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Sapb, a secreted aspartyl proteinase, participates
in maintenance the cell surface integrity of
Candida albicans
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Abstract

Background: The polymorphic species Candida albicans is the major cause of candidiasis in humans. The secreted
aspartyl proteinases (Saps) of C. albicans, encoded by a family of 10 SAP genes, have been investigated as the
virulent factors during candidiasis. However, the biological functions of most Sap proteins are still uncertain. In this
study, we applied co-culture system of C. albicans and THP-1 human monocytes to explore the pathogenic roles
and biological functions of Sap proteinases.

Results: After 1 hr of co-culture of C. albicans strains and THP-1 human monocytes at 37°C, more than 60% of the
THP-1-engulfed wild type and Asap5 Candida cells were developing long hyphae. However, about 50% of
THP-1-engulfed Asap6 Candida cells were generating short hyphae, and more dead Candida cells were found in
Asap6 strain that was ingested by THP-1 cells (about 15% in Asap6 strain vs. 2 ~2.5% in SC5314 and Asap5 strains).
The immunofluorescence staining demonstrated that the Sapé6 is the major hyphal tip located Sap protein under
THP-1 phagocytosis. The sap6-deleted strains (Asap6, Asap4/6, and Asap5/6) appeared slower growth on Congo red
containing solid medium at 25°C, and the growth defect was exacerbated when cultured at 37°C in Congo red or
SDS containing medium. In addition, more proteins were secreted from Asap6 strain and the 3-mercaptoethanol
(B-ME) extractable surface proteins from Asap6 mutant were more abundant than that of extracted from wild type

involving in maintenance the cell surface integrity.

strain, which included the plasma membrane protein (Pmalp), the ER-chaperone protein (Kar2p), the protein
transport-related protein (Arf1p), the cytoskeleton protein (Act1), and the mitochondrial outer membrane protein
(porin 1). Moreover, the cell surface accessibility was increased in sap6-deleted strains.

Conclusion: From these results, we speculated that the cell surface constitution of C. albicans Asap6 strain was
defect. This may cause the more accessible of 3-ME to disulfide-bridged cell surface components and may weaken
the resistance of Asap6 strain encountering phagocytosis of THP-1 cells. Sap6 protein displays a significant function
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Background

Candida species are members of human normal micro-
flora that reside in oral cavity, gastrointestinal tract, female
genitalia and skin. Depending on the physiological status
of the hosts, Candida species may convert from the com-
mensally state to the pathogenic one and may cause dis-
ease from mucocutaneous superficial infection to systemic
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disseminated invasive candidiasis [1-3]. Among the members
of genus Candida, the polymorphic species Candida albi-
cans is the major contributor of candidiasis in humans
[4,5]. For surviving under various physiological stress of
human host, C. albicans could transform between yeast,
pseudohyphae and true hyphae in response to the envir-
onmental change [6].

For many microorganisms, including C. albicans, cell
wall is the first line to get in touch with host cells and also
provides defense to against attacks from the host immune
system. Besides, the cell wall components would be modi-
fied during morphogenetic programs to cope with the
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changes in environmental conditions [7-9]. Therefore, the
cell wall plays important roles in maintenance the integrity
and homeostasis of microorganisms. Cell wall proteins of
C. albicans are in general highly mannosylated (manno-
proteins) and enriched in the outer surface. They are at-
tached mostly to short chains of -1,6-glucan, to chitin via
[B-1,6-glucan, or directly to chitin, and to -1,3-glucan in a
lesser extent. Three types of covalently bound cell wall
proteins in C. albicans have been described, including: the
proteins bound to -1,6-glucans through a glycosylpho-
sphatidylinositol (GPI) moiety, the Pir (proteins with in-
ternal repeats) proteins attached to p-1,3-glucan by
unknown alkali-sensitive bonds (possibly O-glycosidic
linkages), and the proteins retained by disulfide bridges
which can be extracted by treatment with reducing
agents such as f-mercaptoethanol (3-ME) or dithiothre-
itol [10-13].

The model yeast Saccharomyces cerevisiae has been
used extensively for study the fungal cell wall biogenesis
and cell wall integrity. Numerous molecules have been
identified to participate in cell wall construction and cell
wall integrity signaling [14-16], including a group of
yapsin family proteins. In S. cerevisiae, the members
of yapsin family are five glycosylphosphatidylinositol
(GPI)-linked aspartyl proteinases [17]. In C. albicans,
ten secreted aspartyl proteinase (Sap 1 ~ 10) were iden-
tified and categorized to a Sap protein family [18-22],
which have been investigated as the virulent factors dur-
ing candidiasis [2,23,24]. Among the ten Sap proteins,
Sap9 and Sapl0 contain the C-terminal GPI-linked se-
quences which make them to be the yapsin homologues
of C. albicans [22,25]. Studies have revealed that Sap9
and Sapl0 are C. albicans cell surface-associated pro-
teinases which cleave the covalently linked cell wall
proteins [22,26] and involved their functions in main-
tenance the cell wall integrity and mediation the inter-
action between C. albicans with human epithelial cells
and neutrophils [22,27].

In addition to SAP9 and SAPI10, expression of SAPI to
SAP6 have been extensively approached and demon-
strated that SAPI ~3 were mainly expressed in yeast
form C. albicans and SAP4~ 6 were hypha-associated
expression [2]. Many studies revealed that Sap proteins
of C. albicans are virulent factors during candidiasis
[2,23,24] but some studies reflect that Sap proteins are
not essential for pathogenesis of C. albicans [28-30].
However, the precise biological functions of most Sap
proteinases in C. albicans are still uncertain. In this
study, we co-cultured the C. albicnas and THP-1 human
monocytes to examine the hyphae development and
escape behavior of different sap-null mutants when
suffered phagocytosis. We demonstrated that Sap6 in-
volved in the maintenance the cell surface integrity of
C. albicans.
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Methods

Strains and media

The C. albicans strains used in this study were listed in
Table 1 [22,26,31-35]. Strains were grown on/in YPD
(1% vyeast extract, 2% peptone, 2% glucose) complex
medium. YP (1% yeast extract, 2% peptone) medium
containing 0.1% glucose was used for induction of hy-
phae development. All media were added 40 mg of uri-
dine per liter to minimize the effect of L/RA3 gene [36].
C. albicans strains were cultured at 25°C to maintain the
yeast form and incubated at 37°C for hyphae induction.

Polyclonal antibody preparation

The construction and preparation of recombinant Sap
proteins for generation of polyclonal antibodies have
been described [37]. Because the highly conserved pro-
tein sequences between C. albicans and S. cerevisiae, we
took advantage of several antibodies that were generated
by using recombinant proteins of S. cerevisiae as anti-
gens to recognize the homologues in C. albicans. The
detailed properties of antibodies used in this study were
listed in Table 2.

C. albicans protein isolation and Western blot analysis

For total protein isolation, Candida cells were sus-
pended in 200 pl of HEK solution (HEPES, pH7.4,
10 mM; EDTA 5 mM; KCI 50 mM) and added equal vol-
ume of glass beads. After a vigorous vortex for 10 min
to break cells, 700 ul of HEK solution was added and in-
cubated on ice for 10 min with occasional vortex. After
centrifugation at 2,000 g for 5 min, the supernatant pro-
teins were precipitated by 10% trichloroacetic acid
(TCA). After centrifugation and washed with ddH,O,

Table 1 C. albicans strains used in this study

Strain type and no.  Genotype Reference
Clinical isolate SC5314  URA3/URA3 [31]
CAF4-2 (parental strain)  ura3:imm434/ura3:imm434 [32]
sap2 (M12/BH52-1-17)  sap2:hisG/sap2:hisG-URA3-hisG [33]
sap5 (DSY452) sap5:hisG/sap5:hisG-URA3-hisG [34]
sap6 (DSY346) sap6:hisG/sap6:hisG-URA3-hisG [34]
sap4/5 (M28) sap4:hisG/sap4:hisG sap5:hisG/sap5:: [35]

hisG-URA3-hisG
sap6:hisG/sap6:hisG sap4:hisG/sap4:  [34]
hisG-URA3-hisG
sap6:hisG/sap6:hisG sap5:hisG/sap5:  [35]
hisG-URA3-hisG

sap4/6 (M30)

sap5/6 (DSY437)

sap6 with pClp10 sap6:hisG/sap6:hisG pClp10 [35]
(M1065)

sap6 with pClp10- sap6::hisG/sap6::hisG pClp10-SAP6 [35]
SAP6 (M1067)

sap9 (M1018) sap9:hisG/sap9:hisG-URA3-hisG [22,26]
sap10 (M1171) sap10:hisG/sap10::hisG-URA3-hisG [22,26]
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Table 2 Antibodies used in this study

Antibody Dilution Property Reference
Anti-Sap6 1:5000 Polyclonal antibody, recognize C. albicans Sap4, Sap5, and Sap6 proteins. [371
Anti-Act1 1:5000 Polyclonal antibody, S. cerevisiae Actin as antigen, can recognize C. albicans Actin. Dr. F-J S. Lee
Anti-porin 1 1:5000 Polyclonal antibody, S. cerevisiae porin 1 as antigen, can recognize C. albicans porin 1. Dr. F-J S. Lee
Anti-Kar2 1:2000 Polyclonal antibody, Kar2 peptide of S. cerevisiae as antigen, can recognize C. albicans Kar2p. Dr. F-J S. Lee
Anti-Pmar 1:5000 Polyclonal antibody, S. cerevisiae Pmalp as antigen, can recognize C. albicans Pmalp. Dr. F-J S. Lee
Anti-Arf1 1:1000 Polyclonal antibody, S. cerevisiae Arf1p as antigen, can recognize C. albicans Arf1p. Dr. F-J S. Lee

the protein pellet was suspended in 2x protein sample
buffer and adjust pH value by 2 M Tris base, then incu-
bated at 95°C for 10 min and stored at —20°C for further
use. Western blotting was described previously [37].

Extraction of cell wall associated components

C. albicans strains were cultured overnight in YPD
medium at 25°C. Cells were harvested and transferred
into YPD or YP medium containing 0.1% glucose, with
initial density of ODggp=1/ml, and cultured at 25°C
(yeast form) or 37°C (hyphal form) for 3 hr with shaking.
Cells were spun down, washed once with ddH,O, then
suspended in extraction buffer (Tris—HCI, pH 8.8,
20 mM; KCl 50 mM; B-mercaptoethanol 1%, v/v). After
rocking at 37°C for 30 min, cells were harvested and the
medium components were precipitated by 10% TCA.
The precipitate was harvested by centrifugation at
20,000 g, 4°C, for 10 min. The pellet of precipitate was
washed once by ddH,O then suspended in 2x protein
sample buffer and adjust pH value by 2 M Tris base.
After incubation at 95°C for 10 min, the components
were subjected to Western blot analysis [12,37].

Co-culture of C. albicans with THP-1 human monocytes
The THP-1 human monocytic cell line [38] is maintained
in RPMI1640 with 10% fetal bovine serum (RPMI-FBS) at
37°C in a humidified chamber containing 5% CO,. For co-
culture, THP-1 cells were cultured in the 10-cm dishes for
2 days, then suspended cells in fresh RPMI-FBS and incu-
bated at 37°C for 10 min before co-cultured with Can-
dida. About 2x10° Candida cells were co-cultured with
2x10° THP-1 cells in 1.5 ml of RPMI-FBS in a 2 ml
microcentrifuge tube at 37°C incubator for indicated times
with gentle rocking [38].

Immunofluorescence staining of Sap proteins on hypha
surface

C. albicans and THP-1 cells were co-cultured at 37°C
for 30 min, then THP-1-engulfed Candida cells were
harvested by low speed centrifugation and re-suspended
in RPMI-FBS and incubated at 37°C for further 30 min.
Co-cultured cells were harvested and suspended in PBS

and loaded on poly-lysine coated cover glasses. The
coated cells were fixed by 3.7% of formaldehyde in PBS
for 15 min and were permeated by 0.2% TritonX100 for
3 min. After blocking, cells were incubated with anti-
Sap6 antibody (1:800-dilution) for 90 min. The detailed
procedure has been described [39].

RNA preparation and reverse transcription-polymerase
chain reaction

Total RNA of Candida cells was isolated by hot acid phenol
method [40]. Before reverse transcription, 2 pg of total RNA
was treated by DNasel (Invitrogen). The cDNA was gen-
erated by SuperScriptIIl (Invitrogen) with oligo-(dT);5 15
as primer. The expression of SAP genes was further iden-
tified by PCR using specific primers [35].

Results

The characteristics of engulfed C. albicans in THP-1

human monocytes

The hypha-associated expression of SAP4-6 genes has
been investigated as the potent virulent factors in mouse
model of systemic candidiasis [34,41]. However, the
biological functions of these Sap proteinases are still un-
certain. The environment of systemic infection is too
complicate to dissect protein functions of pathogens.
Because macrophages may be the first encountered host
defense cells during the invasive process of pathogens,
we applied co-culture of C. albicans and THP-1 human
monocytes to evaluate the pathogenic roles of Sap pro-
teinases. After co-culture of C. albicans and THP-1 cells
at 37°C for 1 hr, we inspected the status of C. albicans
that engulfed by THP-1 cells. The microscopy showed
that one or more C. albicans could be ingested by one
THP-1 cell, and C. albicans could be induced to develop
filamentous growth within THP-1 cells. The cell shape
of THP-1 cells appeared extended by the elongated hy-
phae of ingested Candida cells. Some elongated hyphae
could eventually burst the THP-1 cells that seemed to
kill the monocytes, but some Candida cells would likely
to be killed by monocytes that appeared as hollow or
dense images that mostly stayed in the yeast- or germ
tube-form within the THP-1 cells (Figure 1).
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Figure 1 Sap6 participates in the breakout process of C. albicans from phagocytosis of THP-1 monocytes. Candida cells and THP-1 cells
were co-cultured at 37°C for 1 hr. Then cells were harvested and prepared for microscope inspection. Thirty views of microscope for each sample
were subjected to dissect and calculate the growth characters of co-cultured Candida cells. SC5314: the wild type strain; Asap5: the SAP5 gene
deleted mutant; Asap6: the SAP6 gene deleted mutant; short hypha: filament </= two mother cell length; long hypha: filament > two mother cell
length. *: the difference between Asap6 strain and wild type/Asap5 strains is considered to be statistically significant (t test, P value < 0.01).
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Sap6 participates in the breakout process of C. albicans
from phagocytosis

Because the Sap5 and Sap6 have been identified as the
major expressed Sap proteins during hyphae develop-
ment, we further characterized the properties of wild
type strain SC5314, Asap5 and Asap6 mutants that were
engulfed in THP-1 cells. We randomly took thirty views
of each co-cultured samples and set several criteria to
dissect the growth of C. albicans strains engulfed in
THP-1 cells. The results revealed (Figure 1) that after
1 hr of co-cultur with THP-1 cells, most THP-1-
engulfed SC5314 and Asap5 cells were mostly developed
long hyphae (about 60%). However, about 50% of THP-
1-engulfed Asap6 cells generated short hyphae, and
more dead cells were found in THP-1-engulfed Asap6
cells (about 15% in Asap6 strain vs. 2 ~2.5% in SC5314
and Asap5 strains). In addition, more protruding hyphae
which pierced the THP-1 cells were found in THP-1-
engulfed SC5314 and Asap5 cells (about 12 ~15% in
SC5314 and Asap5 strains vs. 4% in Asap6 strain).
Hence, the Asap6 mutant seemed with certain extent of
defect in struggling of breakout from phagocytosis of
THP-1 cells, although its hyphae formation is as efficient
as other strains when cultured in the hypha-inducing
media without THP-1 co-culture.

Sapé is distributed on hyphal tips of THP-1
engulfed C. albicans

Since the THP-1-engulfed Asap6 cells exhibited slower
hypha-extension, we further identified the expression of

Sap proteins in C. albicans co-cultured with THP-1
monocytes by immunofluorescence staining using poly-
clonal anti-Sap6 antibody. The results demonstrated
(Figure 2) that the Sap proteins could be detected on the
hyphal distal-end of THP-1 engulfed C. albicans. Al-
though the Sap5 is the most abundant secreted aspartyl
proteinase in hypha-form C. albicans, the fluorescent
signal still appeared on the hyphal distal-end of THP-1
ingested Asap5 cells. However, fluorescent signal was
vanished from the hyphal surface of THP-1 engulfed
Asap6 strain, suggesting that under phagocytosis the
Sapé6 is the main hyphal-tip located Sap protein.

The Asapé6 strain displayed growth defect in media with
cell wall attack components

Meanwhile, we found when picking the C. albicans cells
from colonies by pipette tip, the Asap6 mutant appeared
more liquefied and clammy than other strains; hence we
speculated that the cell surface characteristics of Asap6
mutant may be different from wild type and other
strains. Because the outer layer of C. albicans cells is cell
wall, we examined the growth of C. albicans strains on
solid media of YPD and YPD containing Congo red to
verify the cell wall integrity of Candida cells. All tested
strains demonstrated similar growth rate on YPD
medium at 25°C (Figure 3A). However, sap6-null strains
(Asap6, Asap4/6, and Asap5/6) appeared slower growth
on Congo red containing medium at 25°C and displayed
more severe growth defect when cultured at 37°C. The
strain which contained one copy of re-integrated SAP6
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gene seemed to present a little rescue of growth defect
on Congo red plate that cultured at 25°C but there was
no observable effect at 37°C (Figure 3A). The mRNA ex-
pression level of re-integrated SAP6 single-copy gene
was approximately one-half of the wild type strain ex-
pression level in both yeast and hyphae form (Figure 3B),
suggesting that the expression level of SAP6 is important
to fulfill its biological function.

In addition, we cultured the C. albicans strains at 25°C
in liquid rich medium or YPD rich medium containing
0.06% SDS (Figure 4A), the tested strains appeared almost

the same growth rate in respective media. However, when
the C. albicans strains were cultured at 37°C, the Asap6
strain displayed evidently slower growth rate in medium
containing 0.06% SDS (Figure 4B) and the single copy
SAP6 gene re-integrated strain did not displayed growth
rescue (data not shown). This result is consistent with the
Congo red plate assay which revealed the growth defect
was more sever when sap6-null strains were cultured in
media with cell wall attack components at 37°C. From
these results, we suggested that the cell wall constitution
may be deficient in Asap6 strain.

25°C, 2 days 37°C, 2 days
Congo red Congo red
YPD 150pug/ml 150ug/ml
A B
SCs314 THP-1 co-culture,
Asap4/6 YPD, 25°C 37°C
Asap5/6
Asap6/pCIl10
SAP6
Asap6/pCISAP6 (605 bp)
EFB1
Asap4/5 (554 bp)

Figure 3 The expression level of SAP6 is related to its function. (A) The Asap6 strains display growth defect in media with cell wall attack
components. C. albicans strains were spotted on solid medium of YPD or YPD containing Congo red to verify the cell wall integrity of Candida
cells. (B) Detection of SAP6 expression by reverse transcription-PCR analysis. The YPD cultured or co-cultured cells were harvested after 30 min
incubation at 25°C or 37°C, respectively. Total RNA was isolated and subjected to reverse transcription and PCR analysis.
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The accessibility of cell surface was increased in sap6-null
strains

According to the cell wall constitution, wall components
could be released or extracted by chemical agents. We
applied the Bp-mercaptoethanol (3-ME) to extract surface
proteins of C. albicans strains because this is a simple
and efficient method to get a portion of outer layer pro-
teins from C. albicans [10,13].

The SDS-PAGE analysis revealed that in both yeast-
form and hypha-form, the 3-ME extractable proteins from
Asap6 mutant were evidently more than that extracted
from wild type SC5314 strain (Figure 5A, upper panel). In
addition, plenty of proteins also could be extracted by
B-ME from a definite cell wall defect Asap9 mutant [22],
and the B-ME-extractable property of Asapl0 mutant was
similar to wild type strain (Figure 5A, upper panel). The
Western blotting demonstrated that plasma membrane
protein (Pmalp), ER-chaperone protein (Kar2p), protein
transport-related protein (Arflp), cytoskeleton protein
(actin, Actl), and trace of mitochondrial outer membrane
protein (porin 1) could be detected in -ME-extractable
fraction, especially more abundant in the extracts of
Asap6 and Asap9 strains (Figure 5A).

Since the actin could be extracted from cells by f-ME
treatment and some actin filaments should close to the
inner surface of plasma membrane, we applied immuno-
fluorescence staining to detect the actin without treating
Candida cells into spheroplast. The result showed that

sap6-null strains (Asap6, Asap4/6, and Asap5/6) and
Asap9 strain were more accessible to interact with Alexa
Fluor™ 488 labeled anti-Actl antibody (Figure 5B), sug-
gesting the surface accessibility was increased in sap6-
null strains and Asap9 strain.

Because the similar properties of Asap6 and Asap9
strains, we speculated that the cell surface constitution
of Asap6 strain was defect and gave rise to more access-
ible of B-ME to disulfide-bridged surface proteins; in
addition, more proteins may be transported toward the
cell surface to cope with the wall deficiency.

Discussion

In this study, we attempted to explore the biological
function of secreted aspartyl proteinases in C. albicans.
Fortunately, in the co-culture system of C. albicans and
THP-1 human monocytes, we found the discrepancy of
hyphae development between Asap6 strain and other
tested strains during phagocytosis. Substantially, the
Aefgl mutant, which exhibited severe deficiency of fila-
mentous growth in many cultivated conditions, could al-
most not generate hyphae within THP-1 cells (data not
shown); and a moderate hypha-deficient mutant (Acphl)
appeared delayed hyphae formation during phagocytosis
(data not shown). In addition, the cell wall deficient
Asap9 strain [22] also exhibited poor hyphae develop-
ment within THP-1 cells (data not shown). Therefore,
co-culture of C. albicans and THP-1 human monocytes
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may apply as an efficient method for evaluation the po-
tential factors relating to the invasiveness of C. albicans
prior to examination by murine model.

A study using single and double null mutants of sap
genes demonstrated that C. albicans strains, as long as
with sap6-deletion, exhibited significantly reduced ability
to invade and damage parenchymal organs in murine-
model, although the hyphae development was normal
and other Sap proteinases were still expressed [35].
Moreover, a study of murine keratitis also revealed that
Sap6 is important for the pathogenesis of C. albicans
keratitis [42]. In our co-culture system of C. albicans
and THP-1 human monocytes, the protein level of se-
creted Sap5 was far more than the secreted Sap6 (Buu,
unpublish), however, reduced capability of filamentous
growth was found in Asap6 strain of C. albicans within
THP-1 monocytes. Besides, immunofluorescence staining

revealed the Sap6 was the main Sap protein located on hy-
phal tips. These results highlight that the Sap6 may have
distinct biological function involving in pathogenesis of C.
albicans.

A class of GPI-anchored aspartyl proteinases known as
fungal yapsins was firstly identified in Saccharomyces
cerevisiae [25,43,44]. Yapsins in S. cerevisiae play import-
ant role in maintenance of cell wall integrity [17,25]. C.
albicans has ten secreted aspartyl proteinases but only
Sap9 and Sapl0 have been characterized as the homo-
logues of yapsins for they possessed the GPI-modification
signal in their C-terminal peptide sequences [22,25]. Yps1,
a plasma membrane reside yapsin of S. cerevisiae, has
been investigated to be targeted to the vacuole and involv-
ing in the Golgi-associated proteolysis [45]. In addition,
the IFF gene family of C. albicans encodes cell wall-
related proteins. In this /FF gene family a secreted protein
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Iff11, which differs from other IFF family members in
lacking a GPI anchor, has been investigated to play a role
in cell wall organization, and presumed that the Iffl1 may
perform its function as it was transported through the pro-
tein secretory pathway [46]. The secreted Sap6 protein of
C. albicans is also delivered through the conserved protein
secretory pathway to the cell surface. Since the Sap6 is a
proteinase, during transport through the secretory path-
way it is possible that Sap6 provides cleavage-modification
to maturate other co-delivered proteins which have main
effect to establish the cell wall function.

In addition, S. cerevisiae Ypsl has been identified to
cleave the extracellular inhibitory portion of the plasma
membrane sensor protein Msb2p which is association
with Sholp for activation the Cdc42p-dependent MAPK
pathway that controls filamentous growth and osmo-
adaptive responses of S. cerevisiae [47]. In C. albicans,
Msb2p is the sensor of defects in cell wall glycostruc-
tures and, associated with Sholp, transmits the defective
glycosylation signals to Cekl MAP kinase pathway
which functions in maintenance cell wall integrity [48].
Cleavage of Msb2p in C. albicans is also found to occur
but is not performed by yapsin homologue Sap9 and
Sap10, and Golgi-resident serine proteinase Kex2 is not
involved as well [49]. A recent study revealed that Sap8
is a potent factor to be the major regulator of Msb2 pro-
cessing in C. albicans [50]. These studies offer the hints
that some physiological regulation processes are not
exactly the same between S. cerevisiae and C. albicans,
and there may have other unidentified cell surface-
resident molecules also require further processing to
exert their proper function when cells experience many
different circumstances [51]. The Sap6 protein, though
lacking a GPI-anchored moiety, may possibly retain on
or associate with the cell surface constitution after it is
secreted from the C. albicans and executes its proteinase
activity on some surface molecules which may turn into
active and participate in preservation the cell surface
function.

Conclusion

This study demonstrates that although Sap4, Sap5, and
Sap6 have high identity in their DNA and protein se-
quences, Sap6 displays a significant function involving in
maintenance the cell surface integrity. Hence, secreted
Sap6 is able to be a member of cell surface-modifying
enzymes. The precise molecular mechanism of Sap6 will
be further characterized that may help us to realize the
various functions of Sap proteinases.

Abbreviations
SAP: Secreted aspartyl proteinase; GPI: Glycosylphosphatidylinositol;
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Page 8 of 9

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

LMB designed and manipulated the experiments and wrote the manuscript.
YCC discussed the experimental design and results with LMB and
participated in manuscript writing. Both authors read and approve the final
manuscript.

Acknowledgments

The authors are grateful to Drs. Bernhard Hube, Dominique Sanglard, Gerald
R. Fink, and William A. Fonzi for providing the strains of C. albicans, and
thankful to Dr. Fang-Jen S. Lee for providing antibodies. We thank the facilities
support at the 6th Core Laboratory, National Taiwan University Hospital.
This work was supported by the National Science Council, Taiwan

(NSC 98-2320-B-017-002).

Author details

'Department of Biotechnology, National Kaohsiung Normal University, No. 62,
Shenzhong Rd, Yanchao District, Kaohsiung City 82444, Taiwan. “Division of
Infectious Diseases, Department of Internal Medicine, National Taiwan University
Hospital, Taipei, Taiwan. *Department of Medicine, National Taiwan University,
Taipei, Taiwan.

Received: 12 September 2013 Accepted: 28 December 2013
Published: 30 December 2013

References

1. Chen Y-C, Chang S-C, Tai H-M, Hsueh P-R, Luh K-T: Molecular epidemiology
of Candida colonizing critically ill patients in intensive care untis.

J Formos Med Assoc 2001, 100:791-797.

2. Naglik J, Albrecht A, Bader O, Hube B: Candida albicans proteinases and
host/pathogen interactions. Cell Microbiol 2004, 6:915-926.

3. Segal E: Candida, still number one- what do we know and where are we
going from there? Mycoses 2005, 48:3-11.

4. Edmond MB, Wallace SE, McClish DK, Pfaller MA, Jones RN, Wenzel RP:
Nosocomial bloodstream infections in United States hospitals: a three-year
analysis. Clin Infect Dis 1999, 29:239-244.

5. Ruan S-Y, Hsueh P-R: Invasive Candidiasis: an overview from Taiwan. J Formos
Med Assoc 2009, 108:443-451.

6. Whiteway M, Bachewich C: Morphogenesis in Candida albicas. Annu Rev
Microbiol 2007, 61:529-553.

7. Bruno VM, Kalachikov S, Subaran R, Nobile CJ, Kyratsous C, Mitchell AP:
Control of the C. albicans cell wall damage response by transcriptional
regulator Cas5. PLoS Pathog 2006, 2:0204-0210.

8. Biswas S, Van Dijck P, Datta A: Environmental sensing and signal
transduction pathways regulating morphopathogenic determinants of
Candida albicans. Microbiol Mol Biol Rev 2007, 71:348-376.

9. Blankenship JR, Fanning S, Hamaker JJ, Mitchell AP: An extensive circuitry
for cell wall regulation in Candida albicans. PLoS Pathog 2010, 6:21000752.

10. Pitarch A, Sénchez M, Nombela C, Gil C: Sequential fractionation and
two- dimensional gel analysis unravels the complexity of the dimorphic
fungus Candida albicans cell wall proteome. Mol Cell Proteomics 2002,
1:967-982.

11.  de Groot PW, de Boer AD, Cunningham J, Dekker HL, de Jong L, Hellingwerf KJ,
de Koster C, Klis FM: Proteomic analysis of Candida albicans cell walls reveals
covalently bound carbohydrate-active enzymes and adhesins. Eukaryot Cell
2004, 3:955-965.

12. Ruiz-Herrera J, Elorza MV, Valentin E, Sentandreu R: Molecular organization
of the cell wall of Candida albicans and its relation to pathogenicity.
FEMS Yeast Res 2006, 6:14-29.

13. Thomas DP, Pitarch A, Monteoliva L, Gil C, Lopez-Ribot JL: Proteomics to
study Candida albicans biology and pathogenicity. Infect Disord Drug
Targets 2006, 6:335-341.

14.  Levin DE: Cell wall integrity signaling in Saccharomyces cerevisiae.
Microbiol Mol Biol Rev 2005, 69:262-291.

15.  Klis FM, Boorsma A, De Groot PWJ: Cell wall construction in
Saccharomyces cerevisiae. Yeast 2006, 23:185-202.

16. Lesage G, Bussey H: Cell wall assembly in Saccharomyces cerevisiae.
Microbiol Mol Biol Rev 2006, 70:317-343.



Buu and Chen Journal of Biomedical Science 2013, 20:101
http://www.jbiomedsci.com/content/20/1/101

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Krysan DJ, Ting EL, Abeijon C, Kroos L, Fuller RS: Yapsins are a family of
aspartyl Proteases required for cell wall integrity in Saccharomyces
cerevisiae. Eukaryot Cell 2005, 4:1364-1374.

White TC, Miyasaki SH, Agabian N: Three distinct secreted aspartyl
proteinases in Candida albicans. J Bacteriol 1993, 175:6126-6133.

Hube B, Monod M, Schofield DA, Brown AJ, Gow NAR: Expression of seven
members of the gene family encoding secretory aspartyl proteinases in
Candida albicans. Mol Microbiol 1994, 14:87-99.

Monod M, Togni G, Hube B, Sanglard D: Multiplicity of genes encoding
secreted aspartic proteinases in Candida species. Mol Microbiol 1994,
13:357-368.

Monod M, Hube B, Hess D, Sanglard D: Differential regulation of SAP8 and
SAP9Y, which encode two new members of the secreted aspartic
proteinase family in Candida albicans. Microbiology 1998, 144:2731-2737.
Albrecht A, Felk A, Pichova I, Naglik JR, Schaller M, de Groot P, MacCallum D,
Odds FC, Schafer W, Klis F, Monod M, Hube B: Glycosylphosphatidylinositol-
anchored proteases of Candida albicans target proteins necessary for both
cellular processes and host-pathogen interactions. J Biol Chem 2006,
281:688-694.

Calderone RA, Fonzi WA: Virulence factors of Candida albicans. Trends
Microbiol 2001, 9:327-335.

Naglik JR, Challacombe SJ, Hube B: Candida albicans secreted aspartyl
proteinases in virulence and pathogenesis. Microbiol Mol Biol Rev 2003,
67:400-428.

Gagnon-Arsenault |, Tremblay J, Bourbonnais Y: Fungal yapsins and cell
wall: a unique family of aspartic peptidases for a distinctive cellular
function. FEMS Yeast Res 2006, 6:966-978.

Schild L, Heyken A, de Groot PWJ, Hiller E, Mock M, de Koster C, Horn U,
Rupp S, Hube B: Proteolytic cleavage of covalently linked cell wall
proteins by Candida albicans sap9 and Sap10. Eukaryot Cell 2011,
10:98-109.

Hornbach A, Heyken A, Schild L, Hube B, Loffler J, Kurzai O: The
Glycosylphosphatidylinositol-Anchored Protease Sap9 modulates the
Interaction of Candida albicans with human neutrophils. Infect Immun
2009, 77:5216-5224.

Kretschmar M, Felk A, Staib P, Schaller M, Heb D, Callapina M, Morschhauser J,
Schafer W, Korting HC, Hof H, Hube B, Nichterlein T: Individual acid aspartic
proteinases (Saps) 1-6 of Candida albicans are not essential for invasion
and colonization of the gastrointestinal tract in mice. Microb Pathog 2002,
32:61-70.

Lermann U, Morschhauser J: Secreted aspartic proteases are not required
for invasion of reconstituted human epithelia by Candida albicans.
Microbiology 2008, 154:3281-3295.

Correia A, Lermann U, Teixeira L, Cerca F, Botelho S, Gil da Costa RM,
Sampaio P, Gartner F, Morschhauser J, Vilanova M, Pais C: Limited role of
secreted aspartyl proteinases Sap1 to Sap6 in Candida albicans virulence
and host immune response in murine hematogenously disseminated
candidiasis. Infect Immun 2010, 78:4839-4849.

Gillum AM, Tsay EY, Kirsch DR: Isolation of the Candida albicans gene for
orotidine-5"-phosphate decarboxylase by complementation of S.
cerevisiae ura3 and E. coli pyrF mutations. Mol Gen Genet 1984,
198:179-182.

Fonzi WA, Irwin MY: Isogenic strain construction and gene mapping in
Candida albicans. Genetics 1993, 134:717-728.

Hube B, Sanglard D, Odds FC, Hess D, Monod M, Schafer W, Brown AJ, Gow NAR:
Disruption of each of the secreted aspartyl proteinase genes SAP1, SAP2,
and SAP3 of Candida albicans attenuates virulence. Infect Immun 1997,
65:3529-3538.

Sanglard D, Hube B, Monod M, Odds FC, Gow NAR: A triple deletion of the
secreted aspartyl proteinase genes SAP4, SAP5, and SAP6 of Candida
albicans causes attenuated virulence. Infect Immun 1997, 65:3539-3546.
Felk A, Kretschmar M, Albrecht A, Schaller M, Beinhauer S, Nichterlein T,
Sanglard D, Korting HC, Schafer W, Hube B: Candida albicans hyphal
formation and the expression of the Efg1-regulated proteinases Sap4 to
Sapé6 are required for the invasion of parenchymal organs. Infect Immun
2002, 70:3689-3700.

Brand A, MacCallum DM, Brown AJP, Gow NAR, Odds FC: Ectopic
expression of URA3 can influence the virulence phenotypes and
proteome of Candida albicans but can be overcome by targeted
reintegration of URA3 at the RPS10 locus. Eukaryot Cell 2004, 3:900-909.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 9 of 9

Chen Y-C, Wu C-C, Chung W-L, Lee F-J S: Differential secretion of Sap4-6
proteins in Candida albicans during hyphae formation. Microbiology 2002,
148:3743-3754.

Barker KS, Liu T, Rogers PD: Coculture of THP-1 human mononuclear cells
with Candida albicans results in pronounced changes in host gene
expression. J Infect Dis 2005, 192:901-912.

Buu L-M, Chen Y-C, Lee F-J S: Functional characterization of acetyl-CoA
hydrolase, Ach1p, in Saccharomyces cerevisiae. J Biol Chem 2003,
278:17203-17209.

Collart MA, Oliviero S: Supplement Unit 13.12. Preparation of yeast RNA.
In Current Protocols in Molecular Biology. Edited by Ausubel FM, Brent R,
Kingston RE, Moore DD, Seidman JG, Smith JA, Struhl K. New York: John
Wiley & Sons, Inc; 1993. 13.12.1-5.

Kretschmar M, Hube B, Bertsch T, Sanglard D, Merker R, Schroder M, Hof H,
Nichterlein T: Germ tubes and proteinase activity contribute to virulence
of Candida albicans in murine peritonitis. Infect Immun 1999,
67:6637-6642.

Jackson BE, Wilhelmus KR, Hube B: The role of secreted aspartyl
proteinases in Candida albicans keratitis. Invest Ophthalmol Vis Sci 2007,
48:3559-3565.

Bourbonnais Y, Ash J, Daigle M, Thomas DY: Isolation and characterization
of S. cerevisiae mutants defective in somatostatin expression: cloning
and functional role of a yeast gene encoding an aspartyl protease in
precursor processing at monobasic cleavage sites. EMBO J 1993,
12:285-294.

Ash J, Dominguez M, Bergeron JJM, Thomas DY, Bourbonnais Y: The yeast
proprotein convertase encoded by YAP3 is a glycophosphatidylinositol-
anchored protein that localizes to the plasma membrane. J Biol Chem
1995, 270:20847-20854.

Sievi E, Suntio T, Makarow M: Proteolytic function of GPl-anchored plasma
membrane protease Yps1p in the yeast vacuole and Golgi. Traffic 2001,
2:896-907.

Bates S, de la Rosa JM, MacCallum DM, Brown AJP, Gow NAR, Odds FC:
Candida albicans Iff11, a secreted protein required for cell wall structure
and virulence. Infect Immun 2007, 75:2922-2928.

Vadaie N, Dionne H, Akajagbor DS, Nickerson SR, Krysan DJ, Cullen PJ:
Cleavage of the signaling mucin Msb2 by the aspartyl protease Yps1 is
required for MAPK activation in yeast. J Cell Biol 2008, 181:1073-1081.
Ernst JF, Pla J: Signaling the glycoshield: maintenance of the Candida
albicans cell wall. Int J Med Microbiol 2011, 301:378-383.
Szafranski-Schneider E, Swidergall M, Cottier F, Tielker D, Roman E, Pla J,
Ernst JF: Msb2 shedding protects Candida albicans against antimicrobial
peptides. PLoS Pathog 2012, 8:21002501.

Puri S, Kumar R, Chadha S, Tati S, Conti HR, Hube B, Cullen PJ, Edgerton M:
Secreted aspartic protease cleavage of Candida albicans Msb2 activates
Cek1 MAPK signaling affecting biofilm formation and oropharyngeal
candidiasis. PLoS One 2012, 7:246020.

Cullen PJ: Post-translational regulation of signaling mucins. Curr Opin
Struct Biol 2011, 21:590-596.

doi:10.1186/1423-0127-20-101

Cite this article as: Buu and Chen: Sap6, a secreted aspartyl proteinase,
participates in maintenance the cell surface integrity of Candida
albicans. Journal of Biomedical Science 2013 20:101.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ) -
www.biomedcentral.com/submit ( BiolVed Central
J




	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	Strains and media
	Polyclonal antibody preparation
	C. albicans protein isolation and Western blot analysis
	Extraction of cell wall associated components
	Co-culture of C. albicans with THP-1 human monocytes
	Immunofluorescence staining of Sap proteins on hypha surface
	RNA preparation and reverse transcription-polymerase chain reaction

	Results
	The characteristics of engulfed C. albicans in THP-1 human monocytes
	Sap6 participates in the breakout process of C. albicans from phagocytosis

	Sap6 is distributed on hyphal tips of THP-1 engulfed C. albicans
	The Δsap6 strain displayed growth defect in media with cell wall attack components
	The accessibility of cell surface was increased in sap6-null strains

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


