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The yeast Pityrosporum orhiculare {P. orhiculare) is a member of the normal
fiuman cutaneous flora, but it is also assoeiated with several clinical
manifestations ofthe skin. We have previously observed IgE-binding
components in P. orhiculare extracts, using sera from patients with atopic
dermatitis. In the present study, we raised several monoclonal antibodies
(MoAbs) against P. orhiculare to characterize some of its antigens, and
used Candida alhicans (C. alhicans) as a control. We obtained several IgGl
MoAbs which specifically recognized P. orbiculare in ELISA. Two of
these were selected for immunoblotting studies on P. orhiculare, and two
patterns of reactivity emerged. Firstly, one MoAb showed a distinct band
at a molectilar mass of 67 kDa. In the second pattern, a sharp band at about
37 kDa appeared. In contrast, the IgM antibodies raised reacted with a
14-kDa component; but they reacted with C. alhicans in addition to
P. orhiculare. The IgGl antibodies seemed to react with proteins, as their
ability to react in ELISA with extraet pretreated with protease was greatly
reduced. In contrast, IgM MoAbs were much less affected, suggesting
that they recognized nonprotein compotients. To determine whether these
MoAbs-binding components were also recognized by human IgE, we adopted
a radioimmunoassay (RIA) using the MoAbs as catcher antibodies. Both
the 67-kDa and the 37-kDa components were IgE-binding proteins.
P. orbiculare RAST positive sera were scored as positive in the RIA, whereas
the eontrol serum was not.
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Pityrosporum orbiculare is a lipophilic yeast which
colonizes the skin of most healthy adults (22). Under
the influence of predisposing factors, exogenous
and/or endogenous, P. orhiculare becomes patho-
genic and causes a chronic superficial skiti disease,
pityriasis (tinea) versicolor (6, 8). Another skin dis-
order in which this fungus is involved is a special
type of foUiculitis, Pityrosporum folliculitis (3,21).
P. orbiculare is also believed to play an important
role in seborrheic dermatitis (28). Both local and
humoral immune responses have been studied in
patients with these diseases. The cellular response in
lesions has shown an increased number of infiltrat-
ing T lymphocytes, most of which are CD4 + phe-
notype (2, 7, 26). Low levels of serum IgG antibodies
to P. orbiculare can be found in healthy persons (1,
5, 12, 18, 29), whereas raised serutn IgG titers are
present in patients with Pityrosporum folliculitis (7).

The importance of P. orbiculare in the pathogen-
esis of atopic dermatitis has been discussed and in-
vestigated during the last 10 years. Studies using the
skin prick test (16, 23, 30) and the radioallergosor-
bent test (RAST) (19, 25, 27) indicate that IgE an-
tibodies are involved iti the course of atopic dertna-
titis, and one treatment study (4) agrees with this
notion.

Recently, we observed numerous IgE-binding
components in P. orbiculare extracts, using RAST
positive sera from atopic dermatitis patients and an
immunoblotting technique (13). Six ofthe most eas-
ily distinguishable IgE-binding compounds were re-
garded as important allergens, while two of them
were less important allergens. In the present inves-
tigation, we have produced monoclonal antibodies
to P. orbiculare to be used in further characterization
of these allergens.
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Material and methods
Organisms, culture conditions, and atitigen preparation

P. orbiculare from American Type Culture Collec-
tion (No. 42132) was cultured on glycerol monostear-
ate olive oil (Go) media, as previously described
(13). As a negative control, Candida albicans from
CBS, Mold, Yeast Division, Delft, the Netherlands
(No. 562) was cultured on Sabouraud dextrose agar
containing neopeptone (10 g/1), agar (13.5 g/1), and
glucose (40 g/1), pH 5.5. The yeast cultures were
incubated at 37 °C for 4 d; then the yeast cells were
harvested and freeze-dried. Extraction was per-
formed in 0.05 M phosphate-buffered saline (PBS),
pH 7.4, containing 0.2% NaN3 1/11 (w/v), soni-
cated for 3 min and incubated at 4°C overnight. The
mixture was centrifuged at 8000 g for 10 min, and
the supernatant was filtered through an 0.8-iim
Millex-HA filter (Millipore, Bedford, MA, USA).
Whole cell antigens were prepared by harvesting
P. orbiculare and C. albicans from 4-d-old cultures
on Go substrate and Sabouraud dextrose media.
The yeast cell suspensions were washed three times
in sterile distilled water. The cells were resuspended
in distilled water and counted.

Production and initial screetmg of MoAbs

Five female Balb/c mice aged 6 weeks were immu-
nized three to six times intraperitoneally with a total
volume of 0.15 ml of adjuvant and antigen {P. orbic-
ulare whole yeast cells 10*̂  cells/ml, or soluble ex-
tract, 1 mg protein/ml). In the first three mice, com-
plete Freund's adjuvant (Sigma, St Louis, MO,
USA) was used for the first immunization, followed
by incomplete Freund's adjuvant in the booster
doses. In the last two mice, optivant adjuvant (TSI,
Worcester, MA, USA), according to the instructions
ofthe manufacturer, was used.

Hybridomas were produced by fusion method
from spleen cells of immunized mice. The myeloma
cell line Sp2/0 was used as a cell fusion partner.
After selection of the cultures for 2 weeks in HAT
medium (6 mM hypoxanthine, 50 mM aminopterin,
and 2 mM thymidine), an ELISA assay was per-
formed as previously described (12) for screening
hybridoma supernatants. Briefly, ELISA microtiter
plates (A/S Nunc, Roskilde, Denmark) were coated
with 200 |.il/wellof/^. or/̂ /cw/ore whole cells (10^ cells/
ml in sodium carbonate buffer, pH 9.3) or with P. or-
biculare extract. For soluble extract, the concentra-
tion of protein was 50 |ig/well. C. albicans whole
yeast cells and extract were used as negative con-
trols. The hybridoma supernatants were diluted 1:2
in PBS buffer containing 0.2% bovine serum albu-
min and 0.1%, Tween 20, pH 7.4 (this buffer is re-
ferred to as the PSA-Tween buffer) and added to the

wells. The plates were incubated overnight at room
temperature.

Alkaline phosphatase-conjugated rabbit anti-
mouse immunoglobulin (Dakopatts, Glostrup, Den-
mark) was used in the dilution of 1:1000 in the PSA-
Tween buffer and incubated for 4 h. Finally, substrate
(4-nitrophenyl phosphate 1 mg/ml in 1 M diethano-
lamine buffer, pH 9.8) was added to the wells, and
the absorbance was read after 15 min at 405 nm in
a microtiter plate reader (SLT-lab Instruments,
Salzburg, Austria). Cells producing antibodies re-
acting with P. orbiculare antigen were selected, and
the isotypes of the MoAbs were determined with
ELISA (ICN Biomedical Incorporated, Birming-
ham, IL, USA), according to the manufacturer's in-
structions.

Protease lest

For determination of whether the antigenic determi-
nants recognized by MoAbs were of protein nature,
P. orhiculare was treated with protease (Proteinase
K, type XI, Sigma). For this purpose, a microtiter
plate coated with P. orbiculare extract (50 |xg protein/
well) was either treated with different concentrations
of protease (300, 30, and 3 ng/ml) in PSA-Tween
buffer, or left untreated and incubated at 37 °C for
1 h. The ELISA activity of the MoAbs against
protease-treated and untreated P. orbiculare extract
was subsequently assessed.

Sodiutn dodecvl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)

P. orbiculare and C. albicans extracts were desalted
on a Sephadex G-25 column (Pharmacia, Uppsala,
Sweden) and lyophilized. The amount of protein in
both extracts was measured with BCA Protein Assay
Reagent (Pierce Chemical Company, Rockford, IL,
USA) according to the manufacturer's instructions.
The amounts of protein in the lyophilized crude ex-
tracts of P. orbiculare and C. albicans were 300 |ig/
mg and 350 |ig/mg, respectively. The extracts were
treated with SDS-reducing buffer containing 5%
2-P-mercaptoethanol and heated for 5 min at 100°C.
The gel electrophoresis was performed essentially as
previously described (11, 13). Both extracts were
subjected to polyacrylamide gradient gels (7.5-20%,)
with the stacking polyacrylamide gels (4%) and at
an approximate concentration of 7.5 \xg protein/mm
gel. The separation gel buffer was 1.5 M Tris-HCl,
pH 8.8. The stacking gel buffer was 0.5 M Tris-HCl,
pH 6.8, and the electrode buffer contained 1.5 % Tris
base, 7.2% glycerol, and 0.5% SDS, pH 8.3. The
electrophoresis was run at 200 V for 45-50 min, cur-
rent decreasing from 60 to 30 mA. One well was
used for a low-molecular-mass protein standard
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(LMW, Electrophoresis calibration kit, Pharmacia).
The standard was diluted 1:40 in SDS-reducing
buffer and heated for 5 min at 100° C.

Electrophoretic transfer, quenching, and immunologic
detection

The separated proteins and standard proteins were
transferred from the SDS separation gel to a nitro-
cellulose (NC) membrane (Bio-Rad, Richmond, CA,
USA) in a Bio-Rad Mini-Trans-Blot cell, as de-
scribed previously (11). After the electrophoretic
transfer, the NC membrane with the Pharmacia
standard protein was incubated for 30 min with PBS
containing 0.3% Tween 20 at 37 °C and washed
three times with the same buffer and twice with dis-
tilled water. It was then incubated for 10 min in
Aurodye-forte protein stain (Janssen, Olen, Belgium)
and finally washed twice in distilled water.

As a means of blocking nonspecific protein present
on the NC membrane, the NC membrane was in-
cubated for 1 h at 37°C in PSA-Tween buffer con-
taining 0.5% Tween 20 ("quenching"). After elec-
trophoretic blotting and quenching, the NC
membrane was cut into narrow strips and incubated
overnight with 500 p,l of diluted MoAbs or with sera.
After each incubation step, the strips were washed
three times with saline containing 0.5%, Tween 20
and 0.02%, NaN^. The strips incubated with MoAbs
were incubated for 2 h with alkaline phosphatase-
conjugated rabbit antimouse immunoglobulin (Da-
kopatts) diluted 1:4000 in PSA-0.5% Tween buffer.
The strips incubated with sera were washed and
incubated for 2 h with rabbit antihuman IgE (Phar-
macia), followed by incubation for 2 h with alkaline
phosphatase-conjugated goat antirabbit IgG (Bio-
Rad). Both types of antibody were diluted 1:2000 in
PSA-0.5%, Tween. The strips were then washed and
developed in a chromogenic substrate containing
5-bromo-4-chloro-3-indolyl phosphate and nitro-
blue tetrazoliuni in carbonate buffer, pH 9.8.

Radioimmunoassay for allergen binding of MoAbs

Mierotiter plates (Nunc) were coated with an im-
munosorbent purified goat antimouse antibody
(200 fil/well; 160 ng/ml) (Dakopatts). The plates
were incubated overnight at room temperature and
subsequently washed. MoAb eulture supernatants
were added and allowed to incubate for 9 h, followed
by incubation with 100 |.il/well extract of P. orbicu-
lare or C. albicans (250 |.ig protein/ml) overnight. Fi-
nally, '̂ ""I-labeled rabbit antihuman IgE antibody
(Phadebas RAST anti-IgE tracer, Pharmacia), 50 \i\/
well, was added and allowed to ineubate overnight.
The wells were treated with citric buffer, pH 3, for
1 h, and the solution was subsequently transferred to

Table 1, Reactivity of MoAbs against crude extracts of P, orbiculare and C. aibicans in
ELISA

MoAbs

1B6D7
6F5B9
2E4F2
10B3E4
11E2D9
5B9D10
1D5G8
9G9C8
7B11B2
5E11B2

ELISA activity*
to P. orbicuiare

1,610
1,723
1,852
1,786
1,775
1,687
1,623
2,553
0,884
2,200

ELISA activity*
to C. albicans

0,082
0,063
0.096
0,066
0,072
0.056
0,084
0,072
0,592
0,956

Ig isotype

IgGI
Ig61
IgGI
lgG'1
IgGI
IgGI
IgGI
IgGI
IgM
IgM

Absorbance values were determined at 405 nm after 15 min,
* Values < 0,100 were considered to be negative.

tubes and the radioactivity determined by a gamma
counter. All samples were run in triplicate, and mean
values and standard deviations (SD) were ealcu-
lated.

Results
Production and characterization of MoAbs

Cell fusion between the Sp2/0 cell line and spleen
cells of Balb/c mice immunized with whole cell
and/or crude extracts of P. orbiculare resulted in a
series of hybridomas secreting MoAbs against anti-
gens of/*, orbiculare (Table 1). The reactivity of these
MoAbs against antigens of P. orbiculare and C. al-
bicans was sereened with EEISA. The isotype ofthe
MoAbs was IgGl or IgM with K light chain. The
IgGl MoAbs were negative to C. albicans antigen,
whereas a strong cross-reactivity to the whole cells
or extract was observed with the IgM MoAbs. From
all five mice whieh were immunized three to six times
with P. orbiculare antigen, IgM antibodies were ob-
tained. IgGl antibodies were obtained from those
mice which were immunized six times with P. orbic-
ulare antigen. Among the IgM antibodies, two were
chosen to be shown in Table 1. No significant dif-
ference between P. orbiculare whole cell and extract
was observed when the MoAbs were used in EEISA.

Table 2, Percent diminished ELISA response for MoAbs against P. orbiculare antigens
treated with different concentrations of protease

MoAb*

1D5G8
9G9C8
5F11B2

Ig isotype

IgGI
IgGl
IgM

300 jig/ml

99,
m-
15

Protease concentration

30 ng/ml

95
93

9

3 ng/ml

88
83

2

The MoAbs were diluted 1:3,
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Table 3, Total IgE levels
dermatitis

Sera* Age (years)

and RAST class

Total IgE (kl

values

J/ l ) * *

of sera from patients with atopic

RAST class value**

P. orbiculare C. albicans

23
41
26
44

4100
4600
4400

19

1-3, sera from patients with atopic dermatitis; 4, serum from a healthy control,
• Values were obtained from a previous study (13|,

For determination of whether the epitopes recog-
nized by the MoAbs were associated with proteins,
binding activities of the MoAbs to protease-treated
antigens were examined with ELISA. The activity of
the IgGl MoAbs was greatly reduced after treat-
ment with difiFerent concentrations of protease, thus
indicating the protein nature of the antigens (Table 2),
In contrast, IgM-binding antigens showed resistance
to treatment with protease in concentrations of up to
300 iig/ml (Table 2).

Identification of P, orbiculare allergens hy
immunoblotting analysis and RIA

Several MoAbs in different concentrations were run
in SDS-PAGE and immunoblotting. Two different
IgGl MoAbs (1D5G8 and 9G9C8) and one IgM
MoAb (5F11B2) which exhibited the best reaction
with the P. orbiculare extract were selected for im-

94,.O-
6 7 . 0 -
4J.0-

30.1-
14.4-

St

MoAb

P.o Ca P.o C.a P.o C.a

1D5G8 9G9C8 5FUB2

Fig. I. Antigen components in extracts oCP. orhiculare (P,o) and
C aihican.t (Ca) on NC membrane detected by MoAbs 1D5G8.
9G9C8, and 5F11B2 in imnuinobloLLing analysis, Moleeular mass
in kDa was compared with Iow-moleeular-niass standard proteins
(Pharmacia),

munoblotting studies. Three P. orbiculare RAST-
positive sera from patients with atopic dermatitis
and one serum from a healthy control used in a
previous study (13) were chosen for further investi-
gation. Total serum IgE levels and P. orbiculare
RAST class values are given in Table 3. After analy-
sis with SDS-PAGE and immunoblotting, both
P. orbiculare and C. albicans extracts were probed
with the hybridoma supernatant of the MoAb 1D5G8
(dilution 1:40 000), MoAb 9G9C8 (dilution 1:10000),
and MoAb 5F11B2 (dilution 1:2). The moleeular

KDa
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Fig. 2. IgE-binding components in extracts of P, orhiculare and C. alhicaiis detected by sera from three patients wilh atopic dermatitis
(1-3) and normal control serum (4) and eompared wilh antigenie components detected by MoAbs in Fig, 1, Molecular mass in kDa
Was eotnpared with low-molecular-tnass standard proteins (Pharmacia),
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3500 -

1 2 3 4 1 2 3 4
Serum no.

MoAb 1D5G8 {anti-67 kDa) 9G9C8 {anti-37 kDa)

Fig. 3. Radioimniunoassay using sera from three patients with
atopic dermatitis (1-3) and one normal eontrol serum (4) together
with MoAb 1D5G8 and MoAb 9G9C8. Filled bars give response
in counts/min with mean value and standard deviation (SD) of
triplicates to P. orbiculurc and open bars to control antigen C al-
bicans.

mass of each band was determined by comparing the
relative mobility of the standard proteins. As shown
in Fig. 1, a single sharp band was visualized at about
67 kDa with 1D5G8,37 kDafor9G9C8,and 14 kDa
for 5F11B2, as compared with the standard. These
MoAbs showed no reactivity to C. cilbicans in con-
trol immunoblot analyses. The sera were also tested
in the immunoblotting (dilution 1:6) and compared
with MoAbs (Fig. 2). The patients with high total
serum IgE and positive RAST to P. orbiculare
showed bands at about 67, 37, and 14 kDa. Normal
control serum showed no reactivity to P. orbiculare
or C. albicans antigens.

For determination of whether the IgGl-binding
components were allergens, the same patients' sera
and two of the IgGI MoAbs (1D5G8 and 9G9C8)
were used in the RIA study. The sera from patients
showed positive activity in RIA, whereas negligible
reactivity was observed with the control serum
(Fig. 3). One of the sera (no. 3) bound to a much
higher extent than the others did. None of the sera
showed elevated binding when P. orbiculare extract
was replaced by C. albicans extract.

Discussion

We have generated MoAbs against P. orbiculare an-
tigens, and successfully used these MoAbs to iden-
tify allergen components of the yeast. To our knowl-
edge, this is the first description of MoAbs generated
against P. orbiculare. The isotypes of the MoAbs
were determined as IgGI and IgM. Allergen com-
ponents which bound to the IgGI MoAbs were of

protein nature, and further characterization with im-
munoblotting analysis showed that at least two dif-
ferent proteins were recognized by these IgGI
MoAbs. The molecular masses of the protein com-
ponents, distinguished by MoAb 1D5G8 and MoAb
9G9C8, were about 67 and 37 kDa, respectively.
The IgM MoAb (5F11B2) recognized a component
at about 14 kDa. According to our study, this 14-
kDa component was not affected by pretreatment
with protease. Therefore, this IgM antibody prob-
ably reacted with carbohydrate moieties which also
could exist in extracts of other yeasts such as C. al-
bicans. The reactivity of this IgM antibody to C. al-
bicans in FLISA could explain this finding. Possibly,
as the yeast cell wall consists mostly of carbohy-
drates, the 14-kDa component may be located in the
cell wall. Our results confirm the data from Jensen-
Jarolim et al. which suggested that the 9-kDa and
15-kDa allergens of/*, orbiculare extract comprise a
large nonprotein moiety which can exist in the cell
wall (10). A heterologous immunoblotting inhibition
test performed by using other yeasts as an inhibitor
or cross-reactivity test could be useful for determin-
ing the existence of this component in the cell walls
of the other yeasts.

In this study, we observed that different standards
may result in different molecular masses for one
component. Thus, a biotinylated SDS-PAGE low-
molecular-mass standard (Bio-Rad, Richmond, CA,
USA) gave the molecular masses of the bands in the
position as about 83, 45, and 13 kDa (data not
shown) instead of 67, 37, and 14 kDa according to
the standard of Pharmacia. One reason for the dif-
ferent result could be that as a result of adding biotin
the mobility of modified protein may differ from that
of native protein: hence the changes in linear regres-
sion of standard curve which result in different mo-
lecular masses. The use of different standards might
explain the divergence between data of Johansson &
Karlstrom (13), who used the standard from Phar-
macia, and those of Jensen-Jarolim et al. (10), who
used prestained standard from Amersham Interna-
tional (Buckinghamshire, UK) in immunoblotting
analysis. Other explanations could be differences in
extract preparation, strains, or even batches and
various methods of analysis.

C. albicans was chosen as a control in the present
study because it is an opportunistic yeast and is also
believed to be a causative agent of bronchial asthma
(9, 15, 20). The allergenic potency of the mannan
fraction and the purified cytoplasmic fraction of
C. albicans has been confirmed (17). The presence of
a common structure of P. ovale (identical to P. or-
biculare) (24) and C. albicans and of cross-reactive
IgE antibodies against these antigens in atopic chil-
dren has been shown (25). However, our IgGI
MoAbs were directed against allergen components
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of P. orbiculare, and the fact that they did not show
any cross-reactivity to C. albicans antigen compo-
nents confirms their specificity against P. orbiculare
allergens,

Atopic dermatitis is a chronic inflammatory skin
disorder that frequently occurs in patients with per-
sonal or family history of allergic disease (14). It is
known that IgE-mediated hypersensitivity to P. or-
biculare as measured by RAST and ELISA (19, 27,
31) is common in atopic dermatitis patients and that
serum IgE levels are elevated in most of these pa-
tients (16, 32), For the immunoblotting analysis, we
chose sera from three patients with atopic dermatitis
from a previous study (13) with high RAST values
to P. orbiculare and high total IgE levels for immu-
noblotting analysis. Our data showed that the com-
ponents at about 67, 37, and 14 kDa recognized by
the patients' sera also could be detected by MoAbs
1D5G8, 9G9C8, and 5E11B2, Johansson & Karl-
strom (13) showed that allergens of about 67 and
14 kDa were frequent and detected by 86% and
73% of the sera from patients with atopic dermatitis,
respectively; i,e,, major allergens. The 37-kDa com-
ponent was not designated as a major allergen in
that study because of difficulty in distinguishing the
bands in the region of 30-67 kDa.

The sera from patients used in the present study
were positive against C. albicans in RAST, whereas
the immunoblotting analysis showed a few weak
bands with C. albicans antigens. With more concen-
trated sera, the bands became stronger, but no ad-
ditional bands appeared (data not shown). One ex-
planation for this finding could be that C, albicans
allergens are weaker than those of P, orbiculare. Al-
ternatively, lack of binding could be due to partial
denaturation of C. albicans antigens caused by boil-
ing before separation in SDS-PAGE, A third pos-
sibility is that excess amounts of carbohydrate pre-
vent enough protein from being inserted into the gel.
Yet another, trivial, explanation could be that pre-
paring extracts by the method used results in less
allergen components from C. albicans than from
P. orbiculare.

Positive activity in the RIA study showed that
IgE-binding components were recognized by
MoAbs, a fact which cotifirms that the MoAb-
binding components are indeed allergens. The P. or-
biculare RAST values for patient sera showed ac-
cordance with reactivity in immunoblotting analysis
and RIA. RIA screening of sera from a large group
of patients with atopic dermatitis is now underway,
using MoAbs.

The application of MoAb technology in the field
of atopic dermatitis will provide facilities to charac-
terize and distinguish the allergens in crude extracts
of P. orbiculare. Suitable MoAbs against allergens
niay also be used (l) to establish the chnical diag-

nosis, (2) to determine the specificity of allergenic
molecules in the environment, and (3) to perform
cross-reactivity studies among molecules in different
allergen sources.
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