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Abstract

The non-pathogenic dimorphic fission yeast, Schizosaccharomyces japonicus
could be a suitable model organism for investigation of the genetic background of
mycelial growth, as it has haploid chromosome set and its genome is sequenced. Since
earlier results have suggested that its morphological transition required solid
substrates, but molecular biological experiments would require hyphae production in a
liquid medium, we wanted to find circumstances which enable hyphae production in
liquid media.

Several external conditions were investigated, but the strongest inducer was
Fetal Bovine Serum. Its positive effect could be hampered by heat and was dependent
on pH, temperature and concentration of the serum. Other protein containing
compounds such as peptone and BSA or amino acids proved to be ineffective or weak.
Generally, the uninduced and induced mycelial growth of Sch. japonicus could be

improved by lower external pH and higher temperature.
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Introduction

An important feature of pathogenic yeasts is their ability to switch between different
morphological forms. Their filamentous forms are thought to be critical for their
pathogenesis (Molero et al., 1998; Whiteway and Oberholzer, 2004), thus the genetic and
molecular analysis of morphological transition can be very important.

The morphological switch involves different processes, such as the MAP kinase
cascade and the cAMP dependent pathway (Gancedo, 2001), a changeover to unipolar growth
(Sipiczki et al., 1998a), reorganisation of cytoskeleton (Yokoyama et al., 1994), repression of
cell separation (Balazs et al., 2012), changes in the state of DNA (Furuya and Niki, 2010) or
environmental sensing (reviewed in Ernst, 2000 and Biswas et al., 2007). Important
environmental factors are for instance, nutrient limitation (Gimeno et al., 1992; Lopez-
Bergez et al., 2010), a poor carbon source (Zaragoza and Gancedo, 2000), stress conditions
(Dickinson, 1996; Hornby et al., 2004), changing in pH values (Penalva and Arst, 2002), a
sudden change in temperature (reviewed in Sudbery et al., 2004) or in oxygen concentration
(Dumitru et al., 2004).

Schizosaccharomyces japonicus is believed to be an attractive model organism for
investigation of the genetic background of dimorphism, as it is non-pathogen, it has a haploid
chromosome set and its genome is also sequenced (www.broadinstitute.org). Its further good
features were recently summarised (Klar, 2013; Niki, 2014). This species belongs to the
Schizosaccharomyces genus, and its ancestors separated about 420 to 330 million years ago
from filamentous ancestors (reviewed in Sipiczki, 2000). It is nearly related to Sch. pombe,
which can show mycelial growth just under very special circumstances or having mutations
(Amoah-Buahin et al., 2005; Alonso-Nunez et al., 2005). Now, Sch. japonicus can produce
both true- and pseudo-mycelium (Sipiczki et al., 1998a,b; Bozsik et al., 2002; Enczi et al.,
2007). Furthermore, this species is distantly related to the Saccharomyces or Candida
species, so it can show different and unusual features in its dimorphism and in environmental
sensing.

Earlier results suggested that the morphological transition of Sch. japonicus required
solid substrates (Sipiczki et al., 1998b). This feature makes the molecular investigation of
hyphae production more difficult. Therefore, aim of this study was to investigate mycelial
growth of Sch. japonicus and to find those environmental factors which enable the production

of long hyphae in liquid media.
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Materials and Methods

Strain

Wild-type fission yeast Sch. japonicus var. japonicus (7-1) (ATCC10660) was obtained from
the Czechoslovak Collection of Yeasts, Bratislava, Slovakia (Yukawa and Maki, 1931)(CCY-
44-5-1) (CBS 354).

Media

The culture media YEA, YEL (with Scharlau yeast extract 07-079) (pH: 6.7-6.9) and SMA,
SML were described previously (Sipiczki and Ferenczy, 1977). YEA* contained 2% glucose
instead of 3% glucose. EMMA minimal medium was made according to Mitchison (1970).
MB minimal medium was made according to the protocol of Forsburg laboratory
(http://www-bcf.usc.edu/~forsburg/media.html). YPL contained 2% glucose, 1% pepton
(Scharlau casein trypsic peptone 07-119; tryptone), and 1% yeast extract adjusted to pH 6.7-
6.9. YPA contained YPL and 1% agar.

Amino acid containing media, YPL or YPA or EMMA-N source, were supplemented with
10mM amino acid (leucine, or arginine, or isoleucine, or methionine, or proline). FBS
containing media (50%): 2 xXYPL was diluted with Fetal Bovine Serum solution (1:1), (sterile
filtered, Sigma, F7524 Lot. 061M3395). BSA containing media (YPL+1 mg mL™ BSA):
BSA solution (NEB B901S, 10mg mL™) was diluted with the sterile YPL, before inoculation.
Extra peptone containing medium (YPL, which contained 1, 2, 5 or 10% peptone) was made
with two methods. Ingredients (glucose, yeast extract, water and peptone) were autoclaved
together, or glucose, yeast extract and water were autoclaved, which was mixed with filter

sterilized peptone solution.

Methods

Growth in liquid media: cultures were grown at 25, 30 or 37°C, without shaking, in 50 ml
medium, in 100 ml Erlenmeyer flasks, for one day. Growth on solid media: cultures were
grown at'30 or 37°C, for 6-7 days. Heat inactivation of FBS or BSA containing media: the

media were heated to boiling point and cooled before inoculation.
Microscopy

Cells were examined and photographed after 24 hours using an Olympus BX40 microscope.

Calcofluor was used to stain cell walls and septa (Johnson et al., 1979). Vacuolar
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morphology was examined by fluorescent vacuolar staining CDCFDA (Yeast Vacuole
Marker Sampler Kit, Life Technologies)(Roberts et al. 1991).

Results

Effects of poor condition or osmotic stress on yeast-mycelium transition

Earlier it was demonstrated in solid medium that low concentration (depletion) of
nutrition or osmotic stress could lead to morphological switch (Sipiczkiet al., 1998b,
reviewed in Duran et al., 2010). To this end, the effect of minimal media (MB, EMML,
SML) which contained just minimal necessities for growth and the osmotic stress (1M
sorbitol) were tested. Our results revealed that minimal media did not induce morphological
switch at 30°C (Figure 1A), but they enabled production of hyphae at 37°C in small quantities
(Figure 1B). Now, the osmotic stress could induce morphological switch effectively both at
30°C and 37°C (Figure 1C,D).

Effect of Fetal Bovine Serum (FBS) on Sch. japonicus’s dimorphism

As the number of mycelia was not too much in the minimal media and under osmotic stress,
we started to test the effect of other supplements. In C. albicans Fetal Bovine Serum (FBS)
can induce hyphal development (Nantel et al., 2002) or germ-tubes (Barlow et al., 1974).
Therefore, we tested the morphology of Sch. japonicus cells in FBS containing medium. We
could realise morphological switch after 24h like the Candida cells (Figure 2) and this
inducing effect was dependent on temperature, since the culture incubated at 37°C resulted in
the longest hyphae (Figure 2G-I). Interestingly, detection of FBS is typical only of
Sch.japonicus. Namely, the closely related Sch.pombe’ cells showed normal morphology in
the presence of FBS (data not show).

To study the concentration dependence, the cells were also cultured in YPL+50% FBS.
This higher concentration had very strong effect and it caused “flocculation morphology” in
the flask (Figure 3B). Under the microscope we found very long mycelia with strong
vacuolisation (Figure 3D,E). Serum-induction in higher concentration had retained its
dependence on temperature (data not shown) and it also showed pH dependence, as the

hyphal growth was better at lower pH (Figure 3F,G). Active components of FBS can be
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peptides (Barlow et al., 1974; Zeng et al., 2006), hormones (White and Larsen, 1997) or
glucose and a “non-dialysable components” (Hudson et al., 2004). If proteins are inducers of
the morphological changes, they must be thermosensitive. To test the heat sensitivity of the
inducer molecule, we decided to heat the YPL+10% FBS medium to the boiling point before
inoculation. In this “boiled” FBS supplemented medium, the yeast cells showed normal

morphology (Figure 4B). Thus, the inducing agent of FBS could be eliminated by heating.

Effect of other protein containing ingredients and amino acids on the morphological switch

Assuming that protein(s) of FBS caused the earlier morphological switch, we wanted to
test other protein containing ingredients (e.g. BSA or peptone) for the mycelial growth.

In the BSA containing medium, several longer cells and just some very long hyphae
were found (Figure 5B), while there were no hyphae and long cells in the control YPL
(Figure 5A) or in the boiled YPL+BSA medium at all (data not shown). 2-10% peptone
supplemented liquid media gave a similar result (data not shown). Interestingly, this positive
effect did not depend on the stage of the peptone (autoclaved or filter sterilized).
Furthermore, 10% peptone concentration was rather unfavourable, as several dead cells were
found in that culture (Figure 5C). When we tested the effect of 2% peptone in solid medium,
it showed stronger effect, as mycelia appeared earlier and were a little bit longer (Figure 5E),
compared to the control (Figure 5D).

Peptone may contain not only peptides but also a mixture of amino acids.
Furthermore, amino acid-based media are known to induce filamentous growth in C. albicans
(O'Connor et al., 2010) or in C. parapsilosis (Kim et al., 2006). It was also shown that there
are amino acid sensors and transporters, which play an important role in filamentation both in
C. albicans and in S. cerevisiae (Forsberg et al., 2001; Brega et al., 2004; Bernard and Andre,
2001). So we investigated the effects of extra amino acids for the morphological switch.
Unfortunately, cell morphology was rather normal almost in all cases in liquid (data not
shown). Perhaps, a tiny deviation was found in the medium containing arginine, where the
cells were more spherical (Figure 5F). In addition, we planned to determine the ability of Sch.
japonicus cells to use the amino acids as N-source. Therefore, the cells were streaked on the
surface of the minimal medium (EMMA) lacking N-source and supplemented with an amino
acid.~As Figure 5L shows, proline was not a suitable N-source for the fission yeast cells.
Now, the cells were able to use arginine, leucine, isoleucine, methionine as N-source (Figure

H-K). The size of hyphae was a little bit reduced on the leucine containing medium (Figure
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5H), while methionine had rather a positive effect on the length of the hyphae (Figure 5K).

Cell division and mycelium formation at different pH and temperature

Because of the pH and temperature dependence of the FBS induction, we tested their
effects under normal growth conditions. The results showed that pH and temperature
influenced not only the FBS induced morphological switch, but the normal cell division and
uninduced mycelial growth. Namely, lower external pH and higher temperature were

favourable to the cell division and production of hyphae (Figure 6,7).

Discussion
The ability of morphological switch is typical of pathogenic fungi (Lo et al., 1997;Stoldtet
al.,, 1997; Brand, 2012) and it is generally accepted that hyphal cells are more invasive in
several species (Moleroet.al., 1998; Whiteway and Oberholzer, 2004; reviewed in Brand,
2012). Thus the study of the genetic background of dimorphism can lead to the understanding
of the molecular mechanisms of virulence. As C. albicans is diploid and pathogenic, we
believe that other model organisms, such as the non-pathogenic and haploid Sch. japonicus,
can also be very useful in the study of dimorphism. The only difficulty of its molecular
investigation was that its mycelial growth seemed to require solid substrates (Sipiczki et al.,
1998b). This feature can seriously hamper the study of the molecular background of
dimorphism. As dimorphism is in connection with precise environmental sensing, we wanted
to find environmental factors which enable the production of long hyphae in liquid media.

The results of this study demonstrate that the cells of fission yeast Sch.japonicus can
produce hyphae also in liquid medium under special circumstances. The inducer agents are
partly similar to the inducers of C.albicans and other pathogenic yeasts, since FBS (Figure
2,3). and osmotic stress can induce strong mycelial growth in liquid medium (Figure 1)
(Mackenzie, 1962; Kim et al., 2000; Pe'rez-Campo and Domiinguez, 2001; O'Connor et al.,
2010, Duran et al., 2010; reviewed in Biswas et al., 2007). This suggests that there must be
general-and common features of the morphological switch even in the distantly related
species. Furthermore, the inducer effects of FBS were concentration, temperature and pH
pendant (Figure 2,3), similarly to the C. albicans cells (Feng et al., 1999). Our experiments
also revealed that the active component of FBS is thermosensitive (Figure 4B).

As FBS contains BSA and other proteins (Zeng et al., 2006; Barlow et al., 1974;
Hudson et al., 2004) which induce mycelial growth in e.g. C. albicans and Y. lipolytica,(Joshi
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et al., 1973ab; Feng et al., 1999; Chen et al., 2002; Barlow et al., 1974; Szabo, 1999), the
effect of BSA and peptone was also tested. These agents enabled the morphological switch,
but they did not prove to be as effective as FBS. Namely, 2% peptone was favourable only in
solid medium (Figure 5E. Furthermore, 10% peptone concentration in liquid was rather
unfavourable (Figure 5C) and BSA also resulted in just few mycelia in the culture. Minimal
media (poor conditions) were also ineffective and they caused mycelial growth just when
they were combined with 37°C (Figure 1).This suggests that starvation alone is not such an
Iimportant factor here, in contrast to other species (Gimeno et al., 1992; Csank and Haynes,
2000; Amoah-Buahin et al., 2005). The study of the effect of amino acids and pH shed light
on further differences between Candida and Sch.japonicus. Namely, Figure 5 showed that
metionine had rather a positive effect on hyphae production in solid medium, while it did not
affect filamentation of Candida (O'Connor et al., 2010). Our results also revealed that
mycelial growth increased at pH 4-7 (Figure 7), while hyphal formation was inhibited in
Candida at pH 4 (Konno et al., 2006).These results suggest that there are differences between
the two species in the regulation of hyphal growth and pH response of Sch.japonicus is rather
similar to C. neoformans (Wickes et al., 1996) or to U. maydis (Ruiz-Herrera et al., 1995).

In sum, Sch. japonicus seems to be a suitable model organism for the further
molecular genetic investigation of dimorphism, as its morphological switch can be induced in
liquid medium. On the other hand, its study can shed light on both the general and species-
specific features of dimorphism.

Acknowledgements

We thank llona Lakatos for technical assistance. This work was supported by the Hungarian
National Research Fund (OTKA K10172, OTKA K101323) and TAMOP 4.2.2.

References

Alby K, Bennett RJ. 2009. Stress-induced phenotypic switching in Candida albicans. Mol
Biol Cell 20: 3178-3191.

Alonso-Nunez ML, An H, Martin-Cuadrado AB, Mehta S, Petit C, Sipiczki M, del Rey F,
Gould KL, de Aldana CR. 2005. Ace2p Controls the Expression of Genes Required
for Cell Separation in Schizosaccharomyces pombe. Mol Biol Cell 16: 2003-2017.

Amoah-Buahin E, Bone N, Armstrong J. 2005. Hyphal growth in the fission yeast
Schizosaccharomyces pombe. Eukaryot Cell 4: 1287-1297.

This article is protected by copyright. All rights reserved.


http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20O'Connor%20L%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=An%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15689498�
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADn-Cuadrado%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=15689498�
http://www.ncbi.nlm.nih.gov/pubmed?term=Mehta%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15689498�
http://www.ncbi.nlm.nih.gov/pubmed?term=Petit%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15689498�
http://www.ncbi.nlm.nih.gov/pubmed?term=Sipiczki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15689498�
http://www.ncbi.nlm.nih.gov/pubmed?term=del%20Rey%20F%5BAuthor%5D&cauthor=true&cauthor_uid=15689498�
http://www.ncbi.nlm.nih.gov/pubmed?term=Gould%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=15689498�
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Aldana%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=15689498�

Balazs A, Batta G, Miklos I, Acs-Szabo L, Vazquez de Aldana CR, Sipiczki M. 2012.
Conserved regulators of the cell separation process in Schizosaccharomyces. Fungal
Genet Biol 49: 235-249.

Barlow AJ, Aldersley T, Chattaway FW.1974. Factors present in serum and seminal plasma
which promote germ-tube formation and mycelial growth of Candida albicans. J Gen
Microbiol 82: 261-272.

Bernard F, Andre B. 2001. Genetic analysis of the signalling pathway activated by external
amino acids in Saccharomyces cerevisiae. Mol Microbiol 41: 489-502.

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

Bozsik A, Szilagyi Z, Benko Z, Sipiczki M. 2002. Marker construction and cloning of a cutl-
like sequence with ARS activity in the fission yeast Schizosaccharomyces japonicus.
Yeast 19: 485-498.

Brand A. 2012. Hyphal growth in human fungal pathogens and its role in virulence. Int J
Microbiol 2012: 517-529.

Brega E, Zufferey R and Mamoun CB. 2004. Candida albicans Csylp is a nutrient sensor
important for activation of amino acid uptake and hyphal morphogenesis. Eukaryot
Cell 3:135-143.

Buffo J, Herman MA, Soll DR. 1984. A characterization of pH-regulated dimorphism in
Candida albicans. Mycopathologia 85: 21-30.

Casanova M, Cervera AM, Gozalbo D, Martinez JP. 1997. Hemin induces germ tube
formation in Candida albicans. Infect Immun 65: 4360-4364.

Ceccato-Antonini SR and Sudbery PE. 2004. Filamentous growth in Saccharomyces
cerevisiae. Brazilian J. of Microbiol. 35:173-181.

Chen YC, Wu CC, Chung WL, Lee FJ. 2002. Differential secretion of Sap4-6 proteins in
Candida albicans during hyphae formation. Microbiology 148: 3743-3754.

Csank C, Haynes K. 2000. Candida glabrata displays pseudohyphal growth. FEMS
Microbiol Lett 189: 115-120.

Dabrowa N, Taxer SS, Howard DH. 1976. Germination of Candida albicans induced by
proline. Infect Immun 13: 830-835.

Dede-A. and Okungbowa FT. 2009. Effect of pH on in vitro yeast-mycelial dimorphism in
genitourinary Candida spp. Biosci Res Comms 21:177-181.

Dickinson JR. 1996. 'Fusel' alcohols induce hyphal-like extensions and pseudohyphal

This article is protected by copyright. All rights reserved.



formation in yeasts. Microbiology 142(6): 1391-1397.

Dumitru R, Hornby JM, Nickerson KW. 2004. Defined Anaerobic Growth Medium for
Studying Candida albicans Basic Biology and Resistance to Eight Antifungal Drugs.
Antimicrobial agents and Chemotherapy 48(7): 2350-2354.

Duran R, Cary JW, Calvo AM. 2010. Role of the osmotic stress regulatory pathway in
morphogenesis and secondary metabolism in filamentous fungi. Toxins (Basel) 2:
367-381.

Enczi K, Yamaguchi M, Sipiczki M. 2007. Morphology transition genes in the dimorphic
fission yeast Schizosaccharomyces japonicus. Antonie Van Leeuwenhoek 92: 143-
154.

Ernst JE. 2000. Transcription factors in Candida albicans - environmental control of
morphogenesis. Microbiology 146 (8): 1763-1774.

Feng Q, Summers E, Guo B, Fink G. 1999. Ras signaling is required for serum-induced
hyphal differentiation in Candida albicans. J Bacteriol 181: 6339-6346.

Forsberg H, Gilstring CF, Zargari A, Martinez P, Ljungdahl PO. 2001. The role of the yeast
plasma membrane SPS nutrient sensor in the metabolic response to extracellular
amino acids. Mol Microbiol 42: 215-228.

Furuya K, Niki H. 2010.The DNA damage checkpoint regulates a transition between yeast
and hyphal growth in Schizosaccharomyces japonicus. Mol. Cell. Biol. 30(12): 2909-
2917.

Gancedo JM. 2001. Control of pseudohyphae formation in Saccharomyces cerevisiae. FEMS
Microbiol Rev 25: 107-123.

Gimeno CJ, Ljungdahl PO, Styles CA, Fink GR. 1992. Unipolar cell divisions in the yeast
Saccharomyces cerevisiae lead to filamentous growth: regulation by starvation and
RAS. Cell 68: 1077-1090.

Hall. MJ, Kolankaya N. 1974. The physiology of mould-yeast dimorphism in the genus
Mycotypha (Mucorales). J Gen Microbiol 82: 25-34.

Hornby JM, Dumitru R, Nickerson KW. 2004. High phosphate (up to 600 mM) induces
pseudohyphal development in five wild type Candida albicans. J Microbiol Methods
56: 119-124.

Hudson DA, Quentin LS, Sanders RJ, Norris GE, Edwards PJB, Sullivan PA, Farley PC.
2004. Identification of the dialysable serum inducer of germ-tube formation in
Candida albicans. Microbiology 150: 3041-3049.

Joshi KR, Gavin JB, Bremner DA. 1973a. The formation of germ tubes by Candida albicans

This article is protected by copyright. All rights reserved.


http://aac.asm.org/search?author1=Jacob+M.+Hornby&sortspec=date&submit=Submit�
http://aac.asm.org/search?author1=Jacob+M.+Hornby&sortspec=date&submit=Submit�
http://mcb.asm.org/content/30/12/2909.short�
http://mcb.asm.org/content/30/12/2909.short�

in various peptone media. Sabouraudia 11: 259-262.

Joshi KR, Bremner DA, Gavin JB, Herdson PB, Parr DN. 1973b. The formation of germ
tubes by Candida albicans in sheep serum and trypticase soya broth. Am J Clin
Pathol 60: 839-842.

Johnson B F, Calleja GB, Boisclair I, Yoo BY. 1979. Cell division in yeasts. Ill. The biased,
asymmetric location of the septum in the fission yeast cell. Exp Cell Res 123(2) :
253-259.

Kim J, Cheon SA, Park S, Song Y, Kim JY. 2000. Serum-induced hypha formation in the
dimorphic yeast Yarrowia lipolytica. FEMS Microbiol Lett 190: 9-12.

Kim SK, El Bissati K, Ben Mamoun C. 2006. Amino acids mediate colony and cell
differentiation in the fungal pathogen Candida parapsilosis. Microbiology 152: 2885—
2894,

Klar AJ. 2013. Schizosaccharomyces japonicus yeast poised to become a favorite
experimental organism for eukaryotic research. G3 (Bethesda). 3(10): 1869-1873.

Konno N, Ishii M, Nagai A, Watanabe T, Ogasawara A, Mikami T and Matsumoto T. 2006.
Mechanism of Candida albicans Transformation in Response to Changes of pH. Biol.
Pharm. Bull. 29(5): 923—926.

Lo HJ, Kohler JR, DiDomenico B, Loebenberg D, Cacciapuoti A, Fink GR. 1997.
Nonfilamentous Candida albicans mutants are avirulent. Cell 90: 939-949.

Lopez-Berges MS, Rispail N, Prados-Rosales RC, Di Pietro A. 2010. A nitrogen response
pathway regulates virulence functions in Fusarium oxysporum via the protein kinase
TOR and the bZIP protein MeaB. Plant Cell 22: 2459-2475.

Mackenzie DW. 1962. Serum tube identification of Candida albicans. J Clin Pathol 15: 563-
565.

Mitchison JM. 1970. Physiological and cytological methods for Schizosaccharomyces pombe.
Methods Cell Physiol 4:131-165.

Molero G, Diez-Orejas R, Navarro-Garcia F, Monteoliva L, Pla J, Gil C, Sanchez-Perez M,
Nombela C. 1998. Candida albicans: genetics, dimorphism and pathogenicity. Int
Microbiol 1: 95-106.

Nantel A, Dignard D, Bachewich C, Harcus D, Marcil A, Bouin AP. Sensen CW, Hogues H,
van het Hoog M, Gordon P, Rigby T, Benoit F, Tessier DC, Thomas DY, Whiteway
M. 2002. Transcription profiling of Candida albicans cells undergoing the yeast-to-
hyphal transition. Mol Biol Cell 13: 3452—-3465.

This article is protected by copyright. All rights reserved.


http://www.ncbi.nlm.nih.gov/pubmed/499357##�
http://www.ncbi.nlm.nih.gov/pubmed/23934997�
http://www.ncbi.nlm.nih.gov/pubmed/23934997�

Niki H. 2014. Schizosaccharomyces japonicus: the fission yeast is a fusion of yeast and
hyphae. Yeast 31:83-90.

O'Connor L, Caplice N, Coleman DC, Sullivan DJ, Moran GP. 2010. Differential
filamentation of Candida albicans and Candida dubliniensis is governed by nutrient
regulation of UMEG expression. Eukaryot Cell 9: 1383-1397.

Odds FC. 1985. Morphogenesis in Candida albicans. Crit Rev Microbiol 12: 45-93.

Penalva MA, Arst HN, Jr. 2002. Regulation of gene expression by ambient pH in filamentous
fungi and yeasts. Microbiol Mol Biol Rev 66: 426-446.

Perez-Campo FM and Dominguez A. 2001. Factors affecting the morphogenetic switch in
Yarrowia lipolytica. Curr Microbiol 43: 429-433.

Roberts CJ, Raymond CK, Yamashiro CT and Stevens TH.1991. Methods for the study of the
yeast vacuole. In Methods Enzymol., Robinson JS, Graham, T (eds.). Elsevier
Inc.;194:644-661.

Ruiz-Herrera Jose, Leon CG, Guevara-Olvera L, Cdrabez-Trejo A. 1995. Yeast-mycelial
dimorphism of haploid and diploid strains of Ustiago maydis. Microbiology 141:
695-703.

Sipiczki M, Ferenczy L. 1977. Protoplast fusion of Schizosaccharomyces pombe auxotrophic
mutants of identical mating-type. Mol Gen Genet 151: 77-81.

Sipiczki M, Takeo K, Grallert A. 1998a. Growth polarity transitions in a dimorphic fission
yeast. Microbiology 144 (12): 3475-3485.

Sipiczki M, Takeo K, Yamaguchi M, Yoshida S, Miklos 1. 1998b. Environmentally
controlled dimorphic cycle in a fission yeast. Microbiology 144 (5): 1319-1330.

Sipiczki M. 2000. Where does fission yeast sit on the tree of life? Genome Biol 1:
Reviews1011.

Stewart E, Gow NA, Bowen DV. 1988. Cytoplasmic alkalinization during germ tube
formation in Candida albicans. J Gen Microbiol 134: 1079-1087.

Stoldt VR, Sonneborn A, Leuker CE, Ernst JF. 1997. Efglp, an essential regulator of
morphogenesis of the human pathogen Candida albicans, is a member of a conserved
class of bHLH proteins regulating morphogenetic processes in fungi. EMBO J 16:
1982-1991.

Sudbery P, Gow N, Berman J. 2004. The distinct morphogenic states of Candida albicans.
Trends Microbiol 12: 317-324.

Suzuki T, Imanishi Y, lwaguchi S, Kamihara T. 1998. Depolarized cell growth precedes

filamentation during the process of ethanol-induced pseudohyphal formation in the

This article is protected by copyright. All rights reserved.



yeast Candida tropicalis. Microbiology 144 (2): 403-410.

Szabo R. 1999. Dimorphism in Yarrowia lipolytica: filament formation is suppressed by
nitrogen starvation and inhibition of respiration. Folia Microbiol 44: 19-24.

Yukawa M, Maki MT. 1931. Regarding the new fission yeast Schizosaccharomyces
japonicus. Kyushu Daigaku Kiyou 218-226.

Yokoyama K, Kaji H, Nishimura K, Miyaji M. 1994. The role of microfilaments and
microtubules during pH-regulated morphological transition in Candida albicans.
Microbiology 140 (2): 281-287.

Zaragoza O and Gancedo JM. 2000. Pseudohyphal growth is induced in Saccharomyces
cerevisiae by a combination of stress and CAMP signalling. Antonie Van
Leeuwenhoek 78: 187-194.

Zheng X, Baker H, Hancock WS, Fawaz F, McCaman M, Pungor E, Jr. 2006. Proteomic
analysis for the assessment of different lots of Fetal Bovine Serum as a raw material
for:cell culture. Part 1V. Application of proteomics to the manufacture of biological
drugs. Biotechnol Prog 22(5): 1294-1300.

Witkin SS, Kalo-Klein A. 1991. Enhancement of germ tube formation in Candida albicans
by b-endorphin. Am J Obstet Gynecol 164: 917-920.

White S, Larsen B. 1997. Candida albicans morphogenesis is influenced by estrogen. Cell
Mol Life Sci 53: 744-749.

Whiteway M, Oberholzer U. 2004. Candida morphogenesis and host-pathogen interactions.
Curr Opin Microbiol 7: 350-357.

This article is protected by copyright. All rights reserved.



Figure 1. Morphology of the cells in minimal media and in sorbitol containing complete
medium. A: minimal medium EMML at 30°C. B: minimal medium EMML at 37°C (Similar
cell morphology was found in SML and MB). C:YPL+1M sorbitol at 30°C. D: YPL+1M

sorbitol at 37°C. Bar: 10pm
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Figure 2. Morphology of the cells in YPL liquid medium containing 10% FBS (without
shaking, after 24h). A-B: cells in YPL (control, without serum) at 25-30-37°C. C-D: cells in
YPL+FBS at 25°C. E-F: cells in YPL+FBS at 30°C. G-I: cells in YPL+FBS at 37°C. B, D, F

and H: calcofluor-stained cells. Bar:10pm.
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Figure3. Schizosaccharomyces japonicus cells cultured in YPL containing 50% FBS
(without shaking, at 37°C, overnight culture). A: YPL control. B: “Flocculation” in the flask
containing YPL+50% FBS. C: Morphology of the cells in YPL. D-E: Morphology of the
cells in YPL+50% FBS. F: Flocculation at pH 6.7. G: ,,Flocculation” at pH 5.5. C and D

Nomarski.microscopy. E: Fluorescent vacuolar staining. Bar: 10 um.
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Figure 4. Morphology of the cells in the heated medium (cultured at 37°C, without shaking).
A: YPL+10% FBS (control). B: YPL+10% FBS heated to the boiling point. Bar:20 um.
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Figure 5. Effect of BSA, peptone and amino acids for cell morphology. A: YPL (control). B:
YPL+10% BSA. Bar: 10um. C: YPL+10% peptone. D: Mycelial growth on solid YEA*
(without peptone). E:  Mycelial growth on solid YPA (with 2% peptone). F: Cell
morphology in YPL+10mM arginine. G: mycelial growth on minimal medium (EMMA). H:
myecelial growth on EMMA-N +leucine. I: mycelial growth on EMMA-N +isoleucine. J:
myecelial growth on EMMA-N + arginine. K: mycelial growth on EMMA-N + methionine. L:
mycelial growth on EMMA-N + proline.
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Figure 6. Growth at different temperature and pH. Al:pH4 25°C. A2:pH4 30°C.
A3:pH4 37°C.  BL:pH7 25°C. B2:pH7 30°C. B3:pH7 37°C. C1l:pHS 25°C.
C2:pH8 30°C. C3:pH8 37°C.
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Figure 7. Mycelial growth on YPA at different pH and temperature. A:pH4 37°C. B:pH 8
37°C. C:30°C neutral pH. D:37°C neutral pH.
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