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Abstract

Objective: Attachment to host matrix is an important provi-
sory step for the institution of any fungal infection. The pres-
ent study investigates the role of glycoproteins of Epicoccum
purpurascens in host-fungal adherence. Methods: Epicoccum
spore-mycelial extract was fractionated on a concanavalin A-
Sepharose column. Three glycoproteins of 12, 17 and 33 kDa
(Epip 1) wereelectroelutedand checked forhemagglutination
and hemagglutination inhibition. The monosaccharide con-
tent of the highly potent protein Epi p 1 was determined by
high-performance anion exchange chromatography and
pulsed amperometric detection. The interaction of Epi p 1
with mannose-binding lectin (MBL) leading to the activation
of the complement system was studied by immunoblot,
ELISA and ELISA inhibition techniques. Immunoblot and im-
munoblot inhibition were carried out with culture filtrate to
determine the nature of Epi p 1. Results: 33 (Epi p 1)-, 17-and
12-kDa proteins were 58, 46 and 38 times more potent than
crude extract in hemagglutination activity (HA). The HA of Epi
p 1 was inhibited by N-acetyl glucosamine, glucose and lam-
inin. Epi p 1 had a high mannose content, showed MBL bind-

ing in ion-dependent manner and caused complement acti-
vation. The protein was detected in culture filtrate and thus
seems to play a significant role in fungal invasion. Conclu-
sion: Epi p 1, an allergenic glycoprotein of E. purpurascens, is
involved in host-fungal interactions through MBL.

Copyright © 2007 S. Karger AG, Basel

Introduction

Invasive and non-invasive growth of fungi causes de-
bilitating diseases in the upper and lower respiratory tract
(1]. Identification of inhabiting or infecting fungi is a pre-
requisite for appropriate treatment. The primary etiolog-
ical agents in non-invasive disease, i.e. allergic fungal si-
nusitis, are the phaeoid fungi such as Alternaria, Aspergil-
lus, Bipolaris, Cladosporium, Curvularia, Fusarium and
Rhizomucor [2]. The inhabiting fungi cause hypersensi-
tivity in paranasal sinuses of atopic, immunocompetent
individuals and produce a typical ‘allergic mucin’. Only a
few fungi are detected in the mucin, but these patients
show skin reactivity to many other fungi [3]. In an earlier
study, Epicoccum purpurascens (nigrum) was consistently
recovered from mucin of 4 patients diagnosed with aller-
gic fungal sinusitis and one of them had mycelial mass in
nasal sinuses, portions of which were culture positive for
Epicoccum [2]. However, mucin cultures are frequently
negative in case of deep-seated fungal infections. A PCR-
based method detected fungal pathogens, viz Aspergillus
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fumigatus, Candida albicans, C. krusei, Cryptococcus neo-
formans, C. tropicalis and E. nigrum, in samples which
were culture negative [4].

E. purpurascens is a ubiquitous mold known to cause a
variety of fungal diseases, e.g. allergic asthma, rhinitis,
sinusitis and pneumonitis [2, 5, 6]. Previous studies with
Epicoccum have identified 25-33 IgE-binding proteins in
spore-mycelial extract [7-10]. A few proteins have been
isolated from E. purpurascens and evaluated for allergen-
ic activity [11]. E. purpurascens is involved in both inva-
sive and non-invasive fungal diseases, but knowledge on
host-fungal interactions is lacking. Studies with A. fumi-
gatus, C. albicans and Penicillium marneffei have shown
that host-fungal interactions are mediated by lectins/gly-
coproteins through specific recognition of glycoconju-
gates on host epithelial membrane [12-15]. Glycoproteins
of Epicoccum were thus chosen for the present study.

Lectins are important candidates for the detection of
cell surface carbohydrates and are implicated in molecu-
lar recognition. Oligosaccharides containing mannose or
N-acetyl glucosamine interact specifically with the C-
terminal carbohydrate recognition domain of mannose-
binding lectin (MBL) [16]. Binding of MBL to its ligands
(carbohydrates) activates MBL-associated serine prote-
ases, which are homologous to Clg-associated proteases
Clr and Cls, activating a complement cascade in an an-
tibody- and Cl-independent manner. The present study
investigates the role of glycoproteins of E. purpurascens
in host-pathogen interactions and elucidates the method
of infection.

Materials and Methods

Organism and Culture Conditions

E. purpurascens (Microbial Type Culture Collection, 2,129)
was grown in Sabouraud’s yeast extract medium at 25°C in sta-
tionary condition. The spore-mycelial mass was harvested on day
13, freeze-dried and powdered. The extraction of antigens was
carried outin 125 mM NH,HCO; buffer, pH 8.0 (1:20 w/v powder:
buffer) containing 5 mM ethylenediamine tetraaceticacid (EDTA)
and 1 mM phenylmethylsulfonyl fluoride with constant stirring
for 5h at 4°C. The supernatant was collected after centrifugation
at 10,000 g. It was dialyzed, lyophilized and stored at -20°C. The
protein content of the extract was determined using a modifica-
tion of Lowry’s method [17] using bovine serum albumin as stan-

dard.

Purification of Glycoprotein

Glycoproteins were purified from spore-mycelial extract as de-
scribed previously [11]. Briefly, protein extract (100 mg) was ap-
plied onto a concanavalin A-Sepharose column. The nonspecific
proteins were removed by washing with 4 M NaCl and 0.25% Triton
X-100. The bound proteins were eluted using 0.4 M o-methyl man-

Host Interacting Molecules of Epicoccum
purpurascens

nopyranoside. The eluant was further fractionated on a Sephadex
G-75 column and the prominent proteins were electroeluted.

Carbohydrate Estimation

Carbohydrate content of crude spore-mycelial extract and pu-
rified proteins was estimated by orcinol-sulfuric acid assay using
glucose for calibration [18]. Briefly, 800 I of orcinol-sulfuric acid
reagent (2 mg/ml orcinol in concentrated H,SO4) were added to
200 pl of appropriately diluted samples and standards and heated
to 80°C for 10 min. Distilled water (200 1) was taken instead of
sample in blank tube. The absorbance was read at 415 nm.

Preparation of Erythrocyte Suspension

The erythrocyte suspension was prepared fresh for each ex-
periment. Normal human blood was collected in tubes containing
EDTA and centrifuged at 3,500 g for 5 min at 4°C. The lowermost
layer containing red blood cells (RBCs) was washed thrice in 100
mM phosphate-buffered saline (PBS), pH 7.4, containing 10 mM
EDTA followed by two washings with buffer without EDTA.

Hemagglutination Assay

Human RBCs were used as a model to simulate host epithelia
that encounter fungal proteins. Fifty microliters of fungal extract
or purified protein in serial twofold dilutions was mixed with an
equal amount of 2% erythrocyte suspension per well of U-shaped
microtiter plates and incubated for 1 h at room temperature. PBS
was used as a negative control. The hemagglutination titer was de-
fined as the reciprocal of the highest dilution of fungal extract that
yielded visible hemagglutination activity (HA). In this study, one
hemagglutination unit (1 HAU) was defined as the amount of fun-
gal extract that causes complete agglutination under the aforemen-
tioned conditions [15]. Specific HA was recorded as the number of
HAUS per microgram of protein.

Hemagglutination Inhibition Assay

Hemagglutination inhibition assays were performed by mix-
ing 25 pl of an appropriate dilution of fungal extract and/or puri-
fied protein (corresponding to 4 HAU) in microtiter plates with
an equal volume of potential inhibitors in serial twofold dilution.
Following incubation at room temperature, 2% erythrocyte sus-
pension was added to each well and the activity was observed af-
ter 1 h. The minimum inhibitory concentration was defined as
lowest concentration of inhibitor required for complete inhibition
of hemagglutination. Serial dilutions starting from 400 mM of D-
glucose, D-galactose, D-fructose, N-acetyl glucosamine, N-acetyl
galactosamine, melibiose, D-mannose, D-galactosamine, malt-
ose, D-lactose, trehalose and N-acetyl neuraminic acid (Sigma, St.
Louis, Mo., USA) in PBS were used as potential inhibitors. Glyco-
proteins, bovine submaxillary mucin, fibrinogen, fetuin and lam-
inin were also tested in serial dilutions up to a maximum concen-
tration of 10 mg/ml in PBS.

Effect of Temperature and pH on HA

Epip 1 (32 HAU; 50 pl) in 100 mM PBS was incubated at dif-
ferent temperatures (30-80°C) with 10°C increments for 30 min.
It was then cooled on ice and HA was titrated. The effect of pH on
HA was examined by incubating Epi p 1 with human erythrocytes
in the following buffers: 0.02 M sodium acetate buffer (pH 3.0, 4.0
and 5.0), 0.02 M sodium phosphate buffer (pH 6.0 and 7.0), 0.02 M
Tris-HCI (pH 8.0 and 9.0) and glycine-NaOH (pH 9.0, 10.0 and
11.0) for 24 h at 4°C.
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Deglycosylation

Enzymatic deglycosylation was performed as described else-
where [19]. Briefly, the protein was immobilized on polyvinylidene
difluoride membrane. Immobilized protein was reduced using di-
thiothreitol and was carboxymethylated with iodoacetic acid.
Thereafter, residual sites on the membrane were blocked with
PVP-360 to prevent adsorption of endoglycosidase. Excess of re-
agents was removed by washing with RCM buffer (8 M urea, 360
mM Tris, 3.2 mM EDTA; pH 8.6) after each step. The immobilized
protein was treated with PNGase F (Roche, Basel, Switzerland) in
10 mM Tris acetate buffer (pH 8.3) at a concentration of 4 U/ml for
3hat37°C. Thereleased oligosaccharides were subjected to hydro-
lysis with 4 M HCI for 6 h at 100°C for quantitative analysis of
amino and neutral sugars. After removal of acid by rotary evapora-
tion, the sample was filtered and subjected to high-performance
anion exchange chromatography with pulsed amperometric de-
tection (HPAEC-PAD) [20].

HPAEC-PAD for Monosaccharide Analysis

A Dionex DX 500 system equipped with a gradient pump (GP
40), an anion exchange column (Carbopac PA-1,4 X 250 mm) and
an eluant degas module (EDM-2) for pressurizing the eluants with
argon was employed for monosaccharide separation under isocrat-
ic condition [21]. A 15-min column wash with 200 mM NaOH fol-
lowed by a 15-min equilibration with starting eluant (18 mMm
NaOH) was required to obtain highly reproducible retention time.
The flow rate was maintained at 1 ml/min at ambient tempera-
ture.

The separated monosaccharides were detected by PAD using a
gold electrode. Triple-pulsed amperometry was used and the pulse
detection potentials applied were E1 = +0.10 V (T1 = 500 ms),
E2=+40.60 V(T2 =100 ms) and E3 =-0.60 V (T2 = 50 ms) and the
integration was done from 300-500 ms. The response time of the
PAD was set to 5 s. Standard sugars (Glc, Gal, Man, Fuc, Rha, Rib,
GIcN, Gal N and Gal NAc) and HCl were obtained from Sigma and
NaOH pellets were obtained from Merck, Darmstadt, Germany.
The standard solutions were injected at a concentration of 50 M.
The standard mixture of sugars was run before and after the anal-
ysis of each sample. An internal standard (6-0-methyl mannopy-
ranoside) was also included during analysis. The amount of sugars
in the sample was calculated using these standards.

SDS-PAGE and Immunoblot

SDS-PAGE of crude extract and concanavalin A-Sepharose-
eluted proteins was carried out as described by Bisht et al. [11].

To study the interaction of Epi p 1 with MBL, 10 pg of Epip 1
was used for electrophoresis under denaturing conditions. The
separated protein was transferred to nitrocellulose membrane as
described previously [11]. The unoccupied sites were blocked with
1% bovine serum albumin (BSA; Sigma) for 1 h in Tris-buffered
saline (TBS; 50 mM Tris-HCl and 150 mM NaCl, pH 7.6) contain-
ing 0.05% Tween-20. Subsequently, the membrane was incubated
with purified r-MBL (2.5 wg/ml in TBS containing 5 mM CaCl,)
overnight at 4°C (r-MBL was a kind gift from Prof. Steffen Theil,
Department of Medical Microbiology and Immunology, Aarhus
University, Aarhus, Denmark). Calcium was included in the buf-
fer, as MBL binding is calcium dependent. After washing in TBS,
blots were incubated with 1:2,000 v/v goat anti-MBL IgG (Santa
Cruz Biotechnology, Santa Cruz, Calif., USA) for 2 h. The blots
were washed with TBS/Tween-20/Ca* and incubated with anti-
goat IgG horseradish peroxidase (HRP) diluted to 1:1,500 (Santa
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Cruz Biotechnology). Nonspecific binding was assessed by incu-
bation of the membrane directly with secondary antibody. Blots
were developed with diaminobenzidine (15 mg/50 ml) in sodium
acetate buffer (50 mM, pH 5.0) and hydrogen peroxide (15 pl/50
ml). Specificity of binding was assessed in the presence of 0.1 M
mannose or 10 mM EDTA. For IgE immunoblotting of culture
filtrate, patient serum was taken as described previously [11].
Anti-human IgE HRP (Sigma) diluted to 1:1,000 in TBS was used
for the detection of reactive proteins. Blots were developed as de-
scribed above.

To determine Epi p 1 as a secretory protein, Epicoccum culture
filtrate extract was prepared as described by Bisht et al. [8]. The
proteins in culture filtrate were fractionated by SDS-PAGE, trans-
ferred to nitrocellulose and probed with polyclonal anti-Epi p 1
IgG (1:500 in TBS) raised in rabbits previously [11]. The membrane
was incubated with HRP-conjugated anti-rabbit IgG (Sigma) di-
luted to 1:2,000 in TBS. The blots were developed as described
above. The specificity of reactions was checked by immunoblot
inhibition using rabbit antibody incubated with Epi p 1 prior to
immunoblotting.

ELISA

The microtiter plates (Maxisorp, Nunc™ Immunomodule,
Roskilde, Denmark) were coated either with 1 wg/100 pl/well of
spore-mycelial protein and or with Epi p 1 (100 ng/100 pl/well) in
carbonate-bicarbonate buffer (pH 9.6). After blocking with 3% de-
fatted milk (200 pl/well) and washing, 100 pl of MBL (1 pg/mlin
TBS with 5 mM CaCl,) were added to the wells. MBL preincubated
with mannose (0.1 M) or EDTA (10 mM) was added to control wells.
Goat anti-MBL IgG (1:2,000 in TBS/Ca?") followed by HRP-con-
jugated anti goat IgG were used for detection. The color was devel-
oped using O-phenylenediamine and H,0, and absorbance read at
492 nm. The reaction was stopped with 4 N H,SO,. [11]. Wells
without MBL or anti-MBL IgG were taken as controls.

The C4b deposition assay was carried out to assess the efficien-
cyof Epip linactivating the MBL-mediated complement pathway.
Microtiter plates were coated with Epi p 1, washed and remaining
sites were blocked as described above. After washing with TBS/
Tween-20/Ca?*, pooled plasma of healthy volunteers diluted 1:15
v/v (in 20 mM Tris-HCI,10 mM CaCl,,1 M NacCl, 0.05% Triton X-100
and 0.1% BSA, pH 7.4) was added (100 p1/well) and incubated over-
night at 4°C [22]. Wells incubated with buffer alone were taken as
negative controls. C4b was detected by the addition of rabbit anti-
human C4 (Sigma) followed by the incubation with anti-rabbit IgG
HRP (Sigma) for 2 h. The reaction was developed as described
above.

Results

HA of the Fungal Extract

Day 13 spore-mycelial extract of Epicoccum yielded 25
mg protein/g fungal powder. The extract showed high car-
bohydrate content and the carbohydrate/protein ratio was
2:1. As little as 6 g of protein demonstrated HA. A nega-
tive control (PBS) did not show HA. This indicated the
presence of agglutinins/lectins in E. purpurascens ex-
tract.
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Table 1. Specific HA of crude extract and purified proteins

Protein 1 HAU Specific HA per mg
Crude extract protein 5.8 ug 172
Epipl 33kDa 100 ng 10,000

17 kDa 120 ng 8,000

12 kDa 150 ng 6,666

Table 2. Hemagglutination inhibition of Epi p 1 by various sugars
and glycoproteins

Carbohydrates MIC Proteins MIC
mM ng
N-Acetyl neuraminic acid - BSA -
D-Galactosamine - bovine fetuin -
D-Glucose 200 laminin 20
D-Galactose - human fibrinogen -
D-Fructose - bovine mucin -
D-Lactose -
Trehalose -
Melibiose -
Maltose -
N-Acetyl glucosamine 60
N-Acetyl galactosamine _
MIC = Minimum inhibitory concentration; - = corresponding

substances were not inhibitory up to their highest concentration
used.

Glycoprotein Purification

Concanavalin-A-bound proteins of Epicoccum were
fractionated on a Sephadex G-75 column. SDS-PAGE of
the eluted fraction showed three prominent protein bands
of 33,17 and 12 kDa while the crude spore-mycelial extract
fractionated into ~30 protein bands (fig. 1, lanes 1 and 2).
The proteins were immunoreactive to E.-purpurascens-
hypersensitive patient sera (fig. 1; lane 3). These proteins
were isolated by electroelution (0.5-1% yield) and used for
the present study. Based upon matrix-assisted laser de-
sorption/ionization-time of flight mass spectrometry, the
band above 29 kDa in the eluted fraction has been referred
as 33 kDa [11]. Besides 33 kDa, the other two proteins of
17 and 12 kDa were also used in hemagglutination.

HA of the Purified Proteins

The purified proteins exhibited high agglutination val-
ues (table 1). Specific HA of the proteins (33, 17 and 12
kDa) was 58, 46 and 38 times higher than crude Epicoc-
cum extract. As the 33-kDa protein showed highest HA, it

Host Interacting Molecules of Epicoccum
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Fig. 1. SDS-PAGE-fractionated proteins stained with Coomassie
brilliant blue (lanes 1 and 2) and immunoblots (lanes 3-6). M =
Molecular weight marker; lane 1 = concanavalin A-Sepharose elut-
ed fraction; lane 2 = spore-mycelial extract of Epicoccum;lane 3 =
concanavalin A eluted fraction probed with patients’ serum (IgE);
lanes 4-6 = culture filtrate extract probed with Epi p 1 IgE (human;
lane 4); rabbit anti-Epi p 1 antibody (lane 5) and rabbit anti-Epi
p 1 antibody preincubated with Epi p 1 (lane 6).

was used for further investigation. It agglutinated RBCs in
a temperature range of 30-50°C. The activity was how-
ever lost at higher temperatures. The protein retained HA
in a pH range of 6-11, but the activity was lost at lower pH
(pH 5.0).

Hemagglutination Inhibition by Carbohydrates and

Glycoconjugates

To identify the interacting molecules, hemagglutina-
tion inhibition assays were carried out. The proteins (pro-
tein extract/purified) were incubated with serial dilutions
of various sugars/glycoproteins separately and then used
for the assay. HA of crude Epicoccum extract was inhib-
ited by N-acetyl neuraminic acid at a concentration of 150
mM. Laminin and fetuin inhibited HA at concentrations
120 and 75 pg, respectively. N-acetyl glucosamine, glu-
cose and laminin inhibited hemagglutination activity of
Epi p 1 at concentrations of 60 and 200 mM and 20 pg,
respectively (table 2).

Epi p 1 in Culture Filtrate

Immunoblotting of culture filtrate (proteins) with
Epicoccum-hypersensitive pooled patient sera identified
12 IgE-reactive bands, including a 33-kDa band (fig. 1;
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Fig. 2. High-performance anion exchange chromatography of
standard sugar mixtures and Epi p 1 hydrolysate (4 M HCI, 6 h,
100 °C). Analysis was done using a Carbopac PA 1 column, and
detection by pulsed amperometry. Standards mix I containing fu-
cose (1), 6-0-methyl mannopyranoside (2), rhamnose (3), galactos-
amine (4), galactose (5), glucose (6) and mannose (7) (a), and ga-
lactosamine (4), glucosamine (8) and ribose (9) (b). ¢ HCI hydroly-
sate of Epi p 1 with an internal standard (6-0-methyl manno-
pyranoside; 2).

Table 3. ELISA results for Epi p 1 and MBL interaction

Binding conditions ODy9, (mean)

Epip 1+ 5mM CaCl, 0.458
Epip 1+ 10 mM EDTA 0.030
Epip 1+ 100 mM mannose 0.041
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Fig. 3. Immunoblot showing in-
teraction of Epi p 1 with MBL.
Purified Epip 1 (10 p.g) was load-
ed on SDS-PAGE and transferred
to nitrocellulose membrane. Fol-
lowing blocking, the strip was in-
cubated with MBL + 5 mM CaCl,
(lane 1), MBL + 5 mM CaCl, +
100 mM mannose (lane 2) or MBL
+ 5 mM CaCl, +10 mM EDTA
(lane 3). The strips were then in-
cubated with goat anti-MBL anti-
body followed by peroxidase-la-
beled anti-goat IgG HRP.

lane 4). The polyclonal antibody reacted to several frac-
tions (~7) on immunoblot. This may be due to the pres-
ence of variants of the same protein with slight differ-
ences/or due to the shared IgG epitopes of these proteins
with Epi p 1 (fig. 1; lane 5). The strips probed with rabbit
antibody preincubated with the purified Epi p 1 showed
reduced IgG reactivity towards a 33-kDa protein (fig. 1;
lane 6).

Monosaccharide Analysis of Epi p 1

Epi p 1 showed ~70% carbohydrates estimated by the
orcinol-sulfuric acid method. N-linked sugars of this pro-
tein were released by digestion with N-glycosidase
(PNGase F). Analysis of the released sugars was carried
out after hydrolysis with HCL. Four major and two small
peaks were detected by HPAEC-PAD (fig. 2). The peaks
were identified using standard and the amount was deter-
mined by relating the injected amount with the peak area
of the corresponding standard. Mannose, ribose, fucose
and galactose were detected in approximate molar pro-
portions of 4:2.3:1.4:1. Galactosamine and glucosamine
were also identified as small peaks.

MBL Binding and Complement Activation by Epi p 1

The 33-kDa (Epi p 1) band showed immunoreactivity
to anti-MBL antibody after incubation with MBL. Bind-
ing was abolished when MBL was preincubated with
EDTA or mannose (fig. 3). This was confirmed by ELISA
(table 3). The C4b deposition assay was carried out to
check whether MBL binding initiates C4 cleavage. It
showed more activation by crude extract (optical density,
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OD: 0.608) and with Epi p 1 (OD: 0.196) as compared to
control (OD: 0.049; fig. 4). The activation was specific as
preincubation of plasma with Epi p 1 completely inhibited
C4 cleavage (OD: 0.060).

Discussion

Adhesion of pathogenic microorganisms to the host
tissue is a crucial step for the establishment of infection. It
is mediated by recognition of the host components by
complementary moieties of the microorganism. Such in-
teraction in molds, viz A. fumigatus, Beauveria bassiana,
C. albicans and Volvariella volvacea, is mediated by carbo-
hydrate-specific proteins/lectins [13, 14, 23-25]. E. pur-
purascens, a saprophytic mold has been implicated in
asthma, rhinitis, allergic fungal sinusitis and hypersensi-
tivity pneumonitis [2, 5, 10]. Epicoccum was also recov-
ered from patients with chronic rhinosinusitis and these
patients had eosinophilic infiltration in the edematous
submucosa and peripheral blood eosinophilia [26]. How-
ever, the potential role of this mold in infections such as
polyposis, for example, is still underestimated due to the
lack of sensitive and specific diagnostic techniques.

The initial interaction that leads to infection occurs at
the fungal cell wall and host surface molecules [25]. Thus,
it is of interest to study the interacting components of the
mold and the host. The cell wall of most fungi is composed
of glycoproteins embedded within a polysaccharide ma-
trix or scaffolding. Glycoproteins on the fungal cell sur-
face are the entities most likely to be exposed to the sur-
rounding environment. The fungus-host interaction be-
gins with carbohydrates before protein, DNA or RNA
interaction [25]. The fungal components that mediate ad-
herence to the host tissue have been identified in conidia
as well as in mycelia. A 32-kDa fucose-specific lectin that
mediates attachment of conidia to the host extracellular
matrix components was identified from A. fumigatus [15].
Agglutinin/lectin was purified from ‘mycelia’ of mold B.
bassiana [24]. The present study was undertaken to iden-
tify the components of spore-mycelial E. purpurascens
proteins responsible for host-pathogen interaction. Be-
sides, the role of MBL in host-pathogen interaction was
also explored to understand the method of infection.

Studies with RBC hemagglutination as a model system
revealed that Epicoccum extract interacts with molecules
on the host surface. Three glycoproteins of Epicoccum
were checked for the interaction. A 33-kDa glycoprotein
(Epi p 1) showed 58 times greater HA than crude extract.
N-acetyl glucosamine and glucose inhibited HA of Epip 1

Host Interacting Molecules of Epicoccum
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Fig. 4. MBL binding and complement activation measured by
ELISA. Purified Epi p 1/crude extract were coated onto microtiter
plates. MBL binding was detected using goat anti-MBL antibody.
In another assay, rabbit antibody for C4b followed by peroxidase-
conjugated anti-rabbit IgG were used for assessing complement ac-
tivation.

indicating involvement of these moieties. However, for
mediating such interaction with host, the protein should
be secreted out. Immunoblot and immunoblot inhibition
of culture filtrate showed that Epi p 1 is a secretory protein.
Monosaccharide analysis of Epi p 1 demonstrated high
amounts of N-linked mannose, fucose, ribose and galac-
tose (fig. 2). Such mannose-rich surface antigen from
Pneumocystis carinii has been implicated in mediating at-
tachment to phagocytes [27].

Glycosylated allergens play a role in mediating interac-
tion with host components. Interaction of allergen ex-
tract/purified allergens with lung collectins/surfactant
proteins, namely SP-A and SP-D, has been shown previ-
ously [28, 29]. Earlier, SP-A showed binding to pollens
from Populus nigra italica, Poa pratensis, Secale cereale
and Ambrosia elatior in a concentration-dependent man-
ner [28]. The interaction was mediated by glycoproteins,
Ca’* dependent and inhibited by preincubation with man-
nose. Further, both SP-A and SP-D showed binding to pu-
rified Der p 1 and to crude dust mite extract. Enzymati-
cally deglycosylated mite extract and deglycosylated Der
p 1 did not bind to SP-A or SP-D [29]. In the present study,
Epi p 1 interacted with MBL in Ca**-ion-dependent and
mannose-inhibitable manner. MBL binding to its ligands
activates MBL-associated serine proteases which proteo-
lytically cleave complement components C2 and C4 lead-
ing to the formation of the protease complex C4b2a that
activates the complement cascade. The role of C4b, the
major cleavage product of C4, was assessed here, by
ELISA. Deposition took place in wells coated with Epi p 1
implicating that MBL binding to Epi p 1 leads to comple-
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ment activation. The byproducts of complement activa-
tion, C3a and C5a, lead to leukocyte activation, smooth
muscle contraction, increased vascular permeability and
contribute to the severity of inflammation [30].

In conclusion, the study demonstrates the presence of
three lectins in E. purpurascens that contribute to sus-

sistance.

tained interaction with the host. Epi p 1 plays a major role
in mediating host-fungal interactions in association with
MBL.

>

»2

>3

>4

»s5

»6

»7

>3

»9

»10

>11

References

Spector SL: The role of allergy in sinusitis in
adults. ] Allergy Clin Immunol 1992;90:518-
520.

Noble JA, Crow SA, Ahearn DG, Kuhn FA:
Allergic fungal sinusitis in the southeastern
USA: involvement of a new agent Epicoccum
nigrum Ehrenb. ex Schlecht. 1824. ] Med Vet
Mycol 1997;35:405-409.

Chrzanowski RR, Rupp NT, Kuhn FA, Phil-
lips AE, Dolen WK: Allergenic fungi in al-
lergic fungal sinusitis. Ann Allergy Asthma
Immunol 1997;79:431-435.

Hendolin PH, Paulin L, Koukila-Kahkola P,
Anttila V], Malmberg H, Richardson M,
Ylikoski J: Panfungal PCR and multiplex lig-
uid hybridization for detection of fungi in
tissue specimens. J Clin Microbiol 2000;38:
4186-4192.

Hogan MB, Patterson R, Pore RS, Corder
WT, Wilson NW: Basement shower hyper-
sensitivity pneumonitis secondary to Epicoc-
cum nigrum. Chest 1996;110:854-856.
Stroud RH, Calhoun KH, Wright ST, Ken-
nedy KL: Prevalence of hypersensitivity to
specific fungal allergens as determined by
intradermal dilutional testing. Otolaryngol
Head Neck Surg 2001;125:491-494.

Bisht V, Singh BP, Kumar R, Arora N, Srid-
hara S: Culture filtrate antigens and aller-
gens of Epicoccum nigrum cultivated in
modified semi-synthetic medium. Med Mi-
crobiol Immunol (Berl) 2002;191:11-15.
Bisht V, Singh BP, Arora N, Sridhara S, Gaur
SN: Allergens of Epicoccum nigrum grown in
different media for quality source material.
Allergy 2000;55:274-280.

Portnoy J, Chapman J, Burge H, Muilenberg
M, Solomon W: Epicoccum allergy: skin re-
action patterns and spore/mycelium dispari-
ties recognized by IgG and IgE ELISA inhibi-
tion. Ann Allergy 1987;59:39-43.

Dixit AB, Lewis WH, Wedner HJ: The aller-
gens of Epicoccum nigrum Link. I. Identifica-
tion of the allergens by immunoblotting. ]
Allergy Clin Immunol 1992;90:11-20.

Bisht V, Arora N, Singh BP, Gaur SN, Srid-
hara S: Purification and characterization of
a major cross-reactive allergen from Epicoc-
cum purpurascens. Int Arch Allergy Immu-
nol 2004;133:217-224.

>12

»13

> 14

» 15

» 16

»17

> 13

»19

»20

Penalver MC, O’Connor JE, Martinez JP, Gil
ML: Binding of human fibronectin to Asper-
gillus fumigatus conidia. Infect Immun 1996;
64:1146-1153.

Hamilton A]J, Jeavons L, Youngchim §,
Vanittanakom N, Hay R]J: Sialic acid-depen-
dent recognition of laminin by Penicillium
marneffei conidia. Infect Immun 1998;66:
6024-6026.

Korting HC, Hube B, Oberbauer S, Januschke
E, Hamm G, Albrecht A, Borelli C, Schaller
M: Reduced expression of the hyphal-inde-
pendent Candida albicans proteinase genes
SAP1 and SAP3 in the efg]l mutant is associ-
ated with attenuated virulence during infec-
tion of oral epithelium. ] Med Microbiol
2003;52:623-632.

Tronchin G, Esnault K, Sanchez M, Larcher
G, Marot-Leblond A, Bouchara JP: Purifica-
tion and partial characterization of a 32-ki-
lodalton sialic acid-specific lectin from As-
pergillus fumigatus. Infect Immun 2002;70:
6891-6895.

Neth O, Jack DL, Johnson M, Klein NJ, Turn-
er MW: Enhancement of complement activa-
tion and opsonophagocytosis by complexes
of mannose-binding lectin with mannose-
binding lectin-associated serine protease af-
ter binding to Staphylococcus aureus. ] Im-
munol 2002;169:4430-4436.

Singh BP, Sridhara S, Arora N, Gangal SV:
Evaluation of protein assay methods for pol-
len and fungal spore extracts. Biochem Int
1992;27:477-484.

Briickner J: Estimation of monosaccharides
by the orcinol-sulphuric acid reaction. Bio-
chem J 1955;60:200-205.

Papac DI, Briggs JB, Chin ET, Jones AJ: A
high-throughput microscale method to re-
lease N-linked oligosaccharides from glyco-
proteins for matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectro-
metric analysis. Glycobiology 1998;8:
445-454.

Hardy MR, Townsend RR, Lee YC: Mono-
saccharide analysis of glycoconjugates by
anionexchange chromatographywith pulsed
amperometric detection. Anal Biochem
1988;170:54-62.

192

Pathobiology 2007;74:186-192

Acknowledgments

»21

»22

»23

»24

»25

»26

»27

»28

»29

»30

The authors thank Ms. Hemlata and Mr. Aashish, Institute of
Genomics and Integrative Biology, Delhi, India, for their help in
monosaccharide analysis. Thanks are due to the Council of Scien-
tific and Industrial Research, New Delhi, India, for financial as-

Das H, Jayaraman V, Bhattacharya I: Carbo-
hydrate analysis of bradyrhizobial (NC92)
lipopolysaccharides by high performance-
anion exchange chromatographywith pulsed
amperometric detection. Biosci Rep 1999;19:
219-225.

Vorup-Jensen T, Petersen SV, Hansen AG,
Poulsen K, Schwaeble W, Sim RB, Reid KB,
Davis §J, Thiel S, Jensenius JC: Distinct path-
ways of mannan-binding lectin (MBL) and
Cl-complex autoactivation revealed by re-
constitution of MBL with recombinant
MBL-associated serine protease-2. ] Immu-
nol 2000;165:2093-2100.

She QB, Ng TB, Liu WK: A novel lectin with
potent immunomodulatory activity isolated
from both fruiting bodies and cultured my-
celia of the edible mushroom Volvariella vol-
vacea. Biochem Biophys Res Commun 1998;
247:106-111.

Peczynska-Czoch W, Zal T, Czerwinski M,
Szulc M: Purification and some properties of
hemagglutinin from Beauveria bassiana.
Arch Immunol Ther Exp (Warsz) 1992;40:
319-324.

Calderone RA: Recognition between Candi-
da albicans and host cells. Trends Microbiol
1993;1:55-58.

Ponikau JU, Sherris DA, Kern EB, Homburg-
er HA, Frigas E, Gaffey TA, Roberts GD: The
diagnosis and incidence of allergic fungal si-
nusitis. Mayo Clin Proc 1999;74:877-884.
O’Riordan DM, Standing JE, Limper AH:
Pneumocystis carinii glycoprotein A binds
macrophage mannose receptors. Infect Im-
mun 1995;63:779-784.

Malhotra R, Haurum J, Thiel S, Jensenius JC,
Sim RB: Pollen grains bind to lung alveolar
type II cells (A549) via lung surfactant pro-
tein A (SP-A). Biosci Rep 1993;13:79-90.
Wang JY, Kishore U, Lim BL, Strong P, Reid
KB: Interaction of human lung surfactant
proteins A and D with mite (Dermatophagoi-
des pteronyssinus) allergens. Clin Exp Im-
munol 1996;106:367-373.

Taube C, Rha YH, Takeda K, Park JW, Jo-
etham A, Balhorn A, Dakhama A, Giclas PC,
Holers VM, Gelfand EW: Inhibition of com-
plement activation decreases airway inflam-
mation and hyperresponsiveness. Am J
Respir Crit Care Med 2003;168:1333-1341.

Kukreja/Arora/Singh/Das/Sridhara



