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Double-disc Electrophoresis of Proteins 
GEL electrophoresis in discontinuous bufftor systems' is a 
valuable method of examining dilute protein solutions. 
By selecting pH conditions it is possible to concentrate 
and then separate either cationic or anionic proteins, but 
only in separate analyses. Thus, the tris-glycinc system 
can be used, in which the running pH is 9·5 and most 
proteins migrate as anions'. The usual cationic proteins will 
either not migrate or will move backwards as a large zone 
equal in size to the origin. Conversely, an acidic system, 
such as !3-alanine-acetate, may be chosen in which cationic 
proteins migrate at pH 4·0 (ref. 2), but in, this case the 
anionic proteins arc lost to further analysis. Apart from 
the loss of time and research material necessitated by 
separate analyses, there is an unavoidable ambiguity 
about the direction of migration of a particular protein, 
because it is quite possible for the same protein to migrate 
as an anion at pH 9·5 and as a cation at pH 4·0. Clearly, 
a single system allowing the simultaneous separation of 
oppositely charged proteins would be desirable. To this 
end the method described couples two discontinuous 
buffer systems which provide concentrating and running 
conditions for both cationic and anionic proteins in the 
same sample. 

The apparatus consisted of two separate gel tubes 
joined by a 3 em section of clear plastic hose pierced with 
a small opening for the introduction of liquid sample. 
One gel tube contained a weak acid (taurine, pK2 8·7) 
and its potassium salt, while the other contained a weak 
base (imidazole, pK 7·0) and its chloride. The sample was 
photo-polymerized within the plastic hose and completed 
the ionic connexion between the gel tubes. In principle, 
the doubly discontinuous system should behave in the 
manner described by Ornstein•. That is, there would be 
an initial stacking of ions in the order of fast inorganic 
ions followed by slower charged proteins followed by 
imidazole+ or taurine- . The stacking of ions towards 
opposite ends of the sample gel would produce sharp zones 
of cationic and anionic protein. Finally, these would be 
over-run by imidazole+ or taurine- when the ion stack 
reached the running gel and the proteins would begin to 
separate on the basis of size and charge. 

The gel and buffer formulations were as follows. 
(a) Cation running gel buffer: 1·2 mi. 1 molar potassium 
hydroxide, 0·75 g taurine, 25 !J.l. tetramethylethylene
diamine, made up with water to 10 mi. This system had 
an original pH of 8·1 and a running pH of 7·5. (b) Anion 
running gel buffer: 1·2 mi. 1 normal hydrochloric acid, 
0·50 g imidazole, 50 !J.l. tetramethylethylenediamine, 
made up with water to 10 mi., giving an original pH of 
7·7 and a running pH of 8·3. 

Running gels were formed by mixing two volumes of 
one of thes0 buffer systems with two volumes of a solution 
of 20 g acrylamide, 0·8 g N,N'-methylbisacrylamide, 
7·5 mg potassium ferricyanide, and water to 100 mi. 
with four volumes of 0·14 per cent ammonium persulphate 
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Fig. 1. Double-disc ele.ctrophoresis apparatus .. Top, side view In cr~ss
sect.ion showing the sample before polymerlzah~n. Botto~, same v1ew 
during elect.rophoretic stacking of the sample amons and cations (shaded 

lines). 
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Fig. 2. Bean leaf perox1dases separated by double-disc electrophoresis. 
The photograph is a composite to show the original running position of 
the gel tubes. Peroxidase zones, some of which photograph poorly, are 

marked by short, vertical lines. 

in water. The mixture was pipctted rapidly into glass 
tubes 55 mm long and 8 mm in internal diameter to within 
1/8 in. of the top and layered carefully with water. 
Polymerization occurred in about 10 min as indicated by 
the formation of a refractile zone below the initial layer. 

The sample gel (c) contained 200 !J.l. of water containing 
enough safranin 0 and bromphenol blue to produce 
visible zones during electrophoresis; it also contained 
150 !J.l. of 1 per cent tctramethylethylenediamine in water, 
150 !J.l. of a solution containing 4 mg of riboflavin in 100 
mi. of water, 150 !J.l. of a solution of 40 per cent acryl
amide and 10 per cent N,N'-methylenebisacrylamide in 
water, and 1·75 ml. of the sample in 0·025 molar phosphate 
at pH 7·0. 

The components were quickly mixed and injected into 
the sample chambers, care being taken not to entrain air 
bubbles. In the present instance, 1 ml. of the mixture 
provided sufficient sample for a single analysis which was 
usually run in duplicate. The running gel tubes were 
pushed into the sample chamber so as to exclude air and 
to force a drop of sample up through the chamber opening 
(Fig. 1). A piece of plastic film was slid over the dro:r to 
seal off air and the chambers were exposed to brtght 
fluorescent light until polymerization produced an opal
escent gel. Alternatively, the sample chamber was cl~sed 
by sliding in one of the gel tubes so as to cover the openmg. 

The units were connected vertically between two elec
trode boxes which were then filled with the following 
solutions: negative electrode box, 0·038 molar taurine 
and 0·0038 molar potassium hydroxide; positive electrode 
box, 0·038 molar imidazole and 0·0038 molar hydrochloric 
acid. 

A typical run required about 2 h at 100 V, at which 
time the cationic (safranin 0) and anionic (bromphenol 
blue) marker dyes had migrated 4 to 5 em into their 
respective tubes. The gels _were removed by t~e. usual 
rimming technique' and stamed for enzyme activity or 
protein. The analysis of bean lea~ pr?tein re:'ealed th~·ee 
anionic peroxidases and seven cattontc peroxtdases usmg 
guaiacol and hydrogen peroxide as chromogenic sub
strates (Fig. 2) . 
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