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Candida dubliniensisand Candida
albicansdisplay surface variations
consistent with observed intergeneric
coaggregation
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Adherence of yeasts to other microorganisms and epithelial cell surfaces is
important in their colonization. Comparative studies based on the coaggregation
of Candida dubliniensis versus Candida albicans with Fusobacterium nucleatum
and other oral bacteria suggested differences in the surfaces of these yeasts.
Transmission electron microscopy was used to test the hypothesis that there are
morphologic variations in the cell surface of these two species. C. dubliniensis
type strain CD36 and C. albicans ATCC 18804 were grown on Sabouraud’s dex-
trose agar at various growth temperatures. In some experiments suspensions of
yeast cells were treated with dithiothreitol. Fixation for transmission electron
microscopy was accomplished using dimethylsulfoxide and alcian blue added to
3% paraformaldehyde and 1% glutaraldahyde in cacodylate buffer. The cell wall
of both species was predominantly electron lucent and was visibly differentiated
into several layers. A thin electron dense outer layer was seen with clearly visible
fibrillar structures, closely associated to the cytoplasmic membrane. The length
of the fibrils of the C. albicans cells grown at 37°C was approximately two times
greater than those of the cells grown at 25°C. The fibrils of the 37°C-grown cells
were thin, distinct and tightly packed whereas those of the 25°C-grown cells
appeared blunt, loosely spaced and aggregated. C. dubliniensis demonstrated
short, blunt fibrils appearing similar to those of the 25°C-grown C. albicans cells.
C. dubliniensis showed no difference in the density, length and arrangement of
fibrils between the 25°C and 37°C growth temperatures. The shortest and most
aggregated fibrils seen were of the 45°C-grown C. albicans cells. Dithiothreitol-
treated 37°C-grown C. albicans cells revealed a distorted and partially destroyed
fibrillar layer.

In this investigation C. dubliniensis, unlike C. albicans, displayed an outer fibrillar
layer that did not vary with variations in growth temperature. In addition, the
fibrils on the C. dubliniensis cells were similar to those of the 25°C-grown C. albi-
cans in that they were considerably shorter and less dense than those of the
37°C-grown C. albicans cells. It can be postulated, that C. dubliniensis exhibits
constant cell surface characteristics consistent with hydrophobicity and that this
property may give this species an ecological advantage. Therefore, C. dublinien-
sis may compete well in oral environments via enhanced attachment to oral
microbes and other surfaces, perhaps even more efficiently than C. albicans.

Candida dubliniensis, Candida albicans, Cell wall, Electron microscopy

Candida dubliniensisy Candida albicangpresentan
variaciones en su superficie compatibles con la
coagregacion intergenérica observada

La adhesion de las levaduras a otros microorganismos y a las superficies epite-
liales es importante para su colonizacion. Estudios comparativos basados en la
coagregacion de Candida dubliniensis frente a Candida albicans con
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Fusobacterium nucleatum y otras bacterias orales han sugerido que existen dife-
rencias en las superficies de estas levaduras. Se ha utilizado la microscopia
electronica para determinar la existencia de variaciones morfologicas en la
superficie celular de estas dos especies. Las cepas CD36 de C. dubliniensisy la
ATCC 18804 de C. albicans se cultivaron en agar glucosado de Sabouraud a
diferentes temperaturas. En algunos experimentos, las suspensiones de levadu-
ras se trataron con ditiotreitol. La fijacion para microscopia electronica de trasmi-
sion se realizé utilizando dimetilsulfoxido y azul alcian en tampon cacodilato con
3% de paraformaldehido y 1% de glutaraldehido. La pared celular de ambas
especies era predominantemente electrollcida y se diferenciaba visiblemente en
varias capas. Se observaba una fina capa externa electrodensa con estructuras
fibrilares en intima asociacion con la membrana citoplasmica. La longitud de las
fibrillas de las células de C. albicans cultivadas a 37°C era aproximadamente el
doble que la de las células cultivadas a 25°C. Las fibrillas de las células cultiva-
das a 37°C eran finas, nitidas y densamente agrupadas, mientras que las
segundas aparecian romas, espaciadas y agregadas. C. dubliniensis presenta-
ba fibrillas cortas y romas, similares a las observadas en las células de C. albi-
cans cultivadas a 25°C. No se apreciaron diferencias en la densidad, longitud ni
disposicion de las fibrillas de las células de C. dubliniensis obtenidas a 25°C o

a 37°C. Las fibrillas mas cortas y agregadas se observaron en las células de

C. albicans cultivadas a 45°C. Las células de C. albicans cultivadas a 37°C y tra-
tadas con ditiotreitol presentaban una capa fibrilar distorsionada y parcialmente
destruida.

En este estudio, C. dubliniensis, al contrario que C. albicans, present6 una capa
fibrilar externa invariable independientemente de la temperatura de crecimiento.
Ademas, las fibrillas de las células de C. dubliniensis eran similares a las de

C. albicans obtenida a 25°C, ya que eran sensiblemente mas cortas y menos
densas que las de C. albicans cultivada a 37°C. Se puede postular que C. dubli-
niensis presenta caracteristicas constantes en su superficie celular compatibles
con la hidrofobicidad y que esta propiedad puede aportarle una ventaja ecolégi-
ca. De este modo, C. dubliniensis puede competir en la cavidad oral gracias a
una mayor adhesion a microorganismos o a otras superficies, quizas de manera
mas eficiente que C. albicans.

Palabras clave  Candida dubliniensis, Candida albicans, Pared celular, Microscopia electrénica

The clinical significance o€andida dubliniensis, bidometrically coaggregate with. nucleatum However,
a novel species [1-8] can be attributed to many of the when the yeast isolates were grown at@&5C. albicans
virulence characteristics that were once considered exclu-as well asC. dubliniensiscoaggregated. When the °&#
sive toCandida albicanslt differs in its ability to readily grown C. albicansstrains were treated with dithiothreitol
develop resistance to fluconazole [8-12]. This property (DTT) and then mixed withr. nucleatum they coaggre-
has been related to a trend of increased incidence of cangated in a manner similar to ti@ dubliniensissolates.
didiasis caused by oth@andidaspecies such &andida Through inhibition studies, it was found that the coaggre-
kruseiand Candida lusitaniad10,13-16]. The virulence gation reaction involved a heat-labile component on the
factors exhibited so far b@. dubliniensisinclude germ F. nucleatumand a mannan-containing heat-stable recep-
tube formation [8,10,17-19], exoenzyme production tor on bothCandidaspecies. This latter receptor appeared
[17,19-21], phenotypic switching [21] and antigenic to be masked by a heat-labile material on the surface of
variation [17,22]. These and many other phenotypic simi- the C. albicanscells, that interfered with the coaggrega-
larities thatC. dubliniensisshare with its closest relative, tion of the 37C-grown C. albicanswith F. nucleatum
C. albicanshave resulted in a substantial amount of con- The C. dubliniensiscells, on the other hand, were able to
fusion when differentiating these two species. coaggregate with the. nucleatumregardless of growth

It is well known that adherence is an essential first temperature. This finding suggests that there may be dif-
step in microbial colonization and thus is a key event in ferences in the structure of the cell walls of these two
the initiation of the pathogenic process [19,21,23-26]. Candidaspecies supporting the observation of Bikastdi
As a result, any cell wall changes would be expected to al. [29], who reported the existence of antigenic differen-
affect disease development, ultimately determining viru- ces betweef. dubliniensiandC. albicans
lence [25]. The cell wall o€. albicansis essential to its Previous investigators have described a growth
success as a pathogen for several reasons: it provides rigitemperature-dependent outer fibrillar layer on the surface
dity to the cell, protects against osmotic changes and of C. albicanswalls consisting largely of mannoproteins
penetration of drugs, is important in antigenicity and is [18,19,22, 24,30-33]. The fibers of this outermost layer
involved in the secretion of hydrolytic enzymes necessary are longer and more tightly packed on thé@Ggrown
for tissue invasion. Most importantly, however, it is the C. albicansthan on the 28C-grownC. albicans[25,34].
site of contact for adherence of the fungus and its envi- The fibers of this “hydrophilic” outermost layer seem to
ronment [20,21,27]. be responsible for the initial attachmentfalbicansto

A major functional difference that has been obser- other cells and surfaces. This initial association is follo-
ved betweerC. dubliniensisand C. albicansis based on wed by a tight interaction through a mannoprotein adhe-
their coaggregation behavior with the oral anaerobic bac- sin onC. albicans[22,24,30]. Hydrophobic proteins in
terium, Fusobacterium nucleatuf@6,28].C. dubliniensis the matrix of theC. albicanscell wall contribute to the
strains when grown at 3C were found to visibly and tur-  strength of this bond. These hydrophobic proteins are pre-



Ultrastructural differences in C. dubliniensis and C. albicans cell walls

sent in both 28C and 37C-grown blastoconidia and are
covered by the outer fibrillar layer [18,22,31,33]. The
scarcity of these fibrils on th@. albicanscells grown at
25°C, however, allows the exposure of these underlying
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1 mM CaCt, 0.1% DMSO and 0.1% alcian blue
(Polysciences, USA) in 0.1 M sodium cacodylate buffer
for 3 h at room temperature and washed three times in the
same buffer for 10 min. Samples were incubated for 3 h at

hydrophobic proteins causing the cells to be hydrophobic room temperature in a solution of 1% Qs@% K.Cr.Oy,

and more adherent to other cells and surfaces. THe- 37
grownC. albicanscells, on the other hand, are considered
hydrophilic due to the masking of the hydrophobic pro-
teins by the extensive network of outer surface fibrils
[18,27,34].

Many difficulties have been encountered with con-
ventional chemical fixation and embedding techniques for
the preservation of yeast ultrastructure [35]. These diffi-

0.85% NaCl and 0.1% DMSO in the same buffer. After
three, 10 min washes in saline, cells were then dehydrated
in an ethanol series with uranyl acetate (SPI-CHEM,
USA) added to 70% ethanol [36]. Cells were embedded in
100% Epon 812 and sections were cut on a Reichert-Jung
Ultracut E microtome, post-stained in aqueous 2% uranyl
acetate and lead citrate (SPI-CHEM) and observed in a
JEM-1200 EX Il electron microscope. All of these experi-

culties are mainly due to the presence of the brush-like ments were repeated on two additional occasions.

outerfibrillar layer on the yeast surface that renders the

cell wall of the yeast too thick for adequate penetration of
and preservation by fixatives [35,36]. As a result, rapid

freeze substitution techniques are often used to achieve

RESULTS

Preservation o€. albicanswas achieved using the

adequate preservation of membranous structures of yeasDMSO method allowing for the observation of detailed

cells. The cell surface df. albicanscells fixed by con-

ventional methods, are revealed as uniformly smooth,
whereas freeze-fracture replicas and rapid freezing techni-

ques showed the surfaces to be very rough with fibrillar

ultrastructure ofC. albicans(Figure 1A). The cell wall
was predominantly electron lucent and was visibly diffe-
rentiated into several layers (Figure 1B) consistent with
the descriptions and models of Shepherd and others

networks [24,30,32,35]. These techniques, however, are[20,21] (Figure 1C). In the cytoplasm, abundant riboso-

complicated, tedious and difficult to perform. An alterna-

tive chemical fixation approach has been devised to pre-

mes, round or ovoid nuclei and mitochondria, electron
dense vesicles and a smooth contour of membranous sys-

serve the native ultrastructure of yeasts and the delicatetems could be seen (Figure 2A). A thin electron dense

precise fibrils. This method utilizes the addition of 0.1%
dimethylsulfoxide (DMSO) to glutaraldehyde and
osmium tetraoxide-dichromate for fixation of yeasts for
electron microscopy [36]. Significant improvement in the
study of cell morphology, especially in cell wall detail

outer layer was seen with clearly visible delicate fibrillar
structures, closely associated to the cytoplasmic membra-
ne (Figure 2C), often linking adjacent fungal cells
(Figure 2B).

Cells of C. albicansgrown at 28C and 37C dis-

and overall structure of the yeast, was reported with the played an outer fibrillar layer, however, the length of the

addition of DMSO. In addition, preservation of the outer
fibrillar layer was further enhanced by the use of alcian
blue [36]. This novel yet simple method of chemical fixa-
tion for electron microscopy was adapted in this study to
compare the cell walls of. albicansgrown at 25C,
37°C, 37C -DTT treated and 4& and ofC. dubliniensis
cells grown at 28C and 37C (C. dubliniensisdoes not
grow at 48C). The hypothesis tested was that a major
difference betweeg. dubliniensisandC. albicanglies in
the abundancy, length and distribution of the fibers that

fibrils of the C. albicanscells grown at 37TC were at least
two times greater than those of the cells grown &4C25
(Figures 3C and 3D). In addition, the fibrils of theG7
grown cells were thin, distinct and tightly packed whereas
those of the 28C-grown cells were irregularly spaced and
in aggregate<C. dubliniensison the other hand, showed
no difference in the density, length and arrangement of
fibrils between the 28 (Figure 3A) and 3T (Figure

3B) growth temperatures. At both of these temperatures,
C. dubliniensisyeast cells had short, blunt fibrils that

make up the fibrillar outermost layer of the yeast and that were very similar to those of the Z5>grownC. albicans

unlike C. albicans these fibrils are not subject to growth
temperature changes with dubliniensis.

MATERIALS AND METHODS

Cells. C. dubliniensigtype strain CD36) was
grown on Sabouraud’s dextrose agar (SDA) plates @t 25
and 37C; C. albicangATCC 18804) was grown on SDA
at 25, 37° and 43C. Cells were washed four times for 10
min each in deionized water and pelleted by centrifuga-
tion at 180 xg between washes. The final fluid contained
0.1% DMSO [36].

Dithiothreitol Treatment. C. albicansells were
grown on SDA plates at 3C for 24 h. Cells were treated
with DTT (50 mM), as described by Hazen and Hazen
[22]. Cells were washed three times with cold deionized
water and then adjusted to a cell concentration of 22x 10
cells per ml of deionized water. Two ml of yeast cell sus-
pension was mixed with 2 ml of 50 mM DTT. The mixtu-
re was incubated for 60 min at 37 with occasional

cells. The shortest and most aggregated fibrils seen were
those ofC. albicanscells grown at 48C (Figure 3E). The
DTT-treated 37C-grownC. albicanscells revealed a dis-
torted and partially destroyed fibrillar layer (Figure 3F).
These results were consistent on each of these experimen-
tal occasions and for all of the multiple ultrathin sections.

DISCUSSION

Due to the slow penetrability of common fixatives
through the thick, multilayered cell wall &. albicans
routine chemical fixation of the yeast has so far been una-
ble to preserve the ultrastructure of yeast, resulting in the
loss of the outermost fibrillar layer or change from its
native state [24]. The fibrillar structure of the yeast cell
wall is especially sensitive to alcohol dehydration in con-
ventional procedures. Dehydration causes the precipita-
tion of the sugar component of the mannoproteins that
make up the fibrillar network, resulting in drastic defor-
mation and disappearance of the fibrillar layer [32]. The

shaking. Cells were then washed three times with cold use of DMSO has been shown to improve the rate of fixa-
deionized water before being processed for electron tive penetration into the yeast [32,36] allowing good pre-

microscopy [22].
Electron MicroscopyCells were prefixed in 3%
paraformaldehyde, 1% glutaraldehyde, 1 mM MgCl

servation of ultrastructural detail f@. albicansand
C. dubliniensisThe addition of 0.1% alcian blue into the
fixation protocol enhances the radially oriented fibrils of
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Figure 1. Transmission electron micrographs of ultrathin sections of Candida albicans fixed with DMSO:

(A) A whole yeast cell grown at 37°C, showing long, regularly radiating fibrils; (B) Section of a yeast cell
grown at 25°C, showing details of cell envelope ultrastructure; and (C) Schematic diagram of a typical cell
wall derived from Shepherd [20] showing the various layers: plasma membrane (PM), zone of mannoprotein
(M1), glucan-chitin (GC), glucan (G), mannoprotein (M2) and outer fibrillar layer (F).

the outer layer by modifying the physiochemical proper- DTT-treated cells being the most avid [34]. Hence, any
ties of the fibrils allowing their preservation [32,36]. Our alterations in the fibrils of the outermost layer of the cell
studies confirmed these previous observations. wall, whether due to growth temperature changes or treat-
The determination of the accurate ultrastructure of ment with DTT, may lead to changes in the ability of the
yeasts is very important as the cell wall and its outermost cell to interact with other surfaces by exposing hydropho-
and fibrillar layers may be related to pathogenicity, adhe- bic proteins which are pivotal to the success of colonizing
rence and virulence of yeasts [17,20,23,27,31,33]. Studiesyeasts in causing infections [18,22,24,31,34,37]. Studies
to investigate the effect of different growth temperatures on the effect of growth temperatures on the cell wall of
on the binding strength . albicanscells, showed that  C. albicanshave provided substantial evidence on the
the 37C-grown cells with the longest fibrils were the influence of yeast cell growth temperatures on the viru-
least avid, followed by the 28-grown cells, with the lence of the yeast. Yeast cells grown at@%roduced
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Figure 2. Transmission electron micrographs of ultrathin sections of Candida albicans fixed with DMSO:
(A) An image of a 25°C-grown cell revealing intracellular organelles; (B) Brush-like fibrillar structure on the
outermost surface of a C. albicans cell grown at 37°C. Note the interconnections of the long fibrils between
two cells (arrow); and (C) A cell grown at 37°C showing distinct, long individual fibrils.

germ tubes faster and more abundantly th&dC3yown In addition, the fibrils on thé&. dubliniensiscells were

cells after engulfment by polymorphonuclear neutrophils, similar to those of the 2&-grown C. albicans,in that

providing them with an escape mechanism, making them they were considerably shorter and less dense than those

less susceptible to killing by phagocytes [17,27,34]. In of the 37C-grown C. albicanscells. Although further

addition, cells grown at 2& adhered to epithelial cells studies need to be performed using more isolates, these

better than cells grown at 37 and appeared to be less preliminary investigations suggest that dubliniensis

sensitive to toxic substances and growth inhibitors [17].  exhibits constant cell surface hydrophobicity. This pro-
In this investigation, it was shown th@t dubli- perty may enhance colonization of this species via attach-

niensis,unlike C. albicanshas an outer fibrillar layer that  ment to oral microbes and other surfaces.

did not vary when cells were grown at°250r 37C.
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Figure 3. Transmission electron micrographs of ultrathin sections of Candida albicans and Candida dublinien-
sis cells fixed with DMSO, showing the effect of different growth temperatures and DTT treatment on cell wall
ultrastructure: (A) A cell of C. dubliniensis grown at 25°C; (B) A cell of C. dubliniensis grown at 37°C showing
fibrils similar to those of the 25°C grown cells in length and density; (C) A cell of C. albicans grown at 25°C
showing short, blunt fibrils; (D) A cell of C. albicans grown at 37°C showing long, tightly packed and distinct
fibrils; (E) A C. albicans cell grown at 45°C with short, aggregated fibrils; and (F) A C. albicans cell grown at
37°C and treated with DTT showing fibril loss.

This work was supported in part by NIH grant
DE11373. We thank Professor Kushnaryov for his
assistance with the methods for specimen preparation
for TEM. We also thank Dr. Robert Nauman and
Eleanor Wade for their technical assistance.



References

10.

11.

Sullivan D, Bennett D, Henman M, et al.
Oligonucleotide fingerprinting of isolates of
Candida species other than Candida albi-
cans and of atypical Candida species from
human immunodeficiency virus-positive
and AIDS patients. J Clin Microbiol 1993;
31: 2124-2133.

Sullivan D, Westermemg T, Haynes KA,
Bennett D, Coleman D. Candida dublinien-
sis sp. nov. = phenotypic and molecular
characterization of a novel species asso-
ciated with oral candidiasis in HIV-infected
individuals. Microbiology 1995; 141:
1507-1521.

Sullivan D, Haynes K, Bille J, et al.
Widespread geographic distribution of oral
Candida dubliniensis strains in human
immunodeficiency virus-infected indivi-
duals. J Clin Microbiol 1997; 35: 960-964.
Coleman DC, Sullivan DJ, Bennett DE,
Moran GP, Barry HJ, Shanky DB.
Candidiasis: the emergence of a novel
species, Candida dubliniensis.

AIDS 1997; 11: 557-567.

Kirkpatrick WR, Revankar SG, McAtee RK,
et al. Detection of Candida dubliniensis in
oropharyngeal samples from human immu-
nodeficiency virus-infected patients in
North America by primary CHROMagar
Candida screening and susceptibility tes-
ting of isolates. J Clin Microbiol 1998; 36:
3007-3012.

Salkin IF, Pruitt WR, Padhye AA, Sullivan
D, Coleman D, Pincus DH. Distinctive car-
bohydrate assimilation profiles used to
identify the first clinical isolates of Candida
dubliniensis recovered in the United
States. J Clin Microbiol 1998; 36: 1467.
Sullivan D, Coleman D. Candida dublinien-
sis: characteristics and identification.

J Clin Microbiol 1998; 36: 329-334.
Jabra-Rizk MA, Baqui AAMA, Kelley JI,
Falkler Jr, WA, Merz WG, Meiller TF.
Identification of Candida dubliniensis in a
prospective study of patients in the United
States. J Clin Microbiol 1999; 37: 321-326.
Moran GP, Sullivan DJ, Henman MC, et al.
Antifungal drug susceptibilities of oral
Candida dubliniensis isolates from human
immunodeficiency virus (HIV)-infected and
non-HIV-infected subjects and generation
of stable fluconazole-resistant derivatives
in vitro. Antimicrob Agents Chemother
1997, 41: 617-623.

Gilfillan GD, Sullivan DJ, Haynes K,
Parkinson T, Coleman DC, Gow NAR.
Candida dubliniensis: phylogeny and puta-
tive virulence factors. Microbiology 1998;
144: 829-838.

Moran GP, Sanglard D, Donnelly SM,
Shanley D, Sullivan DJ, Coleman DC.
Identification and expression of multidrug
transporters responsible for fluconazole
resistance in Candida dubliniensis.
Antimicrob Agents Chemother 1998; 42:
1819-1830.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ultrastructural differences in C. dubliniensis and C. albicans cell walls

Pfaller MA, Messer SA, Gee S, et al.

In vitro susceptibilities of Candida dubli-
niensis isolates tested against the new
triazole and echinocandin antifungal
agents. J Clin Microbiol 1999;37:870-872.
Wingard J, Merz W, Saral R. Candida tro-
picalis: a major pathogen in immunocom-
promised patients. Annal Intern Med
1979; 91: 529-543.

Wingard JR, Merz WG, Rinaldi G,
Johnson TR, Karp JE, Saral R. Increase
in Candida krusel infection among
patients with bone marrow transplanta-
tion and neutropenia treated prophylacti-
cally with fluconazole. N Eng J Med
1991, 18: 1274-1277.

Merz WG, Khazan U, Jabra-Rizk MA, Wu
L-C, Osterhout CJ, Lehmann PF. Strain
delineation and epidemiology of Candida
(Clavispora) lusitaniae. J Clin Microbiol
1992; 30: 449-454.

Vazquez JA, Dembry LM, Sanchez V,

et al. Nosocomial Candida glabrata colo-
nization: an epidemiologic study.

J Clin Microbiol 1998; 36: 421-426.
Antley PP, Hazen KC. Role of yeast cell
growth temperature on Candida albicans
virulence in mice. Infect Immun 1988; 56:
2884-2890.

Hazen KC, Lay J-G, Hazen BW, Fu RC.
Partial biochemical characterization of
cell surface hydrophobicity and hydrophi-
licity of Candida albicans. Infect Immun
1990; 58: 3469-3476.

Lopez-Ribot JL, Casanova M, Martinez JP,
Sentandreu R. Characterization of cell
wall proteins of yeast and hydrophobic
mycelial cells of Candida albicans.

Infect Immun 1991; 59: 2324-2332.
Shepherd MG. Cell envelope of Candida
albicans. CRC Clin Rev Microbiol 1987;
15: 7-25.

Calderone RA, Braun PC. Adherence
and receptor relationships of Candida
albicans. Microbiol Rev 1991; 55: 1-20.
Hazen BW, Hazen KC. Dynamic expres-
sion of cell surface hydrophobicity during
initial yeast cell growth and before germ
tube formation of Candida albicans.
Infect Immun 1988; 56: 2521-2525.
McCourtie J, Douglas LJ. Relationship
between cell surface composition, adhe-
rence, and virulence of Candida albicans.
Infect Immun 1984; 45: 6-12.

Tokunaga M, Nimi M, Kusamichi M,
Koike H. Initial attachment of Candida
albicans cells to buccal epithelial cells.
Mycopathologia 1990; 111: 61-66.
Masuoka J, Hazen KC. Cell wall protein
mannosylation determines Candida albi-
cans cell surface hydrophobicity.
Microbiology 1997; 143: 3015-3021.

Jabra-Rizk MA, et al.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Jabra-Rizk MA, Falkler WA Jr, Merz WG,
Kelley JI, Baqui AAMA, Meiller TF.
Coaggregation of Candida dubliniensis
with Fusobacterium nucleatum.

J Clin Microbiol 1999; 37: 1464-1468.
Glee PM, Sundstrom P, Hazen KC.
Expression of surface hydrophobic pro-
teins by Candida albicans in vivo.

Infect Immun 1995; 63: 1373-1379.
Grimaudo NJ, Nesbitt WE. Coaggregation
of Candida albicans with oral
Fusobacterium species. Oral Microbiol
Immunol 1997; 12: 168-173.

Bikandi J, Millan RS, Moragues MD, et al.
Rapid identification of Candida dublinien-
sis by indirect immunofluorescence based
on differential localization of antigens on
C. dubliniensis blastospores and Candida
albicans germ tubes. J Clin Microbiol
1998; 36: 2428-2433.

Tokunaga M, Kusamichi M, Koike H.
Ultrastructure of outermost layer of cell
wall in Candida albicans observed by
rapid-freezing technique. J Electron
Microsc 1986; 35:237-246.

Hazen KC. Participation of yeast cell sur-
face hydrophobicity in adherence of
Candida albicans to human epithelial
cells. Infect Immun 1989; 57: 1894-1900.
Kusamichi M, Monodane T, Tokunaga M,
Koike H. Influence of surrounding media
on preservation of cell wall ultrastructure
of Candida albicans revealed by low tem-
perature scanning electron microscopy.

J Electron Microsc 1990; 39: 477-486.
Hazen KC, Brawner DL, Riesselman MH,
Jutila MA, Cutler JE. Differential adheren-
ce of hydrophobic and hydrophilic
Candida albicans yeast cells to mouse tis-
sues. Infect Immun 1991; 59: 907-912.
Hazen KC, Hazen BW. Hydrophobic sur-
face protein masking by the opportunistic
fungal pathogen Candida albicans.

Infect Immun 1992; 60: 1499-1508.
Osumi M. The ultrastructure of yeast: cell
wall structure and formation. Micron 1998;
29: 207-233.

Fassel TA, Sohnle PG, Kushnaryov VM.
The use of dimethylsulfoxide for fixation of
yeasts for electron microscopy.

Biotech Histochem 1997; 72: 268-272.
Ponton J, Jones JM. Analysis of cell wall
extracts of Candida albicans by sodium
dodecy! sulfate-polyacrylamide gel elec-
trophoresis and Western blot techniques.
Infect Immun 1986; 53: 565-572.



