7.2, 7.1, 7.0, 6.9, 6.8, 6.7, 6.6, or 
6.5. 

[0079] Nonlimiting examples of anionic compounds that 
can be present in the anodic gel matrix and not present in the 
cathodic gel matrix include EDTA, succinate, citrate, aspartic 
acid, glutamic acid, maleate, cacodylate, N-tris-(hydroxym 
ethyl)-2-ethanesulfonic acid (TES), 2-(N-morpholino) 
ethanesulfonic acid (MES), N-(2-Acetamido)iminodiacetic 
acid (ADA), N-(2-acetamido)-2-aminoethanesulfonic acid 
(ACES), piperaZine-N,N'-2-ethanesulfonic acid (PIPES), 
2-(N-morpholino)-2-hydroxypropanesulfonic acid 
(MOPSO), N,N-bis-(hydroxyethyl)-2-aminoethanesulfonic 
acid (BES), or 3-(N-morpholino)-propanesulfonic acid 
(MOPS). Such anionic buffer compounds can be used in 
electroblotting systems in Which the pKa of an anionic com 
pound in the cathode compartment is greater than that of the 
anionic compound in the anode compartment. In these 
embodiments the cathode compartment of the system can 
include, for example, one or more of, glycine, N-2-hydroxy 
ethyl-piperaZine-N-2-ethanesulfonic acid (HEPES), 3-(N 
tris-(hydroxymethyl) methylamino)-2-hydroxypropane 
sulfonic acid (TAPSO), 3-(N,N-Bis[2-hydroxyethyl]amino) 
2-hydroxypropanesulfonic acid (DIPSO), N-(2 
Hydroxyethyl) piperaZine-N'-(2-hydroxypropanesulfonic 
acid) (HEPPSO), 4-(2 -Hydroxyethyl)- l -piperaZine propane 
sulfonic acid (EPPS), N-[Tris(hydroxymethyl)methyl]gly 
cine (Tricine), N,N-Bis(2-hydroxyethyl)glycine (Bicine), 
[(2 -Hydroxy- l , l -bis(hydroxymethyl)ethyl)amino] -1 -pro 
panesulfonic acid (TAPS), and N-(l , l -Dimethyl-2-hydroxy 
ethyl)-3-amino-2-hydroxypropanesulfonic acid (AMPSO). 
[0080] In some embodiments, an anionic compound 
present in an anodic gel matrix that is not present (or is present 
at signi?cantly reduced concentration) in a cathodic gel 
matrix is a ZWitterionic buffer With a pKa near or beloW 

neutrality, such as, for example, MES, MOPSO, BES, MOPS, 
orACES. Electroblotting systems that include one or more of 
these buffers in the anodic gel matrix can optionally comprise 
a ZWitterionic buffer With a pKa near or above neutrality in the 
cathode compartment, such as, for example, Tricine, Bicine, 
TAPS, TAPSO, or AMPSO. 
[0081] An anion-forming buffer compound present in an 
anodic gel matrix of an electroblotter and absent from (or 
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present in signi?cantly reduced amounts in) the cathodic gel 
matrix of an electroblotter can be present at any concentra 
tion, but preferably is present in the anodic gel matrix at a 
concentration of at least 10 millimolar, more preferably at a 
concentration of about 11 millimolar to about 1 Molar, more 
preferably yet from about 20 millimolar to about 500 milli 
molar, and in some embodiments from about 50 millimolar to 
about 300 millimolar. 
[0082] The invention also includes Wet and semi-dry elec 
troblotting systems in Which the anode compartment com 
prises an anionic buffer compound that is not present, or 
present at signi?cantly reduced amounts, in the cathode com 
partment. In one embodiment, the anode compartment 
includes an anionic buffer compound that is not present in the 
cathode compartment, in Which the compound has a pKa near 
or beloW neutrality and forms an anion at or near neutral pH. 
For example, the compound can be a biological buffer having 
a pKa of less that about 7.5, and preferably less than about 7.2, 
Where the biological buffer compound forms an anion in 
solution during electrophoresis. 
[0083] The anodic gel matrix body can further include eth 
ylene glycol, an alcohol, one or more detergents (such as, for 
example, SDS) anti-fungal agents, blocking agents, anti-cor 
rosion agents, modifying agents or enZymes, proteases, 
reducing agents, etc. The body of anodic gel matrix can 
comprise a dye, such as, for example, a positively charged 
nucleic acid or protein stain, including, for example, copper 
and silver. 

[0084] In the dry electroblotting systems of the invention, 
the anodic body of gel matrix has ?rst side that is in contact 
With one side the transfer stack and the cathodic body of gel 
matrix has a ?rst side that is in contact With the opposite side 
of the transfer stack. In preferred embodiments, the ?rst side 
of the body of anodic gel matrix that contacts one side the 
transfer stack and the ?rst side of the body of cathodic gel 
matrix that contacts the other side of the transfer stack have 
length and Width dimensions that conform closely to the 
length and Width dimensions of the transfer stack blotting 
membrane and analysis gel. Preferably, to promote even 
transfer of biomolecules from the gel to the blotting mem 
brane, the length and Width dimensions of the ?rst side of the 
body of anodic gel matrix and the ?rst side of the body of 
cathodic gel matrix are Within 20% of the length and Width 
dimensions of the transfer stack, more preferably Within 10% 
of the length and Width dimensions of the transfer stack, such 
as Within 5% of the length and Width dimensions of the 
transfer stack, Within 2% of the length and Width dimensions 
of the transfer stack. 

[0085] In preferred embodiments, the area of the side of the 
anodic gel matrix that contacts the gel stack is the same as the 
area of the surface of gel stack in contact With the anodic gel 
matrix. In preferred embodiments, the area of the side of the 
cathodic gel matrix that contacts the gel stack is the same as 
the area of the surface of gel stack in contact With the cathodic 
gel matrix. 
[0086] In a dry electroblotting system of the invention, the 
anodic body of gel matrix is in contact With the anode. In 
some preferred embodiments, the anode is attached to or 
juxtaposed With a second side of the anodic body of gel 
matrix, Where the second side of the anodic body of gel matrix 
is opposite the ?rst side of the anodic body of gel matrix that 
is in contact With the transfer stack. The anode can comprise 
any appropriate conductive material, and can be of any shape, 
for example, the anode can be a layer that includes a non 
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metallic electrically conducting material, a coil structure, a 
mesh comprising a non-metallic electrically conducting 
material, a metal foil, a metal mesh and/or combinations 
thereof. In certain embodiments, an electrically conducting 
electrode can comprise a nonconducting polymer coated With 
a conducting metal or nonmetal. An electrode of a noncon 
ducting material coated With a conducting material can be in 
the form of a sheet, mesh, or other structure. An electrode can 
also comprise one or more electrically conducting non-me 
tallic materials such as graphite, carbon, an electrically con 
ducting polymer, and or any combinations thereof. The anode 
can comprise, for example, a conducting polymer, platinum, 
stainless steel, carbon, graphite, aluminum, copper, silver, or 
lead. In some embodiments, the anode comprises an electro 
chemically ioniZable metal, such as, for example, copper, 
silver, or lead. The use of an electrochemically ioniZable 
metal anode alloWs electrophoretic transfer to occur in the 
absence of oxygen evolution at the anode, as copper metal is 
preferentially ioniZed in place of Water. This avoids the for 
mation of bubbles that can interfere With electrophoretic 
transfer. In some preferred embodiments, the anode is a dis 
posable copper electrode. In other embodiments, the anode 
can comprise aluminum, Which absorbs oxygen gas. In some 
preferred embodiments, the anode is a disposable aluminum 
electrode. 

[0087] An electrode can comprise copper coated With sil 
ver, or another metal or material that is coated With silver. For 
example, it may be possible to use a carbon or graphite based 
electrically conducting electrode and coat it With a suitable 
silver metal paste or emulsion or to apply silver to the material 
of the electrode using any other suitable method knoWn in the 
art. A silver-coated anode, for example, can release silver ions 
that migrate toWard the blotting membrane and stain biomol 
ecules such as nucleic acids or proteins, as provided in 
Example 4. 
[0088] It is also possible, in accordance With another 
embodiment of the invention, to deposit or coat silver metal 
(using various different metal deposition methods) on an 
electrically conducting substrate (such as, but not limited to a 
copper mesh or grid or a carbon or graphite based fabric, or 
even a thin layer of an electrically conducting polymer). The 
methods that may be used to apply a silver metal coating to 
such electrically conducting electrodes may include, inter 
alia, chemical vapor deposition (CVD) methods, silver coat 
ing by dipping the electrode in molten silver, electroplating 
methods, methods of spray coating using silver particles dis 
persed in a suitable adhesion enhancing composition or for 
mulation, chemical deposition methods performed in an 
aqueous or non-aqueous solutions (such as, for example, 
immersing the conductive electrode in an ammoniacal silver 
nitrate solution including glucose, as is Well knoWn in the art 
of silver coated mirror forming), direct vacuum deposition of 
silver from a hot silver metal ?lament onto a target electrode, 
and the like. Thus, any suitable silver coating or deposition or 
application methods knoWn in the art may be used in obtain 
ing the silver metal coated electrode of the present invention. 

[0089] In a dry electroblotting system of the invention, the 
cathodic body of gel matrix is in contact With the cathode. In 
some preferred embodiments, the cathode is attached to or 
juxtaposed With a second side of the cathodic body of gel 
matrix, Where the second side of the cathodic body of gel 
matrix is opposite the ?rst side of the cathodic body of gel 
matrix that is in contact With the transfer stack. The cathode 
can comprise any appropriate conductive material, and can be 
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of any shape, for example, the cathode can be a layer that 
includes a non-metallic electrically conducting material, a 
mesh comprising a non-metallic electrically conducting 
material, a metal foil, a metal mesh and/or combinations 
thereof. In certain embodiments, an electrically conducting 
electrode can comprise a nonconducting polymer coated With 
a conducting metal or nonmetal. An electrode of a noncon 
ducting material coated With a conducting material can be in 
the form of a sheet, mesh, or other structure. An electrode can 
also comprise one or more electrically conducting non-me 
tallic materials such as graphite, carbon, an electrically con 
ducting polymer, and or any combinations thereof. The cath 
ode can comprise, for example, a conducting polymer, 
platinum, stainless steel, carbon, graphite, aluminum, copper, 
silver, or lead. In some preferred embodiments, the cathode is 
a disposable copper electrode. In other embodiments, the 
cathode can comprise palladium, Which absorbs hydrogen 
gas produced at the cathode during electrophoretic transfer. In 
some preferred embodiments, the cathode is a disposable 
aluminum electrode. 

[0090] In preferred embodiments, the anode and cathode 
have the same or similar length and Width dimensions as the 
anodic body of gel matrix and cathodic body of gel matrix, 
respectively. The surface of an anode or cathode that is jux 
taposed With a body of gel matrix need not be continuous; for 
example, an electrode can be a Wire mesh or coil structure. In 
such embodiments, the surface of an electrode in contact With 
a gel matrix is considered to be de?ned by the outer dimen 
sions of the surface of the electrode structure that is juxta 
posed With the gel matrix. Preferably, the anode surface jux 
taposed With an anodic body of gel matrix contacts at least 
50%, at least 60%, more preferably at least 70%, at least 80%, 
at least 90%, or at least 95% of the side of the anodic gel 
matrix it is juxtaposed With. The anode surface juxtaposed 
With an anodic body of gel matrix can have an area that is 
essentially the same as the surface area of the side of the 
anodic gel matrix it is juxtaposed With. For example, for a 
generally rectangular, oval, or round electrode and body of 
gel matrix, the length and Width dimensions of the anode are 
preferably Within 20% of the length and Width dimensions of 
the body of anodic gel matrix, more preferably Within 10% of 
the length and Width dimensions of the body of anodic gel 
matrix, such as Within 5% of the length and Width dimensions 
of the body of anodic gel matrix, Within 2% of the length and 
Width dimensions of the body of anodic gel matrix. In these 
preferred embodiments, it is also preferred that the anodic 
body of gel matrix conforms closely to the length and Width 
dimensions of the transfer stack blotting membrane and 
analysis gel. 
[0091] Preferably, the cathode surface juxtaposed With an 
cathodic body of gel matrix contacts at least 50%, at least 
60%, more preferably at least 70%, at least 80%, at least 90%, 
or at least 95% of the side of the cathodic gel matrix it is 
juxtaposed With. The cathode surface juxtaposed With an 
cathodic body of gel matrix can have an area that is essentially 
the same as the surface area of the side of the cathodic gel 
matrix it is juxtaposed With. For example, for a generally 
rectangular, oval, or round electrode and body of gel matrix, 
the length and Width dimensions of the cathode are preferably 
Within 20% of the length and Width dimensions of the body of 
cathodic gel matrix, more preferably Within 10% of the length 
and Width dimensions of the body of cathodic gel matrix, such 
as Within 5% of the length and Width dimensions of the body 
of cathodic gel matrix, Within 2% of the length and Width 
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dimensions of the body of cathodic gel matrix. In these pre 
ferred embodiments, it is also preferred that the cathodic body 
of gel matrix conforms closely to the length and Width dimen 
sions of the transfer stack blotting membrane and analysis 
gel. 
[0092] Thus, in preferred embodiments the invention pro 
vides a system having an anode in contact With an anodic 
body of gel matrix Which is in contact With one side of a 
transfer stack, and a cathode in contact With an cathodic body 
of gel matrix Which is in contact With the opposite side of a 
transfer stack in Which the anode, anodic body of gel matrix, 
cathode, cathodic body of gel matrix, and transfer stack have 
the same or nearly the same length and Width dimensions. 

[0093] In some embodiments, an anode, a cathode, or both 
is provided as an integral part (meaning it is not detached by 
the user after each transfer), of a poWer supply or apparatus 
that holds an electroblotting transfer stack. In other embodi 
ments, the anode or cathode can be separate from a poWer 
supply or apparatus. For example, an electrode can be a 
disposable electrode provided as part of an electrode assem 
bly or separate from the body of gel matrix. An electrode 
provided separately from a gel matrix can be attached to a dry 
electroblotting apparatus after Which a body of gel matrix can 
be ?tted to the apparatus such that it contacts the electrode, or 
both electrode and body of gel matrix can be positioned in a 
holder, such as a tray or cage, that can be attached to or ?tted 
to an electroblotting apparatus. 

[0094] In some embodiments, the anode, cathode, or both is 
provided as part of an electrode assembly attached to a body 
of gel matrix, for example, the anode or cathode can be 
attached using fasteners or holders that position the electrode 
against a body of gel matrix. In certain embodiments, an 
anode or cathode is at least partially embedded in the anodic 
body of gel matrix. For example, a body of gel matrix can be 
made by pouring or unsolidi?ed gel components over an 
electrode or by using gel extrusion techniques, such that the 
electrode becomes partially coated or embedded on at least 
one side by gel matrix. In certain embodiments, the body of 
gel matrix is positioned against the conducting electrode in a 
plastic tray before and during electrophoretic transfer. The 
plastic tray preferably has at least one region that comprises 
conductive material for providing electrical connection 
betWeen the electrode and an electrical contact of a poWer 
supply or source. 

[0095] A dry electroblotting system can further include a 
poWer supply having electrical contacts for contacting the 
anode and cathode. The poWer supply can have a base for 
positioning a transfer stack during electrophoretic transfer. In 
some embodiments, an anode, a cathode, or both can be 
integral to a poWer supply of the system. In one embodiment, 
a cathode is integral to a poWer supply of the electroblotting 
system, and an anode is separate and disposable. 

Electrode Assemblies for Dry Electroblotting 

[0096] The invention provides electrode assemblies for 
performing dry electroblotting, in Which an electrode assem 
bly includes a body of gel matrix as described herein that 
includes a source of ions; and an electrically conducting 
electrode juxtaposed With the body of gel matrix. 
[0097] A body of gel matrix juxtaposed With an electrode 
can have a composition as described previously herein, and 
can include suitable polymers such as but not limited to, 
agarose, acrylamide, alumina, silica, starch or other polysac 




































