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(time required, 200 min). After the chromatogram had been dried (2 h at 40”) two 
parallel lines were cut in the substrate; one along the film-junction to isolate the resin 
band, and the other about IO mm from the opposite edge of the cellulose to isolate 
the ba.nd of dirt in the front. 

Third elution: with tert.-butanol-acetic acid-water (5: I: I) in a direction at 
right angles to the first elution, for 160 mm (time recluired, 210 min). After the sub- 
strate had been dried, it was sprayed with a solution of ninhydrin (0.2 o/o in butanol- 
acetic acid (4: I)) and the plate was stored in the dark for some hours to allow full 
developmeht of the colour. 
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CHROM. 4389 

Gel-electrofocusing in combination with immunodiffusion 

With gel-electrofocusing i--6 being used increasingly in protein chemistry as a 
new purity criterion for isolated proteins, the question of identification of the different 
zones focused becomes of great importance. 

This communication describes a procedure where isoelectric separation of ,the 
proteins in polyacrylamide gel is used and the proteins are then identified by a 
method based on immunodiffusion with specific antiseraO-8. Electrofocusing was 
carried out in tubes according to WRIGLY~ using a conventional disc-electrophoresis 
apparatus, and on polyacrylamide plates (IS x 8 cm) using an apparatus described 
by AWDEN eL ~2.5. 

Stock solutions for electrofocusing gels were prepared as follows: Acrylamide 
solution: 30 g acrylamide; 0.8 g N,N’-methylenebisacrylamide; water to IOO ml. 
Catalyst solution: 1.0 ml N,N,N’,N’-tetramethyl ethylene diamine; 14 mg riboflavine; 
water to roe ml. 
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Fig. I. Isoelcctrofocusing and immunodiffusion of normal human serum on polyacrylamide gel 
plates (a) isoelectric separation; (b) identical separation followed by incubation with absorbed 
anti-IgG serum and staining after elution of non-precipitated proteins. 

Fig. z. Isoelectrofocusing and immunodiffusion of normal human strum on polyacrylamide gel 
tubes. (a) isoelectric separation ; (b) identical separation followccl by incubation with absorbed 
anti-I& serum and staining after clution of non-precipitated proteins. 

Plates of polyacrylamide gel (IS x 8 cm) were prepared by polymerizing 4.4 ml 
normal human serum (diluted I :50), 17.6 ml water and II ml gel mixture between 
two glass plates, 3 mm apart, by photoactivation for I h at 4”. (The gel mixture 
consisted of 2.4 ml catalyst solution, 0.9 ml ampholyte solution (40 %), pH 3-10, 
g ml acrylamide solution). The starting current was about zoo V and IO mA. As soon 
as the pH gradient of carrier ampholytes was established, the current was 
increased to 300 V and kept constant for 36 11. The gel was then cut in two parts 
(length ways). One part was immediately immersed in 5 “/o trichloroacetic acid (TCA) 
and washed for 12 h to remove the ampholytes, and then stained with Coomassie Bril- 
liant Blue R (ref. g, Fig. ra). A 2 mm thick layer of agar was placed on top of the other 
part of the gel. This agar had been obtained by mixing 50 ml of a 2 y0 agar solution 
(Verona1 buffer, ionic strength 0.025; pH 8.6) with 5 ml of an anti-IgG serum absorbed 
by using our own specific immunoadsorbentl” (both solutions being heated to 50” 
before mixing) ; the absorbed antiserum reacts with the k and 1 light chains and the 
Fc portion of the gamma heavy chain, when tested by immunoelectrophoresis. The gel 
plus agar was then left at room temperature for 48 h in order that immunodiffusion 
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could take place. The polyacrylamide gel was then freed from the agar layer and 
washed for 3 days in physiological saline and a further day with 5 o/o TCA, before 
staining with Coomassie Brilliant Blue R (Fig, xb) ; the TCA pretreatment improves 
the staining. 

In the electrofocusing experiments, 0.5 ml gel mixture, 0.x ml ampholyte 
(40 %) pH 3-10, and 0.9 ml of normal human serum (diluted I : 50) were polymerized 
by photoactivation for I h at 4” in 1.5 ml glass tubes (6 mm diam.). (Gel mixture: 
3.0 ml acrylamide solution, 0.8 ml catalyst solution.) A current was then passed 
through the gel column for 3 11, starting with 1.5 mA for each gel. Twelve tubes were 
run simultaneously in each experiment. After focusing, the gels were removed from 
the tubes and treated as follows: two were immersed in 5 yO TCA, washed for 12 h 
and stained with Coomassie Brilliant Blue R (Fig, 2a); the other ten gels were di- 
vided into pairs and immunodiffusion was carried out. Each pair was treated with 2 ml 
of a different specific antiserum in an 8 mm diameter tube and incubated for 24 11. 
The five antisera used were as follows: anti-IgG, anti-IgG/y, anti-IgA, anti-IgM and 
anti-human serum albumin (HSA). Anti-IgG serum was the same as described above, 
the other antisera against immunoglobulins reacted only with the corresponding 
heavy chains, i.e. y, bc and ,S respectively. After subsequent washing for 3 days in 
physiological saline and another day in 5 yO TCA, they were stained with Coomassie 
Brilliant Blue R. 

Pig. 3. Isoclectrofocusing of normal human serum and imnzunodiffusion with different antisera 
on polyacrylamide gel tubes. (a) incubation with anti-IgG/y serum; (b) incubation with anti-Igh 
strum; (c) inculxrtion with anti-IgM serum; (d) incubation with anti-human strum albumin. 
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~Immunoelectrofocusing patterns of IgG in normal human serum on the plates, 
developed with anti-IgG antibodies are shown in Pig. Ib in comparison to all serum 
proteins detected by TCA precipitation in Fig. ra. Comparable results were obtained 
when the same system was applied to polyacrylamide tubes (Fig. za, b). However, 
it must be borne in mind that in both these cases not only the IgG but also other 
immunoglo’bulins are detected by the antiserum used which also possesses antibodies 
against common light chain moieties. 

Precipitation bands corresponding exclusively to IgG, IgA and IgM immuno- 
globulins, respectively, were developed with specific anti-heavy chain sera (Pig. ga, 
b, c).;,when these three patterns are overlapped in a logical sequence the same picture 
is obtained as that shown in Fig. zb. A distinct heterogeneity was found not only in 
all three main immunoglobulins, but it can be shown that HSA can be separated into 
at least four fractions under same conditions (Fig. 3d). 

The heterogeneity of human IgG immunoglobulins has also been studied using 
the electrofocusing methodll; in this case the IgG was separated from the serum and 
electrofocused’after further purification. The detection of IgG micro fractions in whole 
normal serum, without isolation, has been made possible by the above method, and 
avoids the p,ossible alteration of the IgG molecules during the treatment. The above 
findings have demonstrated the microheterogeneity of all the proteins studied. The 
occurrence ‘of numerous IgG immunoprecipitation bands is of particular interest. It 
is expected ,that. this method will permit further identification of separated protein 
fractions. The above method and some results will be published in detail elsewhere. 
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