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The polyacrylamide slab gel is the most common gel format for analyzing protein samples by electrophoresis. Drying these gels is useful in many
biological applications; for example, autoradiography, in which radiolabeled proteins are separated to enable their detection and identification.
Dried protein gels can also serve as an ideal method of preserving the gel itself for permanent record-keeping and allowing densitometry at
a convenient time. Here | describe a simple and highly reproducible gel-drying method that results in dried gels without the cracks that are
frequently encountered with many existing gel-drying methods.

After staining and destaining, polyacrylamide slab gels are presoaked in a gel-drying buffer, sandwiched between cellophane sheets and assem-
bled with an acrylic plate with several holes and a frame. A hypodermic needle is inserted into air pockets around the gel edges to vent trapped
air and allow the gel to air-dry on the laboratory bench.
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Since its introduction by Ornstein [1] and Davis [2], polyacrylamide gel electrophoresis has become the most common analytical method
used in the study of proteins. The slab format is most popular, because it enables uniformity in simultaneously electrophoresing multiple
samples and is convenient for both one- and two-dimensional PAGE. Slab gels can be dried for record-keeping or used in autoradiog-
raphy, fluorography, transmission densitometry, display on an overhead projector and future applications like extraction of proteins for
sequencing. Several methods have been described for drying slab gels. AImost all these methods can be categorized into one of two
groups:

o Air-drying methods, in which gels are sandwiched between cellophane or plastic sheets and passively dried at ambient temperature [3—
71, with the help of fans [8], or in an oven at 45-70°C [9]. The gel sandwich is prepared with cellophane or plastic sheets that are
supported either by plates and frames [3—9] or by having weights placed on them [10-12].

e Heat-drying methods, in which gels are dried using a commercially available heater and vacuum pump [13-15].

Although air-drying methods are slow, they are widely used because they are simple and cost-effective. While heat-drying methods
are rapid, they require expensive equipment and routine maintenance. A common problem with both methods is the cracking of gels,
which is primarily caused by rapid dehydration, by air trapped around the edges of the gel between the cellophane sheets, or (in the case
of heat-drying methods) by overheating or disruption of electricity.

Here | describe an improvement to a standard gel-drying method in which the gel is sandwiched between two cellophane sheets and
supported using either two acrylic frames [3,4] or an acrylic frame and a plate [5-9]. Cellophane sheets are cellulose-based and porous,
enabling evaporation from the gel. The method using two frames exposes the gel to atmospheric air on both sides and allows more
rapid drying. The method using a frame on one side and a solid plate on the other exposes the gel to atmospheric air on only one side
and thereby extends drying time. Regardless of the length of drying time, a major drawback with these methods is that gels can easily
crack due to rapid dehydration of the gel (especially when it is exposed to air on both sides) and/or air trapped around the edges of
the gel between the cellophane sheets, which can slowly migrate into the gel body as the gel dehydrates. To overcome these problems,
some simple modifications have been made to the procedure.

Instead of using two frames or a frame and a solid plate, this modified method uses one frame and a plate with several holes (referred
to herein as a sieve acrylic plate, SAP). The square plate and a square frame with a ~1.5-cm border can be cut out of an acrylic material
such as Plexiglass®. Several holes of roughly 1-2 mm in diameter can be drilled into the square plate to create the SAP. As shown in
Figure 1B, specially designed clamps or binder clips can be used in assembling the gel-cellophane sandwich. The SAP and a frame of
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Figure 1. Gel-drying assembly. (A) Schematic diagram of the gel-drying assembly. (a) Acrylic frame; (b) sieve acrylic plate; (c) clamps; (d) cellophane
sheets; (e) polyacrylamide gel. A hypodermic needle is inserted at the arrow for venting air that is trapped around the edges of the gel. (B) Top view of
an actual assembly containing a gel to be dried. White clamps shown in the figure can be replaced by regular binder clips. (C) Magnified view of a
portion of gel-drying assembly (B) showing a hypodermic needle inserted into air pockets at the edge of gel in between the two cellophane sheets.

size 15 x 15 cm is suitable for drying a mini-gel of dimensions 8 x 8 cm. For larger gels, larger plates can be used.

Mammalian cell lysates and protein MW markers were electrophoresed on gels containing 7.5% polyacrylamide or a 4-15% linear gra-
dient of polyacrylamide by SDS-PAGE using a standard procedure [16]. The gels were stained with AcquaStain, a single-step Coomassie
G-250 blue protein stain (Bulldog Bio, NH, USA) and then destained with water. Destained gels ready to be dried were soaked for ~1 h
in a gel-drying solution consisting of 30% methanol and 5% glycerol, which can be prepared in the lab or purchased commercially from
vendors such as Bio-Rad (CA, USA) or Thermo Fisher Scientific (MA, USA). A gel assembly is shown in Figure 1, ready for drying according
to the following protocol:

o Trim two sheets of cellophane (Diversified Biotech, MA, USA) to about 1-2 cm wider on each side than the SAP. Wet these sheets with
the gel-drying solution in a plastic or glass container.

o Place one of the sheets on the SAP (Figure 2A), then put the presoaked gel onto this sheet, followed by another sheet of cellophane
on top of the gel.

e Remove any trapped air from this gel-cellophane sandwich (Figure 1C) by finger pressure and/or rolling a pipette over it.

o Lay the acrylic frame (Figure 2B) on top of the gel-cellophane sandwich.

e Holding the assembly in one hand, stretch both layers of cellophane sheets with the other hand, pull them over the SAP and start
putting clamps on the entire assembly one side at a time.

e Carefully insert a single 22- or 18-gauge needle anywhere into the air pocket around the edges of the gel.

o Leave the entire assembly on a laboratory bench at ambient room temperature for air-drying (Figure 1B).

o With the help of a magnifying glass, examine the gel body for tiny trapped air bubbles. If any are found, invert the assembly (turn it
SAP side up) and add drops of gel-drying solution in the area where air bubbles were noticed; leave the assembly in this position.
Gel-drying solution added to the holes of the SAP slowly enters the gel through the porous cellophane sheet, replaces the air bubbles
and prevents cracking of the gel.

Polyacrylamide gels sandwiched between cellophane sheets and assembled with the SAP and a frame as described above prevented
gel cracking by slowing the speed of gel dehydration and extending the gel drying time compared with methods using two frames. Other
authors have dehydrated gels by presoaking in 65% methanol and 0.5% glycerol [9], but this method generally results in gel shrinkage.
Regardless of the number of frames and the type of plates used, these procedures did not eliminate the problem of air trapped around
the edges of the gel and the cellophane sheets. As the gel dehydrates, this trapped air can move toward the center of the gel slab and
cause cracks. To release this trapped air, a 22- or 18-gauge hypodermic needle was carefully inserted in the air pocket surrounding the
gel edges, allowing air to vent through the needle as the gel air-dries by dehydration (Figure 1B & C). The combination of these two
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Figure 2. Gel-drying device. (A) 15 x 15 cm sieve acrylic plate with several holes of approximately 1 mm diameter each. Specially designed white
clamps shown in the figure can be replaced by regular binder clips. (B) 15 x 15 cm acrylic frame with a border of approximately 1.25 cm width.
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Figure 3. Dried polyacrylamide gels. (A) 7.5% SDS-PAGE; and (B) 4-15% gradient SDS-PAGE. These gels were air-dried using the gel-drying assembly
shown in Figure 1, and as per the method described.

modifications (i.e., using SAP and venting trapped air using a hypodermic needle) resulted in dried gels that not only were free of cracks
but also were softer and maintained their original size (Figure 3). Some of the low-abundance protein bands appeared sharper and more
‘scannable’ in dried gels compared with wet gels. Dried gels are finally removed from the gel-drying unit, trimmed, wrapped with soft
tissue and kept under a heavy book (~5-10 kg) for about 2 h to prevent curling. The dried gel then can be attached to the laboratory
notebook for record-keeping.

Besides storage, gels dried by this method are useful in autoradiography and densitometry; however, they may not be useful in flu-
orography because both sides of the gel are permanently attached to the cellophane sheets. Instead, a layer of plastic food wrap can
be inserted on one side between the cellophane and the gel so that it can be peeled to expose the gel to x-ray film, as described [7,8].
Further, gradient gels are generally difficult to dry compared with gels of uniform acrylamide concentration. However, we found that this
modified method is useful in drying gels of both types (Figure 3).

The gel-drying method described here normally takes about 24-36 h for complete drying, depending on the concentration and thick-
ness of the polyacrylamide gels. For example, a 1.5-mm thick 7.5% polyacrylamide gel can dry in about 24 h, whereas gels of the same
thickness with a 4-20% polyacrylamide gradient may take up to 36 h to dry completely. Gels with a thickness of only T mm dry faster.
This method therefore takes slightly longer than the method in which two frames are used [3,4] but is faster than the method using one
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frame and a solid plate [5-7]. This modified gel-drying method is cost-effective, produces mostly crack-free dried gels and is a good
compromise in terms of gel drying time.

We routinely use this modified method of gel drying for obtaining soft and crack-free gels with uniform concentrations or linear
gradients of polyacrylamide. Future studies will determine whether drying of gels by this method can be expedited using electric fans [8]
or hot-air ovens [9].
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