
Background: Despite enormous efforts toward the standard-
ization of fungal extracts, only a few extracts have been char-
acterized that are relevant for the diagnosis and immunothera-
py of allergy-associated disorders.
Objective: The goal of this study was to determine the opti-
mum growth condition of Curvularia lunata, an important fun-
gal allergen for quality raw material, and to analyze the C
lunata extract for IgE- and IgG–binding proteins.
Methods: C lunata was grown in synthetic (Czapeck Dox medi-
um), semisynthetic (Sabouraud’s broth [SB]), and natural
media (potato dextrose [PD]) for different periods of time. The
extracts were probed for allergenic and antigenic activity, with
pooled patient sera and polyclonal antibodies raised against C
lunata by means of ELISAs, immunoblots (in vitro), and intra-
dermal tests (in vivo).
Results: The growth of C lunata was better in semisynthetic
media (ie, SB) compared with other types of media. Dry
weight and protein content was maximum in the 7-day culture
of SB. ELISA with pooled sera from C lunata–sensitive
patients exhibited that cultures grown in SB for 11 to 13 days
and PD plus 1.0% agar for 5 days were the most potent. Intra-
dermal tests with 11- to 13-day SB culture extract showed
maximum skin reactivity in allergy patients. Immunoblots
with patient sera showed 10 to 14 IgE-binding proteins in 5- to
15-day SB cultures. Analysis of 5- to 15-day SB extract with
rabbit sera showed 10 to 16 IgG-binding proteins.
Conclusions: The extract from 11- to 13-day SB cultures were
most biologically potent (intradermal tests) and showed high
antigenic and allergenic reactivity (ELISA and immunoblot).
The addition of yeast extract did not affect the dry weight and
protein content of the C lunata extract. Furthermore, addition
of agar in PD medium increases the dry weight and protein
content of the fungal mat. Synthetic media was not suitable for
mass cultivation of C lunata. (J Allergy Clin Immunol
1999;104:857-62.)
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Airborne fungal spores have been recognized as
important triggers of respiratory allergies.1,2 Aerobiolog-
ic surveys show that fungal spores are present in the

atmosphere worldwide. Fungi, such as Alternaria,
Aspergillus, Cladosporium, Epicoccum, and Fusarium
species, belonging to fungi imperfecti have been found to
be largely responsible for IgE-mediated allergic reactions
in predisposed individuals.3-6 The genus Curvularia has
been reported to be an important inhalant allergen and
also causes respiratory mycoses, such as allergic bron-
chopulmonary aspergillosis.1,7-9 Studies from North
America10,11 and the Asian countries12-15 reported the
high prevalence of Curvularia species in the atmosphere
and sensitivity toward its allergens in atopic subjects.
Clinical studies carried out with Curvularia lunata
extracts in India and abroad exhibited markedly positive
skin reactions (2+ to 4+) in 7% to 16% of patients with
nasobronchial allergy.1,10,11 A recent report from Thai-
land showed sensitivity to C lunata in 26% of patients
with allergic rhinitis.14

Aqueous allergen extracts prepared from the fungal
raw materials are heterogenous in nature and vary in their
potency and composition.16,17 The composition of aller-
gen extracts depends mainly on the source materials,
extraction procedures, and storage conditions.18-20 How-
ever, the extracts made from undefined raw materials
have been used for many years for the diagnosis and
immunotherapy of type I allergic disorders. In recent
years considerable emphasis has been placed on stan-
dardization of allergenic extracts to maintain batch-to-
batch consistency in allergen content and biologic poten-
cy. For this reason, intensive studies of growth
characteristics during cultivation of allergenically impor-
tant fungi are required to obtain adequate source material
followed by allergen isolation and characterization.21-24

Fungal growth is affected by incubation temperature,
nutrient media, time period of cultivation, and the type of
culture conditions (ie, stationary or shake culture). Con-
ditions for optimal growth and sporulation were reported
to differ within and among fungal species.24-26 Potency
of the allergen extracts may change by altering the above
parameters. This study was therefore undertaken to study
the growth pattern of C lunata in 7 different nutrient
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media. The extracts generated from media cultures on
different days were characterized for their biochemical
properties and immunologic activity.

METHODS

Cultivation of C lunata

Pure culture of C lunata (No. 4624) was obtained from the Indi-
an Agricultural Research Institute (Delhi, India). It was subcultured
in 2% agar slants in potato dextrose (PD) media and incubated at
28°C until sufficient sporulation occurred. C lunata was cultivated
in Czapeck Dox medium (CDM), Sabouraud’s broth (SB), SB plus
50 mg of yeast extract (YE), SB plus 100 mg of YE, PD, PD plus
0.5% agar, and PD plus 1.0% agar (PDA). Erlenmeyer flasks (500
mL) containing 100 mL of medium were inoculated, each with 2
mL of spore-mycelial suspension (approximately 2500 spores) and
incubated under stationary conditions at 28°C. The spore-mycelial
mass (fungal mat) was collected every alternate day from the fifth
day onward (5, 7, 9, 11, and 23 days) for measuring dry weight, pro-
tein content, and carbohydrate content and for immunobiochemical
studies. The cultures grown in SB were designated as SB5 (fifth-day
extract), SB7 (seventh-day extract), SB9 (ninth-day extract), SB11
(11th-day extract), SB13 (13th-day extract), and SB15 (15th-day
extract), whereas PDA cultures were named as P5 (fifth-day
extract), P7 (seventh-day extract), P9 (ninth-day extract), and P11
(11th-day extract). The pH of the medium was measured after
removing the spore-mycelial mass.

Harvesting of fungal mat and preparation of

extracts

The mat was washed with distilled water to remove the medium
and freeze-dried, and the dry weight was determined. The allergens
were extracted at a 1:20 dilution (wt/vol) in 50 mmol/L NH4HCO3
containing 1 mmol/L phenyl methyl sulfonyl fluoride and 2 mmol/L
EDTA at 4°C for 4 hours. The extracted material was lyophilized,
stored at –20°C, and used for in vivo and in vitro experiments.

Protein and carbohydrate estimation

Protein content of the extracts was estimated by the method of
Lowry et al27 after phosphotungstic acid precipitation.28 Carbohy-
drate content was determined in extracts by the phenol-sulphuric
acid method.29

Skin tests and collection of patient sera

To determine the biologic potency of extracts prepared from dif-
ferent days’ cultures, intradermal tests were performed on patients
with nasobronchial allergy at the V. P. Chest Institute (Delhi, India).
For skin tests, the lyophilized extracts were reconstituted at 1:500
dilution (wt/vol) in PBS and filtered through 0.22-µm filters. About
0.02 mL of each extract was injected intradermally into the forearm
of patients, raising a bleb of 2 mm at the injection site. PBS was
injected as a negative control, and histamine diphosphate (100
µg/mL) was injected as a positive control. The skin test responses
were graded after 20 minutes on the basis of the wheal size pro-
duced in comparison with that produced by the negative control.
The sera of patients with positive intradermal test responses (wheal
size more than 10 × 10 mm2) to C lunata extract were collected with
their consent. Sera from some non-C lunata–sensitized persons
were also collected to be used as negative controls.

Rabbit anti-C lunata sera

Antisera to C lunata (rabbit antibodies) were produced by immu-
nizing New Zealand White rabbits. About 100 µg in 0.25 mL of
extract was mixed with an equal amount of CFA. The emulsion thus

obtained was injected intramuscularly at 5 to 6 different sites. Four
weeks after immunization, the animals were boosted with the same
concentration of protein in incomplete Freund’s adjuvant. After 4
secondary boosters, the animal was bled from the ear vein, and the
blood was collected. The serum was separated and used for ELISA
and immunoblot. The immunization protocol and handling of ani-
mals was approved by the institute’s animal care and use commit-
tee.

ELISA

To evaluate the potency of culture extract obtained on different
days, ELISA was performed with pooled patient sera positive to C
lunata according to the method of Voller et al.30 Briefly, each well
of the microtiter plate was coated with 1 µg of C lunata protein in
100 µL of carbonate buffer (pH 9.6) and incubated overnight at 4°C.
After washing with PBS-0.1% Tween 20, the free sites were
blocked with 3% BSA for 1 hour at room temperature. This was fol-
lowed by incubation with 100 µL of patient sera (1:10 vol/vol dilu-
tion) at 4°C overnight. The plate was washed again and incubated
for 4 hours at room temperature with a 1:1000 dilution (vol/vol) of
anti-human-IgE peroxidase (Sigma). The color was developed with
o-phenylenediaminobenzidine. The reaction was stopped after 40
minutes and read at 490 nm in an ELISA reader (Dynatech).

Protein profile of C lunata extracts by SDS-

PAGE

An amount of 100 µg of protein of extract each day from SB cul-
ture of C lunata was resolved on 10% SDS-PAGE.31 The separated
proteins were stained with Coomassie brilliant blue and destained.

Immunoblot with rabbit-human antisera

SDS-PAGE–separated proteins were electrophoretically trans-
ferred to nitrocellulose membrane in Tris-glycine buffer (pH 8.0; 25
mmol/L Tris and 192 mmol/L glycine) containing 25% methanol
for 4 hours at 150 mA. The strips were cut out and blocked with 3%
BSA for 1 hour at room temperature. The strips were washed with
PBS-Tween 20 three times and incubated overnight with 1 mL of
patient sera (dilution 1:5, vol/vol) or anti-C lunata rabbit antibodies
(dilution 1:2000, vol/vol). After washing with PBS-Tween 20, aller-
genic-antigenic proteins were detected by using anti-human IgE-
peroxidase (1:1000 vol/vol, Sigma) or goat anti-rabbit IgG peroxi-
dase (1:2000 vol/vol, Sigma). The bands were visualized by using
diaminobenzidine (1 mg/mL) and hydrogen peroxide (0.3%) in 0.05
mol/L acetate buffer (pH 5.0).

RESULTS

C lunata was cultivated in CDM (synthetic media),
SB, SB plus 50 mg of YE, SB plus 100 mg of YE (semi-
synthetic media), PD, PD plus 0.5% agar, and PDA (nat-
ural media) to discover a suitable media and conditions
for optimum yield of raw material with high allergenic-
antigenic content. The dry weight of the fungal mat in
SB, SB plus 50 mg of YE, PDA, PD, and PD plus 0.5%
agar media was maximal on day 7, whereas in SB plus
100 mg of YE, it was maximal on day 11 (Fig 1, A). The
yield of mycelial-spore mass in PDA culture was rela-
tively less than that found in SB, SB plus 50 mg of YE,
and SB plus 100 mg of YE (Fig 1, A). The dry weight of
fungal mat in CDM was greater on day 13, but the
growth of C lunata was extremely poor in CDM com-
pared with other media. Hence further studies with CDM
were not performed.
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The maximum protein content was observed on day 5
in SB plus 50 mg of YE and 100 mg of YE cultures,
whereas in SB and PDA, it was obtained on day 7. The
protein content was maximal on day-9 culture of PD and
PD plus 0.5% agar media; however, it was less compared
than that found with SB and PDA (Fig 1, B). The total
carbohydrate content in the fungal mat was greater dur-

ing the initial growth phase (ie, until day 8) and then it
decreased gradually (Fig 1, C). There was decrease in pH
from 6.5 to 4.3 from day 5 to day 11 in the culture filtrate
of SB, SB plus 50 mg of YE, and SB plus 100 mg of YE
(data not shown).

Cultures SB5 through SB15 and P5 through P11 were
selected for further studies on the basis of their higher

FIG 1. Characteristics of C lunata grown for different time periods (5-13 days) in synthetic (CDM), semisyn-
thetic (SB), and natural media (PD). Measurements shown are for dry weight (A), protein content (B), and car-
bohydrate content (C). Bars, CDM; triangles, SB; boxes, SB plus 50 mg of YE; circles, SB plus 100 mg of YE;
plus signs, PD; x, PD plus 0.5% agar; and asterisks, PDA.

A

B

C
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protein content and dry weight. To investigate the aller-
genicity of spore-mycelial extract, an IgE-specific
ELISA was performed by using pooled patient sera (ie,
positive intradermal test response to C lunata; Fig 2).
SB11 and SB13 extracts from SB cultures showed max-
imum IgE binding by ELISA (OD, 1.75). In the case of
PDA cultures, P5 and P11 extracts showed high reactivi-
ty (OD, 0.99 and 0.85, respectively). For in vivo screen-
ing of these extracts, intradermal tests were performed on
41 patients with nasobronchial allergy. Mild positive skin
reactions were frequent with all the extracts tested. How-
ever, SB11 and SB13 extracts showed severe skin reac-
tivity (2+ to 4+) in a greater number of patients (4
[9.7%]) than other extracts of SB and PDA cultures.

Extracts such as P5, P7, and P9 caused 2+ skin reactivi-
ty in one patient each. SB cultures exhibited greater
potency than PDA cultures, and therefore the allergenic-
antigenic activity of SB extracts were studied.

Fig 3 shows the SDS-PAGE profile of C lunata
extracts prepared from SB cultured on different days. C
lunata extracts from SB cultures (SB5-SB15) resolved
into 17 to 21 stained protein bands, whereas cultures
grown in PDA showed 12 to 16 protein bands (data not
shown). The bands with molecular weights (MWs) of 15,
23, 26, 30, 33, 41, 45, 53, 61, 65, and 70 kd were promi-
nent in extracts of 5- to 15-day SB cultures. To determine
IgE reactivity of SDS-PAGE–separated C lunata pro-
teins, immunoblot analysis with pooled patient sera was

FIG 5. Immunoblot analysis of different days’ extracts of C lunata
grown in SB exhibiting IgG-binding components determined by
using anti-C lunata rabbit sera (1:2000 dilution) in SB5 (fifth day
extract in SB) through SB15 (15th day extract) extracts.

FIG 2. IgE-specific ELISA with pooled patient’s sera (1:10 dilution)
with C lunata in SB (5-15 days) and PDA (5-11 days) extracts.
Open boxes, Fifth day; hatched boxes, seventh day; boxes with
horizontal lines, ninth day; boxes with crossed lines, 11th day;
checkered boxes, 13th day; and boxes with dashes, 15th day.

FIG 3. SDS-PAGE pattern of different days’ extracts of C lunata
grown in SB in SB5 (fifth day extract in SB) through SB15 (15th
day extract in SB) extracts.

FIG 4. Immunoblot analysis of different days’ extracts of C lunata
grown in SB exhibiting IgE-binding components determined by
using pooled sera from patients allergic to C lunata (1:5 dilution)
in SB5 (fifth day extract in SB) through SB15 (15th day extract in
SB) extracts.
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performed. Western blotting revealed 10 to 14 allergenic
proteins in SB5 through SB15 extracts (Fig 4). A number
of allergenic components with MWs of 15, 26, 30, 33,
38, 45, 58, and 65 kd were found to be common in these
extracts. However, a 26-kd protein was observed as the
most prominent band in SB extracts.

The antigenic profile of the C lunata extracts in SB
and PDA was investigated by specific IgG immunoblot
with sera raised in rabbits. A total of 10 to 16 IgG-bind-
ing proteins were visible in SB5 through SB15 extracts
(Fig 5), whereas PDA extracts showed 5 to 13 antigenic
bands (data not shown). The protein component with
MWs of 15, 23, 26, 30, 33, 38, 41, 45, 48, 50, 61, and 70
kd showed IgG reactivity in all the extracts.

DISCUSSION

In the last 2 decades considerable progress has been
made to standardize some allergenic extracts and to pre-
pare in-house reference standards.16,17,23,32 However,
most of the fungal extracts available for diagnosis and
immunotherapy need standardization of source material
for their allergen content and biologic potency by ade-
quate in vivo and in vitro methods. This study was under-
taken to standardize the growth conditions of C lunata,
an important fungal allergen, to obtain quality raw mate-
rial for preparing extracts with high IgE-binding activity,
which is useful in diagnosis of allergy to this fungus.

To discover the optimum growth conditions, C lunata
was cultivated in 3 types of media: synthetic, semisyn-
thetic, and natural media. Analysis of the growth charac-
teristics of C lunata revealed that the composition of cul-
ture media and duration (time period) affects considerably
the quality and quantity of raw materials. The growth of
C lunata in pure synthetic medium was poor, as measured
by dry weight and protein content (Fig 1, A and B). Van-
der Heide et al33 and Dixit et al34 have demonstrated that
the growth of fungi, such as Aspergillus, Alternaria, Cla-
dosporium, Penicillium, and Epicoccum species, was rel-
atively impaired in synthetic media, resulting in lower
yields compared with semisynthetic medium or natural
medium. The addition of YE has been reported to improve
the growth and increase the metabolism and yield of other
fungi, such as Aspergillus, Cladosporium, Penicillium,
and Alternaria species.33 Also, Aspergillus fumigatus cul-
tures grown without YE remained in the early growth
phase and were not able to complete the growth cycle.33

In our study the addition of YE in SB showed no signifi-
cant effect on the growth of C lunata. During the initial
growth period (days 5-7), the culture filtrate turned acidic,
and the total protein content was high in the fungal mat.
This could be due to the active secretion of several
enzymes and proteins during the active-growth phase.
The carbohydrate content was also high in 5- to 7-day cul-
tures. The later growth period (days 9-11) showed a slight
increase in pH of the culture filtrate, an increase in protein
content, and a decrease in carbohydrate content. Between
the 2 phases, there was little change in pH and a decrease
in protein/carbohydrate content. Early cultures of

Aspergillus and Penicillium species have also been report-
ed to exhibit higher protein/carbohydrate content than the
older cultures.33

Among the natural media tested, PDA cultures showed
maximum yield and protein content. The cultures grown
in PD plus 0.5% agar and PD alone exhibited less growth
and were therefore not selected for further studies. The
data exhibited an increase in protein content with increase
in agar concentration. Dixit et al34 have also demonstrat-
ed PDA as an optimum growth medium that facilitates
spore formation in Epicoccum nigrum.

Studies on Aspergillus, Alternaria, Cladosporium, and
Fusarium species have shown the presence of inhalant
allergens both in spores and mycelia.33-35 The present
study was carried out with the spore-mycelial mass (fun-
gal mat) antigens or allergens because it was difficult to
separate spores from mycelium. Moreover, the patients
are exposed to spore and mycelial antigens alike, and thus
both can act as inhalant allergens. The potency of extract
from different days was evaluated by ELISA, and SB9
through SB15 cultures grown in SB showed higher IgE
binding than other extracts. The PDA culture showed
maximum IgE-specific binding with the P5 extract. Intra-
dermal tests on allergy patients revealed more skin reac-
tivity (2+ to 4+) with SB11 or SB13 extracts than with
extracts prepared from other culture. SB5 through SB11
extracts showed high potency with ELISA and intrader-
mal tests and was used for further studies. Other workers
have also assessed the potency of different fungal
extracts by means of ELISAs and skin tests.36-37

SB5 through SB15 extracts on SDS-PAGE showed
proteins with MWs of 15, 26, 33, 45, 65, and 70 kd as the
prominent bands. A band of 33-kd protein was intense
after the 11th day. The cultures in SB from days 11 to 15
showed better resolutions on SDS-PAGE. A report on E
nigrum showed 21 and 22 bands from mycelium and
spore extracts, respectively, in the range of 16 to 110 kd.
A fumigatus culture filtrate extracts exhibited proteins in
the molecular range of 12 to 100 kd, with prominent
bands at 70, 50, 34, 28, and 14 kd.38

Antigenic-allergenic activity of various C lunata
extracts was investigated with anti-C lunata rabbit sera
and C lunata–sensitive patient sera, respectively. SB5
through SB15 extracts from SB cultures showed greater
potency, as determined by both in vivo (intradermal test)
and in vitro (ELISA) tests, and therefore allergenic pro-
file of the same was checked with pooled patient sera.
Immunoblot analysis revealed 10 to 14 allergenic pro-
teins in SB5 through SB15 extracts with MWs of 15, 23,
26, 30, 33, 38, 41, 45, 53, 61, 65, and 70 kd. A protein of
26 kd was found to be highly immunoreactive and 
present in all the patient sera tested (data not shown).
Verma and Gangal35 have reported 12 to 18 IgE-binding
proteins from spore, mycelial, and culture filtrate extracts
of Fusarium solani. Alternaria extract was reported to
contain 30 IgE-binding components, and 4 protein com-
ponents (85, 56, 42, and 31 kd) bind IgE in sera of more
than 50% of patients. A 31-kd protein exhibited IgE anti-
bodies in 95% of the tested patients.39 Aukrust and
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Borch40 reported a 13-kd major allergen and a 25-kd
intermediate allergen from Cladosporium herbarum.

SB5 through SB15 extracts showed 10 to 16 IgG-bind-
ing proteins (MWs of 15, 23, 26, 33, 38, 41, 45, 53, 61,
65, and 75 kd). A 26-kd protein component was visual-
ized as a strong band on immunoblot with anti-C lunata
antibodies in all the extracts. Second- and third-phase
(day 9 onwards) cultures in SB media exhibited more
IgG-binding proteins. Vander Heide et al33 have demon-
strated more antigenic material in cultures from day 20
than from early culture (day 5) for A fumigatus, C
herbarum, P notatum, and A alternata.33 A study on F
solani (11-day culture) exhibited 9 to 37 antigenic bands
in spore, mycelium, and culture filtrate extract,35 where-
as Longbottom5 showed 15 IgG-binding proteins in A
fumigatus from day-5 culture. In E nigrum (7-10 day cul-
ture), of 44 SDS-PAGE bands, 38 to 40 bands were reac-
tive to patient sera.34

In conclusion, C lunata grown for at least 11 days in
SB yields better source material with high biologic
potency. The extract (SB11-SB13) contains most of the
allergenic-antigenic proteins and hence can be selected
for diagnostic and therapeutic uses in C lunata allergies.

We thank Mr S. K. Sharma for his skillful technical assistance in
culturing fungus and animal experiments.
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