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assay

We have developed a sensitive dot-immunoperoxidase assay to demon-
strate and characterize the functional activity of soluble Fcy receptors
(sFcyR). Samples containing sFcyR were immobilized on nitrocellulose
membrane. Immune complexes of horseradish peroxidase (HRP) and
rabbit 1gG antibodies to HRP were visualized with an HRP developer.
Dot-immunoperoxidase assay is described as a rapid and simple method
for the demonstration and characterization of functionally active sFcyR.
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INTRODUCTION

Several dot-immunobinding assays have been desc-
ribed [1, 2], and the techniques have been useful in
the characterization of autoantigens, allergens and
infectious organisms [3].

Earlier in our studies the biologically active
sFcyR was tested using the EA-rosette inhibition
technique [4]. The antibodies obtained against sFcyR
inhibited EA-rosette formation. Afterwards we de-
tected its immunochemical characteristics by fluoro-
metric binding assay [5]. These techniques require
meticulous procedures, expensive reagents, equip-
ment and are technically laborious. As they employ
a variety of different methodologies (chromatogra-
phy, electrophoresis, fluorescence, agglutination etc.)
and generally exibit high sensitivity and specificity,
these tests are quite expensive, a factor that limits
their usefulness under a variety of circumstances.

An inexpensive, rapid and reliable test for sFcyR
has therefore been developed, which can be per-
formed simply even in the absence of highly sophis-
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ticated technical equipment. In the present study
we describe a dot-immunoperoxidase assay by which
sFcyR at low concentrations are immobilized on a
solid support and probed with enzyme-labeled immu-
ne complexes. This technique is sensitive, easy to
perform, and the results can be analyzed visually.

MATERIALS AND METHODS

Preparation of IgM, I1gG, IgG fragments and IgG
subclasses. Immunoglobulins G (G1, G2) and M
were isolated from the blood of healthy cows by
ammonium sulfate precipitation, DEAE cellulose
chromatography and gel filtration described by Wil-
liams et al. [6]. Bovine F(ab),and Fc fragments were
prepared as described by Nisonoff et al. [7]. Aggre-
gated bovine 1gG, 1gG1, 1gG2 were prepared by
heating 0.3% IgG, 1gG1, 1gG2 at 62°C for 20 min.
The purity of all immunoglobulins and fragments
was verified by polyacrilamide gel electrophoresis in
sodium dodecyl sulphate (SDS-PAGE) [8] and im-
munoelectrophoresis in agar [9] with rabbit antise-
rum specific for bovine 1gG1, 1gG2 molecules and
F(ab),, Fc fragments. The concentrations of Ig and
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fragments were determined by measuring their op-
tical density at 280 nm (E* =14.0) with a Spec-
tromom 204 spectrophotometer (Hungary).

Immune complexes. Antisera to horseradish pe-
roxidase (HRP) (Reanal, Hungary) were raised in
rabbit by injecting 5 mg HRP in complete Freunds
adjuvant intramuscularly. The rabbits received a
booster injection after 3 weeks and were bled 4
weeks later. Antibodies to HRP were purified on
HRP-coupled Sepharose 4B (Pharmacia, Sweeden)
according Axen et al. [10]. The antibodies were
eluted with 3 M sodium thiocyanate, dialysed against
phosphate buffered saline, pH 7.2 (PBS) and con-
centrated.

Immune complexes (IC) were prepared by ad-
ding antibody dilutions to equal amounts of four-
fold dilutions of HRP from 1 mg/ml in PBS. The
mixture was incubated for 2 h at room temperature
before use.

Preparation of soluble FcR. Staphylococcal pro-
tein A (prot A) (Sigma) was used as a positive con-
trol for binding 1gG by its Fc region. Prot A was
dissolved in PBS and titrated as a two-fold dilution
in PBS starting from 1 pg in 100 pl PBS.

Soluble bovine FcyR (sFcyR) was obtained by
the shedding method in bovine peripheral blood
lymphocytes during 1 h incubation at 37 °C [4].
sFcyR detectable in the medium on their ability to
bind 1gG specifically. sFcyR were affinically puri-
fied on Sepharose beads with bovine 1gG. The sFcyR
preparations were concentrated and stored in small
aliquots at =70 °C until use.

The dot-immunoperoxidase assay. ProtA, soluble
FcR and a ten-fold value of concentrated serum
from bovine blood with chronic leukemia were blott-
ed onto a nitrocellulose membrane (Immobilon-NC
HAHRY, Millipore). The nitrocellulose membrane was
cut into strips of convenient size (e.g., 0.6 x 5 cm)
and placed in a large Petri dish. Five or 10 pl of
the soluble preparations were tested applying as a
small spots to each strip. The spots were air-dried
at room temperature for 2 h. The nitrocellulose
strips with air-dried spots were processed for block-
ing treatment with 2 ml of 3% bovine serum albu-
min (BSA) prepared in PBS for 30 min at room
temperature. This procedure adequately blocked all
non-specific protein binding sites. The blocking so-
lution was removed, and the dotted strips were in-
cubated at 4 °C overnight with 2 ml HRP-anti-HRP
immune complexes. After a rinse with PBS, bound
immune complexes were visualized with a HRP de-
veloper 4-chloro-1-naphthol (Merck, Darmstadt) as
chromogen. A solution of 10 ml of 4-chloro-1-naph-
thol in methanol (3 mg/ml) was added immediately
before use to a solution of PBS, containing 6 pl of
30% hydrogen peroxide. The sFcyR dotted strips

were incubated with the enzyme substrate for 15 min
at room temperature. After 15 min of incubation in
the developing solution in the dark, the intensity of
the grey dots reflected the amount of the bound
immune complexes, i.e. the amount of FcR. The
longer incubation times did not enhance the stain-
ing intensity. The strips were then washed in dis-
tilled water or dried and stored at 4 °C.

Inhibition experiments were performed by mix-
ing four parts of soluble immune complexes with
one part of IgG, F(ab), or Fc fragments, IgA, IgM
or subclasses (all 1 mg/ml at final concentration).
Dot pots were also visually interpreted by one of
the authors who was unaware of the results obtai-
ned on a nitrocellulose membrane.

RESULTS AND DISCUSSION

Protein A was dot-blotted onto nitrocellulose memb-
rane in decreasing amounts. Strong binding of im-
mune complexes to immobilized protA was observed
(Fig. 1) and was notted down to 0.06 ug protA.
This binding was inhibited by Fc but not by F(ab),
fragments. Bovine 1gG, 1gG1l and 1gG2 inhibited
the binding, whereas only a weak inhibition was ob-
served using IgA and IgM.

Binding of immune complexes was detectable up
to dilutions corresponding to approximately 1.5 ug
of ten-fold concentrated bovine serum obtained from
the blood of bovine with chronic leukemia) (Fig. 2).
The binding was completely inhibited by bovine Fc
fragments, monomeric and aggregated bovine I1gG,
but not by F(ab), fragments, IgA and IgM.

Heat aggregated bovine IgG subclasses 1gG1 and
IgG2 were used for inhibition studies of binding
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Fig. 1. Binding of the immune complexes to staphylococ-
cal protein A immobilized onto nitrocellulose membrane
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Fig. 2. Binding of immune complexes to tenfold concen-
trated serum from bovine with chronic leukemia immobi-
lized onto nitrocellulose membrane

immune complexes to tenfold concentrated bovine
serum. Interestingly, 1gG1 inhibited the binding of
immune complexes to ten-fold concentrated bovine
serum, whereas 1gG2 did not (Fig. 3). Hence, the
specificity of this inhibition appeared to be IgGl >
> 1gG2.
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Fig. 3. Binding of immune complexes to tenfold concen-
trated serum from bovine with chronic leukemia immobi-
lized onto nitrocellulose membrane was inhibited by Fc
fragments of 1gG, heat aggregated 1gG1l but not 1gG2

When purified sFcR was blotted onto a nitrocel-
lulose membrane, a strong inhibition was observed
with Fc fragments of 1gG molecule and aggregated
I9G, but not with F(ab), fragments, IgA and IgM
(Fig. 4).

A strong hydrophobic association between pro-
tein and nitrocellulose membrane forms is the basis
of the dot blot assay [11]. Because of this efficient
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Fig. 4. Binding of immune complexes to purified bovine
blood sFcyR immobilized onto nitrocellulose membrane

retention of deposited protein, microgram or even
nanogram quantities of substances can be used per
test. BSA was used after sample application to block
non-occupied sites of the NC and also in the rea-
gent dilutions to prevent non-specific binding. This
blocking solution can be stored frozen and repea-
tedly re-used.

In the present report we describe a method for
the detection and functional characterization of
sFcyR by a dot-immunoperoxidase technique. Our
data show that material blotted onto a nitrocellulo-
se membrane can retain the functional ligand bind-
ing capability. Binding and inhibition experiments
using 19G, Fc and F(ab), fragments indicate that
binding of immune complexes to protA and to ten-
fold concentrated serum is Fc-mediated. Soluble
forms of low affinity Fc receptors (FcyR), also called
IgG-binding factors (IgG-BF), have been shown to
play a regulatory role in immune responses. By use
of immunodot assay with the anti-mouse FcyR
MoADb, 2.492, the levels of IgG-BF have been mea-
sured in the sera of mice bearing syngeneic tumors
of lymphoid and non-lymphoid origin or in mice
injected with high doses of murine 1gG [12]. These
sera contained large amounts of IgG-BF as com-
pared to controls. The enhancement of serum IgG-
BF level was independent of the expression of FcyR
by the tumor cells, suggesting that the majority of
IgG-BF secreted in response to tumor was produced
by the host rather than by the tumor (cells). The-
refore, in our situation concentrated serum from bo-
vine with chronic leukemia is a convenient model
to demonstrate sFcyR.

The binding of subclasses of bovine 1gG to protA
showed the same specificity as reported elsewhere
(Bjork and Kronwall [13]). A dot immunobinding
assay on nitrocellulose membranes has been deve-
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loped for the quantification of human IgG subclasses
using subclass-specific monoclonal antibodies [14].
The high sensitivity combined with the small sample
size required makes this technique suitable for the
analysis of 1gG subclasse levels in serum and other
body fluids obtained from patients. Dot immunoas-
say techniques are widely used to detect a variety
of substances such as antibodies [11] and antigens
[15]. These studies showed that FcyR mediate the
binding of IgG to material immobilized on nitrocel-
lulose membrane.

The specificity of bovine 1gG has been reported
to 1gG1 and 1gG2 [16]. Direct fluorometric binding
studies indicated that 1gG1 bound the same average
number of FcR (3 x 10%) on bovine leukemic lym-
phocytes as 1gG2 with approximately the same affi-
nity. It appeared that 1gG1l and IgG2 were bound
at the same sites with similar affinity. However, there
are no data on FcR responsible for these interac-
tions.

Three subclasses of human IgG have been de-
scribed previously [17], and two of these, 1gG2 and
IgG3, occur in two allelic forms. The half-life of
the two major 1gG isotypes (1gG1, 1gG2) has been
reported in several studies, but the values are extre-
mely divergent among the publications (for review,
see Butler [18]). However, the data indicate that
they both fall in the range of 10-22 days, with a
longer half-life for 1gG2. Based on the positive cor-
relation between binding affinity and half-life, these
data may suggest that 1gG2 binds more effectively
to the FcyR than does IgG1. In a sense this contra-
dicts our results. Indeed, it is not known whether
FcRI, -11 or 111 retain their Fc-binding ability when
immobilized to nitrocellulose membrane or whether
the Fc-binding observed is mediated by other FcRs.

The sensitivity and the accuracy of the assay,
the care of performance and extremely stable co-
lor reaction on the nitrocellulose membrane also
permit semi-quantitative analysis by naked eye. The
results could be interpreted visually without any
absorbance measurement and stored as a perma-
nent record. All the reagents in the assay were
commercially available thus minimizing the techni-
cal time. It allows avoiding the use of radioactive
probes, too.

In conclusion, the dot-immunoperoxidase assay
described a rapid and simple method for the de-
monstration and characterization of subclass specifi-
city of sFcyR. Moreover, our findings suggest that
the dot-immunoperoxidase assay may be a useful
tool for rapid detection of active sFcR in serum or
in other body fluids. For example, sFcyRIIl serum
levels may be of clinical interest. They can be mo-
dified in patients with multiple myeloma and AIDS
[19]. It is a practical technique for the detection of

FcR molecules in solutions ranging in volume from
a few pl to 1-2 ml, depending on the affinity of
FcR.
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DOT-IMUNOPEROKSIDAZINIS METODAS TIRPIAM
Fcy RECEPTORIUI NUSTATYTI

Santrauka

Mes sililome jautre dot-imunoperoksidazés metoda tirpiam
Fcy receptoriui (sFcyR) nustatyti bei jo funkciniam akty-
vumui istirti. Tiriamuose méginiuose esantys sFcyR, imo-
bilizuoti ant nitroceliuliozinés membranos, buvo nustatyti
remiantis jg saveika su imuniniais kompleksais, sudarytais
i0 krieng peroksidazés (KP) ir triudio 1gG antik(ng pried
KP. Imuninig kompleksg panaudojimas apradytame dot-
-imunoperoksidaziniame metode leidpia ne tik greitai ir
paprastai nustatyti sFcyR funkcini aktyvuma, bet ir pokla-
sind 1gG1 ir 1gG2 specifisckuma.



