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Members of the genus Malassezia are commensal fungi found on the skin of both human and domestic
animals and are associated with skin diseases including dandruff/seborrheic dermatitis, pityriasis versi-
color, and atopic eczema (AE) in humans. In this study we have characterized the cell-wall carbohydrates
of Malassezia sympodialis, one of the species most frequently isolated from both AE patients and healthy
individuals. Cells were grown in liquid Dixon media at 32 °C, harvested, and processed using a standard
Fehling’s precipitation methodology for the isolation of mannan and a standard base/acid extraction for
(1-3)-B-p-glucans. Using these classic extraction methods we were unable to isolate precipitable man-
nan or insoluble (1-3)-B-p-glucan. However, acidification and addition of methanol to the remaining
Fehling’s-treated sample resulted in a very clean precipitate. This material was characterized by GPC-
MALLS, 1D and 2D NMR, and GC-MS for monomer-type and linkage-type composition. We determined
that trace amounts of both mannan and branched (1-3, 1-6)-B-p-glucan were present in the recovered
precipitate, but not linear (1—3)-B-p-glucan. Surprisingly, NMR analysis indicated that (1—-6)-p-p-glucan
was the major carbohydrate component isolated from M. sympodialis cell wall. GC-MS linkage analysis
confirmed the (1—6)-B-p-glucan structure. Based on these studies we have determined that the M. sym-
podialis cell wall contains (1—6)-B-p-glucan as the major carbohydrate component along with trace
amounts of mannan and (1-3, 1-6)-p-p-glucan. In addition, these data indicate that modification of
the classic mannan isolation methodology may be useful in the simultaneous isolation of both mannan
and (1-6)-B-b-glucan from other fungi.
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1. Introduction

The fungal cell wall is a complex structure composed primarily
of carbohydrate molecules and lipids as well as some cell wall-asso-
ciated proteins. In general, the fungal cell wall consists of branched
(1-3, 1-6)-B-p-glucan that is linked to chitin via a (1—-4)-B-link-
age.! (1-3)-p-Glucan tends to be the predominant polymer iso-
lated from these fungi; however, some fungal species express
(1-3)-a-p-glucan as well.>~* In addition to the presence of the glu-
cans and chitin, N- and O-linked mannoproteins are found in the
cell wall anchored by a glycosyl phosphatidylinositol linkage.?

Malassezia species are associated with a number of dermatolog-
ical disorders including dandruff/seborrheic dermatitis and pityri-
asis versicolor.® Malassezia yeasts have also been shown to act as
allergens in atopic eczema (AE), and 13 allergens have been cloned,
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characterized, and produced as recombinant proteins from Malas-
sezia species.” Currently there are 13 recognized species of Malas-
sezia that have been isolated from healthy and diseased human
and animal skin.®® Members of the Malassezia genus are lipo-
dependent yeasts since the majority of them require lipids for
growth. One species, Malassezia pachydermatis is the only non-li-
pid-dependent lipophilic yeast.® The cells of Malassezia species
are small, unipolar budding yeasts with an unusual spiral pattern
of plasma membrane grooves along the inner cell wall. The cell
wall is a bilayered lipid rich structure (10-fold greater than that
seen with Candida albicans and Saccharomyces cerevisiae® '!) sur-
rounded by a lipid capsule. Little is known about the cell-wall com-
position of Malassezia species other than from a few studies on the
cell’s ultrastructure.'>'® To date, no compositional analysis has
been performed in order to characterize the structural components
of the cell wall.

Carbohydrate polymers are not only important structural com-
ponents of the fungal cell wall, but they are also critically impor-
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tant determinants in the recognition of the fungus by the innate
immune system.'4~'8 Very little is known about the cell-wall car-
bohydrates of Malassezia sympodialis. To address this deficit in
our knowledge, we characterized the cell-wall carbohydrates of
M. sympodialis. Initial studies focused on the isolation of mannan
and (1-3)-B-p-glucan using classical extraction methodolo-
gies.'921 In the course of our experiments we were unable to iso-
late mannan or (1-3)-B-b-glucans using these methods; however,
a slight modification to the mannan isolation method resulted in a
novel and unexpected observation. Using the modified protocol we
describe the isolation and characterization of (1-6)-B-p-glucan
from M. sympodialis cell wall. Furthermore, this glucan appears to
be the major carbohydrate component of the cell wall. We also de-
tected mannan and (1-3, 1-6)-B-p-glucan using the modified
protocol, but they were present only in trace amounts.

2. Results

2.1. M. sympodialis has trace amounts of extractable mannan in
its cell wall

We employed a classic mannan extraction protocol modified
from Kocourek and Ballou,?? and Shibata et al.?® (Fig. 1). Using this
procedure we were unable to obtain any precipitable mannan,
even with a large amount of starting material (10 g). In subsequent
experiments, we cultured M. sympodialis in large volume (15 L of
media) and were still unable to isolate mannan from a 65-g cell
pellet. Since we were unable to fractionate mannan by traditional
means, we treated the remaining mixture of Fehling’s-soluble sam-
ple with an equal volume of methanol to precipitate any carbohy-
drate that might be present in the solution; however, this approach
did not result in a reasonable yield. We discovered that the addi-
tion of an 8:1 solution of methanol-acetic acid in equal volume
to Fehling’s-soluble sample resulted in a precipitate that was suffi-
ciently pure for NMR analysis.

2.2. Isolation of material using a classic glucan extraction
method

We also attempted to isolate (1—3)-B-p-glucan from M. sympo-
dialis using a classic extraction method.'®-2! Surprisingly, no
(1-3)-B-p-glucan was recovered, but we were able to isolate small
quantities of a (1-6)-pB-p-glucan wusing this extraction
methodology.

2.3. NMR analysis of (1-6)-p-p-glucan in the acid-precipitated
material

1D 'H and '3C NMR spectra (Fig. 2A and B) and a 2D COSY
(Fig. 2C) NMR spectrum of the material precipitated by acetic
acid-methanol treatment of Fehling's-soluble sample mixture
was consistent with similar NMR spectral evidence for a (1-6)-
B-p-glucan isolated from Actinobacillus suis.?” 'H and '3C NMR
chemical shift assignments for this acid-precipitated glucan were
compared to those of the isolate from A. suis (Table 1) to confirm
our identification of this glucan as a (1—6)-B-p-glucan. The reso-
nance assigned to H5 is overlapped by the methylene proton reso-
nance from residual ethanol. The presence of more than one
conformation about the (1-6)-glycosidic linkage, initially re-
ported by Monteiro et al.,?’ is evident in this work as well. Several
resonances for a lesser conformation are assigned as follows: the
resonance at 4.55 ppm is assigned to anomeric proton H1 over-
lapped by the anomeric proton doublet resonance from the major
conformation, while resonances at 3.94 and 3.76 ppm are assigned
to the methylene proton resonances H6 and H6’, respectively. The
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Figure 1. General schematic for mannan and (1-6)-B-p-glucan isolation from
fungi.

small multiple resonances between 3.34 and 3.50 ppm may also be
associated with other protons on the glucosyl ring in a lesser
conformation.

2.4. Monosaccharide composition and linkage analysis

Monosaccharide composition (Fig. 3A) analysis carried out on
the preparation precipitated by acetic acid-methanol treatment
of Fehling’s-soluble sample mixture revealed that this material
was predominantly composed of glucose (Glc) with accompanying
minor traces of mannose (Man). A linkage-type analysis performed
on the same material showed that Glc was mainly present as a 6-
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Figure 2. (A) '"H NMR and (B) '3C NMR spectra, and (C) 2D COSY NMR spectrum of
(1-6)-B-p-glucan isolated from M. sympodialis.

substituted unit (Fig. 3B). Glc substituted at the 3-position was the
other mono-substituted residue detected. Albeit in small amounts,
two branch points were also observed in the form of 4,6- and 3,6-

Table 1
H and '3C NMR chemical shift assignments (in ppm) for (1-6)-g-b-glucan isolated
from M. sympodialis compared to assignments for a similar glucan from A. suis

Atom 'H (ppm) 13C (ppm)
This work A. suis?’ This work A. suis?’
1 4.55 451 103.1 103
2 3.34 3.21 73.1 73
3 3.53 3.52 75.7 76
4 3.50 3.47 69.6 70
5 3.65 3.65 75.0 75
6 4.23 4.21 68.9 68.5
6’ 3.88 3.88
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Figure 3. Monosaccharide composition and linkage analysis. (A) GC-MS profile of
the monosaccharide composition analysis showing glucose as the main component
in this M. sympodialis preparation and (B) GC-MS profile of the monosaccharide
linkage analysis, with respective area counts, showing that a linear 6-linked glucan
is the dominant structural unit. Although in minor amounts, the detection of 3-
substituted glucose, 3,6- and 4,6-disubstituted glucose (branch points) indicates
that the 6-linked glucan may contain a limited number of branching points carrying
in part 3-substituted glucose or/and another independent polysaccharide motif
composed of these three minor units (with or without 6-substituted glucoses) may
be present in this preparation.

disubstituted Glc units. These analyses showed that this material
contained as the predominant structural feature a (1—6)-p-p-glu-
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can. The fact that we observed 3-substituted glucose, 3,6- and 4,6-
disubstituted glucose (branch points) indicated that the 6-linked
glucan may carry a limited number of branching points containing
in part 3-substituted glucose, or/and another independent polysac-
charide motif composed of these three minor units (with or with-
out 6-substituted glucoses) may be present in this M. sympodialis
preparation.

2.5. Molecular weight distribution of the M. sympodialis (1-6)-
p-p-glucan

GPC-MALLS analysis demonstrated that the (1—6)-B-p-glucan
had a bimodal polymer distribution. Two peaks corresponding to
molecular weights of 6.0 x 10 and 8.5 x 10 g/mol were observed
(Fig. 4). The average molecular weight for the entire polymer dis-
tribution, that is, both peaks, was 2.7 x 10% g/mol (Fig. 4). Each
peak was harvested by fractionation and analyzed by NMR spec-
troscopy. NMR analysis confirmed that both peaks were (1—6)-B-
p-glucan (data not shown).

2.6. Staining of cell-wall components

Since we were unable to isolate any significant amount of man-
nan or (1-3)-B-p-glucan by our extraction methods, we grew M.
sympodialis cells for 72 h in Dixon media and subjected them to
staining with ConA-FITC for mannan, and used an anti-(1-3)-B-
p-glucan antibody labeled with FITC and an aniline blue stain spe-
cific for (1—3)-B-p-glucan as a means of indirect measurement of
these components in the cell wall. For ConA-FITC staining, there
was little-to-no fluorescence in many cells with very few showing
specific staining, indicating that there was very little mannan pres-
ent in the cell wall (data not shown). Staining with either the anti-
(1-3)-B-p-glucan antibody or aniline blue resulted in no visible
fluorescence for (1—3)-B-p-glucan (data not shown). When taken
together, these data confirm our studies using the extraction
methodologies.

3. Discussion

Cell walls of fungi play an important role in maintaining cell
morphology as well as a role in modulating adherence to host
and non-biological surfaces (i.e., biofilms). From the host point of
view, the fungal cell wall is an important target for pathogen rec-
ognition. For example, the surface receptor dectin-1 recognizes
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Figure 4. GPC-MALLS analysis of M. sympodialis (1-6)-p-p-glucan revealed a
bimodal polymer distribution. The first peak has an My, of 6.0 x 10* g/mol, while
the second peak has an M,, of 8.5 x 10> g/mol. The average molecular weight for the
entire polymer distribution, that is, both peaks, is 2.7 x 10* g/mol.

the (1-3)-B-p-glucan present in fungal cell walls.!*!> Mice genet-
ically altered to lack this receptor have an increased susceptibility
to fungal infections.!® Another C-type lectin receptor of interest be-
sides dectin-1 is Mincle, which is expressed on antigen-presenting
cells, and recently was shown to be an activating receptor for
Malassezia.®

In this study we have identified a major structural component
of the cell wall from M. sympodialis. The majority of Malassezia spe-
cies require lipid supplementation for growth except for M. pachy-
dermatis. Ultrastructural studies on Malassezia spp. have
demonstrated that the cell wall appears to be bilayered and lipid
rich with a surrounding lipid capsule.’?>!® Qur initial foray into
characterizing the M. sympodialis cell-wall components originally
focused on the mannan component of the cell wall. Using a classi-
cal methodology for mannan extraction, we were unable to isolate
any mannan material from this organism. Though modification of
our protocol did demonstrate that there were trace amounts of
mannan present in the cell wall, it may be that the mannan present
in the cell wall is of simple structure such as O-linked mannan (3-5
mannose residues). One possible reason for this reduced mannan
presence could be due to the surrounding lipid capsule. Mannosy-
lated proteins on the cell-wall surface of other fungi such as C. albi-
cans are known to play roles in cell aggregation, and adherence to
surfaces and may be immunological targets for host cell recogni-
tion.?°3! The presence of the lipid capsule may allow for the
organism to dispense with this feature common to other fungi
and serve a protective function (for immune evasion) similar to
the capsule of Cryptococcus.3>>3

An unexpected observation made during this study is that M.
sympodialis apparently lacks any (1—3)-B-p-glucan. Using classical
extraction methods we were unable to isolate (1-3)-B-b-glu-
can.'®2! This result goes against the current dogma of fungal
cell-wall structure, since (1-3)-p-p-glucan is normally a major
part of a fungal cell wall. One possible explanation for our inability
to isolate (1—3)-B-p-glucan from this organism could be that the
molecule is too small for classical extraction techniques or is read-
ily degraded under these conditions. Attempts to confirm this by
staining with an anti-(1—3)-B-p-glucan antibody demonstrated lit-
tle-to-no fluorescence when staining was performed in the pres-
ence of nonspecific competitors such as serum and bovine serum
albumin (data not shown). When taken together these data make
a strong case that M. sympodialis does not contain substantive
amounts of (1-3)-p-p-glucan.

Since we were unable to isolate mannan by classical means
from M. sympodialis, the remaining Fehling’s supernatant mixture
was treated with an equal volume of methanol-acetic acid. This
supernatant is normally discarded, but in an attempt to identify
any carbohydrates that might remain in the supernatant, we dis-
covered that, upon addition of methanol-acetic acid to the solu-
tion, a precipitate formed that was readily recoverable. We
initially, thought this might be a mannan that was soluble under
Fehling’s precipitation conditions and therefore proceeded to iso-
late the material. Upon recovery we noted that the majority of
the material recovered was water soluble. To our surprise, NMR
spectroscopy and GC-MS analysis revealed that the material was
predominantly (1-6)-B-p-glucan with trace amounts of mannan.
A small amount of (1—6)-B-p-glucan was also isolated using the
classical methodology for (1-3)-B-p-glucan extraction (data not
shown), which tends to confirm that M. sympodialis cell wall ex-
presses (1-6)-p-p-glucan. We also detected trace amounts of
(1-3, 1-6)-B-p-glucan. Our isolation methodology differed signif-
icantly from the method used by lorio et al.>* which might indicate
that the molecular size of the glucan that we observed is possibly
more biologically relevant than what they have reported for C. albi-
cans. In fact we have recently used the same procedure to isolate -
(1-6)-p-glucan from C. albicans ourselves and report a signifi-
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cantly larger molecule than what they observed (M.D.K,, D.W.L,,
and D.L.W., manuscript in preparation). Traditionally the isolation
of (1-6)-B-p-glucan and (1-3)-p-b-glucan is performed using a
hot alkaline extraction with several steps for enzymatic digest to
further increase the purity of the insoluble material in which the
remaining material is generally the (1-3)-B-p-glucan. The
(1-6)-B-p-glucan is generally considered to be alkali soluble and
therefore should be released from the cell wall upon hot alkali
treatment. The report by lorio et al.3* describes the isolation of
(1-6)-B-p-glucan from the insoluble particulate after digestion
with a (1-3)-B-p-glucanase. What we have shown here is that
the (1-6)-B-p-glucan can also be water soluble and readily
extractable using high heat and pressure for a period of time. The
solubility of the molecule is probably a reflection of the size of
the polymer and not necessarily the nature of the material. The
(1-6)-B-p-glucan remains soluble even during Fehling’s precipita-
tion of mannan. It is not until slight acidification and precipitation
with methanol that allows for the recovery of (1—6)-B-p-glucan
from the now nearly mannan-free mixture. This new method that
we describe for isolation of (1—6)-B-p-glucan is dramatically sim-
plified from the classic glucan isolation methodology and may rep-
resent a means to obtain a more biologically relevant molecule that
has not been over-processed during the procedure for its
extraction.

In conclusion, we have demonstrated that M. sympodialis cell
wall contains a simple mannan, but it lacks (1-—3)-B-p-glucan.
Our data indicate that (1—6)-p-p-glucan is a major component of
the M. sympodialis cell wall. Additionally, we have presented evi-
dence that a modification to the existing isolation methodology
may be useful in the simultaneous isolation of both mannan and
(1-6)-B-p-glucan from other fungi.

4. Experimental
4.1. Strain and cultivation conditions

The M. sympodialis strain used for this study was ATCC strain
42132 (American Type Culture Collection). Routine cultivation
was performed on Dixon medium (3.6% malt extract, 0.6% myco-
logical peptone, 2% Oxgall, 1% Tween 60, 0.2% glycerol, 0.05¢g
chloramphenicol) at 32 °C.

4.2. Procedure for extraction of mannan and (1-6)-p-p-glucan

The following protocol (Fig. 1) is modified from those of Koco-
urek and Ballou?? and Shibata et al.2> M. sympodialis was grown
in 12 L of Dixon medium for a period of 5 days at 32 °C. Cells were
harvested by centrifugation (7000g) and washed with 200 mL of
acetone to remove lipid and contaminating medium. The washed
pellet was allowed to dry for 1 h, allowing for acetone to evaporate.
The dry weight yield was on average 65 g of material. The pellet
was then broken up using a rubber policeman and suspended in
150 mL of deionized H,O and transferred to a bead beater chamber
(Biospec). Glass beads corresponding to the weight of the pellet
were added to the container, and the mixture was subjected to
10 15-s pulses by bead beating on ice. The mixture was transferred
to a 1-L flask and autoclaved for 3 h. The sample was allowed to
cool, and then centrifuged for 15 min at 7000g. The supernatant
was saved and the pellet was discarded. The cleared supernatant
was divided in half. Sodium azide was added to a final concentra-
tion of 1 mM to each sample. One half of the sample had 100 mg of
heat-treated pronase (100 mg of pronase, Roche Diagnostics dis-
solved in 5 mL of deionized H,O0, filter sterilized through a 0.45-
pm filter and heated for 30 min at 70 °C to remove any glycosidic
activity) added to remove protein, and the samples were incubated

at 37 °C for 16-20 h. The pronase-treated and untreated samples
were then centrifuged for 5 min at 7000g, to remove any remaining
particulates from the samples. The supernatant was transferred to
a 250-mL beaker, and an equal volume of Fehling’s solution was
added to the sample with stirring for 1 h at room temperature to
allow for a copper-mannan complex to precipitate. In processing
the samples, one of the problems seen was poor copper-mannan
complex precipitation, which required centrifugation of the solu-
tion to determine if mannan was present at all. This allowed us
to recover trace amounts of material from this species. The remain-
ing supernatant was saved for further processing (see below). The
trace copper-mannan precipitate complex was dissolved in 3-
5mL of 3M HCl. An 8:1 mixture of MeOH-HOAc (50 mL) was
added, and the solution was briefly stirred to mix. The samples
were then allowed to sit for several hours to allow for the carbohy-
drate to settle. After the precipitate had settled it was washed sev-
eral times with the 8:1 MeOH-HOAc solution until all traces of
color were removed. The precipitate was then subjected to several
MeOH washes to reduce the acidity of the product. The precipitate
was then allowed to dry thoroughly, dissolved in deionized H,0O
and the pH adjusted to pH 6.5-7.0. The sample was then frozen
and lyophilized for storage until further use. Generally we isolated
trace amounts of material from M. sympodialis using the traditional
mannan extraction protocol. The amounts we obtained were neg-
ligible for further use in compositional analysis.

To determine whether cell-wall carbohydrates remained in the
supernatant after the initial precipitation, the remaining Fehling’s-
treated supernatant was treated with an equal volume of 8:1
MeOH-HOAC, which resulted in the formation of a greenish precip-
itate. The precipitate was allowed to settle for several hours until the
solution appeared clear. The supernatant was decanted, and the pre-
cipitate was dissolved in 8-10 mL of 3 M HCI. Again 50 mL of 8:1
MeOH-HOACc solution was added to the sample with mixing, and
the precipitate was allowed to settle. As with the processing of the
mannan sample, the precipitate was washed several times with
8:1 MeOH-HOACc until colorless. The precipitate was then washed
several more times with MeOH. The sample was then dried, dis-
solved in deionized H,0 and the pH adjusted to pH 6.5-7.0. The sam-
ple was then frozen and lyophilized for storage until further use.

4.3. Procedure for the isolation of (1-3)-p-p-glucan

We also attempted to isolate (1—3)-p-p-glucan from M. sympo-
dialis using a classic extraction method.'®~2! Briefly, lyophilized M.
sympodialis was extracted with a base-acid extraction protocol,
followed by an organic extraction to remove lipids.!®-2!

4.4. Molecular weight and polymer distribution analysis

GPC-MALLS analyses were performed essentially as described
by Adams et al.>* Glucan samples were dissolved (3 mg/mL) in
the mobile phase (50 mM sodium nitrite, pH 7.0). The samples
were incubated for 15 min at ambient temperature, followed by
sterile filtration (0.45 pm) and injection into the GPC at a concen-
tration of 600 pg in 200 pL of mobile phase. The data were ana-
lyzed using Wyatt astra v 5.3.4.13 software (Wyatt Technology,
Santa Barbara, CA).

4.5. NMR characterization of glucan

1D and 2D gradient-selective homonuclear correlation spec-
troscopy (COSY) 'H NMR spectra were acquired on a JEOL Eclipse+
600 NMR spectrometer in 5-mm OD NMR tubes operating at ambi-
ent probe temperature in D,0. Internal chemical shift reference
was provided by trimethylsilyl-2,2,3,3-d4-propionic acid (TSP) at
0.0 ppm for 'H NMR and —2.80 ppm for '*C NMR. Spectral collec-
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tion and processing parameters for the 1D 'H NMR spectrum were
the following: 15 ppm spectral width centered at 5.0 ppm, 32,768
data points, 2048 scans, 5s relaxation delay, 2.18 s acquisition
time, and exponential apodization. Spectral collection and process-
ing parameters for the 1D '*C NMR spectrum were the following:
250 ppm spectral width centered at 110.0 ppm, 65,536 data points,
2708 scans, 3 s relaxation delay, 1.74 s acquisition time, and expo-
nential apodization. Spectral collection and processing parameters
for the 2D COSY spectrum were the following: 512 points in f2 and
128 points in f1 zero-filled four times for a 512 x 512 data array
size, 10 ppm spectral width centered at 5 ppm in both dimensions,
4 prescans, 128 scans, and 1 s relaxation delay.

4.6. Monosaccharide composition and linkage analysis

Monosaccharide composition analysis was performed by the
alditol acetate method.?®> The glycosyl hydrolysis were carried
out with 4 M CF3CO,H at 105 °C for 5 h, followed by reduction in
H,0 with NaBD,4 overnight at room temperature, and subsequent
acetylation by Ac,0 at 100 °C for 2 h. The alditol acetate derivatives
were analyzed by GC using a Varian 3400 gas chromatograph
equipped with a 30-m DB-17 capillary column [210 °C (30 min),
then 240 °C at 2 °C/min], and by GC-MS in the electron-impact
and chemical-ionization modes on a ThermoFinnigan PolarisQ
instrument. Sugar linkage-type analysis was performed by the
methylation procedure (NaOH-Me,SO-CHsl) and with character-
ization of the permethylated alditol acetate derivatives by GC-
MS in the electron-impact mode (DB-17 column, isothermal at
190 °C for 60 min).2®

4.7. Fluorescent staining of the M. sympodialis cell wall

Cells were grown in 20 mL of Dixon medium for 72 h at 32 °C.
To stain the cell wall, the capsule was removed by briefly washing
the cells with 50 mL of acetone. The cell pellet was harvested by
centrifugation and suspended in 20 mL of deionized H,0. To stain
for the presence of mannan we used a ConA-FITC-labeled probe
(Sigma-Aldrich). A stock solution was prepared (1 mg/mL) and di-
luted 1:500 for staining. To stain for (1—3)-B-b-glucan we used
two different approaches. First, we used an aniline blue fluor-
chrome (Biosupplies, Australia) that was prepared and used
according to the manufacturer’s instructions. A second approach
used was an anti-(1-3)-B-p-glucan IgG antibody (Biosupplies Aus-
tralia). The antibody was reconstituted as a 1 mg/mL stock solution
in 10 mM phosphate buffer, pH 7.2. The antibody was labeled using
the Zenon mouse IgG labeling kit (Molecular Probes) according to
manufacturer’s instructions. For all staining procedures, the cells
were blocked with a solution containing 0.5% bovine serum albu-
min, 1 mM EDTA to reduce nonspecific antibody-antigen interac-
tions. The antibody was incubated with the cells for 30 min at
room temperature and then washed to remove unbound antibody.
For all staining methods the cells were mounted on the slide with
ProLong Antifade kit (Molecular Probes) according to manufac-
turer’s instructions. The cells were examined for fluorescence un-
der an Axiovert S 100 microscope (Zeiss) and photographed.
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