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Aspergillus nidulans is an ascomycetous fungus that reproduces asexually by forming multicellular
conidiophores and uninucleate spores called conidia. These elements constitute the main vehicle for the
transmission of this and other pathogenic AspergiUus species and are the starting point of the different forms
of aspergillosis. In order to use A. nidulans as a potential source of useful antigens for the immunodiagnosis of
these diseases, we have examined the total protein composition of conidial extracts of this fungus by sodium
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis in gels of different percent T. Injection of SDS-
extracted conidial proteins into rabbits allowed us to raise a battery of polyclonal antibodies which have defined
some important immunogenic polypeptides. Several of these immunogens were both present in mycelial
extracts and recognized by antimycelium antibodies. Four of them, designated cdA, cdB, cdC, and cdE, were
also found in conidial extracts of other pathogenic Aspergillus species. Only cdE was undetectable in cell
extracts of the nonrelated species Fusarium culmorum and Phycomyces blakesleeanus.

Aspergillus spp. are considered to be the agents responsi-
ble for certain important lung diseases such as allergic
bronchopulmonary aspergillosis, aspergilloma, and invasive
aspergillosis. Aspergillus fumigatus is the main etiological
agent of these diseases, but other species such as A. nidu-
lans, A. niger, A. flavus, and A. terreus are occasionally
involved (29).
The detection of circulating Aspergillus-specific antibod-

ies has been tested as an aid to the diagnosis of the various
forms of aspergillosis. Several fungal fractions (culture fil-
trate extracts and cell extracts from mycelia or conidia),
mainly from A. fumigatus, have been used as detector
antigens in routine serological procedures (17, 20), and
despite variations in the selected strain, growth conditions,
antigen preparation, and method of detection, all fractions
have shown a high detection rate of anti-Aspergillus antibod-
ies (for a complete review, see reference 11). Circulating
antibodies to both mycelial and conidial antigenic compo-
nents have been detected, with no significant differences in
sera from patients suffering Aspergillus-related diseases;
also, both kinds of antigens are useful in the diagnosis of
aspergilloma, allergic bronchopulmonary aspergillosis, and,
to a lesser extent, invasive aspergillosis (1). Since the route
of transmission of these pathogenic fungi is through the
conidia, we thought that these elements might play an
important role in the triggering of the first stages of the
immune response. Conidial antigens were first analyzed by
Kauffman et al. (13) and, in a more complete study, by
Piechura et al. (25), who followed the fate of A. fumigatus
cytoplasmic antigens during the growth of conidia to mature
mycelia and defined some important antigens. The objective
of our work was to complete these previous studies by
analyzing not only cytoplasmic but also membrane or cell
wall conidial antigens from another pathogenic Aspergillus
species with a very well characterized genetic system, A.
nidulans. Additionally, we considered it to be of interest to
check the degree of conservation of the detected antigens
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among the more commonly pathogenic aspergilli. The need
for reproducible and standard serodiagnostic reagents has
been emphasized on many occasions (5, 16, 19, 24); conse-
quently, the antigens present in all species in different
growth phases prove to be of particular interest from the
point of view of the development of accurate diagnostic
tests.

MATERIALS AND METHODS

Fungal strains. The fungal strains used were A. clavatus
(IMI 54399), A. flavus (NRRL 6540), A. fumigatus (ATCC
9197), A. niger (ATCC 9642), A. terreus var. aureus (ATCC
11877), and Fusarium culmorum (EAN 51 Botany School,
Cambridge), all of them obtained from the Spanish Type
Culture Collection (CECT), Valencia, Spain. A. nidulans
G1059wt (adF17 pabaAl yA2) was obtained from A. J.
Clutterbuck, Glasgow, Scotland, and A. nidulans G1059fA3
(adFl7pabaAl yA2fluFJ) was obtained from M. Tamame et
al. (27), Salamanca, Spain. Phycomyces blakesleeanus
(NRRL 1555) was kindly provided by A. Pdrez Eslava,
Salamanca, Spain.
Growth conditions. All Aspergillus strains were main-

tained on solid YED medium (1% D-glucose, 1% Difco yeast
extract, 2% agar). F. culmorum was maintained on solid
potato dextrose agar (PDA) (Difco). Plates were incubated
at 28°C for 3 or 4 days and then stored at 4°C. P. blakeslee-
anus was maintained on rich medium (6) containing (per
milliliter) 20 mg of D-glucose, 2 mg of asparagine-H20, 1
mg of Bacto-Casitone, 1 mg of yeast extract (Difco), 5 mg
of KH2PO4, 500 ,ug of MgSO4 7H20, 28 ,ug'of CaCl2, 2 ,ug
of thiamine. HCl, 2 ,ug of citric acid -H20, 1.5 ,ug of
Fe(NO3)3 .9H20, 1 jig of ZnSO4 .7H20, 300 ng of MnSO4
H20, 50 ng of CUSO4. 5H20, 50 ng of NaMoO4 2H20, and
2 mg of purified agar (Difco). The glucose was autoclaved
separately. The final pH of the medium was 5.1.
To obtain high yields of conidia, all species of Aspergillus

were grown on solid Aspergillus minimal medium (4) con-
taining 0.1% glucose, 0.6% NaNO3, 0.052% MgSO4, 0.052%
KCI, 0.15% KH2PO4, traces of FeSO4 and ZnSO4, and 1.5%
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agar (pH 6.5). Both A. nidulans strains were supplemented
(27) with 10 mg of p-aminobenzoic acid per liter and 200 mg
of adenine per liter to give Aspergillus complete medium.
Plates were incubated at 28°C for at least 4 days. F.
culmorum gave the best yields after growing for several days
on PDA solid medium at 28°C. P. blakesleeanus gave

satisfactory results in maintenance medium.
For liquid growth cultures, all Aspergillus species and F.

culmorum were grown by inoculation of 105 conidia per ml in
11 Erlenmeyer flasks containing 500 ml of liquid YED
medium and by 25 h of incubation at 28°C in a Gallemkamp
orbital shaker at 280 rpm. For P. blakesleeanus, the spores,

previously activated at 48°C for 15 min, were inoculated in
500-ml Erlenmeyer flasks containing 250 ml of minimal
medium (7), with the same composition as the above-
mentioned rich medium (omitting the Bacto-Casitone and
yeast extract), and incubated for 25 h at 22°C at 130 rpm.

Preparation of cell extracts. Mature conidia were harvested
from solid medium plates by scraping the surface with a

sterile spatula in 0.01% Tween 80. Conidia were pelleted
from the suspension by centrifugation at 1,500 x g for 15 min
and washed in sterile water. The conidial pellet was imme-
diately frozen and kept at -70°C until used. Mycelial con-

tamination was excluded by microscopic examination.
Conidia were thawed and mixed with lysing buffer (100

mM Tris-HCl [pH 7.5], 1 mM EDTA, 5 mM dithiothreitol,
and 1 mM freshly added phenylmethylsulfonyl fluoride
[PMSF; Sigma Chemical Co.] plus 5 ,ug of aprotinin and 5 ,ug
of pepstatin A [both obtained from Boehringer Mannheim]
per ml) to give a dense suspension. Then, an equivalent
volume of Ballotini glass beads (1 mm) was added and
samples were disrupted in a Braun MSK homogenizer with
CO2 refrigeration. Complete breakage was monitored by
microscopic observation. After removing the glass beads,
2% sodium dodecyl sulfate (SDS; final concentration) was

added to the lysed conidia and the lysate was incubated for
10 min at 100°C. Clarified extracts (12,000 x g, 15 min) were

aliquoted and stored at -70°C.
Fractionation of cell extracts from mycelia was carried out

by differential centrifugation. Briefly, mycelia broken as

described for conidia were spun at 3,000 x g for 10 min to
pellet cell walls; the resultant supernatant, after further
ultracentrifugation at 150,000 x g for 1 h, was considered to
be the cytosol; the pellet, after washing with the same buffer,
was considered to be the total membrane fraction. Cell walls
were washed twice each time with 10, 5, and 2% NaCl and 10
times with double-distilled water. The three fractions were

extracted by boiling in 2% SDS, clarified, and stored as

described above. Protein was quantitated by a modification
of the Lowry method (23). Extracts containing less than 1 mg
of protein per ml were concentrated by precipitation with 5
volumes of cold acetone at -70°C for at least 3 h. Precip-
itated protein was pelleted by spinning for 20 min at 12,000 x

g at 4°C, dried in a vacuum evaporator (Savant Instruments),
carefully resuspended in 2% SDS to the desired concentra-
tion, and clarified by centrifugation at 3,000 x g for 15 min.
Immunogens and immunization procedures. Conidia were

disrupted and extracted as described above. Boiled, clarified
extracts were acetone precipitated; the dried pellets were

resuspended in PBS buffer (10 mM K2HPO4 [pH 7.5], 150
mM NaCl) and used as immunogens. Antibodies were raised
in four New Zealand White rabbits by injection of 1 mg of
conidial extract protein, emulsified with complete Freund's
adjuvant, and intracutaneously distributed over 10 sites (100
,ul per site). Booster injections of 0.5 mg of conidial extract

protein emulsified with incomplete Freund's adjuvant were

given subcutaneously on days 32, 57, 69, 78, 88, 90, and 94.
Sample bleedings were taken on days -6 (preimmune se-
rum), 50, 67, 77, 84, 124, 127, and 130. *The animals were
bled on day 148. Rabbits C and D were immunized with
extracts from A. nidulans G1059wt, and rabbits E and F
were immunized with extracts from A. nidulans G1059fA3.
IgG fraction purification. Sera were applied to a column of

CM Affi-Gel Blue (Bio-Rad Laboratories) according to the
manufacturer's instructions. The flowthrough, containing
the immunoglobulin G (IgG) fraction, was concentrated by
addition, while stirring, of the necessary amount of solid
ammonium sulfate required to achieve a 50% saturated
solution at room temperature and incubation at 4°C for 30
min. After 48,000 x g centrifugation for 10 min, the protein
pellets were dissolved in a minimal amount of double-
distilled water and then clarified and dialyzed for 24 h against
three changes of double-distilled water at 4°C. The dialyzed
solutions were centrifuged at 48,000 x g for 10 min to
remove any insoluble material, aliquoted, and stored at
-700C.
SDS-PAGE. Polyacrylamide gel electrophoresis (PAGE)

was carried out on a Protean II or Mini-Protean apparatus
(Bio-Rad) on an isotropic 8, 10, 12, or 14% (wt/vol) acryl-
amide slab gel (16 by 18 by 0.1 cm or 8 by 6 by 0.1 cm) by
using the discontinuous buffer system of Laemmli (18). A
constant current of 25 mA per slab was applied until the
bromophenol blue tracking dye front reached the separation
gel, and then the current was switched to 30 mA per slab
until the dye front reached the end of the slab. The molecular
weight protein standards used were Bio-Rad low-molecular-
weight standards, both normal and biotinylated, and Be-
thesda Research Laboratories high- and low-molecular-
weight, prestained markers.

Proteins on gels were detected by a sensitive silver stain
(22) or by staining for 30 min with 0.5% Coomassie brilliant
blue R-250 in acetic acid-isopropanol-water (1:3:6) and de-
staining in acetic acid-methanol-water (10:5:85).

Electrophoretic blotting procedures and immunological de-
tection of proteins. Proteins from extracts were first sub-
jected to electrophoresis as described above and then trans-
ferred to nitrocellulose sheets (0.45 ,um [pore size];
Schleicher & Schuell) in a Trans-Blot cell (Bio-Rad) by the
method of Towbin et al. (28). The efficiency of the transfer
was monitored by Coomassie brilliant blue or silver staining
of the transferred gel or by colloidal gold staining (Bio-Rad)
of the blot. The electrophoretic blots were soaked for 15 min
in 10 mM Tris-HCl-150 mM NaCl (pH 7.5; TNa) and then in
3% fraction V bovine serum albumin (Miles) or 5% nonfat
dry milk in 20 mM Tris-HCI (pH 7.5)-500 mM NaCl for 1 h
at room temperature to saturate additional protein-binding
sites. They were then incubated for 2 h with antiserum
appropriately diluted in TNa, with concentrations and spe-
cies as indicated in the legends to the figures. The sheets
were washed in TNa (three times for 10 min each time) and
incubated with horseradish peroxidase-conjugated goat IgG
anti-rabbit IgG preparations (Bio-Rad) at 1/1,500 dilutions in
TNa. The blots were incubated for 2 h at room temperature
and washed in TNa (four times for 10 min each time). For the
color reaction, the blots were soaked in a solution of 0.5 mg
of 4-chloronaphthol (Sigma) per ml of 0.025% H202 in 50
mM Tris-HCI (pH 7.7)-150 mM NaCl. This was prepared
fresh from stock solutions of 3 mg of 4-chloronaphthol per ml
of methanol. After color development, usually for 5 to 10
min, the reaction was stopped by washing with water. The
blots were dried between filter paper, photographed, and
stored protected from light. When biotinylated molecular
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FIG. 1. Coomassie brilliant blue-stained (A; 20 ,ug of protein per lane) and silver-stained (B; 4 ,ug of protein per lane) SDS-PAGE profiles
of A. nidulans G1059wt conidial extracts (lanes C) on gels of different percent T. Bio-Rad low-molecular-weight markers (lanes M) were used
as standards.

weight markers were used, avidin-horseradish peroxidase
conjugate (Bio-Rad) was included in the second antibody
solution at a 1/3,000 dilution.

Photography. Stained gels were photographed with a 32
ASA, black-and-white Panatomic-X (Kodak) film by using
an orange filter (Coomassie brilliant blue stain) or blue filter
(silver stain). Immunoblots were photographed with an
orange filter or without any filter.

RESULTS

SDS-PAGE of Aspergillus conidial proteins. A. nidulans
G1059wt conidial proteins, prepared as described in Materi-
als and Methods, were subjected to SDS-PAGE in 8, 10, 12,
and 14% T gels and stained with Coomassie brilliant blue (20
,ug per lane of protein load) or silver nitrate (4 ,ug per lane of
protein load). Figure 1 shows that at least 52 polypeptides
were detected with the first stain (A) and 66 with the second
(B). Molecular masses ranged from 10 to 200 kDa, and the
polypeptides were not randomly distributed throughout the
entire apparent molecular mass range, being concentrated
between 25 and 100 kDa. Polypeptides stained similarly with
both reagents in the zone from 30 to 200 kDa, but Coomassie
brilliant blue staining was clearly less sensitive for apparent
molecular masses lower than 30 kDa.
A. nidulans conidial proteins were compared with those of

other pathogenic Aspergillus species and of unrelated fungi
such as P. blakesleeanus or F. culmorum by 14% T SDS-
PAGE and silver staining (results not shown). The polypep-
tide profiles obtained were similar and confirmed that the
amount of protein loaded in each lane was about the same; in
addition, there was no proteolytic degradation in our conid-
ial extracts. Most bands were concentrated between 25 and
100 kDa, and polypeptides of apparent molecular masses
higher than 100 kDa were much less abundant in all the
species. The number of proteins detected in each case was
around 70, although the profiles did not coincide exactly. A
zone of particular interest seems to be that between the 43-
and 97.4-kDa molecular mass markers, showing many more
polypeptide bands in A. nidulans and F. culmorum than in

the other species. Both A. nidulans strains gave exactly the
same results in this and all the other experiments.
Immunogenic potential of A. nidulans conidial proteins.

Protein extracts obtained from mature conidia of two A.
nidulans strains (G1059wt and G1059fA3) were used to
immunize New Zealand White rabbits. The immune re-
sponse was monitored qualitatively over time by Western
blot (immunoblot) analysis. Proteins (60 jig per lane in
normal gels and 10 ,ug per lane in minigels) from A. nidulans
wild-type conidial extracts were separated by 14% T SDS-
PAGE, transferred to nitrocellulose paper, and reacted with
the antibodies present in the sera from successive bleedings
of the immunized rabbits. Figure 2 shows the different
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FIG. 2. Immunoblots of A. nidulans G1059wt conidial extracts
(60 ,ug of protein per lane) developed by using total sera from
consecutive bleedings of four different rabbits (C, D, E, and F) as
the first antibody. Lanes: 0, preimmune serum; 1 to 5, 50, 67, 84,
124, and 148-day bleedings, respectively, all at a 1/800 dilution.
Bethesda Research Laboratories high- and low-molecular-weight,
prestained markers were used as standards.
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FIG. 3. Immunoblots of A. nidulans G1059wt conidial extracts (lanes C; 10 ,ug of protein per lane) separated on different percent T
acrylamide gels and developed by using as the first antibody a cocktail of the IgG fractions purified from the best sera of Fig. 3 at a 1/800
dilution. Bio-Rad low-molecular-weight biotinylated markers (lanes M) were used as standards.

antigenic patterns obtained. For all the bleedings, the num-

ber and the intensity of the detected antigens increased with
time, reaching a plateau and then occasionally decreasing in
intensity later. Preimmune sera gave only a slight reaction in
a narrow zone around 15 kDa.
Seven proteins, or rather polypeptide zones, proved to be

immunogenic to a greater or lesser extent. We have desig-
nated them in order of decreasing apparent molecular
weights: cdA, cdB, cdC, cdD, cdE, cdF, and cdG. Antigenic
zones cdB, cdD, cdE, and cdF were clearly detected with
sera from all the rabbits from the beginning of the immuni-
zation (cdB and cdD from the first bleeding and cdE and cdF
from the second one). The cdC antigen was detected in three
of four rabbits from the first bleeding. Finally, antigen cdA
was barely detected in one of four cases, as was the case
with cdG, but with a quite intense reaction from the second
bleeding.
To characterize these antigens more exactly, they were

separated in different percent T SDS-PAGE gels, transferred
to nitrocellulose paper, and reacted with an IgG fraction,
previously purified from a cocktail serum obtained after
pooling the best bleedings (D2, D3, D4, D5, E2, E3, E4, ES,
and F4) of the previous experiment. Figure 3 shows the
antigenic patterns obtained. Ten percent and 8% T gels
demonstrated that the polypeptides cdD and cdE were not
single bands but rather consisted of two components each,
giving rise to the new ones designated cdDl, cdD2, cdEl,
and cdE2 antigens, making a total of eight antigenic poly-
peptides (because cdG is almost undetectable with the
cocktail serum). With the data from these blots, a Ferguson
plot was constructed to check the electrophoretic behavior
of the antigens and markers. As can be seen in Fig. 4, cdA,
more intensely so, and cdDl displayed anomalous electro-
phoretic behavior, which together with their staining pat-
terns suggests that they are glycoproteins. For this reason,
their approximate apparent molecular weights were calcu-
lated from the asymptotic minimal molecular weight ob-
tained after plotting the apparent molecular weight values,
obtained by comparison with the markers in gels of different
acrylamide concentrations, against the percent T. Retarda-
tion coefficients (Krs) were calculated for standards of
known molecular weights and for the remaining antigens.

Then, a standard curve was constructed by plotting the Krs
of markers against their molecular weights and used to
determine the apparent molecular weights of the antigens.
The values thus calculated are as follows (in kilodaltons):
cdA, 120; cdB, 71; cdC, 55.3; cdDl, 42; cdD2, 40.8; cdEl,
35.9; cdE2, 35.4; and cdF, 28.5. An apparent molecular mass
of 26 kDa was calculated for cdG. Prestained markers have
never been used for molecular weight determinations be-
cause of the broad zones they provide and the alterations in
migration provoked by the attached dye (as an example, the
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FIG. 4. Ferguson plot of detected conidial antigens calculated

according to data from Fig. 3 (note the anomalous behavior of the

cdA and cdDl antigens).
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A. nidulans G1059wt (60 ,ug of protein per lane), develo
as the first antibody, cocktails of IgG fractions purifi
raised against mycelial or conidial extracts at 1/E
Bethesda Research Laboratories high- and low-mol
prestained markers were used as standards. Lanes:
extracts; W, mycelial cell wall fraction; M, mycelial to
fraction; C, mycelial cytosolic fraction.

prestained 25.7-kDa marker runs almost the s
31-kDa unstained marker).

Conidial antigens are present throughout myct
Since the conidia of the pathogenic Aspergillu
the lung and germinate there, it was of great
ascertain whether the described conidial ani
present throughout the vegetative growth of the
do this, we looked for the presence of the antig
different fractions, those of the cell wall, total i
and cytosol from 25-h mycelia ofA. nidulans G1C
in YED liquid medium, compared with conidi
Figure 5 shows the results of a Western blot ex
which the right panel was developed with the
anticonidium antisera used in previous experimi
case, the antigens designated cdA, cdB, cdD, cc
were readily detected in all the vegetative fractic
reaction was almost undetectable in conidia
previous experiment, probably due to a lower c(
than in mycelia); cdC appeared both in membra
cell wall but was barely detectable in the cytosc
and cdF was totally absent in the mycelial fracti4
parallel blot was developed with another coc

timycelium antisera (to be described), some of th
were again recognized, namely, cdA, cdB, cdl
Some others, such as cdC, were almost undel
absent in the cytosolic fraction, and cdF and c(
reactive at all.
Some other new major antigenic bands we]

even in conidial extracts, with the antimycelium antiserum
cocktail. These new antigens seem to be important because
of the intensity of the reaction and the widespread distribu-

C d A tion among the different conidial or mycelial extracts (our
unpublished observations), and they deserve a separate and

'3; more detailed study in fractionated mycelia from liquid
d tsUmedium cultures.

Different Aspergillus species have common conidial anti-
CdL gens. After having located several important antigens in

mature conidia of A. nidulans with both anticonidium and
E;Rut antimycelium antisera, we wished to know their degree of

conservation among the most common pathogenic Aspergil-
F' lus species and their absence in nonrelated genera such as

5G Phycomyces and Fusarium. Proteins from conidial extracts
(10 ,ug per lane) of different species, previously analyzed to
confirm the absence of proteolytic degradation and the
identity in protein load, were separated in two parallel 14%
SDS-PAGE minigels, transferred to nitrocellulose, and de-
veloped with anticonidium or antimycelium antiserum cock-
tail, respectively. Figure 6 shows that F. culmorum (lane H)
gave no reaction at all with anticonidium antibodies and only
a slight one with antimycelium antibodies. P. blakesleeanus
(lane I) reacted with both antibodies but more markedly with
the antimycelium ones in zones cdA, cdB, and cdC.

All of the Aspergillus species analyzed in our assays
shared certain antigenic zones. With anticonidium antise-
rum, the following antigenic zones were recognized in the
following species: cdA, cdB, and cdC in all Aspergillus

wth phases of species; cdE in A. flavus (Fig. 6, right panel, lane B), A.
)ped by using, fumigatus (lane C), and A. terreus (lane D); cdF and cdG in
ied from sera A. nidulans (lane F) and A. niger (lane A); and cdD only in
300 dilutions. A. nidulans. With antimycelium antiserum, cdA, cdB, cdC,
ecular-weight and cdE proved to be present in all the Aspergillus species;
Cd, conidial cdD was lightly detected in all the species except A. flavustal membrane (left panel, lane B) and A. terreus (lane D).

The previously detected new major antigens reactive only
with antimycelium antiserum were present in all the As-
pergillus spp. and absent in the other genera.

same as the

elial growth. DISCUSSION
s spp. enter A considerable volume of information has been accumu-
t interest to lated in recent years on the antigenic properties of different
tigens were fractions of A. fumigatus cultures. New separation and
fungus. To detection methods have been applied to obtain higher sensi-

,ens in three tivity and accuracy in the detection of immunogenic mole-
membranes, cules. As a result of these efforts, the serodiagnosis of
)59wt grown aspergillosis is beginning to be a more reliable diagnostic
ial extracts. method. However, some important problems still remain
(periment in unsolved, mainly those concerning reproducibility in the
cocktail of preparation of antigenic extracts and the purification and

ents. In this characterization of defined antigens that can be produced in
JE, and cdG large amounts and used as routine reagents.
)ns (the cdG A. nidulans is a fungus with a very well characterized
, as in the genetic system, and it has been used extensively to clone and
)ncentration overexpress different protein molecules, mainly enzymes.
ines and the This suggested to us the idea of carefully analyzing the
)lic fraction, antigenic properties of this species and testing whether they
ons. When a were, at least in part, coincident with those of A. fumigatus
:ktail of an- and the other pathogenic aspergilli. If this were the case, in
iese antigens the future we would theoretically be able to clone the genes
D, and cdE. coding for the antigens of interest and overproduce them in
tectable and a convenient system. We have started the analysis of conid-
dG were not ial antigens assuming that, since these forms of resistance

are the first fungal element to enter into contact with the
re detected, lung, they are probably responsible for triggering the im-
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FIG. 6. Immunoblots of Aspergillus conidial extracts (10 ,ug of protein per lane), developed by using, as the first antibody, cocktails of
purified antimycelium IgG and anticonidium IgG at 1/800 dilutions. Bio-Rad low-molecular-weight biotinylated markers were used as

standards. Lanes: A, A. niger; B, A.flavus; C, A. fumigatus; D, A. terreus; E, A. clavatus; F, A. nidulans G1059wt; H, F. culmorum; I, P.
blakesleeanus.

mune response. In addition, in spores, the presence of
important structural antigenic proteins is not so dependent
on the culture medium used. We describe here a compara-
tive analysis of Aspergillus conidial proteins. Previous work
has compared the protein composition of mycelial phases
from different A. fumigatus strains (2, 21). The patterns
shown in these works are quite similar to those presented
here with respect to the number of bands detected and their
molecular weight distribution. These results contrast with
those described in several papers in which the number of
bands is very low, even when two-dimensional electropho-
resis and sensitive silver staining methods were used (15,
25). This is probably due to the differences in the ages of the
cultures or the nature of the cellular fraction analyzed, since
cytosolic fractions of old cultures tend to lose high numbers
of proteins present in young cultures due to the action of
their own internal proteolytic activities (26).
An analysis of the total protein composition by SDS-

PAGE provided very little information about the degree of
similarity between conidia from different Aspergillus spe-
cies. However, it did demonstrate the lack of proteolytic
degradation in our conidial preparations, and, as a conse-
quence, the convenience of using these preparations to
check their ability as immunogens. This is an important
difference between this and other studies, in which only the
ability of conidial proteins to react with antimycelium or
anti-culture filtrate antibodies had been analyzed. We used
an immunization protocol characterized by injecting low
amounts of protein per shot and long intervals between
shots, with the idea of raising antibodies only against the
more highly immunogenic components of the extracts. Fol-
lowing the time course production of specific antibodies by
Western blot, we were able to define those antigens which
induced antibody formation from the beginning and through-
out the whole immunization protocol. Additionally, we used
several rabbits and two close A. nidulans strains to confirm
the immunogenicity of the antigens detected in different
individuals. Further, we prepared a cocktail of the purified
IgG fraction of the best antisera to define the most important
antigens more precisely. Since many of the previously
described Aspergillus antigens are glycoproteins (8, 10, 12,
14) and since these molecules usually behave abnormally in

SDS-PAGE, we decided to use different percent T acryl-
amide gels to obtain a better view of the proteins present in
our extracts. The results showed two anomalously running
antigens and also showed that using a single percent T gel is
generally insufficient to discriminate all the antigens present
in a particular extract.

This approach allowed us to add two new antigens to those
initially described. Considering these observations, in this
paper we refer to antigenic zones instead of antigenic pro-
teins. Two-dimensional electrophoresis is currently helping
us to unravel the actual number of polypeptides present in
each antigenic zone. That the antibodies present in the
cocktail serum were raised against antigens of conidial
preparations does not mean that these are exclusive or
specific to conidia. To ascertain whether this was the case
for any of the antigens detected, we searched for cross-
reactions with cell fractions obtained from exponentially
growing mycelia of A. nidulans. We checked extremely
carefully that no contamination was occurring between
mycelial and conidial extracts. Mycelia were obtained after
25-h growth in liquid culture (in which A. nidulans is unable
to conidiate), and, as confirmed by microscopic examina-
tion, nongerminated conidia were totally absent from the
medium. Conidia were collected from plates with medium
containing only 0.1% D-glucose, and, under these condi-
tions, the amount of aerial hyphae produced was extremely
low, most of the mat being constituted by conidiophores and
conidia. Conidiophore and mycelial contaminants were eas-
ily washed away after several centrifugation steps. The
purity of conidial preparations was confirmed by micro-
scopic examination. With respect to the subcellular fraction-
ation used, we never considered any of the separated frac-
tions (i.e., those of the cell wall, membranes, or cytosol) as

pure fractions but only as a more operative way to obtain a
more sensitive detection and more-detailed information
about the protein composition ofA. nidulans. Consequently,
the presence of an antigen in one of these fractions was
never considered as a criterion for assigning an exclusive
localization to that antigen.

Piechura et al. (25) have described the changes detected in
cytoplasmic antigens during the growth of conidia to mature
mycelia by using an antiserum raised against mature myce-
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TABLE 1. Characteristics of antigenic zones detected in A. nidulans conidial extracts

Presence in:
Antigenic zone Apparent molecular Immunogenicity ratio Presence in Antimyceliummass (kDa) (bleeding)a mycelia reaction Aspergillus F. culmorum,

spp. P. blakesleeanusb

cdA 120 1/4 (2nd) -/+ + General +, +
cdB 71 4/4 (1st) + + General +, +
cdC 55.3 3/4 (1st) + + General -, +
cdD 40-42 4/4 (1st) + + Partialc
cdE 35-36 4/4 (2nd) + + General
cdF 28.5 4/4 (2nd) - - Partial
cdG 26 1/4 (2nd) + - Partial

a Measured as the ratio between the number of rabbits with sera able to recognize that particular antigen and the total number of immunized rabbits. Values
in parentheses indicate the first bleeding containing antibodies able to recognize that particular antigen.

b Detected with either anticonidium or antimycelium antibodies.
' Partial, only in some species.

lial cytosol as a detector. In our case, we have noticed no
significant variations, probably due to the fact that our serum
was an anticonidium antiserum and above all because we
used total conidial extracts, not only cytosol, to raise our
antibodies. As mentioned above, the degree of conservation
of antigenic proteins is higher in the structural fractions of
different strains and growth phases. Only one antigen (cdF)
seems- to be of exclusive conidial localization and could be
used in the future as a specific marker for this stage of
differentiation.
There have been some descriptions in cross-reactivity

studies among Aspergillus spp. limited to mycelial or culture
medium antigens. The conclusion is that the presence of
species-specific antigens is more frequent than the common
ones (2, 3, 11, 16, 24). Our results suggest that, by using
extracts in which structural proteins are well represented, it
is easier to find antigens common to different species. The
SDS extraction protocol we used is expected to provide a
small amount of structural sugar components (such as glu-
cans, chitin, galactomannan, etc.). For this reason, the
observed cross-reactivity is probably due only to the poly-
peptide or glycoprotein components. Furthermore, the
cross-reaction with members from unrelated genera could be
abolished without the loss of specific reactions by further
dilution (1/1,600 or more) of the detector sera.

In conclusion, as summarized in Table 1, the antigens
designated cdB, cdC, cdD, and cdE seem to be important
because they are immunogenic from the beginning of the
immunization protocol; they are also detectable in mycelial
fractions and can be recognized by antibodies raised against
mycelial fractions. Zones cdB, cdC, and cdE have the
additional interest of being common to all the Aspergillus
species tested. Only cdE is totally absent in nonrelated
genera such as Phycomyces or Fusarium. Work is in prog-
ress in our laboratory to check whether any of these antigens
can be recognized by antisera from individuals suffering
from Aspergillus-related diseases.

Recently, a very interesting 58-kDa A. fumigatus antigen
has been reported (8, 9). It is a glycoprotein accounting for
almost 50% of the Coomassie brilliant blue-stained protein
from mycelial extracts. Two classes of monoclonal antibod-
ies (IgG and IgM) to this antigen have been elicited and have
been used in affinity purification protocols. The purified
antigen showed reactivity with 90% of 38 human serum
samples from invasive-aspergillosis-affected individuals.
This fact confers potential value to both the antigen and
monoclonal antibodies for the immunodiagnosis of as-
pergillosis. It is difficult to establish any correspondence

between this and other previously detected antigens, consid-
ering that the strains used as the source of immunogens and
sometimes even the methods of detection are different from
those of other studies. In this paper, we describe polypep-
tides with a similar molecular weight detected in extracts
from all the Aspergillus species tested (i.e., cdC). However,
none of them was present in such high proportions as the
58-kDa antigen. Since our preparations probably contained a
higher number of proteins (because of the SDS extraction),
this might result in dilution of that particular antigen. Only
comparative Western blot analysis after two-dimensional
electrophoresis will provide useful information on the pos-
sible correspondence among antigens from different sources.
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