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ABSTRACT

Cryptococcus neoformans is an environmental basidiomycetous fungus and
opportunistic pathogen that primarily infects the immunocompromised patients. The
ability to adapt to mammalian body temperature is essential for survival and successful
virulence. Cryptococcus neoformans relies on a multiple complex signaling network and

virulence factors for the adaptation and survival in the environment of human host.

This dissertation presents result of genetic screen assay performed on 4,031 gene
knockout strains of C. neoformans. The analysis has resulted in identification of 46 genes
with significant contribution to the maximum temperature at which C. neoformans can
proliferate. Our research described previously uncharacterized genes that contribute to
adaptation to growth at elevated temperature. A mutant that lacked septin Cdc11 was

among those with the highest impact on high temperature tolerance.

Septins are conserved filament - forming GTPases that play important role in
cytokinesis, cell surface organization, and morphogenesis. Previous studies have
demonstrated that septins are essential for growth of C. neoformans at the human body
temperature. Analysis of changes in gene expression in wild type and septin cdc12A
strains grown at 24°C and 37°C revealed that loss of septin compromises cellular
response to heat and osmotic stress, metal ion transport and autophagy. Additionally, we

discovered that deletion of septins in C. neoformans is compensated by changes in



expression of over 130 genes. Gene described as CNAG_05305 presented the highest

contribution to cell survival after loss of functional septin complex.

Cryptococcal transient receptor potential channel, Flcl is one of that contribute
to adaptation to growth at elevated temperature. In budding yeast, Flcl homologues has
been shown to play significant role in in the cell growth regulation, calcium homeostasis,
cell wall integrity, response to osmotic shock and flavin transport. Using molecular
genetics methods, | discovered that Flcl is important for regulation of calcineurin
pathway, vacuolar fusion, and response to osmotic stress. Microscopic observation
revealed that Flcl plays critical role in capsule production and organization of the cell
wall. Finally, in vivo experiments in macrophages, Galleria mellonella and mouse model
demonstrated that Flc1 is essential for virulence of C. neoformans. These results
demonstrate complexity of system involved in adaptation to human host in Cryptococcus

neoformans.
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CHAPTER ONE

LITERATURE REVIEW

Phylogenetics and pathogenicity of Cryptococcus neoformans.

Cryptococcus neoformans is an environmental basidiomycetous fungus which
belongs to the class Tremellomycetes (Srikanta, Santiago-Tirado, and Doering 2014).
Current classification system divides the genus Cryptococcus into thirty-seven different
species (Chae et al. 2012). Previously, C. neoformans was separated into two variates
including C. neoformans var. grubii and C. neoformans var. neoformans, known currently
as C. deneoformans (Cogliati 2013; ldnurm et al. 2005). C. neoformans can be found in
different environments throughout the world and is commonly associated with pigeon
dropping (Chae et al. 2012). Environmental and serological studies showed that people
residing in large cities with big populations of pigeons are exposed to a infections with C.
neoformans, despite having fully functional immune system (Alanio 2020; Chae et al. 2012;

Goldman et al. 2001).

C. neoformans primarily grows in the environment as a unicellular budding yeast
and produces hyphal forms during mating (Lengeler et al. 2002). Cryptococcus has a
bipolar mating system with two opposite mating types (MATa and MATa). Mating type in
C. neoformans is determined by the MAT locus that contains more than 20 genes and has

a significant impact on virulence (Nielsen et al. 2005). Studies have shown that majority of
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cases human cryptococcosis are caused by infection with the a mating type strain (Fraser
et al. 2004). Additionally, experiments performed in the mice model showed that a mating-
type strain JEC21a was more virulent than the a mating-type strain JEC20a (Kwon-Chung,
Edman, and Wickes 1992). Moreover, a strain showed better efficiency in colonization of

the central nervous system than the a mating-type strains (Kirsten et al. 2005).

Infection with C. neoformans occurs by the inhalation of spores or desiccated yeast
(Botts and Hull 2010; Rajesh et al. 2009). Infection in patients with competent immune
systems is asymptotic and usually cleared from lungs. In some cases, initial colonization of
the lungs can develop into a latent infection or turn into pulmonary cryptococcosis
(Kronstad et al. 2011). Even though pulmonary cryptococcosis occurs more frequently in
patients without immune disorders, the severe symptoms are more common in
immunocompromised patients (Fisher, Valencia-Rey, and Davis 2016; Shirley and Baddley
2009; Thambidurai et al. 2017). C neoformans infections are dangerous for
immunocompromised patients with underlying conditions such as diabetes, acquired
immune deficiency syndrome (AIDS), hematological malignancy, and tumors (Mitchell and
Perfect 1995). Additionally, cryptococcosis can be dangerous for recipients of organ
transplants that undergo corticosteroid treatment (Kontoyiannis et al. 2001; Schmalzle et
al. 2016). Cryptococcosis is one of the most common fungal infection in patients after solid
organ transplantation with very high mortality rates (14 - 19%) (George et al. 2017; Pappas
et al. 2010; Ponzio et al. 2018). Cryptococcal lung infections in immunosuppressed patients

can turn into a more acute form, where initially localized infection becomes more

12



disseminated thoracic disease, depending on the immune response of the patient

(Kanjanapradit et al. 2017; Shirley and Baddley 2009; Thambidurai et al. 2017).

After successful invasion of the lungs, Cryptococcus may disseminate to the central
nervous system (CNS) causing meningitis (Williamson et al. 2017). Cryptococcal meningitis
occures in nearly 220 000 patients each year and responsible for almost 15% of all deaths
in HIV-infected individuals (Kashef Hamadani et al. 2018). In the United States,
cryptococcal meningitis occurs in more than 3400 patients and usually is associated with
HIV infections or haematological cancer chemotherapies (Chamilos, Lionakis, and
Kontoyiannis 2018; George et al. 2018). Cryptococcal meningitis is often associated with
several symptoms including fever, headache, malaise, and altered mental status over
several weeks, and substantial weight loss (Bicanic and Harrison 2004; Kashef Hamadani

et al. 2018; Williamson et al. 2017).

Virulence factors of C. neoformans.

C. neoformans has several virulence factors that contribute to survival in the
human host (Perfect et al. 1998). The main factors that allow C. neoformans to establish
successful infections are the ability to grow at mammalian body temperature 37°C, the
presence of polysaccharide capsule, which protects cells from phagocytosis and phenolic
melanin, which protect fungal cell from oxidative damage (Bloom and Panepinto 2014;
Dykstra, Friedman, and Murphy 1977; Glazier and Panepinto 2014; Y Wang, Aisen, and

Casadevall 1995). Another important elements of cryptococcal virulence are enzymes that
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belong to inositol metabolism pathway, and ability to form titan cells (Djordjevic 2010;

Evans et al. 2015; Heung et al. 2004; Luberto et al. 2001; Siafakas et al. 2007).

Adaptation to grow at 37°C is substantial for opportunistic fungal pathogens to
successfully colonize the host (Glazier and Panepinto 2014). In the environmental niches
C. neoformans is rarely exposed to temperatures exceeding 35°C, but during the infection
of human host cells must adapt to the growth at temperature of mammalian body (Bloom
and Panepinto 2014; Glazier and Panepinto 2014). Major components of the high
temperature stress response system are linked to the ER stress response,
posttranscriptional reprogramming, cell wall maintenance and plasma membrane integrity
(Garcia-Rubio et al. 2020; Glazier and Panepinto 2014). The calcineurin pathway, protein
kinase C1 activated MAP kinase (Mpkl) pathway and Rasl-dependent pathway play a
major role in the adaptation to thermal stress (Alspaugh et al. 2000; L. W. C,, J., and K.

2013; Chow et al. 2017; Kraus et al. 2003; Park et al. 2016).

The polysaccharide capsule of C. neoformans has been found to be one of the most
important elements that contributes to virulence of this pathogenic fungus (McClelland,
Bernhardt, and Casadevall 2006). The cryptococcal capsule is composed of two major
polysaccharides, glucuronoxylomannan (GXM) and galactoxylomannan (GalXM) (Cherniak
and Sundstrom 1994; Merrifield and Stephen 1980). In addition to polysaccharides,
capsule contain mannoproteins. GXM comprises up to 95% of the total capsule mass and

its core is formed from a linear a-(1,3)-mannose with B-D-xylopyranosyl and B-(1,2)-
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glucuronic acid residues attached to the first mannose (Indrani et al. 2003; Merrifield and
Stephen 1980). General architecture of the GXM structure vary depending on the serotype
of C. neoformans. GXM is important for the inhibition of the phagocytosis and reduction of
host immune responses due to decreased level of antigen presentation to the T cells (Retini
et al. 1996). Moreover, GXM is involved with FcRyll expression in cells that belong to the
mononuclear phagocyte system (MPS), which results in promotion of inhibitory signal that
significantly suppresses immune response (Walenkamp et al. 1999). Additionally, GXM was
reported to induce secretion of suppressor of proinflammatory cytokines, [L-10 and IL-8 in
human monocytes and neutrophils (Retini et al. 2001; Walenkamp et al. 1999). In
conclusion, glucuronoxylomannan plays an important role in immunosuppressant during

Cryptococcal infections (Decote-Ricardo et al. 2019).

GalXM comprises less than 5% of the capsule mass and is formed from an a (1, 6)-
galactan containing B (1, 3) oligosaccharyl substitutions at alternate residues of galactose
(Retini et al. 1996, Walenkamp et al. 1999). The major role of GalXM has been
demonstrated for induction of apoptosis of human T cells and macrophages (Pericolini et
al. 2006; Yauch, Lam, and Levitz 2006). Additionally, GalXM induced IL-6 release in
monocytes suggesting that GalXM and GXM have different roles in modulation of the

immune system (Delfino et al. 1997).

Cryptococcal melanin, produced by the enzyme laccase is a negatively charged,

hydrophobic pigment, composed of phenolic and/or indolic polymers (J D Nosanchuk et al.
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1999). Due to its insolubility in agueous or organic solvents and chemical complexity, the
exact structure of melanin remains unknown (Joshua D Nosanchuk, Stark, and Casadevall
2015). General structure and composition of melanin depends on the available substrate
(Casadevall, Rosas, and Nosanchuk 2000; Joshua D Nosanchuk, Stark, and Casadevall
2015). Production of melanin in C. neoformans requires exogenous substrate, and its
synthesis is catalyzed by laccase (L. Liu et al. 1999). An enzyme that is expressed in low-
nutrient conditions (L. Liu et al. 1999; J D Nosanchuk et al. 1999). Melanin deposited in the
cell wall is important for survival of the pathogen within the host, by playing essential role
in reduction of damage caused by high temperature and oxidative stress (J D Nosanchuk
et al. 1999; Y Wang and Casadevall 1994). Additional functions of melanin in cryptococcal
virulence include reduction of damage from ROS and microbicidal peptides during

macrophage phagocytosis (Doering et al. 1999).

Metabolism of inositol sphingolipids has been shown to be important for
intracellular and extracellular cellular growth (T.-B. Liu et al. 2014). The fungal specific
protein; Inositol-phosphoryl ceramide synthase 1 (lpcl) is involved in regulation of
phagocytosis and the intracellular growth of C. neoformans in macrophages (Luberto et al.
2001). High inositol concentrations in the mammalian brain plays an important role in
Cryptococcus transmission across the blood-brain barrier (BBB) (T.-B. Liu et al. 2013).
Inositol-dependent stimulation of C. neoformans to cross BBB is tightly corelated with

function of the fungal inositol transporters (Xue et al. 2010). Two major inositol
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transporters, Itrla and Itr3c showed significant virulence attenuation in murine model

(Yina Wang et al. 2011).

During an infection, Cryptococcus is capable to undergoing unusual morphogenetic
changes. In response to the host environment some of the cells turns into large polyploid
“titan cells”. Cryptococcal titan cells have multiple unique characteristics including an
enlarged, dense capsule, a thickened cell wall, a massive single vacuole and peripherally
localized nucleus and other organelles (Crabtree et al. 2012; Cruickshank, Cavill, and Jelbert
1973; Hommel et al. 2018). Polyploid titan cells are able to produce haploid daughters and
significantly contribute to the development of infection and long-term persistence (G. A.
C. et al. 2021; Hommel et al. 2018). Studies in mouse model demonstrated that titan cells
comprise up to 20% of all fungal cells in the lungs (Crabtree et al. 2012; Hommel et al.
2018). In addition, titan cells are important for transition of cryptococcal cells to the brain
(Love, Boyd, and Greer 1985). The formation of titan cells is regulated by the Ste3a and
Gpr5 receptors that navigate signaling through Gpal to activate the cyclic adenosine
monophosphate protein kinase A (CAMP/PKA) signaling pathway (Okagaki et al. 2011). A
recent study showed that the Rim101 pathway is another important regulator of

morphological transitions that determine titan cell formation (Hommel et al. 2018).

Signaling pathways in C. neoformans.

Cryptococcus neoformans is an opportunistic fungal pathogen that is able to adapt

and survive inside the human host, where cells are exposed to multiple different stressors.
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During the infection cryptococcal cells are exposed to high temperature, nutrition
depravation, changes in osmolarity, pH, and oxidative stress. To survive in the harsh
environment of human host C. neoformans must utilize complex signaling networks to
properly adjust intracellular processes (Kozubowski, Lee, and Heitman 2009). Here |
summarize a general mechanism and importance of several signaling pathways that play

the most crucial role in responses to environmental stresses.

The most important mechanism that allows C. neoformans adapt to the osmotic
changes is the high osmolarity glycerol response (HOG) pathway. The HOG pathway is an
evolutionarily conserved mechanism based on stress-activated mitogen-activated protein
kinase Hogl (MAPK), Pbs kinase (MAPKK) and Ssk2/22 kinase (MAPKKK) (Saito and
Tatebayashi 2004; Waskiewicz and Cooper 1995). In contrast to S. cerevisiae and other
fungi, activation of HOG-dependent gene expression starts with dephosphorylation of
highly phosphorylated Hogl in response to environmental stresses (O’Rourke, Herskowitz,
and O’Shea 2002; Saito and Tatebayashi 2004). Increased basal Hogl phosphorylation has
been shown to increase resistance of cryptococcal cells to osmotic, genotoxic, and
oxidative stress (Yong-Sun, Scarlett, and Joseph 2007). In opposition to upstream two-
component regulatory system in S. cerevisiae, C. neoformans cells contains two-
component regulatory system named Tcol to Tco7 (Bahn et al. 2006). The Tco proteins
have redundant molecular functions in melanin synthesis, mating, responses to osmotic
changes, and oxidative stress (Bahn et al. 2006; K.-T. Lee et al. 2016). In response to

osmotic stress, the HOG pathway regulates multiple downstream effector proteins
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including the water channel protein Agpl (Ko et al. 2009). Aquaporin is critical for
competitive fitness and metabolic homeostasis (Meyers et al. 2017). Another downstream
effectors of Hogl. The cation transporters Nhal (Na*/H* antiporter) and Enal (Na*/ATPase
efflux pump). Both proteins play important role in sodium transport, and additionally Enal
is involved in K* transport (Jung et al. 2012). Transcriptomic analysis of Hogl-dependent
gene expression revealed that the Hogl MAPK regulates expression of more than 500
genes (Ko et al. 2009). Interestingly, expression of the ERG11 and ERG28, two genes
important for ergosterol production, was strongly correlated with the deletion of HOG1
and SSK1, suggesting role of Hogl pathway in plasma membrane maintenance (Ko et al.

2009).

The target of rapamycin (TOR) pathway is a conserved signaling network that plays
important role in many biological processes in C. neoformans. The TOR pathway is
activated by a multiple environmental signals and plays the role of intracellular nexus for
signaling related to cell growth. In general, TOR acts as an inhibitor for verity of catabolic
processes and activator of anabolic processes. TOR is part of two different multiprotein
complexes, TOR complex 1 (TORC1), which shows sensitivity to rapamycin, and TORC2,
which is not sensitive to rapamycin treatment. In budding yeast, TORC1 is involved in a
metabolic processes, ribosome biogenesis, stress response, and signal transduction, while
the TORC2 is responsible for regulation of the actin cytoskeleton polarization (Cutler et al.
2001; Kozubowski, Lee, and Heitman 2009; So et al. 2019; Wedaman et al. 2003). TORC1

regulate responses to nutrients and nitrogen starvation by phosphorylation of a protein
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phosphatases regulatory subunit Tap42, which lead to formation of the Tap42-Sit4
complex (Cutler et al. 2001; Jiang and Broach 1999). During the nitrogen starvation,
exposure to low nutrient condition or inhibition with rapamycin TORC1-dependent
phosphorylation of Tap42 is arrested favoring dissociation of the Tap42-Sit4 complex,
which allows Sit4 to activate GIn3 and Gatl (Cutler et al. 2001; Rutherford et al. 2019).
Gatl and GIn3 have an important role in nitrogen metabolism, temperature stress
response and virulence (I. R. Lee et al. 2012; Liao, Ramon, and Fonzi 2008). Another
downstream target of TORC1 is a Sch9 kinase that also plays role in a nutrient-sensing
signaling. Additionally, Sch9 is involved in adaptation to oxidative and thermal stresses,
regulation of capsule size, and melanin production (Kim et al. 2009; Young-Joon et al.
2009). Interestingly, the expression of SCH9 is increased in response oxidative stress and
is regulated by the Hogl pathway indicating that Sch9 creates functional connection
between TORC1 and Hogl pathways(Young-Joon et al. 2009). Data from budding yest
suggests that TORC1-Sch9 signaling is important for the control of the vacuolar proton
pump (V-ATPase) to stabilize intracellular pH homeostasis (Takeda et al. 2018; Wilms et al.
2017). TORC1 complex is important for regulation of autophagy in fungal cells(Diaz-Troya
et al. 2008; Stephan and Herman 2006). Under nutrient proficient conditions TORC1
complex phosphorylates Atgl3 and therefore, deactivates the function of Atgl-Atgl3
complex. Atgl-Atg13 complex is the upstream regulator of Atg subfamily, that controls the
formation, expansion, fusion vacuoles and autophagosome (lwama and Ohsumi 2019;

Kamada et al. 2000; Stephan and Herman 2006). TORC1-dependet inhibition of autophagy
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can be reversed by carbon starvation or rapamycin treatment (Cutler et al. 2001; Diaz-

Troya et al. 2008).

In C. neoformans calcium dependent calmodulin-calcineurin pathway is involved in
multiple cellular functions, including thermo resistance, response to high level of CO;,
adaptation to alkaline pH, cell wall integrity maintenance, and sexual differentiation (R., B.,
and Joseph 2005; Stie and Fox 2008). Calmodulin (Cam1) activity is regulated by changes
in intracellular calcium levels and when the calcium concentration is increased, calmodulin
binds the C-terminal region of calcineurin subunit A (Steinbach et al. 2007; Stie and Fox
2008). Calcineurin complex is composed of two proteins larger, catalytic A subunit (Cnal)
and smaller, regulatory B (Cnb1) subunit, both of which are essential for enzymatic activity
of calcineurin. Activity of calcineurin can be inhibited by addition of cyclosporin A (CsA) and
FK506. In fungal cells CsA binds to the cyclophilin A and FK506 binds to the FKB12 protein.
Both complexes can efficiently inhibit catalytic function of the calcineurin. The Calcineurin
responsive Zinc finger 1 (Crz1) transcription factor is a major downstream effector of
calcineurin, which plays important role in high temperature stress response and virulence
(Chow et al. 2017; Park et al. 2016; Steinbach et al. 2007). In response to the increase in
intracellular calcium level and interaction with calmodulin, calcineurin dephosphorylates
Crz1, which allows for transition of the transcription factor to the nucleus. Study of
differential gene expression in cnalA and crz1A mutants showed that calcineurin-Crz1l
pathway regulates the expression of approximately 102 genes in C. neoformans (Chow et

al. 2017). Genes activated by the calcineurin-Crz1 pathway encodes proteins involved in
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cell wall maintenance, calcium transport, and production of pheromone, confirming
previous observations that calcineurin is important for calcium homeostasis, mediation of
high temperature response and hyphal elongation during mating (Cruz, Fox, and Heitman
2001; Fox, Cox, and Heitman 2003; Gorlach et al. 2000; S. and Joseph 2005). Cnal and
Cnb1 deletion mutant strains of C. neoformans are dispensable at room temperature but
do not survive exposure to temperature above 35°C and are not pathogenic in animal
models confirming the important role of calcineurin pathway in adaptation to human host

(Fox et al. 2001; Odom et al. 1997).

The role of septins in C. neoformans.

Septins are conserved GTPases, important for cytokinetic apparatus in animal and
fungal cells. Septins has the ability to create heterooligomeric complex, that form higher
order structures at the plasma membrane, including plasma membrane spots, collars, and
rings (Barral and Kinoshita 2008; Glomb and Gronemeyer 2016). In majority of fungal cells,
septins localize at the tips of growing cells or at the site of cell division (Lindsey and
Momany 2006). Septin rings acts as a scaffold to recruit proteins to the mother-bud neck
and diffusion barrier during budding and cytokinesis (Glomb and Gronemeyer 2016; M. et
al. 2005). Data obtained in budding yest suggest that septins have different roles in
formation of the septin complex, where septins Cdc3, Cdcl11, and Cdcl2 are responsible
for the formation of main filament, and septin Cdc10 play the role in promotion of cross-

linking (Barral and Kinoshita 2008; Carroll et al. 1998; Glomb and Gronemeyer 2016). In
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contrast to S. cerevisiae, where septins are vital for cell proliferation, in C. neoformans
septins are essential for cell survival at temperature of human host but not at room
temperature (Kozubowski and Heitman 2010). The exact mechanism of septins,
contribution to thermotolerance of C. neoformans remains unclear. Increased sensitivity
of septin deletion mutant to treatment with SDS, caffeine and congo red suggests that
septins are involved in the process of cell wall maintenance (Kozubowski and Heitman
2010; Stempinski et al. 2021). Additionally, elimination or chemical inhibition of calcineurin
in septin deletion mutant strains is lethal suggesting a cross-talk between septin complex
and calcineurin pathway (Stempinski et al. 2021). The analysis of virulence in pathogenic
fungi presented evidence that septins are essential for successful infection (Boyce et al.
2005; Momany and Talbot 2017; Warenda et al. 2003; Zhang, Gonzalez, and Turgeon
2020). Deletion of septin CDC3 and CDCI12 significantly decrease virulence of C.
neoformans cells in Galleria mellonella model tested at 24°C (Kozubowski and Heitman
2010). These results suggest that septins contribute to virulence of C. neoformans through

molecular mechanisms that are independent of high temperature stress response.

SUMMARY

In my thesis | presents you a novel approach to analyze the contribution of a single
gene to the thermotolerance of C. neoformans. Our analysis resulted in identification of
numerous genes with a significant contribution to the maximal temperature of growth,

that were missed in the standard growth assays.
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Additionally, temperature gradient assay and RNA sequencing study demonstrated
that septins plays a critical role in adaptation of C. neoformans to the high temperature
stress. Elimination of septins dramatically changes expression of multiple genes involved

in general respond to stress.

Finally, in this study | demonstrated that Flc1 is responsible for proper regulation
of calcium dependent signaling and stress response. Moreover, our results also
demonstrated that elimination of Flcl lead to failure in chitin distribution, capsule

production and fusion of vacuoles and autophagosomes.
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Figure 2.4 The STRING network visualization for predicted protein-protein interaction.

STRING analysis revealed several pathways that involve genes important for cell survival
after loss of the septin Cdcl12. STRING analysis was obtained with medium confidence of
minimum required interaction score and the line thickness indicates the strength of data
support. The network was created based on the homologous genes from C. deneoformans

(strain JEC21).

(A) YPD (B) Sorbitol 1M (C) CaCl, 250mM (D) NacCl

Figure 2.5 Qualitative growth analysis.

Spot assay revealed supportive effect of Sorbitol and Calcium on growth defect in cdc12A
at 37°C. Four 10-fold serial dilutions of cdc12A mutant strain and wild type (H99) strain of
C. neoformans were spotted on (A) YPD media supplemented with (B) 1M Sorbitol, (C) 250

mM CaCl; and (D) 250 mM of NaCl. Cells were incubated for two days at 24°C or 37°C.
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24°C 4h at 37°C 24h at 37°C

Cdc10

Figure 2.6 Localization of the septins Cdc10 and Cdc3 at the plasma membrane in response
to high temperature.

Fluorescent microscopy was performed to visualize localization of Cdc10-mCherry and
Cdc3-mCherry at room temperature (24°C) and after 4h and 24 h of incubation at 37°C. In
cells incubated at 24°C, Cdc10-mcherry and Cdc3-mCherry formed collar or double ring
structure at the mother-bud neck. In cells exposed to high temperature (37°C) Cdc10-

mcherry and Cdc3-mCherry presented additional localization to the plasma membrane.
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Figure 2.7. Total number of upregulated genes in in WT and septin cdciZA mutant in
response to heat stress.

Heat stress stimulates increase in expression of multiple genes in both WT and cdc12A
mutant strain. (A) Table presents number of upregulated genes and a magnitude of
changes in gene expression for both strains. (B) Venn diagram represents a total number
of upregulated genes in both strains. A total of 1589 genes were upregulated in both
strains in response to heat stress. 170 genes were upregulated only in septin cdc12A

mutant and 349 genes were upregulated exclusively in WT.
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Figure 2.11 GO terms for biological processes analysis of C. neoformans genes upregulated
in response to heat stress in WT and cdc12A.
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