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(57) ABSTRACT 

The invention provides methods, apparatus and kits for inte 
grally labeling polymeric gels, such as polyacrylamide and 
agarose gels, with indicia that can serve, interalia, unambigu 
ously to identify the individual gel, using polymeric film 
labeled with detectable indicia and coated with materials that 
bond to the gel matrix as the gel polymerizes. 
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METHODS, ARTICLES AND KITS FOR 
LABELING POLYMERGELS 

FIELD OF THE INVENTION 

0001. The present invention relates to gel electrophoresis. 
More particularly, this invention relates to methods, articles 
and kits for labeling polymer gels used for gel electrophore 
sis. 

BACKGROUND OF THE INVENTION 

0002 Gel electrophoresis is among the most common ana 
lytical procedures used in biologic research, and is used to 
characterize, separate, and at times to purify a wide variety of 
biological molecules, including deoxyribonucleic acid 
(“DNA”), ribonucleic acid (“RNA) and proteins. 
0003. The basic principles are well established. A gel, 
Such as polyacrylamide or agarose, is first Solidified from a 
liquid Solution by polymerization within a rigid gel casting 
form. To effect separation of an analytical mixture, an electric 
potential is applied across the length of the polymergel, either 
as enclosed within the casting form or, particularly in the case 
ofagarose gels, after removal of the gel from the casting form. 
Charged analytes placed within the gel are then separated and 
distinguished from one another based upon their differential 
mobility through the gel matrix under the motivating influ 
ence of the applied electric field. 
0004 Researchers either prepare their own gels or pur 
chase them precast from commercial suppliers. Frequently, 
large numbers of gels are prepared and run. Where Such gels 
are of identical dimension, it is critical that the gels be distin 
guished from one another so that results of various experi 
ments are not confused with one another and the results 
misinterpreted. 
0005. However, it is difficult to mark the gel surface (e.g., 
by writing on the gel), and the gel shape may not easily be 
modified without disturbing the uniformity of the electric 
field desired to be maintained in the gel during electrophore 
sis. Although the gel cassette in which the electrophoresis 
may have been conducted can readily be labeled, such a label 
does not remain with the gel once the gel is removed for 
staining or further processing. 
0006 Furthermore, it is frequently difficult after electro 
phoresis to determine the orientation that tie gel had main 
tained during electrophoresis. For example, the researcher 
may be unable readily to determine after electrophoresis 
which side of the gel had been proximal to the anode and 
which proximal to the cathode, particularly if the sample 
wells have been removed from the gel. 
0007. One known technique for labeling and orienting 
polymer gels is to remove the gel from its enclosing cassette 
after performing electroplioresis, and then notch or cut one of 
the gel's four corners. This technique, however, does not 
provide an identification mark that is visible both prior to and 
following electrophoresis. Nor does this technique provide 
unambiguous identification, especially when several gels are 
being stained or processed simultaneously. And because the 
gels have at most four corners that may be notched, this 
technique allows at most four gels to be identified at a time. 
0008 Another previously known technique for labeling 
gels is to include within the gel a piece of filter paper that 
contains identifying marks, such as written or printed char 
acters. This technique, however, causes both physical and 
optical problems. 
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0009. The filter paper can, for example, cause localized 
disturbance in the electric field, either directly, or indirectly 
through a local change in temperature or electrolyte concen 
tration, thus distorting the migration of analytes through gel. 
The paper, although physically entrapped in the gel, may still 
separate therefrom, or may weaken the gel so that the gel 
breaks easily, allowing the label to come free. 
0010. The filter's opacity may obscure detection of analyte 
in portions of the gel that it overlies. Furthermore, following 
electrophoresis, the filter paper may take up the stains that are 
used to render the analytes themselves detectable, further 
obscuring the analytes in the gel. It goes without saying that 
the filter is unsightly. 
0011 Transparent films have been described that are use 
ful for imparting structural rigidity to polymer gels used ingel 
electrophoresis. The films, when placed in contact with the 
gel during polymerization, bond irreversibly to the polymer 
ized gel, either by covalent or strong noncovalent bonds. 
These films, available commercially, have not been taught to 
be useful if smaller in surface area than the gel to be supported 
thereon. Such films have also not been taught to be useful 
Substrates for applying indicia that would serve unambigu 
ously to identify the adherent gel. 
0012. It would be desirable to provide improved methods, 
articles and kits for labeling polymer gels used for gel elec 
trophoresis. 
0013. It would further be desirable to provide methods, 
articles and kits for labeling gels whereby the label does not 
interfere with electrophoresis or with post-electrophoresis 
processing and does not easily separate from the gel. 
0014. It would also be desirable to provide methods, 
articles and kits for labeling polymer gels used for gel elec 
trophoresis whereby the label has an aesthetically pleasing 
appearance and where the label's substrate is, preferably, 
Substantially transparent. 

SUMMARY OF THE INVENTION 

0015 These and other objects are solved by the present 
invention, which provides novel methods, articles, and kits 
for labeling polymer gels used for gel electrophoresis. 
0016. In a first aspect, the invention provides methods for 
detectably labeling a polymer gel, comprising bonding a 
polymeric film to the gel during gel polymerization. The 
polymeric film has indicia that are detectable after the film is 
so bonded, thereby permanently labeling the gel. 
0017. In another aspect, the invention provides labeling 
articles for use in the aforesaid methods. The article com 
prises a polymeric film having detectable indicia, and, option 
ally, a coating. When the coating is absent, the polymeric film 
is itself capable of bonding to the polymeric gel during its 
polymerization. When the coating is present, the coating is 
capable of bonding the polymeric film to the gel during poly 
merization. In either case, the indicia are detectable after the 
film is so bonded. 
0018. The methods and articles of the present invention 
are useful with polymer gels of a wide variety of composi 
tions, including polyacrylamide, agarose, and derivatives 
thereof. 
0019. In a typical embodiment, the polymeric film is a 
polyester with a single layer coating of hydrophilic resin with 
ethylenically unsaturated groups, or a polyester film with a 
two-layer coating wherein the first layer is a vinyl acetate 
maleic acid copolymer in direct contact with the film, and the 
second layer is a layer of dried agarose. 
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0020. Often, the indicia will be detectable both before and 
after electrophoresis, either by epillumination, transillumi 
nation, or both. In some embodiments, the indicia will be 
detectable using natural light for illumination; in other 
embodiments, the indicia are detectable only after illumina 
tion with nonvisible wavelengths. 
0021. In another aspect, the invention provides pre-cast 
polymer gels labeled with detectable indicia, comprising: a 
polymer gel; and a polymeric film having detectable indicia, 
wherein the polymeric film is bonded to the polymer gel and 
the indicia are detectable with the film so bonded. 
0022. The invention further provides a kit for labeling a 
polymer gel, comprising: at least one labeling article pack 
aged in association with instructions for bonding the label to 
a polymer gel during gel polymerization. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The above-mentioned objects and features of the 
present invention can be more clearly understood from the 
following detailed description considered in conjunction with 
the following drawings, in which like reference numerals 
denote like structural elements throughout, and in which: 
0024 FIG. 1 is a schematic diagram of a previously known 
gel cassette useful in Vertical slab gel electrophoresis; 
0025 FIG. 2 is a partial cross-sectional view of the gel 
cassette of FIG. 1; 
0026 FIG. 3 is a schematic diagram of a gel cassette and 
gel that further includes a gel label in 15 accordance with this 
invention; 
0027 FIG. 4 is a partial cross-sectional view of the gel 
cassette, gel and gel label of FIG. 3; 
0028 FIG. 5 is a top perspective view of a prior art casting 
form used, for casting agarose gels Suitable for Submerged 
horizontal slab gel electrophoresis; 
0029 FIG. 6 is a side view of an electrophoresis tank of the 
prior art that is particularly adapted for horizontal gel elec 
trophoresis of agarose gels; and 
0030 FIG. 7 is a top perspective view of a gel casting tray 
with a gel label of the present invention positioned for contact 
with the gel matrix. 

DETAILED DESCRIPTION OF THE INVENTION 

0031) Applicants have invented methods, articles of 
manufacture, and kits for labeling polymer gels based 30 
upon the use of clear polymeric films bearing detectable 
indicia. The polymeric film, when contacted to the gel during 
its polymerization, bonds irreversibly, rendering the identify 
ing indicia integral to the gel itself. The indicia are detectable 
after the film is so bonded to the gel. 
0032 Methods of preparing, casting, and performing elec 
trophoresis using polymer gels are well known, and need not 
be detailed here. See, e.g., Westermeier, Electrophoresis in 
Practice. 2nd ed. (John Wiley & Sons, 2000) (ISBN 
3527300708); Gel Electrophoresis of Proteins. B. D. Hames 
et al. (eds.), 3rd edition (Oxford University Press, November 
1998) (ISBN 0199636419); and Jones, Gel Electrophoresis: 
Nucleic Acids: Essential Techniques. (John Wiley & Son Ltd. 
1996) (ISBN 0471960438), the disclosures of which are 
incorporated herein by reference in their entireties. 
0033 Although polyacrylamide (that is, a polymerization 
product of acrylamide monomer crosslinked with N.N"me 
thylenebisacrylamide) and agarose are the two polymeric 
gels most commonly used in electrophoresis today, and will 
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therefore be used to exemplify the invention herein, the 
present invention proves useful in labeling a far wider variety 
of polymeric gels, including, for example: polymers formed 
by polymerization of acrylamide monomers, such as N-me 
thylolacrylamide, with cross-linking agents or co-monomer 
agents such as tetraethylene diacrylate and bisacrylamide 
methylether, as described in Shorr, U.S. Pat. No. 5.219,923; 
polymers formed by cross-linking polymerization of N.N- 
dimethylacrylamide with ethyleneglycol methacrylate and 
polymers formed by cross-linking polymerization of N.N. 
dimethylacrylamide and hydroxyethylmethacrylate with 
N.Ndimethylbisacrylamide, as described in Shorret al., U.S. 
Pat. No. 5,055,517: polymers formed by crosslinking poly 
merizing or copolymerizing if hydroxylalkyl esters of acrylic 
or methylacrylic acid or poly (alkylene glycol) esters of 
acrylic or methacrylic, as described in Zewert et al., U.S. Pat. 
No. 5,397.449; un-crosslinked polymers which have a tem 
perature reversible transition from low viscosity to high vis 
cosity, so as to be pourable at one temperature, while provid 
ing sieving properties at another temperature, as described in 
Hooper et al., U.S. Pat. No. 5,885,432; and modified (i.e., 
nonnatural) agaroses, such as low melting point agaroses and 
NUSIEVE(R) agarose (FMC BioProducts, Rockport, Me.). 
The only physical limitation on the type of polymer gel that 
can be labeled is that it be capable of bonding to the polymeric 
film of the label, as will now be described. 
0034 Gel label 28 comprises polymeric film 30, option 
ally but typically coating 32 and, optionally but typically, 
indicia 34. 
0035 Polymeric film 30 provides shape and structural 
rigidity to gel label 28. Although polymeric film 30 can be 
completely rigid, it typically takes the form of a flexible film. 
Accordingly, gel label 28 can be provided in the form of rolls 
as well as in individual sheets, as further described below. 
0036 Typically, polymeric film 30 is no more than about 1 
mm thick, typically no more than about 0.5 mm thick, more 
typically no more than about 0.25 mm thick, and most typi 
cally no more than about 0.2 mm thick. Polymeric film 30 can 
be as little as 0.01 mm thick, and more typically is at least 
about 0.05 mm thick, most typically at least about 0.1 mm 
thick. 
0037. When gel 26 is prepared by chemical cross-linking 
of monomers, polymeric film 30 should be capable of contact 
with gel components during the polymerization process with 
out Suffering significant deterioration of desired structural or 
optical properties. When gel 26 is prepared by cooling of a 
molten liquid, as is typical in preparing agarose gels for 
electrophoresis, polymeric film 30 should be capable of con 
tact with Such molten liquid without Suffering significant 
deterioration of desired structural or optical properties. 
0038. With respect to structural properties of polymeric 
film 30, it will typically be desired that polymeric film 30 not 
Suffer significant deformation during polymerization/solidi 
fication of the gel. So as not to assume a three dimensional 
conformation that would induce localized disturbance in the 
electric field within the gel. Furthermore, where gel label 28 
includes a ruler within indicia34 (see below), it will typically 
be desired that polymeric film 30 not be significantly altered 
in shape or size by contact with the gel during the polymer 
ization/solidification, so as to preserve the reliability of the 
measured markings included thereupon. 
0039. With respect to the optical properties of polymeric 
film 30, it will typically be desired that polymeric film 30 be 
transparent, although translucent or opaque films can also be 
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used. Transparency of polymeric film 30 creates the least 
impediment to the detection of analytes present within the 
gel, particularly where transillumination is required for visu 
alization. When desired to be transparent, polymeric film 30 
should not be significantly opacified by contact with the gel 
during polymerization or Solidification. 
0040 Polymeric film 30 can usefully be composed of 
polyester, mylar, polymethylpentene (manufactured by Mit 
Sui & Co., Ltd., Japan), polystyrene, polypropylene, polyeth 
ylene, styreneacrylonitrile copolymers, polycarbonate, cellu 
lose acetate proprionate, cellulose acetate butyrate, nitrile 
acrylonitrilestyrene copolymers, polyacrylate, 
polyterephthalate, polymethacrylate, acrylonitrile-butadi 
ene-styrene copolymers, or other similar polymeric films 
known in the art. Polymeric film 30 is typically treated to 
render its surfaces more hydrophilic. Increased hydrophilic 
ity can aid in the Subsequent bonding of coating 32, where 
coating 32 is a hydrophilic resin. Increased hydrophilicity can 
also facilitate the direct bonding of hydrophilic polymeric 
gels, particularly agarose gels, to polymeric film 30. Where 
gel label 28 is to be used with agarose gels, Surface treatment 
of polymeric film 30 to render it hydrophilic can alone suffice, 
without addition of coating 32, to provide adhesion of label 
28 to gel 26 that is sufficient to label the gel in accordance 
with the methods of the present invention. In the more usual 
case, however, coating 32 will nonetheless additionally be 
applied to polymeric film 30 in the manufacture of gel label 
28. 

0041) Surface treatment of polymeric film 30 can be 
accomplished using any well-known technique for introduc 
ing Surface-accessible polar groups into the hydrophobic 
polymeric backbone, such as plasma arc processing, as 
described in Ambusk, U.S. Pat. No. 3,549,406, concentrated 
sulfuric acid processing, as described in White, U.S. Pat. No. 
3.960,499, and epoxy compound processing, as described in 
Yamaguchi et al., U.S. Pat. No. 4,072,639, the disclosure of 
each of which is incorporated herein by reference in its 
entirety. Surface treatment techniques that are particularly 
useful in the practice of the present invention are described in 
Nochumson et al., U.S. Pat. No. 4,415,428, the disclosure of 
which is incorporated herein by reference in its entirety. 
0042 Polymeric film 30 can be a unilaminate sheet, or 
alternatively can be provided as a multilaminate structure, so 
long as the laminate as a whole retains the physical and 
optical properties desired of polymeric film 30. 
0043. In another embodiment, polymeric film 30 is a poly 
carbonate film perforated with a uniform density of etched 
holes, available in a variety of pore sizes from Whatman, Inc. 
(Clifton, N.J.) under the brand name NUCLEOPORE(R). In 
this embodiment, adherence of polymeric film 30 to polymer 
gel 26 is effected by permeation of the holes during gel 
polymerization, gel crosslinking serving to secure the gel to 
the film. Addition of an optional vinyl-containing coating 32 
could further facilitate bonding of polyacrylamide gels 20 to 
such film, as will now more particularly be described. Coating 
32, which is bonded to polymeric film 30, serves to bond 
polymeric film 30 to gel 26. As noted above, coating 32 need 
not be included in gel label 28 when surface hydrophilicity of 
polymeric film 30 suffices to effect adequate bonding of poly 
meric film 30 directly to gel 26. In the more typical case, 
however, coating 32 will be used to ensure that bonding to gel 
26 of gel label 28 is adequate to ensure permanent labeling of 
the gel. 
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0044) The composition of coating 32 will be dictated in 
part by the composition of the gel to be labeled in accordance 
with the present invention, although certain coatings 32 will 
prove useful for adhering polymeric film 30 to gels of several 
compositions. 
0045. For polyacrylamide gels, coating 32 can usefully be 
a material that will covalently link to gel 26 during its poly 
merization. Particularly useful are hydrophilic resins that 
contain reactive ethylenically unsaturated groups, such as 
allylglycidylagarose and allylglycidyldextran, the prepara 
tion and composition of which are described in Nochumsonet 
al., U.S. Pat. No. 4,415,428 (“Nochumson'), the disclosure of 
which is incorporated herein by reference in its entirety. 
These derivatized polyols prove useful additionally for bond 
ing polymeric film 30 to agarose gels, which adhere to the 
hydrophilic resin by presumed noncovalent physical forces, 
Such as hydrogen bonding and Van der Waal's interactions. 
0046. Also useful as coating 32, particularly for noncova 
lent attachment of polymeric film 30 to agarose gels, are those 
coatings described in Grubhofer, DE 3,032,071 (see also 
Grubhofer, DE 3,032,069 and DE 3,032,070) (collectively, 
“Grubhofer'), in which a coating of vinyl acetate-maleic acid 
copolymer is first adhered to a polyester film, then further 
coated with a thin layer of agarose and dried. 
0047 Coating 32 can be applied to polymeric film 30 by 
any of a variety of appropriate means that would be well 
known in the art. Most conveniently, coating 32 can be 
applied in liquid form and the coated film then dried. Where 
polymeric film 30 is provided in rolls, such wetting and 
drying can be done on a continuous basis by using continuous 
pass-through baths and ovens. 
0048 For example, polymeric film 30, after surface treat 
ment with oxygen plasma, can be contacted briefly with an 
aqueous solution of allylglycidyl agarose, then dried in an 
oven at 100° C. for 20 minutes, as described in Nochumson. 
Nochumson also describes coating polymeric film 30 
directly, without antecedent Surface treatment, by contacting 
the film with a 0.5% solution of allylglycidyl agarose in 0.1% 
Triton X-100, the detergent facilitating adequate bonding of 
coating 32 to polymeric film 30. 
0049 Similarly, Grubhofer reacts maleic acid anhydride 
with various unsaturated compounds such as hexadecene-1, 
allyl alcohol, vinylmethylether and vinylamine. The coating 
is applied by drawing the film through an acetone solution of 
the copolymer and drying with heat. 
0050 Coating 32, as suggested above, can consist, of a 
unitary layer of uniform composition, but can also consist of 
multiple layers, each having a unique composition. 
0051 Polymeric film 30 having coating 32 and adequate 
to function as gel label 28 upon addition of indicia 34, can be 
purchased commercially. 
0.052 Examples of commercially-available products that 
can be used to provide gel labels in accordance with this 
invention include GEL-FIXOR film, manufactured by Invitro 
gen, Inc. (Carlsbad, Calif.), a clear polyester film prepared 
according to the methods of Grubhofer, GELBONDR) film 
(FMC Bioproducts, Rockland, Me.), particularly adapted to 
bonding to agarose gels, and GELBOND(R-PAG, particularly 
adapted to bond covalently to polyacrylamide gels during gel 
polymerization. 
0053 As shown in FIG. 3, gel label 28 can, but need not 
necessarily, include indicia34 which are useful in identifying 
gel 26. Gel label 28 need not include such indicia when the 
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size and/or shape of the label is itself diagnostic of the identity 
of the gel to which the gel label is bonded. 
0054 Indicia 34 can be one or more alphanumeric char 
acters, bar codes, or similar symbols that provide an identifi 
cation of individual gels. 
0055 Indicia 34 can be composed of any substance that 
will be detectable when identification of gel 26 is desired to be 
effected. The indicia can be composed of substances that are 
detectable upon either epiillumination (that is, illumination 
from the side of the gel being viewed), upon transillumination 
(that is, illumination through the gel from the side opposite 
that being viewed), or upon both. 
0056. If identification is desired prior to electrophoresis 
and staining, indicia 34 will be composed of a Substance that 
is detectable prior to electrophoresis and staining, and typi 
cally without further processing of the gel. 
0057 For example, for detectability under normal lighting 
conditions, indicia34 can be composed of one or more visible 
inks, including, e.g., India ink. The ink can be applied to 
polymeric film 30 by any of a number of means, the choice of 
which will be dictated in part by whether gel label 28 is to be 
provided to the electrophoresis end user with indicia 34 
already present thereon, or instead is to be provided to the user 
without indicia 34, which are thereafter to be applied. 
0058. In the former case, any printing technique compat 
ible with polymeric film 30 can be used. A printing technique 
is said to be compatible with polymeric film 30 if use thereof 
does not adversely affect the usability of polymeric film 30 in 
the practice of the present invention, as, e.g., by causing it to 
become unusably opaque. Thus, indicia 34 can be applied by 
typewriter, ink-jet printer, by laser printer, or the like. 
0059. In the latter case, in which gel label 28 is provided to 
the electrophoresis user without indicia 34, indicia 34 can 
thereafter be applied by the user by etching or scribing into 
the surface of polymeric film 30 by pen. 
0060 Indicia 34 can also be created by selectively opaci 
fying portions of polymeric film 30, or of a dye layer applied 
thereto. If polymeric film 30 is a multilaminate structure, such 
dye layer can be present internal to such laminate. Selectively 
opacifiable dyes are well known in the recordable optical 
media arts, and include various types of cyanine and phtha 
locyanine dyes. Where such dyes are present, indicia 34 can 
be applied by directing a laser of appropriate wavelength 
thereupon to form symbols or characters in the film by heating 
the photosensitive compound until it becomes opaque (or 
absorptive). 
0061 Indicia 34 can alternatively, or additionally, becom 
posed of substances that are detectable only with specialized 
lighting. Indicia 34 can include, for example, one or more 
fluorescent dyes that are visible only, or predominantly, when 
epi- or transilluminated at the excitation wavelength of the 
fluorophore. 
0062. Such fluorescent dyes can be chosen for excitation 
and emission spectra compatible with standard laboratory 
equipment, such as ultraviolet transilluminators, and thus to 
have excitation and emission spectra similar to those of fluo 
rescent dyes typically used in nucleic acid and protein analy 
sis. Alternatively, the dye can be chosen to have excitation 
and/or emission spectra Sufficiently distinguishable from 
those of dyes used in protein and/or nucleic acid analysis that 
indicia 34 will be readily distinguished therefrom. A wide 
selection of fluorescent dyes suitable for these purposes are 
described in Haugland, Handbook of Fluorescent Probes and 
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Research Chemicals. 7th ed. (Molecular Probes, Inc., 
Eugene, Oreg.), incorporated herein by reference in its 
entirety. 
0063. If identification of gel 26 is desired to be effected 
after electrophoresis and/or staining, indicia 34 can addition 
ally be composed of any Substance that becomes, or can be 
made to become, detectable after electrophoresis and/or 
staining. 
0064. For example, where the analytes to be separated on 
the gel are proteins, indicia34 can be composed of substances 
that become detectable after the gel is stained with protein 
visualizing dyes, such as NOVEXR Colloidal Blue Staining 
Kit (Invitrogen, Inc., Carlsbad, Calif.), SERVAR) Blue R (In 
vitrogen, Inc., Carlsbad, Calif.) or other brand of COO 
MASSIETM R-250 stain, SERVAR) Blue W (Invitrogen, Inc., 
Carlsbad, Calif.), SERVAR) Blue G (Invitrogen, Inc., Carls 
bad, Calif.), SERVAR Violet 17 (Invitrogen, Inc., Carlsbad, 
Calif.), and silver stain. The substances will typically be those 
that resist the Subsequent gel destaining steps. 
0065. Where the analytes to be separated on the gel are 
nucleic acids, indicia 34 can be composed of Substances that 
become detectable after the gel is stained with dyes used for 
visualizing nucleic acids, such as ethidium bromide or 
SYBRR) Green (Molecular Probes, Inc., Eugene Oreg.: Invit 
rogen Inc., Carlsbad, Calif.). 
0.066 Alternatively, or in addition, indicia 34 can be com 
posed of substances that are rendered visible by the electro 
phoresis process itself, either through contact with molecules 
that are present in the running 5 buffer, such as electrolytes, or 
through the application of the electric field itself. The latter 
can be accomplished through use of liquid crystal display 
elements in indicia 34. 
0067. An advantage of fabricating indicia 34 from one or 
more substances that become detectable after electrophoresis 
and/or staining is that such indicia can additionally serve as a 
positive control for the electrophoretic and/or staining pro 
CCSS, 

0068 Indicia 34 can also be composed of substances 15 
that can be rendered detectable by a staining process distinct 
from that required to render the separated analyte detectable. 
0069 Indicia 34 can, for example, include substances that 
are detectable by Subsequent contact with a labeled reagent 
specific therefor, such as an antibody. The antibody can be 
labeled directly or indirectly by any of the means well known 
in the biologic arts, including conjugation to an enzyme, 
conjugation to a fluorophore, or conjugation to a chemilumi 
nescent compound. By indirect labeling is intended the bind 
ing to the primary detection agent of a secondary agent that is 
itself labeled. Such as a secondary antibody. 
0070. Where the detection reagent is conjugated to an 
enzyme, the enzyme substrate will determine whether indicia 
34 are detectable under normal illumination or require spe 
cialized illumination and/or detection. For example, if the 
enzyme is alkaline phosphatase, a BCIP/NBT substrate will 
result in localized deposition of a precipitate visible in natural 
light, whereas use of a CDP-STARR chemiluminescent sub 
strate (available from Invitrogen, Inc., Carlsbad, Calif.), 
results in photonic emission detectable on film, CCD, PHOS 
PHORIMAGER(R) (Molecular Dynamics, Inc., Sunnyvale, 
Calif.), STORMR) Imager (Molecular Dynamics, Inc., 
Sunnyvale, Calif.), or TYPHOONR) Imager (Molecular 
Dynamics, Inc., Sunnyvale, Calif.). 
0071. As another example, indicia34 can include peptides 
having multiple histidine residues capable of forming com 
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plexes with heavy metal chelates such as nickel nitrilotriace 
tic acid. See, e.g., U.S. Pat. No. 4,569,794, incorporated 
herein by reference in its entirety. Commercially available 
reagents that permit such peptide/nickel-NTA chelates spe 
cifically to be detected are well known in the art. If the analyte 
to be detected after electrophoresis on the gel is to be detected 
by nickel-NTA chelate chemistry—for example, if the ana 
lyte is a recombinantly expressed fusion protein with poly 
histidine tag—detection of the analyte and indicia 34 can be 
effected simultaneously. 
0072. As mentioned above, indicia 34 can be used in the 
methods of the present invention uniquely to identify the 
polymeric electrophoresis gel. If applied by the gel user, 
indicia 34 can include, for example, a date of experiment, an 
arbitrary or sequential reference number, a sample identifier, 
or the like. 

0073 Gel label 28 can also be provided to the user with 
indicia 34 already present thereon. Such indicia can include, 
e.g., sequential numbers, permitting the rapid and unique 
labeling of a series of gels. Such gel labels can also include an 
area for user application of a further identifier. 
0074 Gel label 28 can also be provided as part of a pre 
cast gel 26. In such case, indicia34 of gel label 28 can usefully 
provide information on the gel composition, pore size, buffer 
composition, original gel pH, date of manufacture, recom 
mended date of expiration, manufacturer name, catalogue 
number, and the like. Where the pre-cast gel is used for 
isoelectric focusing, such as a SERVALENTTM PRE 
COTESTM gel (Invitrogen, Carlsbad, Calif.), indicia34 of gel 
label 28 can include information on the gel's pH range. 
0075. Where gel label29 is provided as part of a pre-cast 
gel 26, indicia 34 can also usefully include a preprinted 
marker of gel orientation, particularly useful for two-dimen 
sional electrophoretic applications, and can additionally 
include markings that highlight the location and extent of 
sample loading wells, thus facilitating sample addition. Pre 
cast gels for a variety of electrophoretic uses are available 
commercially from Invitrogen, Inc. (Carlsbad, Calif.), Amer 
sham Pharmacia Biotech (Piscataway, N.J.), Stratagene (La 
Jolla, Calif.), Amresco Inc. (Solon, Ohio), Bio-Rad Labora 
tories (Richmond, Calif.) and others. 
0076. The substances from which indicia34 are made can 
also comprise molecules that report the contemporaneous 
physical state of the gel. 
0077 Particularly useful in this regard are pH indicators 
and temperature indicators. Both categories of indicators are 
well known in the analytical arts. 
0078. Depending on the shape of gel label 28, a detectable 
ruler can usefully be included among indicia 34. 
0079 Rulers are used in the electrophoretic art to provide 
a direct measure of analyte migration distance. Such rulers 
are typically extrinsic to the gel, and the distances traveled are 
memorialized by photographing the ruler placed alongside 
the gel prior to any drying of the gel. Where the analyte is 
detected using ultraviolet transillumination—for example, 
UV transillumination of ethidium-bromide or SYBRR green 
stained nucleic acids—the extrinsic ruler is adapted to fluo 
resce. A disadvantage of such extrinsic rulers is a requirement 
for Such memorialization, and the difficulty after staining of 
exactly aligning the ruler to the gel. If gel label 28 extends 
from sample well sufficiently far toward the opposite end of 
the gel, a ruler can be made intrinsic to the gel by constituting 
part of indicia 34. 

Oct. 2, 2008 

0080 Gel label 28 can be manufactured in any shape or 
size that is compatible with electrophoresis of the gel to which 
it is to be bonded. Typically, therefore, it will be no larger than 
plate 14, where electrophoresis is accomplished between 
spaced plates, or, in the case where the gel is run as a hori 
Zontal slab without an enclosing top plate (e.g., an agarose 
slab gel), no larger than casting tray 50 (see below) upon 
which the gel is to be run. Conversely, gel label 28 can be as 
small as will readily be detectable after electrophoresis and, 
typically, no Smaller than can conveniently be handled. 
I0081. When as large or larger than gel 26 itself, gel label 
28 serves to provide structural rigidity and Support to the gel 
through electrophoresis and staining, and will provide a per 
manent backing if the gel is Subsequently dried. 
I0082. When gel label 28 is intended to be as large or larger 
than gel 26, it can conveniently be provided in sheets with 
dimensions substantially identical to those of commercial 
cassettes and casting trays, respectively, Such as the Xcell 
SURELOCKTM mini-cell (Invitrogen, Carlsbad, Calif.). 
I0083. As mentioned above, gel label 28 can alternatively 
be provided prior-bonded to a pre-cast gel. In Such case, gel 
label 28 can conveniently be as large as the gel itself, provid 
ing structural Support to the gel. 
I0084. Alternatively, gel labels 28 can be provided in sheets 
or rolls that can be cut to chosen dimension. Alternatively, gel 
labels 28 can be provided in sheets or rolls having perfora 
tions to facilitate the removal from the sheet or roll of labels 
of desired size. 
I0085 Particularly useful are gel labels 28 that include, on 
a surface other than that intended to contact gel 26, an imper 
manent pressure-sensitive adhesive, such as is described in 
U.S. Pat. Nos. 6,017,624; 5,990,238; 5,128,412; and 5,670, 
226, the disclosures of which are incorporated herein by 
reference in their entireties. Such labels can be provided with 
a backing sheet, thereafter to be peeled off the backing sheet 
and placed in the electrophoresis apparatus. Alternatively, the 
adhesive can be bonded to the backing sheet rather than to the 
gel labels. 
I0086. As mentioned above, the shape of gel label 28 can 
itself provide indicia of gel identity. Such unique shapes can 
readily be cut from a coated polymeric film 30 by the user. 
Alternatively, gel labels 28 can be provided to the user in a 
plurality of discrete shapes. In addition to varying shape, 
varying numbers of gel labels can be applied to the gel to 
provide an indicium of identity. 
I0087 To label a gel according to the methods of the 
present invention, gel label 28 is placed in contact with the gel 
matrix prior to or concomitant with polymerization thereof. 
Where gel label 28 includes coating 32, the label is placed so 
that coating 32 contacts the gel. How Such contact is effected 
depends upon the electrophoresis format. 
I0088. The gel labeling methods, labels, and kits of the 
present invention are particularly useful for two electrophore 
sis formats: Vertical slab gels and horizontal slab gels, 
although they may find use additionally in tube and capillary 
gel electrophoresis. 
I0089 Referring to FIGS. 1 and 2, a gel cassette used in the 
prior art for vertical slab gel electrophoresis is described. 
Such gel cassettes are typically used for polyacrylamide gel 
electrophoresis, although agarose gels having Sufficient 
structural rigidity can also be run in Such vertical devices. 
0090 Gel cassette 10 typically comprises two frames (al 
ternatively denominated plates) 12 and 14. Frames 12 and 14 
are typically composed of plastic, usually formed by a mold 
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ing process Such as injection molding. Many different plastics 
are used. Such as polyethylene terephthalate, polyvinyl chlo 
ride, polymethyl methacrylate, polystyrene, polyethylene, 
polymethyl polypropylene, cellulose acetates and various of 
their co-polymers. The plastic typically is transparent so that 
the progress of the tracking dye through the gel can easily be 
monitored. 
0091 Alternatively, glass plates are used as frames 12 and 
14. When glass is used, one or both of the glass plates will 
often be treated prior to gel polymerization with an agent that 
adjusts the Surface properties of the glass. For example, one or 
both plates can be treated with a Surface agent Such as ethyl 
trimethoxysilane (Dow Chemical, Catalogue No. 1-6321) 
that prevents the Subsequently polymerized gel from adhering 
to the glass; both plates would be so treated if the gel were 
intended to be removed entirely from the cassette after elec 
trophoresis. Conversely, one of the two glass plates can be 
treated with an agent that promotes gel adherence, such as 
Y-methacryloxypropyltrimethoxysilane (Sigma Chemical 
Company, St. Louis, Mo., Catalog No. M6514), to ensure that 
the gel remains affixed to one of the two plates when the plates 
are pulled apart after the electrophoresis is completed. 
0092. Frames 12 and 14 have interior surfaces 16 and 18, 
respectively. Plate 14 further includes U-shaped raised spacer 
20. When the two plates are joined, spacer 20 provides the 
contact of plate 14 with plate 12, thus spacing interior Sur 
faces 16 and 18 at a distance from one another that is fixed by 
the depth of raised spacer 20. In an alternative often seen 
when glass plates are used as frames 12 and 14, spacer 20 is 
provided as a separate member that is nonintegral to plates 12 
and 14. 
0093. When the two plates are joined, interior surfaces 16 
and 18 form a slab-shaped cavity that is sealed by raised 
spacer 20 except for top opening 24 between plates 12 and 14 
and slot 22 at a lower end of plate 14. 
0094. During vertical slab gel preparation, slot 22 in plate 
14 is reversibly sealed. Gel cassette 10 is held vertical, and a 
polymerizable liquid gel-forming mixture is poured through 
top opening 24 into the cavity between plates 12 and 14. The 
gel-forming liquid polymerizes in situ between plates 12 and 
14 and in contact with interior surfaces 16 and 18. Thereafter, 
the gel cassette is placed into an electrophoresis tank adapted 
to hold gel cassette 10 vertically, with top and bottom in fluid 
communication with an anode and cathode. 
0095. In order to practice the methods of the present inven 
tion with such vertical slab gels, gel label 28 is applied to 
interior surface 16 or 18 of gel cassette 10, as shown in FIGS. 
3 and 4, prior to addition of polymerizable liquid gel-forming 
mixture. 
0096 Positioning label 28 againstan interior surface 16 or 
18 of gel cassette 10 during polymerization facilitates the 
maintenance, during Subsequent electrophoresis, of a homo 
geneous electric field, which is desired to assure well-be 
haved migration of analytes in the gel. 
0097. If gel label 28 is provided in sheets or rolls larger 
than is desired to be contacted to the gel, gel label 28 is first 
sized for use, as by cutting or tearing along perforations. If 
indicia 34 are desired to be added to gel label 28 e.g., if gel 
labels 28 are not pre-printed with such indicia, or if user 
specified indicia additional to Such preprinted indicia are 
desired indicia 34 are added, either before or after sizing of 
the gel label. Indicia 34 are typically added to a surface of 
polymeric film 30 lacking coating 32, although indicia34 can 
be added to coating 32 when the composition of coating 32 
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allows. Although addition of indicia34 is typically performed 
prior to contact of gel label 28 to interior frame surface 16 or 
18, such indicia can be added after gel label 28 is applied to 
the cassette Surface. 
0098. Where gel label 28 has a coating 32 on only one side, 
gel label 28 is applied to interior frame surface 16 or 18 by 
contact of a surface of polymeric film 30 other than that 
bearing coating 32, as shown in FIG. 4. 
0099] To prevent gel label 28 from becoming dislodged 
during gel formation, an adhesive layer is usefully bonded to 
polymeric film 30 at a Surface other than that bearing coating 
32. Alternatively, and particularly where such adhesive sur 
face is not provided on gel label 28, a small amount of agarose 
may be applied to the cassette at the desired point of contact, 
or alternatively to polymeric film 30, and the gel label then 
applied to the cassette. Alternatively, glycerol, polyvinyl pyr 
rolidone, carboxymethycellulose, polyethylene glycol, dext 
ran, or any other similar sticky, Viscous material may be used 
to hold polymeric film 30 to cassette 10 during gel formation. 
0100 Typically, gel label 28 is placed in contact with 
interior surface 16 or 18 prior to assembly of gel cassette 10, 
although label 28 can be placed in contact with surface 16 
after cassette assembly by access through slot 22. 
0101 Thereafter, the polymerizable liquid gel mixture is 
added and permitted to polymerize in situ. Upon polymeriza 
tion, label 28 becomes integral to the gel. If the gel is poly 
acrylamide and coating 32 contains reactive groups capable 
of copolymerization therewith e.g., reactive ethylenically 
unsaturated groups—gel label 28 becomes covalently bonded 
to the gel during polymerization. 
0102 Horizontal slab gels, typically agarose gels, are usu 
ally cast horizontally by Solidification in casting trays, a typi 
cal example of which is shown in top perspective view in FIG. 
5. 
0103 Casting tray 50 is typically composed of UV-trans 
parent plastic that is capable of exposure to boiling agarose 
without fracture, crazing, opacification or deformation. Side 
walls 52 form two permanent sides of a fluid dam, the bottom 
of which is provided by surface 54. The two open sides of 
casting tray SO are typically reversibly sealed with tape to 
provide a complete fluid dam during gel Solidification. 
0104 One more pairs of slots 56 in side walls 52 accom 
modate removable well-former 58, which is composed of a 
material that does not significantly adhere to the gel once 
solidified, permitting removal of well-former 58 after gel 
solidification. 
0105 Typically, agarose is melted in aqueous gel buffer, 
and the molten agarose poured into casting tray 50 having 
well-former 58 in place. After the agarose has polymerized, 
well-former 58 and tape are removed. If of sufficient rigidity, 
gel 51 can then be placed directly onto support surface 62 of 
electrophoresis tank 60. Alternatively, and typically, casting 
tray 50 is placed onto support surface 62 of electrophoresis 
tank 60, with gel 51 present thereupon, as shown in FIG. 6. 
Electrophoresis running buffer is placed within the tank to a 
height sufficient to place gel 51 in fluid communication with 
anode 42 and cathode 40. Upon application of an electric 
field, sample 53 migrates through gel 51 toward cathode 40. 
0106. In order to practice the methods of the present inven 
tion with such horizontal slab gels, gel label 28 is applied to 
surface 54 of gel casting tray 50 prior to addition of polymer 
izable liquid gel-forming mixture, typically molten agarose. 
0107 Positioning label 28 againstan interior 30 surface 16 
or 18 of gel cassette 10 during polymerization facilitates the 



US 2008/0237043 A1 

maintenance, during Subsequent electrophoresis, of a homo 
geneous electric field, which is desired to assure well-be 
haved migration of analytes in the gel. 
0108 If gel label 28 is provided in sheets or rolls larger 
than is desired to be contacted to the gel, gel label 28 is first 
sized for use, as by cutting or tearing along perforations. If 
indicia 34 are desired to be added to gel label 28 e.g., if gel 
labels 28 are not pre-printed with such indicia, or if user 
specified indicia additional to Such preprinted indicia are 
desired indicia 34 are added. Indicia 34 are typically added 
to a surface of polymeric film 30 lacking coating 32, although 
indicia34 can be added to coating 32 when the composition of 
coating 32 allows. Although addition of indicia34 is typically 
performed prior to contact of gel label 28 to casting tray 
surface 54, such indicia can be added after gel label 28 is 
applied to the casting tray Surface. 
0109 Where gel label28 has a coating 32 on only one side, 
gel label 28 is applied to casting frame surface 54 by contact 
of a surface of polymeric film 30 other than that bearing 
coating 32. 
0110. To prevent gel label 28 from becoming dislodged 
during gel formation, a pressure sensitive reversible adhesive 
layer is usefully bonded to polymeric film 30 at a surface 
other than that bearing coating 32. Alternatively, and particu 
larly where such adhesive surface is not provided on gel label 
28, a small amount of agarose may be applied to the cassette 
at the desired point of contact, or alternatively to polymeric 
film 30, and the gel label then applied to the cassette. Alter 
natively, glycerol, polyvinyl pyrrolidone, carboxymethycel 
lulose, polyethylene glycol, dextran, or any other similar 
Sticky, Viscous material may be used to hold polymeric film 
30 to cassette 10 during gel formation. 
0111. Thereafter, the polymerizable liquid gel mixture, 
typically molten agarose, is added and permitted to polymer 
ize in situ. Upon polymerization, label 28 becomes integral to 
the gel. 
0112 All patents, patent publications, and published ref 
erences cited herein are hereby incorporated by reference in 
their entirety as if each has been incorporated individually 
herein. 
0113 Persons skilled in the art will recognize that modi 
fications that are equivalent to the above-exemplified meth 
ods, articles, and kits may be made without departing from the 
spirit of the above-exemplified invention. All such equivalent 
modifications are within the scope of the present invention, 
which is limited only by the following claims. 

1-72. (canceled) 
73. An electrophoresis gel comprising a detectable indicia 

wherein the detectable indicia are bonded to the electrophore 
sis gel during polymerization of the electrophoresis gel. 

74. The electrophoresis gel of claim 73, wherein the indicia 
are on a polymeric film comprising a polymer, or is a laminate 
at least one layer of which consists essentially of a polymer, 
selected from the group consisting of polyester, mylar, poly 
methylpentene, polystyrene, polypropylene, polyethylene, 
styreneacrylonitrile copolymers, polycarbonate, cellulose 
acetate proprionate, cellulose acetate butyrate, nitrile-acry 
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lonitrilesty-rene copolymers, polyacrylate, polyterephtha 
late, polymethacrylate, and acrylonitrile-butadiene-styrene 
copolymer. 

75. The electrophoresis gel of claim 74, wherein the poly 
meric film is substantially transparent to visible light. 

76. The electrophoresis gel of claim 74, wherein the poly 
meric film bonds directly to the gel. 

77. The electrophoresis gel of claim 74, wherein the poly 
meric film bonds to the gel indirectly through a coating dis 
posed between the polymeric film and the gel. 

78. The electrophoresis gel of claim 77, wherein the coat 
ing consists essentially of a hydrophilic resin. 

79. The electrophoresis gel of claim 73, wherein the indicia 
are detectable before electrophoresis. 

80. The electrophoresis gel of claim 73, wherein the indicia 
are detectable upon epillumination. 

81. The electrophoresis gel of claim 73, wherein the indicia 
are detectable upon transillumination. 

82. The electrophoresis gel of claim 73, wherein the indicia 
are capable of fluorescing. 

83. The electrophoresis gel of claim 73, wherein the indicia 
are capable of chemiluminescing. 

84. The electrophoresis gel of claim 73, wherein the indicia 
contain ligands that are capable of binding detectable 
reagents. 

85. A polymer gel labeled with detectable indicia, compris 
ing: a polymer gel; and a polymeric film having detectable 
indicia, wherein the polymeric film is bonded to the polymer 
gel and the indicia are detectable with the film so bonded. 

86. The polymer gel of claim 85, wherein the gel is a 
polyacrylamide gel. 

87. The polymer gel of claim 85, wherein the gel is an 
agarose gel. 

88. The polymer gel of claim 85, wherein the polymeric 
film consists essentially of a polymer, or is a laminate at least 
one layer of which consists essentially of a polymer, selected 
from the group consisting of polyester, mylar, polymethyl 
pentene, polystyrene, polypropylene, polyethylene, styrene 
acrylonitrile copolymers, polycarbonate, cellulose acetate 
proprionate, cellulose acetate butyrate, nitrile-acrylonitril 
estyrene copolymers, polyacrylate, polyterephthalate, poly 
methacrylate, and acrylonitrile-butadiene-styrene copoly 
C. 

89. The polymer gel of claim 85, wherein the polymeric 
film is substantially transparent to visible light. 

90. The polymer gel of claim 85, wherein the polymeric 
film is bonded directly to the gel. 

91. The labeled polymer gel of claim 85, wherein the 
polymeric film is bonded to the gel indirectly through a coat 
ing disposed between the polymeric film and the gel. 

92. The labeled polymer gel of claim 91, wherein the 
coating consists essentially of a hydrophilic resin. 

93. The labeled polymer gel of claim 85, wherein the 
indicia are detectable before electrophoresis. 

94. The labeled polymer gel of claim 85, wherein the 
indicia are detectable after electrophoresis. 
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