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ABSTRACT 

An improved procedure for the drying and storage of polyacrylamide (PAA) slab gels of various sizes and acrylamide contents is 
presented. A PAA slab gel is preferentially fixed in methanol-acetic acid-glycerol water (i.0:I.0:0. I:2.0) and then dried under low 
pressure in an adapted photoprint dryer between Cellophane and polyethylene foils at 75 80°C for 50-90 min. Strong, transparent and 
flexible sheets are obtained that can be stored for extended periods. The potential of the procedm'e is exemplified following electropho- 
resis of both lipopolysaccharides and protein isolated from Coxiella hurnetii bacterium. 

INTRODUCTION 

Sodium dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE) is widely applied in 
many fields of modern biochemistry. However~ 
the method has some shortcomings connected 
with the procedures currently in use for drying 
and storage of slab gels. Most frequently, after 
the gel has been stained, e.g., with Coomassie 
Brilliant Blue [1] or silver nitrate [2], a photo- 
graph is taken for record-keeping purposes. The 
gel is stored, if necessary, at room temperature in 
dilute acetic acid or at 4°C in distilled water or 
dried. Numerous procedures have been devel- 
oped for drying polyacrylamide (PAA) slab gels. 
Many of them are complex and require, among 
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other things, a special drying unit connected to a 
vacuum pump [3-6] or dry-ice [4,7]. Others [4,8,9] 
prefer drying of gels without any costly equip- 
ment. In our experience, drying without the use 
of a drying unit or dry-ice takes a minimum of 24 
h. In the absence of a drying unit, gelatine is rou- 
tinely used for the binding of gels to a solid sup- 
port such as foil or glass. The gels are fragile and 
difficult to store. This is also true of gels dried in 
the presence of dry-ice alone. Although drying 
proceeds significantly faster in this case, the gels 
may deteriorate easily. 

Better results are obtained by drying gels in a 
suitable drying unit. In the procedure presented 
here we have optimized both the fixing and dry- 
ing conditions in order to obtain high-quality 
fixed gels that could be stored indefinitely. More- 
over, it is shown that an inexpensive, widely used 
photoprint dryer can easily be adapted to serve as 
a simple and efficient drying unit. 
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EXPERIMENTAL 

Reagents and chemicals' 
The following reagents and chemicals were 

used: tris(hydroxymethyl)aminomethane (Tris) 
(Sigma, St. Louis, MO, USA); acrylamide (AA), 
Coomassie Brillant Blue R-250, N,N'-methylene- 
bisacrylamide, sodium dodecyl sulphate and 
N,N,N',N'-tetramethylethylenediamine (Serva, 
Heidelberg, Germany), ammonium peroxodisul- 
phate, 2-mercaptoethanol (Fluka, Buchs, Swit- 
zerland), periodic acid (Merck, Darmstadt, Ger- 
many) and acetic acid, bromophenol blue, citric 
acid, ethanol, t"0rmaldehyde, glycerol, hydro- 
chloric acid, silver nitrate and sodium carbonate 
(Lachema, Brno, Czechoslovakia). 

Apparatus 
A photoprint dryer with temperature control 

(Kovos Teplice, Teplice, Czechoslovakia) was 
used for the construction of the drying unit (Fig. 
1). 

P r o c e d u r e s  

SDS-PAGE was performed in slabs by the 
method of Laemmli [10]. The separating gels con- 
tained 10-18 % PAA. Coxiella hur~wtii cells of the 
strains Nine Mile, S, Priscilla, 48, I/IIA and 1XO 
and their corresponding lipopolysaccharides 
(LPSs) were isolated as described elsewhere 
[11,12]. To each 0.2% aqueous solution of LPS in 
distilled water, an equal volume of 0.1 M Tris- 

HC1 (pH 6.8) solubilization buffer containing 4% 
SDS, 12% glycerol, 10% 2-mercaptoethanol and 
0.001% bromophenol blue was added. The solu- 
tions were heated at 100°C for 10 rain, cooled and 
5 tzg of LPS were applied to each well. C. burnelii 
cells were lysed in the same buffer at 100°C 1"o1" 10 
min prior to electrophoresis. An amount of 150 
300 ILg of cell lysate was applied to each well. 

For silver staining, a modified method of Tsai 
and Frasch [2] was used. Briefly, fixed polyma- 
cromolecular material was treated with 0.7% pe- 
riodic acid in ethanol acetic acid-water (8:1:111 
for 10 rain and washed with 30% methanol (15 
min) and distilled water (2 × 15 min). The stain- 
ing reagent containing 0.2% silver nitrate and 
0.02% citric acid in water was allowed to stand 
over the gel for 20 rain and the last traces of the 
reagent were removed by two washes with dis- 
tilled water. Staining was developed in a 5.5% 
aqueous solution of sodium carbonate. Proteins 
were stained [1] with 0.05% Coomassie Brillant 
Blue R-250 in methanol-acetic acid-water 
(23:4:23). Destaining was accomplished with the 
same solvent system but without the dye. Gels 
were temporarily stored in water prior to drying. 

The slab gel was fixed in (A) methanol acetic 
acid glycerol water (1.0:1.0:0.1:2.0) or (B) acetic 
acid glycerol water (1.0:0.1:3.0) for 15 min and 
dried for 50-90 rain under low pressure. The con- 
struction of the drying unit is depicted in Fig. 1. 
it consists of the following parts: a photoprint 
dryer with temperature control, rubber sheet (240 
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Fig. I. Cross-sectional view of an adapted photoprint dryer l'or drying o1" slab gels. 
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× 300 × 3.5 mm), polyethylene (PE) foil 
(170×220 mm), porous poly(vinyl chloride) 
(PVC) plate (180×230×2.5 mm) and rubber 
vacuum seal (240 x 300 × 3.5 mm). The gel to be 
dried is sandwiched between the PE foil and Cel- 
lophane presoaked in the fixing solution. The 
Cellophane is always larger than the gel, so that 
there is direct adhesion of the Cellophane to the 
PE foil. Any air bubles present are carefully re- 
moved. The porous PVC plate is then put on the 
sandwiched gel and the rubber vacuum seal is 
connected directly to the water vacuum pump. 
The gel is left to dry at 75-80°C for 50-90 min. 
After drying, the gel is immediately stored be- 
tween two fiat surfaces until cool (ca. 10 min). 
Finally, the PE foil is peeled off. 

1 2 3 4 5 6 

Fig. 2. SDS-PAGE slab gel run, silver-stained, dried and stored 
as described. Lanes I 6 are LPSs of C. hurnelii strains S, Priscil- 

la. Nine Mile, 48, I:IIA and IXO, respectively. 

RESULTS AND DISCUSSION 

The procedure described is easily applicable in 
any laboratory. Nevertheless, the optimum con- 
ditions for drying may vary as a function of the 
composition of fixing solution, drying temper- 
ature, time, relative humidity, AA and bisacryl- 
amide concentrations, thickness and surface area 
of the slab gel. Mixtures of methanol or ethanol, 
glycerol, acetic acid and water with various vol- 
ume ratios (seventeen solvent systems in all) were 
tried used for fixing. Solvent systems A and B (see 
above) were the most suitable, and the former 
gave slightly better results. The use of fixing solu- 
tions in which the methanol or ethanol content 
was higher than 35% led to a loss of plasticity 
and an increase in fragility of the gel. 

We also investigated the influence of temper- 
ature on the drying of gels following fixation with 
solution A. Temperatures of 50, 60, 70, 75, 80, 90 
and 95°C were selected. It was found that a tem- 
perature in the range 70-80°C is the most suitable 
for drying of gels. For example, drying of a 
12.5'!/o PAA slab gel was accomplished in 50 min 
at 80°C. At temperatures lower than 60°C, drying 
of the gel is slow (more than 2 h), with a concom- 
itant loss of plasticity, and the use of temper- 
atures above c a .  90°C resulted in a rapid drying 
of gels but they often shattered. 

As mentioned above, the drying time is pri- 

marily dependent on temperature, thickness and 
size of the slab gel and AA concentration. The 
drying time is shorter for thinner gels with small 
surface areas or low AA concentrations. The pro- 
cedure presented has been routinely applied to 
gels of various size with 10-18% AA concentra- 
tions. The optimum drying time is 50-90 rain. On 
prolonged drying, the gel loses its flexibility and 
plasticity. Therefore, in some instances, it is use- 
ful to terminate drying within the given time in- 
terval and then perform the final drying for a 

Fig. 3. Example of a strong, transparent and flexible SDS-PAGE 
slab gel. 
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short period of time. If necessary, the dried gel 
can be regenerated in the solvent system metha- 
nol-acetic acid water (1:1:1) within 30-60 min 
and then dried again without any deterioriation 
of  its surface area. 

Fig. 2 is representative of a PAA slab gel that 
had been silver-stained, dried and stored accord- 
ing to the procedure described. Such gels have 
been found to be strong, transparent, smooth, 
flexible (Fig. 3) and easily handled. They can be 
stored in a binder without sticking to each other 
and used at any time for autoradiographic and 
densitometric applications. 
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