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INTRODUCTION

Candidaalbicans one of the best-known oppor-
tunistic pathogens, is an important infectious agent
because the candidiasisisacommon life-threating
disease in immunocompromised patients. Despite
numerous investigations on candidiasis, conclusive
virulence factors are not well-defined because of
several confusing and contradictory results. In ge-
nerd, adhesvefactors invasvefactors andtoxinsare
regarded as mgjor virulent factors for the pathoge-
nesisof mocroorganis ms. The candidiasis, however,
appearsto be caused not by asinglevirulent factor,
but by an array of various virulent factors such as
protease, phospholipase adhesin, and germ tube
formation®. Adhesive factors play an important role
in the initial step of the Candida infection. Accor-
dingly, the adherence properties of C. albicansto
various surfaces, especially those of vagina and
buccal epithelia cells, have been the subject of
extensive investigations. It was reported that cell
surface hydrophobicity (CSH) of C. albicansis
involved in its adherence to host tissues and the
level of the CSH expression varies with the isola-
tesof C.albicans™. Hydrophobic cells of Candida
albicans are more virulent than hydrophilic cells
in mice®. The CSH expression of C. albicans is
also dependent on environmental conditions™. C.

albicanscells grown a room temperature are more
virulent than those grown at 37  because they
are less likely to be killed by phagocytes and are
more likely to disseminate®. In general, C. albicans
expresses CSH more actively at 25 than 37
and the germ tube form of C. albicans expresses
CSH more than the yeast form. Moreover, hydro-
phobic proteins of C. albicansare produced while
the yeasdt cells are invading the host tissues®. Hy-
drophobic cell wall proteins from C. albicans®™
grown in serumfree media have been extensively
studied, but it is not clear whether the hydrophobic
proteins produced in serumfree media areidentical
to those produced in serum culture. Because the
culture condition of C. albicansin serum would be
similar to that in vivo, we investigated the dyna-
mic expression of CSH from C. albicansin serum
and compared the cell wall protein patterns from
Y EPD-induced hydrophobic cdllsat 25 or 37
seruminduced hydrophobic cells, and hydrophilic
cells.

MATERIALSAND METHODS
Organismsand culture conditions

C. albicansYWCM 132 was chosen out of 198
clinical isolates by measuring the lethality of mice
and the level of CSH. The YWCM 132 strain was
highly virulent to mice, and expressed CSH to a
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higher extent at 25 but expressed CSH much
lessat 37 . ThestrainwasgrownonaYEPD (1%
yeast extract, 2% peptone, 2% dextrose, pH 6.8)
plate at room temperature. Cells were harvested
from the plate, suspended in 20% skim milk, and
maintained at -70 . For the seed culture, the C.
albicansstrain wasgrown in YEPD liquid at 37
for 18 h, harvested by centrifuge, and washed twice
with sterile PBS (0.05 M sodium phosphate buffer
with 0.9% sodium chloride, pH 7.2). The cdl num-
ber was monitored using a haemocytometer. For
the CSH expression, the strain was cultivated for
2ha 37 inrabbit serum or in YEPD liquid, or
grown overnight in YEPD a 25 . The cdls be-
come hydrophilic when they are grown overnight
inYEPD at 37 . Inorder to investigate the effect
of glucose concentration on the CSH expression
from C. albicans 0.1% or 1% glucose was added
to rabbit serum.

Determination of cell surface hydrophobicity

The CSH of C. albicans was measured by the
methods of Kennedy et al ** and Minagi et al ™.
After C. albicanswas cultured under various con-
ditions, it was harvested, and washed three times
with sterile PBS. The concentration of washed cdlls
was adjusted to an optical density of 0.5 at 580 nm
For the measurement of CSH, 1 ml of n-hexane
was added to 4 ml of the adjusted cell suspension
and vortexed for 1 min. The OD of the mixture
was then measured at 580 nm with a spectropho-
tometer. The relative hydrophobicity was determi -
ned by measuring the difference in absorbencies
of test and control cells, and by calculating the
percentage of cellsthat entered the n-hexanephasa

I solation of cell wall components

One hundred pl of wet cells was suspended in
440 ul of sterile PBS, and 60 i of lyticase (3-1,3
glucanase, 1250 unitsml %), or proteinase K (5 mg
mi™) was added to the suspension. The mixture
treated with lyticase was incubated at 25 for 2 h.
The mixture with proteinase K was incubated at
37 for 2 h. Each enzyme-treated mixture was
then centrifuged at 5000 x g for 10 min. The cell
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pellet was washed three times with sterile PBS
and used for the determination of the CSH. The
supernatant was precipitated with 90% ethanal,
centrifuged at 10000 x g for 10 min, and the har-
vested precipitate was used for the analysis of cell
wall components by SDS-PAGE.

SDS-PAGE

The ethanol-precipitate containing the cell wall
components was dissolved in sample buffer (62.5
mM Tris-HCl, 2% SDS, 10% glycerol, 5% 2
mercaptoethanol, 0.01% bromophenol blue, pH
6.8). After being boiled for 10 min, 20 ul of each
sample was loaded on a 1.5 mmthick slab gel of
15% polyacrylamide running gel with a 3% poly-
acrylamide stacking gel and electrophoresed at 15V
overnight'®. After the electrophoresis, the gel was
stained with Coomassie brilliant blue R250 and
apparent molecular weights of the proteins were
estimated from a standard curve based on migra-
tions of the molecular marker proteins

RESULTS

In order to investigate the dynamic expression
of CSH in C. albicans, we measured the CSH of
C. albicans which had been cultured in rabbit
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Fig. 1. Dynamic expressons of CSH during the
growth of C. albicans YWCM132 in rabbit serum and
Y EPD medium. At intervals during the growth, the rela-
tive CSHs were determined with the n-hexane partition
method. Initial cell concentration was 2 x 107 cdllsmi™,
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Table 1. Effects of enzyme treatments on the CSH expression from C. albicans YWCM 132

Initial Lyticase Proteinase K
37  hydrophilic cell 53 55 17.2
25  hydrophobic cell 90.3 36.9 75.4
37 hydrophobic cell 51.6 16.3 28.6
Serum hydrophobic cell 80.1 40.2 66.7

For hydrophobic induction, 1 x 10° cells were inoculated in 50 ml of rabhit serum or YEPD liquid, and culturedfor 2h
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Fig. 2. Effects of serum and glucose concertrations
on the CSH expression from C. albicans YWCM132.
Initial cell concentration was 2 x 107 cellsmi ™,

seumat 37 ,andinYEPD a 25 or 37 for
5h (Fig. 1). The CSH increased during the initial
60 min growth upon release into serum at 37
andfresh YEPD at 37  and thereafter slowly de-
creased. However, at 25 |, the CSH increased gra-
dually throughout the entire culture period of 5 h.
We also investigated the effects of glucose and
serum concentrations on the expression of CSH in
C. albicans (Fig. 2). The serum and glucose con-
centrations did not influence the initial expression
of the CSH. Interestingly, the initialy increased
CSH in 1 to 4-diluted serum was maintained with
no decrease for the rest of culture period.
Effects of lyticase and proteinase K treatments
on the CSH expression from C. albcanswere exa-
mined (Table 1). The CSH was not affected by pro-
teinase K and lyticase treatments in case of the
hydrophilic yeast grown overnight in YEPD at 37
However, levels of the CSH of the hydrophobic
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Fig. 3. SDSPAGE of cdl wal extracts of hydropho-
bic and hydrophilic C. albicans YWCM132. Each lane
was loaded with 20 Yl of the cell wall extract prepared
as described in Materials and Methods. lane 1, Hydro-
philic; lane 2, Serumrinduced hydrophobic; lane 3, 37
Y EPD-induced hydrophobic; lane 4,25  YEPD-indu-
ced hydrophobic.

yeasts were lowered by the hydrolytic enzyme
treatments.

Since the enzyme treatments resulted in adecre-
ase in the CSH of the hydrophobic cells, we com
pared the cell wall protein patternsfromthe 25 -,
37 -induced hydrophobic cells, seruminduced
hydrophobic cells, and hydrophilic cells using a
15% SDS-polyacrylamide gd (Fig. 3). The protein
profiles of the hydrophobic cells and the hydro-
philic cells were not identical to each other. The
major proteins of the hydrophilic yeast were 47,
44, 24, 20, and 17 kDa (Fig. 3, lane 1). While pro-
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teins of 52.4, 25, and 19 kDa were extracted from
the hydrophobic cells induced in serum (Fig. 3,
lane 2), extraction of the hydrophobic cellsinduced
inYEPD at 25 yielded specific proteins of 42.5,
29, 27, and 19 kDa (Fig. 3, lane 4).

DISCUSSION

It was generally accepted that cell surface struc-
tures play important roles in adhesion of C. albi-
cansto host cell surfaces™. Hazen et al ™ studied
the CSH of C. albicanswhich influences adhesion
of the yeast to epithelial cells and virulence of the
organisnt™. He also reported that hydrophobic cells
were more virulent than hydrophilic cells in mice,
and the CSH expression was dependent on enviro-
nmental conditions’. In this study, we investigated
the effect of rabbit serum on the expression of
CSH in C. albicans The CSH of C. albicanswas
expressed early within 60 min when C. albicans
YWCM132 was cultured in serum or YEPD at
37 . Accordingto Gleeet al °, several hydropho-
bic proteins are actually expressed from C. albicans
invivo. Therefore, the early expression of the CSH
from cells grown in serumor YEPD at 37 may
play arole in initial growth of C. albicans and
pathogenesis of C. albicans. The CSH was main-
tained highly a 25 even dfter overnight culture.
Consistently with this result, Antley et al ® repor-
ted that the cells grown at room temperature are
hydrophobic and lesslikely to be killed by phago-
cytes, and more likely to disseminate®. However,
the CSH decreased after 120 min in serum or
YEPD culture at 37 . We do not know exactly
why the CSH decreases. When the cellsare grown
for morethan 2 hin YEPD at 37 , nogerm tube
is formed and cell aggregation does not occur. On
the contrary, when the cells are cultured for more
than2hinserumat 37 , germ tube formation and
cell aggregation become active. Thus, the observed
decrease in hydrophobicity of serum-cultured cdlls
may be not due to the real decrease in CSH but
due to the germ tube formation and cell aggrega-
tion. In fact, the germ tube form of C. albicans
expresses CSH to a higher extent but the CSH can
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not be measured by the n-hexane partition method
used in this study because the aggregated cells are
precipitated so easily.

Weinvestigated the effects of serum and glucose
concentrations on the expression of hydrophobicity
in C. albicans YWCM132 (Fig. 2). Glucose addi-
tion or serum dilution did not affect the CSH ex
pression in the initial 60 min growth of C. albi-
cans. This result is similar to the reports of Hazen
et al * There are many reports about the CSH of
C. albicansin various environments®’®. However,
there is little information about hydrophobic pro-
teins of C. albicans expressed in serum It is not
clearly known whether the hydrophobic proteins
of C. albicansexpressed in serum are identical to
those expressed in serumfree media.

In order to investigate the cell wall components
of the hydrophobic yeastsinduced by various con-
ditions, we studied the effects of hydrolytic enzy-
mes on the CSH, and analyzed the cell wall pro-
teins by SDS-PAGE (Table 1, Fig. 3). Hydrolytic
enzymes decreased the CSH of hydrophobic yeasts
induced by serum or YEPD at 37 . Extraction of
cell wall proteins by hydrolytic enzymes from the
hydrophilic and the hydrophobic yeasts revealed
different protein profiles, indicating that different
kinds of proteins are involved in the CSH expres-
sion from C. albicans under various conditions.

SUMMARY AND CONCLUSION

The CSH of Candida albicans YWCM132 in-
creased rapidly during the initial 60 min growthin
YEPD or serum at 37 . and then decreased slowly.
However, in YEPD a 25 , the CSH increased in
progression for 300 min. Glucose addition or serum
dilution did not affect the initial expression of the
CSH. The CSH of the hydrophobic yeasts was
decreased by the treatment of hydrolytic enzymes
such as lyticase and proteinase K. Upon SDS-
PAGE analysis of cell wall proteins with lyticase
treatment, the protein profiles of the hydrophilic
and the hydrophobic cells were revealed to be
different. The mgjor cell wall proteins from the
hydrophilic yeast were 47, 44, 24, 20, and 17 kDa.
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Patterns of the cell wall proteins of the serum
induced and the Y EPD-induced hydrophobic cells
were different from each other. While proteins of

52.4, 25, and 19 kDa were extracted from the hy-
drophobic cells induced in serum, extraction of the
hydrophobic cellsinduced in YEPD at 25  yiel-
ded specific proteins of 42.5, 29, 27, and 19 kDa.
These results indicate that various hydrophobic

cellsinduced by serumor YEPD at 37 , or YEPD
a 25 express different hydrophobic proteins.
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