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A Modified Crossed Radioimmunoelectro-
phoretic Method for Determination
of Allergen-Specific IgG Antibodies

Elimination of Non-Specific Binding by use of F(ab'),-Fragments of
Rabbit Antibodies and '#31-Labelled Protein A
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A crossed radioimmunoelectrophoretic (CRIE) method for detection of specific IgG anti-
bodies in patients’ sera against horse hair and dander was developed. The unacceptably
high non-specific binding encountered when substituting 125 -labelled antihuman I1gG for
125]-labelled antihuman IgE in an ordinary CRIE was eliminated by the combined use of
1251 -labelled Protein A as detector, and F(ab'lo-fragments of the allergen-specific rabbit
antibodies. The low background binding thus obtained makes the method useful for
detection of specific 1gG in sera where the ratio between specific and nan-specific IgG is

low. Therefore the method should also be applicable to other antigen allergen systems.
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Crossed radioimmunoelectrophoresis (CRIE)
has been used for several years to determine
patients’ IgE specificities and to identify aller-
gens (1, 8, 16, 17). Determination of IgG
against allergens (“blocking antibodies™) has
been accomplished by several methods (2, 3, 5,
9, 11, 12, 13, 18), but no general methods for
detailed studies on IgG specificities are vet avail-
able although some attempts have been made
(10, 14). The present paper describes a general
method for studying IgG specificities by using
CRIE, thus enabling the study of similarities and
differences in the IgE and the IgG reactivity in
allergic patients. This may lead to a better

understanding of the role of IgG during im-
munotherapy, and may predict the success or
failure of a given immunotherapeutical regimen
at an earlier stage of the treatment. In the
present study extract of horse hair and dander
was used as test system.,

MATERIAL AND METHODS

Antigen

A standardized extract of horse hair and
dander (SQ 552) was purchased from Allergo-
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logisk Laboratorium (ALK}, Copenhagen, Den-
mark. The extract contains all the major aller-
gens as measured by IgE-CRIE.

Sera

Serum frorm a patient allergic to horse hair and
dander and undergoing immunotherapy with
an extract of horse hair and dander was used in
the experiments.

Normal human sera (NHS) were supplied by
the hospital’s blood bank. No history concern-
ing the donors could be obtained.

Antiserum, immunoglobulins and immunosorbent

Antibodies against horse hair and dander were
raised in rabbits using established procedures
(4). The immunoglobulin fraction was isolated
as described (4) and the F(ab'),-fragments of the
IgG were prepared as follows:

To 20 ml antubody solution containing approx-
imately 8 mg/ml 1gG is added 7.7 g (NH,),SO,
(resulting in 50% saturated ammonium sul-
phate) under stirring. The solution is trans-
ferred to centrifugal tubes and after 1 h at
room temperature the precipitate is isolated by
centrifugation for 20 min at 2000 g. The pre-
Cipitate is dissolved in 5 ml 0.1 M acetate buffer
pH 4.5 and the solution dialysed overnight at
4°C against the same buffer. To this solution is
then added 3.2 mg pepsin (pepsin: I1gG ratio =
1:50 (w/w)) obtained from Sigma (P7012) St
Louis, USA, and the digestion proceeds at 37°C
for 24 h. Digestion is stopped by adding 3 ml
1.0 M Tris-HCI containing 0.003% chlor-
hexidine. From the now clear solution the
F(ab')-fragments are isolated by gelfiltration on
a sephacryl S-200 (Pharmacia, Uppsala, Sweden)
column 2.5 x 100 cm at a flow of 0.25 ml/min.
The elution buffer is 0.1 M Tris-HCI, 0.2 M
NaCl pH 7.7 containing 0.002% chlorohexi-
dine. The isolated F(ab’),-fragments are concen-
trated' by adding 0.58 g of (NH,),SO,/ml (re-
sulting in a 75% saturated ammonium sulphate
solution) under stirring. After 1 h at room tem-
perature and centrifugation for 20 min at 2000
g the precipitate is dissolved in 10 ml 0.9% NaCl
containing 1.5 mm NaN; and finally dialysed

against the same solution at 4°C overnight. The
purified F(ab’), fragments are kept frozen until
use.

Protein A was obtained from Pharmacia
(Uppsala, Sweden). Sepharose coupled anti-
human IgE was obtained from the IgE test kit
(Pharmacia, Uppsala, Sweden). Affinity purified
goat antihuman 1gG was purchased from E-Y
Laboratories (San Mateo, Ca., USA, cat. No.
AF-001).

Crossed immunoelectrophoresis (CIE)

CIE was performed as previously described (15)
using 1% agarose (LSA, Litex, Denmark) in a
buffer containing 0.024 M sodium barbital,
0.073 M Tris and 0.01 M NaNg, pH 8.6.

In the first dimension 1 ul of the standard-
1zed extract was run for 30 min at 10 V/cm.
The second dimension electrophoresis was run
at 2 Viem for 18 h using 10 w of the isolated
F(ab’), fragments/cm? gel.

The immunoplates were washed, pressed
and dried in cold air as described previously
(15).

125 -labelled protein A
and 12’ I-labelled antihuman 1gG

Protein A was labelled with '*°1 by use of the
Boulton-Hunter reagent with a modification of
a method described previously (7). The solu-
tion of ?°]-labelled Boulton-Hunter reagent
(Amersham, UK) in benzene (0.75 mCi) was
evaporated to dryness under nitrogen. A solu-
tion of protein A (375 ul of a solution contain-
ing 0.5 mg/ml) in 0.1 M borate buffer, pH 8.5,
was added and incubated for 15 min with oc-
casional shaking. Then a solution of glycine
(375 pl of a solution containing 1 mg/ml) in 0.1
M borate buffer pH 8.5 was added. After 30
min the labelled protein A was isolated on a PD
10 column (Pharmacia, Uppsala, Sweden) pre-
viously washed with 50 mm phosphate buffer
pH 7.5 containing 0.25% gelatin and 400 mg/l
NaNj.

125 -labelled antihuman IgG was prepared by
the chloramine-T method exactly as described
elsewhere (3).



CRIE procedure

The dried immunoplates were placed in plastic
lids and incubated'for 3 h with 200 pl serum in
7 ml 0.07 M phosphate buffer pH 7.0. The
plates were washed 10 times in 0.15 M NaCl
and incubated for 3 h with '?*I-labelled protein
A or anti-IgG (8 x 10° cpm) or with !*]-
labelled anti-IgE (4 x 10° cpm) in 7 ml of
phosphate buffer 0.05 M, pH 7.5 containing
0.3% bovine serum albumin, 0.15 M NaCl, 15
mM NaNj and 2.7 mM Na,-EDTA. Finally, the
plates were washed 10 umes with 0.15 M NaCl,
dried in hot air and placed in an X-ray cassette
for autoradiography. The specificity of the re-
action was tested in several ways. Inhibition with
free antigen was tested by incubation of 200 ul
serum with 50 ul horse extract. The influence of
IgE on the detection of IgG was studied by
CRIE experiments before and after removal of
IgE by incubation of 1 ml serum for 16 h with 1
ml sedimented sepharose coupled antihuman
IgE.

RESULTS

Fig. 1 shows the detection of IgG antibodies
against horse hair and dander antigens by
CRIE, as well as the control experiments. Fig.
1A and B shows the binding when patient
serum is used compared with serum from a
1000 donor pool. The inhibition of the reaction
between IgG and the different horse antigens in
the gel by free antigen is shown in Fig. 1C.

In order to study the influence of IgE on the
detection of IgG, CIE plates were incubated
with serum before and after removal of about
90% of the total IgE by sepharose coupled
antihuman IgE (350 KU/l before, 42 KU/ after)
(Fig. 1D-F). It can be seen that removal of IgE
has no influence on the detection of IgG by
125]-labelled protein A. The use of 125I-labelled
antihuman IgE as detector shows that IgE has
in fact been removed (Fig. 1E) as compared
with the IgE CRIE in Fig. 1]. When the differ-
ences in binding between patient serum and the
1000 donor pool, using the three different de-
tector proteins (protein A, anti-IgG and anti-
IgE), are evaluated it is clear that only protein A
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and anti-IgE can differentiate between the sera
(Fig. 1A and 1B; 1G and 1H: 1] and 1K).
Furthermore, it can be seen that this patient
reacts with IgE and IgG antibodies against the
same antigens.

125]-labelled protein A gives a background
radiostaining on the gels but there is no prob-
lem of unspecific binding to the precipitates in
the gel.

DISCUSSION

Detection of IgE antibodies to the different
antigens in complex mixtures has been possible
for many years, but the application of this
technique to the detection of 1gG antibodies
has only been successful when detecting anti-
bodies to honey bee venom (10). This has been
due to the high non-specific background bind-
ing of the antihuman IgG used. The reason for
the success in detecting I1gG to honey bee
venom is the favourable ratio between specific
and non-specific 1gG in this system permitting
extreme dilution of the serum.

In the present study it was shown that '*°1-
labelled protein A is superior to affinity puri-
fied antihuman IgG. The binding of protein A
to the rabbit antibodies in the gel could easily
be prevented by pepsin digestion of the rabbit
antibodies and isolation of the F(ab'),-frag-
ments.

The specificity of the detection of IgG ant-
bodies against the different antigens precipi-
tated in the gel has been established for dif-
ferent reactions involved. First, the inhibition
of the binding of IgG to the precipitates by free
antigens together with the fact that normal
human serum IgG does not bind to the precipi-
tates, proves the specificity of the IgG binding.
Second, the fact that removal of IgE from the
patient’s serum does not change the radiostain-
ing when !#I-labelled protein A is used as
detector protein clearly indicates the usefulness
of this detector in 1IgG-CRIE. However, the use
of 12°]-labelled affinity purified antihuman I1gG
as detector protein failed to differentiate be-
tween patient serum and NHS. This might be
due to reactivity of this antibody against de-
terminants on the rabbit F(ab"),-fragments.
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Fig. L. Photographs of X-ray films of IgE- and 1gG CRIE experiments on antigens from horse hair and dander.

Fig. 1A: Patient serum and 125]-labelled protein A as detector.

‘ NHS pool and 125 I-labelled protein A as detector.

: Patient serum inhibited with free antigens and 125 -labelled protein A as detector.

: Patient serum absorbed with anti-1gE and 1251-labelled protein A as detector.
Patient serum absorbed with anti-IgE and !25]-labelled anu-1gE as detector.
Patient serum absorbed with anti-IgE and 125]-labelled anti-IgG as detector.

: Patient serum and 125]-labelled anti-1gG as detector.

: NHS pool and 1251-labelled anti-1gG as detector.
Patient serum inhibited with free antigens and [231-fabelled anti-1gG as detector.
Patient serum and 125]-labelled anti-IgE as detector.

: NHS pool and 125]-Jabelled anti-IgE as detector.

CIE-plate stained with Coomassie Brilliant Blue.

For details of the CIE and the 1gG-CRIE see text.
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In the preparation of rabbit IgG F(ab),-
fragments only established laboratory proce-
dures are used, thus little extra work is in-
volved in the standard CRIE procedure. Other
methods for detection of IgE and IgG ant-
bodies to the same antigens have been de-
scribed previously. These include a method for
electrophoretic transfer from polyacrylamide
gels onto a nitrocellulose membrane and sub-
sequent incubation with serum and !**I-labelled
antthuman IgE or protein A (14). Another
means of detecting antibody binding zones in
gels 1s to fix the proteins before reaction with
antibodies, using glutaraldehyde (6). The main
advantages of the present method are that de-
tection of IgE with CRIE is such a well known
procedure that the results from the two systems
can be compared and, furthermore, both the
identity and cross-reactivity of antigens can be
analysed by established procedures. In iso-
electric focusing cross-reacting proteins are
sometimes difficult to detect. Many vyears of
work with the CRIE method has shown that the
risk of not detecting important allergens in anti-
gen extracts is very small because careful pre-
paration of rabbit antibodies will give antibodies
against almost every antigen. However, with this
technique, low molecular weight antigens might
be too small to be precipitated and thus go
undetected. However, as these antigens will be
detected by RAST analysis with dialysed and
non-dialysed material and a pool of patient sera,
this one point of criticism against the CRIE
technique is not valid.

The technique will be useful for studies on
IgG/1gE response to different allergens during
immunotherapy and might give an early pre-
diction of the outcome of hyposensitization.
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