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Monoclonal antibodies bind identically to both spores
and hyphae of Aspergillus fumigatus
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Summary

Immunoelectron microscopy (IEM) was used to determine the binding of six
monoclonal antibodies (MoAbs) produced against Aspergillus fumigatus antigens
present on or within the conidia and hyphae of the fungus. Antigen-antibody complexes
were demonstrated in EM using labelled colloidal gold particles (15 nm). Three out of 6
MoAbs (C9, F12 and H10) reacted only with the cytoplasmic components of A.
fumigatus while the remaining three (B12, F6GS5 and D6E6) showed reactivity to both
cytoplasm and cell wall of the conidia and hyphae. The results indicate that IEM is of
considerable value in determining and selecting monoclonal antibodies having specific
reactivity with diverse antigenic components.
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Introduction

Aspergillus fumigatus is an ubiquitous fungus involved in
a number of clinically important diseases in man [1-4].
Demonstration on A. fumigatus-specific circulating anti-
bodies in the sera of patients is a significant characteristic
in the diagnosis of 4. fumigatus-induced diseases [1]. Pure
and standardized antigens are necessary in order to
develop dependable and reliable methods to be used in the
diagnosis of these diseases [5,6]. Therefore, attempts have
been made to produce monoclonal antibodies (MoAbs)
against A. fumigatus in order to purify specific A.
fumigatus-antigens [7,8]. Several MoAbs against specific
components of A. fumigatus antigens have been produced
in our laboratory some of which were then used to purify
more relevant A. fumigatus antigens. Several of these
antigens showed reactivity to both IgG and IgE anti-
bodies from the sera of patients with allergic bronchopul-
monary aspergillosis (ABPA) and aspergilloma [9].
Attempts have also been made to purify subcellular
fractions of A. fumigatus in order to elucidate the
allergens of the microbe which may play a significant role
in the immunopathogenesis of A. fumigatus-induced
diseases [10-13]. Several partially purified and character-
ized antigens have been isolated and evaluated for their
usefulness in the antibody detection assays. However, it
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has not been resolved if antigens from mycelium, culture
filtrate, cell wall fractions or membranous components
act as triggers in the pathogenesis of the disease.

In the present study we have developed an immunoelec-
tron microscopic method (IEM) by which the binding and
localization of antibody to antigen in the conidia and
hyphae of A. fumigatus can be precisely determined. Six
MoAbs to 4. fumigatus and one non-specific control were
investigated by IEM for their ability to bind either to the
cell wall or to the intracellular components of the A.

fumigatus conidia and hyphae. This technique demon-

strated antigenic components in the cell wall and cyto-
plasm of both conidia and hyphae.

Materials and methods
Production of MoAbs

The production and characterization of the MoAbs have
been described previously [7.8]. Briefly, BALB/c mice
were immunized with culture filtrate antigens of A.

fumigatus by subcutaneous inoculation using 500-1000

ug of partially purified antigens in 0-1 ml sterile physiolo-
gical saline, mixed with an equal volume of complete
Freund's adjuvant. Two subcutaneous injections at 3-day
intervals were given to each mouse. Intraperitoneal
injections were then given with antigens alone at weekly
intervals for 4 more weeks. Two weeks after the last
injection, the animals were bled from the tail, and the
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serum was tested for anti-Aspergillus antibodies by
biotin-avidin-linked immunosorbent assay (BALISA)
[14]. Those animals demonstrating high levels of anti-
bodies were boosted with antigen and an immune stimu-
lant immunotone (American Biotechnology Company,
Rockville, Maryland, U.S.A.). Immunotone injected
mice (100-200 pg/animal) consistently gave more hybri-
domas than those mice injected with antigens alone.

The spleen cells were separated and fused with mouse
myeloma cells (Pe-NS-1/Ag4-1). The method followed
was the same reported earlier [15], where the fused cells
were cultured in hypoxanthine, aminopterin and thymi-
dine medium. Positive wells were evaluated for the
antibodies against A. fumigarus antigen by BALISA. 4.
Jfumigatus-specific antibody-secreting cells were cloned by
using limiting dilution method. Hybridomas, thus repeat-
edly cloned and purified. were used to produce ascitic
fluids in syngenic mice primed with pristaine. The ascitic
fluids were collected and tested for anti-A. fumigatus
antibodies by BALISA.

Several MoAbs against A. fumigatus were isolated from
different fusions. Six antibodies (C9, F12, H10, F6GS5,
D6E6, B12) were selected for the present study. Ascitic
fluid obtained from mice inoculated intraperitoneally
with myeloma cells (NS-1) in pristaine-primed animals
was used as control. No A. fumigatus-specific antibodies
were detected in the fluids by ELISA or by Western blots.
The immunoglobulin isotypes of the MoAbs were deter-
mined by using commercial typing reagents (Zymed, 458
Carltron Court, South San Francisco, California,
U.S.A.) using BALISA. The binding of the MoAbs to
different A. fumigatus antigen preparations were studied
by BALISA, crossed immunoelectrophoresis, rocket elec-
trophoresis and by immunoblotting.

SDS-PAGE and Western blotting

A. fumigatus antigen (a mixture of culture filtrate and
mycelial extract containing 2:5 mg of protein/ml) was
electrophoresed into a 0-5% sodium dodecyl sulphate-
polyacrylamide vertical gel with a 7-5-20% linear gra-
dient measuring 150 x 150 x 1 mm [16]. A current of 30
mA per gel was applied for 3 to 3-5 hr with continuous
cooling at 10°C as described previously [8,9,13]. After
electrophoresis the separated proteins were transferred to
polyvinyl difluoride (PVDF) membranes (Immunobilon;
Millipore Corporation, Bedford, Massachusetts, U.S.A.)
by using a semi-dry electrotransfer system (ABN, Ameri-
can Bionetics, Inc., Hayward, California, U.S.A.) as
determined by staining the gels for proteins with Coomas-
sie Brilliant Blue R250 before blotting and silver stain
after blotting. These results were compared with colloidal
gold stained PVDF membranes containing the blotted

proteins. The membranes were blocked with phosphate-
buffered saline (PBS) containing 3% bovine serum albu-
min (BSA) for 1 hr to saturate the free protein binding
sites on the membrane. After air drying the membranes
were cut into small strips and stored at — 20°C until used.
These strips were processed as previously described with
minor differences [7]. The strips were incubated with
appropriate dilutions of monoclonal antibodies made in
1% BSA PBS for 1 hr at 37°C. The strips were then
washed with PBS containing 0:05% Tween-20 for three
washes each of 5 min, followed by treatment with goat
anti-mouse antibodies of the appropriate isotypes. Again,
the strips were incubated as before and washed. Rabbit
anti-goat IgG coupled to biotin was added, incubated and
washed as above. This was followed by treating the strips
with streptavidin peroxidase for 30 min. After incubation
the strips were washed and developed with 4 chloro-1-
naphthol in Tris buffered saline containing 0-15% H-0,.
The reaction was stopped after 10 min and the bands were
compared. All dilutions of the reagents were determined
by studying positive and negative sera and comparing
signal to noise ratio. Antigen profile was studied by
staining the PVDF membrane with colloidal gold while
Concanavalin A (Con-A) binding components were
determined by treating the blots with Con-A biotin and
developing with streptavidin peroxidase as described
above.

Preparation of A. fumigatus for immunoelectron micro-
scopy (1EM)

Conidia from a 5-day-old culture of A. fumigatus on
Sabouraud’s agar were harvested in 15 ml sterile physio-
logical saline and the suspension was inoculated into a
synthetic broth [5.6]. A. fumigatus was grown in the
medium at 37°C for 4 and 72 hr. The conidia and hyphae
were then washed several times and resuspended in 2 ml of
a fixative solution (4% paraformaldehyde-1% glutaral-
dehyde) at 4°C under vacuum in a dessicator for 8 hr [17].
The fixed growth was then washed three times in PBS (pH
7-4) after which the pellet of cells was post-fixed in 1%
osmium tetroxide for 15 min, dehydrated in alcohol and
embedded in Spurr® (Polysciences Inc., Warrington,
Pennsylvania, U.S.A.). Ultrathin sections were cut on the
LK B Ultratome Il and grids with thin sections were used
in immunochemical stainings. No germ tubes or hyphae
were detected at 4 hr, although the majority of the conidia
were swollen. At 72 hr hyphae, swollen conidia and germ
tubes were detected.

Immunogold staining (IGS)

Colloidal gold with a size of 15 nm were prepared
according to the method of Frens [18]. Rabbit anti-goat
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1gG (affinity purified heavy chain specific) was obtained
from Sigma Chemicals (St Louis, Missouri, U.S.A.) and
coupled with the prepared colloidal gold [19]. The
stabilized antibody labelled colloidal gold solution could
then be stored at 4°C for at least 6 months; the solution
was discarded when clumping of gold particles was
detected.

Wells of polyvinyl microtitre plates (Nunc-Immuno-
plate, Denmark) were used for the staining procedure.
The grids were gently transferred to the microtitre plate
wells containing PBS, pH 7-4 with 5% non-fat dry milk
(Carnation dry milk), 0-05% (v/v) Tween-20 and 0-1%
sodium azide (PBS-Milk-Tween) with the specimens
facing upwards and incubated for 30 min. After washing
three times for 2 min each with Tris buffer (TBS, pH 8:2)
containing 0-1% (w/v) BSA and 0-1% sodium azide
(TBSA), 200 ul of serum dilutions were added to the
microplate wells. All dilutions of test reagents were
prepared in PBS-Milk-Tween. The detection of the
binding sites of the MoAbs to A. fumigatus was carried
out by using 1:50 dilutions of MoAbs. After incubating at
22°C for 1 hr, the grids were washed three times in TBSA
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Fig. 1. Immunoblot of A. fumigatus antigens reacting with
monoclonal antibodies. A, B> showing one band. B, Hy, with
one weak band. C, Cy showing one strong band. D, F,» with one
band. E, D6E6 showing 2 to 3 bands. F, F6GS5 with 4 bands. G,
antigen showing Concanavalin A binding activity.

for 2 min each and incubated in 200 ul of goat anti-mouse
IgM (1:200, Sigma, St Louis, Missouri, U.S.A.) for | hr
at 22°C. The grids were then treated at 1:20 dilution of
rabbit anti-goat I1gG colloidal gold (15 nm) conjugate
prepared as described above and incubated at 22°C for 1
hr. The grids were washed once in TBSA, followed by two
washes each in PBS and double distilled water. After air
drying the specimens were examined in RCA EMU4
electron microscope at 50 kV.

Results

All six MoAbs reacted with A. fumigatus antigens by
immunoblot assay (Fig. 1). The number of antigenic
components reacting with the MoAb varied from 1 to 4.
All of the antigens which reacted with the MoAbs also
demonstrated strong binding to Con-A (Fig. 1, Lane G).

Examination of A. fumigatus ultrathin sections incu-
bated with the six MoAbs revealed the presence of gold
particles both in the conidia and hyphae of the microbe.
Incubation with the control ascitic fluid failed to show
any attachment of the gold particles (Fig. 2). The six
MoAbs which showed reactivity with the conidia and
hyphae could be divided into two groups according to the
localization of the gold particles in the thin sections
(Table 1). Three out of six MoAbs (C9, F12 and HI10)

Fig. 2. Thin section of an A. fumigatus conidia incubated with
ascitic fluid of a control mouse (NS-1) and stained with anti-
mouse IgM without visible gold particles in the specimen
(% 13990).
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Table 1. Diversity of the reaction of A. fumigatus monoclonal
antibodies (MoAb)

MoAb Cytoplasm Cell wall

o
Fl2
HI10
F6GS
D6E6
BI2
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Fig. 3. A thin section of an A. fumigatus conidia incubated with
monoclonal antibody F12 and stained with immunogold pro-
cedure. Note the gold particles in the cytoplasm of the cell
(> 13900).

reacting with A. fumigarus conidia and hyphae consis-
tently showed gold particles bound to the cytoplasm, and
not on the cell walls (Figs 3 and 4). The remaining three
(B12, F6GS5 and D6EG6) were reacting with both cell wall
and cytoplasm of A. fumigatus conidia and hyphae as
evidenced by the accumulation of colloidal gold particles
on these structures (Fig. 5).

The number of gold particles adhering to the conidia or
hyphae varied from one MoAb to the other. In the
cytoplasm of A. fumigatus hyphae the attachment of the
gold particles could be located in the electron dense areas
or in areas closely connected with the endoplasmic

reticulum (Fig. 6). On the other hand, the conidia
demonstrated gold particles at high magnification on the
edge of the outer layer of the cell wall.

Discussion

All three antibodies reacting with cell walls also showed
binding to cytoplasmic antigens. Two of the three
antibodies showing binding to cell wall showed multiple
immunoreactive bands in Western blots, while all three
antibodies which reacted with cytoplasmic antigens
showed only one band each. The significance of this
finding is not known at present although non-specific
crossreactivity may be a reason for that. However, other
features such as antigenic characteristics and structure
also may play a role in this phenomenon.

The present study demonstrates for the first time the
presence of cell wall and cytoplasm specific MoAbs to A.

Sfumigatus antigens. In previous studies we have used

MoAbs to purify specific antigens from A. fumigatus [7].
These purified antigens showed binding activity against
both IgE and IgG antibodies in the sera of patients with
Aspergillus-induced diseases [7]. In our recent study,
where these sera were used, no qualitative difference could
be demonstrated in the antibody response to the conidial
and mycelial antigens of A. fumigatus [20]. With the
availability of cell wall and cytoplasm specific MoAbs the
antibody response of patients can be further character-
ized. In addition, specific antigens involved in the diseases
can be evaluated which may provide further understand-
ing of the immunopathogenesis of the disease.

Elevated levels of specific IgG and IgE antibodies to A.

Sfumigatus have been reported in several Aspergillus-

induced diseases [21,22]. By using immunogold and
immunogold-silver assay with light microscopy we have
demonstrated A. fumigatus specific antibodies in the
human sera [21, 22]. Gold particles bound to the cell walls
of fixed slide cultures of A. fumigarus could be visualized
directly under a light microscope or after enhancement
with silver. Because of the relatively few epitopes reacting
with the monoclonal antibodies on the sections of A.

Jumigatus spores and hyphae it is not feasible to demon-

strate the attached gold particles by light microscopy. In
accordance with the current findings, Kauffman er al. [24]
have earlier shown that the immunological properties of
the A. fumigatus spore plasma extracts were comparable
with mycelial and/or culture filtrate extracts. In their
study, however, components that were released sponta-
neously from spores demonstrated low biological acti-
vity.

Additionally, we have recently demonstrated by using
colloidal gold binding that sera from patients with ABPA,
invasive aspergillosis and aspergilloma reacted to A.
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Fig. 4. A. fumigatus conidia and hypha with gold particles in the cytoplasm when MoAb C9 and immunogold staining were used

(% 10250).

Fig. 5. A ragment of A. fumigatus hypha alter IEM-staining by
using F6GS5. Gold particles appear both in the cytoplasm and
cell wall of the microbe ( x 13 990).

fumigatus spores and hyphae [20]. When thin sections of
A. fumigatus were incubated with the patients’ sera
followed by goat anti-human IgG and rabbit anti-goat
I1gG conjugated with colloidal gold. it was found that the
gold particles had the tendency to bind to the cell wall of
A. fumigatus. On the other hand, no colloidal gold could
be demonstrated in the cytoplasm of the microbe. The
fixation of the A. fumigatus spores and hyphae were
similar in our previous experiments [20] and in the present
study and therefore, the difference in the reactivity of
different monoclonal antibodies is likely due to epitope
specificity which is also evidenced by the Western blot
results (Fig. 1).

Osmium tetroxide which was used in post-fixation of
the microbial specimens in the present study may alter
antigenic components in the cell and decrease antibody
binding. In previous literature, however, post-osmium

Fig. 6. IEM of A. fumigatus conidia incubated with D6E6
showing the attachment of gold particles to the electron dense
areas in the cytoplasm ( x 25920).

reactivation treatment with sodium metaperiodate has
been introduced to improve the antigen-antibody binding
in osmium treated specimens [25].

IEM has recently been used to detect antigenic determi-
nants of Streptococcus pneumoniae [26]. According to
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Skov Serensen et al. [26], pneumococcal capsular and cell
wall antigens were demonstrable by using specific anti-
bodies, colloidal gold particles and immunostaining
carried out before the embedding of the specimens. In
concordance with their method, in the present study thin
sections were prepared first followed by the immunostain-
ing. By this procedure, close proximity of the intracellular
antigenic determinants to the MoAbs and gold particles
could be maintained in contrast to immunostaining which
has been performed before embedding. Cochrane et al.
[27] obtained good results when thin sections and post-
embedding immunostaining were used to detect antigens
of Plasmodium brasilianum inside the cytoplasm of
infected erythrocytes.

It can be concluded from the present study that the
specific reactivity of epitope specific MoAbs can be
demonstrated in thin sections of both A. fumigatus spores
and hyphae using colloidal gold binding in IEM.
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