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A double antibody technique of electroimmunodiffusion, which uses glucose oxidase-
labelled sheep antibodies to rabbit immunoglobulins as second antibody, is described.
Primary antigen-antibody reaction is carried out with a rabbit antiserum by electroim
munodiffusion.

The glucose oxidase-labelled immunoreagent, being of general application, can serve
for the quantification of different antigens and is here used for measurement of low
levels of human alpha-fetoprotein.

Reproducible results in the range of 50-800 ng/ml were obtained with a variation
coefficient of 5 to 10 %.

Radioimmunoassay (RIA) is a very
sensitive technique widely used for antigen
measurements. It is, however, a complex
technique requiring radioisotopes and
and expensive laboratory equipment. To
avoid this difficulty quantitative methods
of gel immunodiffusion (6, 8) can be used
as an alternative, although they are much
less sensitive than RIA and for this reason
of limited application. Immunoenzymatic 
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techniques to enhance the visualization of
gel immunoprecipitates have been recently
reported (5, 15).

In the present paper a double antibody
technique of electroimmunodiffusion is
described using glucose oxidase labelled
sheep antibodies to rabbit immunoglobu
lins as second antibody. Primary antigen
antibody reaction is carried out with a
rabbit antiserum by electroimmunodiffu
sion.

The glucose oxidase labelled immuno
reagent is of general application and can
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be used for the quantification of different
antigens. In this paper the method is
applied to measurement of low levels of
human alpha-fetoprotein (AFP).

Materials and Methods

Immunochemicals. Anti-AFP scrum *
was prepared by immunisation of rabbits
with semipurified samples of human AFP
obtained from sera of patients with hepa
tocellular carcinoma, or from human fetal
serum. Monospecificity was achieved by
immunoadsorpiion with normal human
plasma insolubilised by the method of
Avrameas and Ternynck (3).

Sheep antibodies to rabbit IgG were
isolated from a commercial antiserum
(Sheep anti-rabbit IgG, Antibodies Inc.,
Davis, Ca., USA) by immunoadsorption
with rabbit IgG insolubilized on CNBr-
activated Sepharose-4B (Pharmacia, Upp
sala). Antibodies were eluted according
to Avrameas and Ternynck (3).

Glucose oxidase labelled immunorea
gent. Isolated sheep antibodies were
coupled to glucose oxidase (specific ac
tivity 210 u/mg, Boehringer, Mannheim)
by the glutaraldehyde method of Avra
meas (2). After dialysis against phosphate
buffered saline (PBS), 2 % of bovine
albumin was added. The labelled antibod
ies (1 mg/ml) were distributed into 1 ml
aliquots and lyophilized. The immuno
reagent is stable for at least one year at
room temperature.

Before use, the original antibody con
centration (I mg/ml) was reconstituted by
adding 1 ml of water to the lyophilized
aliquot and the solution was stored at
4° C. In this form the immunoreagent
remains stable for several weeks.

Electroimmunodiffusion (6) (1st anti
gen-antibody reaction). A glass slide

* Rabbit antiserum to a-fetoprotein obtained
from Institute ULTA (Zaragoza, Spain).

(9X12 cm) was precoated with 1 % aga
rose in water and dried. Melted agarose
solution, 1 % in 0.05 M veronal buffer.
pH 8.2, brought to 45-48° C, was carefully
mixed at this temperature with the appro
priate quantity * of anti-AFP serum and
poured on the precoated glass slide to
make a layer 2 mm thick. A scries of
15 wells, 3 mm diameter, were cut in the
gel to which were applied 10 />.} samples
of either AFP standards (generously prov
ided by Dr. Uriel, Villejuif. France), or
sera from patients. Hyperlipaemic sera
were previously rendered free of lipopro
teins by precipitation with dextran sulpha
te: 10 /zl of 5 % dextran sulphate were
added to 1 ml of scrum, centrifuged at
800 X g for 10 min. and the supernatant
recovered. The electrophoretic run was
performed for 4 hours at 4° C and 110 V.

Sensitisation of immunoprecipitates (2nd
antigen-antibody reaction). After elec
troimmunodiffusion the slide was washed
overnight with mild stirring in a large
volume of PBS and then soaked in a small
volume (10-15 ml) of glucose oxidase
labelled immunoreagent, the latter being
adjusted immediately before use to an
antibody concentration of 5 /zg/ml by di
lution with 0.5 % of bovine serum albumin
in PBS. After 3 hours incubation at room
temperature the slide was transferred to
a moist chamber and kept overnight.
Excess labelled antibody was removed by
washing with several changes of PBS over
24 hours.

Staining of glucose oxidase labelled im
munoprecipitate. The slide was first dried
under filter paper. Colour development
was carried out following the procedure
of Avrameas (2). The colour reagent was
prepared by adding to 10 ml of 0.1 M
potassium phosphate buffer, pH 6.8, 150
mg glucose, 5.0 mg MTT-tetrazolium salt

* With the antiserum used a final dilution
of 1/1500 was optimal.
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(Sigma) and 3.5 mg phenazine methosul
phate (Sigma). The slide was incubated
in the dark for approximately one hour.
The immunoprecipitates stain blue-violet
over a fainter background of similar co
lour. After staining the slide was washed
under running water and dried.

Results and discussion

An example of the application of the
method described to the quantitative de
termination of human AFP is shown in
figures 1 and 2. Human AFP is a tran
sitory liver antigen (16) characteristic of
fetal life, whose serum levels decrease
rapidly after birth and become undetec
table by conventional immunodiffusion
methods. Later reappearance of raised
AFP levels has been associated with the
presence of primary liver cancer and
embryonal carcinomas (1, 17) or some
non-neoplastic liver diseases (10, 12, 17).

Figure 1 shows the sensitised electroim
munodiffusion patterns of serial dilutions
of three different samples (A. B and C)
of human AFP. Within certain limits (see
below) the height of the peak is propor
tional to AFP concentration.

Figure 2 shows the average values of
four independent measurements of peak
height plotted against AFP concentration.
The relationship is practically linear in the
range 50-800 ng/ml of AFP. Precipitates
are still visible below 50 ng/ml but the
variation coefficient is greater than 20 %.
In the range 50-100 ng/ml the coefficient
is reduced to 10%, and to only 5%
between 100 and 800 ng/ml. Above 800
ng/ml, the relationship is not linear, but
AFP quantitation at these higher concen
trations can be carried out by conventional
immunodiffusion methods (lower limit of
sensitivity about 1 /tg/ml). In practice,
before attempting quantification by the
enzyme-labelled method, it is preferable

Fig. 1. Electroimmunodiffusion patterns of serial dilutions (1/25, 1/50, 1/100, 1/150,
1/200) of three different samples A, B and C, containing 10, 18 and 21 pg/inl of AFP

respectively.
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Fig. 2. Standard curve of AFP concentration
versus height of electroimmunodiffusion peak.
Each point represents average values of four
independent measurements. Vertical bars show

standard deviation.

to perform a conventional Ouchterlony
test in order to check the concentration
level of AFP. Samples which are positive
in the latter test should be diluted appro
priately for sensitised quantification.

The sensitivity of the method is slightly
greater than that described by Guesdon
and Avrameas (5) using a double antibo
dy radial immunodiffusion method. In
addition electroimmunodiffusion has the
further advantage of being a more precise
and less time consuming technique than
radial immunodiffusion.

The RIA techniques for AFP measur
ements (9, 14) are more sensitive and
permit determination of AFP levels of
the order of a few ng/ml. These low AFP
concentrations arc characteristic of human
normal sera, hence for clinical purposes
values of serum AFP below 25 to 50
ng/ml, arc, at present, without pathologi
cal significance (4, 13).

Maiolini e( al. (7) have recently des
cribed a non-competitive immunoenzyma-
tic method, with sensitivity similar to that
of RIA, which avoids some of the dif

ficulties of the latter technique, but re
quires the use of purified preparations of
AFP which are not readily available at
present. On the other hand, the method
described in this paper can be considered
as a general technique and may be applied
to other immunoprecipitabie antigens
provided that specific antisera are avail
able.

The results of a study of AFP levels in
human liver pathology using the method
described here, will be presented else
where (11).

Resumen

Se describe un mStodo de electroinmunodi-
fusion con doble anticuerpo. La reaccion pri
maria antigeno-anticuerpo se efectua por elec-
troinmunodifusion con un antisuero de conejo.
Como segundo antisuero se utilizan anticuerpos
de oveja, marcados con glucosa oxidasa, anti-
inmunoglobulinas de conejo.

El reactivo inmunoquimico marcado con
glucosa oxidasa es de aplicacion general y pue-
de usarse para la determinacion cuantitativa de
antigenos diferentes. En este trabajo el mdtodo
se aplica a la determinacion cuantitativa de
concentraciones bajas de alfa-fetoproteina Hu
mana.

Se obtienen resultados reproducibles entre
50-800 ng/ml con un coeficiente de variacion
del 5-10 %. .

A cknowledgement

The authors gratefully acknowledge the in
valuable advice and encouragement of Dr.
J. Uriel.

References

1. Abelev, G. I.: Adv. Cancer. Res., 14, 295-
358, 1971.

2. Avrameas, S.: Imtnunochemistry, 6, 43-52,
1969.

3. Avrameas, S. and Ternynck, T.: Irnniu-
nochemistry, 6, 53-66, 1969.

4. Delmont, J., Kermarec, J., Lafon, J., Bo
ne r, C., Cassuto, J. P. and Masseyeff,
R.: Digestion, 10, 29-39, 1974.



METHOD FOR ELECTROIMMUNODIFFUSION 141

5. Guesdon, J. L. and Avrameas, S.: Immn- 11.
nochemistry, 11, 595-598, 1974.

6. Laurell, C. B.: Anal. Biochem., 15, 45-
49, 1966. 12.

7. Maiolini, R., Ferrua, B. and Masseyeff,
R.: J. Immunol. Methods, 6, 355-361,
1975. 13.

8. Mancini, G., Carbonara, A. O. and He-
remans, J. F.: Imniunochemisiry, 2, 235-
254, 1965. 14.

9. Masseyeff, R., Bonet, C., Drouet, J.,
Sudaka, P. and Lai.anne, C.: Digestion, 15.
10, 17-28, 1974.

10. Munoz, J. R., Guillen, G., Gomez-Puch, 16.
L., Garcia-Julian, G. and Arraiza, A.: 17.
Med. Clin., 60, 212-219, 1973.

Munoz, J. R., Pineiro, A., Navarro, M.a
L., Perdices, A. and Uriel, J.: Manus
cript in preparation.
Opolon, P., Hirsch-Marie, H., Gateau,
Ph. and Caroli, J.: Ann. Med. Interne,
124, 883-888, 1973.
Ruoslahti, E., Salaspuro, M., Pihko, H.,
Andersson, L. and Seppala, M.: Brit.
Med. J., 2, 527-529, 1974.
Ruoslahti, E. and Seppala, M.: hit. J.
Cancer, 8, 374-383, 1971.
Stanislawski, M.: C. r. Acad. Sci. Ser.
D., 271, 1452-1455, 1970.
Uriel, J.: Pathol. Biol., 17, 877-884, 1969.
Uriel, J. and De Nechaud, B.: Ann. Inst.
Pasteur, 122, 829-839, 1972.




