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Adapted from Rajasingham et al., Lancet Infect Dis, 2017

The Global Burden of Cryptococcal Meningitis

Cryptococcosis remains a major problem in 
resource-limited regions

Cryptococcus neoformans



Cryptococcus neoformans is an environmental 
fungus

Spores or desiccated yeast

Inhalation into the lungs

Dissemination to the 
central nervous system

Adapted from Hull & Heitman, Ann Rev Genet, 2002
Environmental Reservoir
!



Fungal pathogens must adapt to their hosts

Temperature

Essential nutrients

Essential metals

pH

CO2

The Host Immune Response
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The Rim pathway is the only characterized 
alkaline pH-sensing pathway

Ost et al., PLoS Pathog., 2015

In alkaline pH, cells undergo 
changes that cannot be 

attributed to the Rim pathway

Stains with mutations in genes 
not involved in the Rim pathway 

show alkaline pH sensitivity



What Rim-independent pathways regulate 
the alkaline pH response?

Forward genetic screen to identify 
mutants with sensitivity to alkaline pH

SRE1

Random mutagenesis

pH 5.5 pH 8
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Divergent mutant phenotypes identify a novel role for Sre1 in pH-sensing

Fungal Plasma Membrane Homeostasis is Required for the 
Response to Alkaline pH

Hannah E. Brown and J. Andrew Alspaugh,
Department of Molecular Genetics and Microbiology, Department of Medicine

Duke University Medical Center, Durham, NC 27710, USA

Figure 2. A Rim pathway mutant, rim101∆, does
not share the known microaerophilic growth defect
of the sterol-associated mutants, sre1∆ and stp1∆2.
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• Both Sre1 and Rim101 are required for C. neoformans
growth at alkaline pH.

• sre1∆ and rim101∆ mutants display different phenotypes,
suggesting non-redundant mechanisms of alkaline pH
sensitivity response.

• Plasma membrane composition and the recruitment of
ergosterol and exogenous lipids to the membrane are
important for the C. neoformans response to changes in
extracellular pH.

• The efficacy of membrane-targeting azoles and polyenes
is significantly enhanced towards C. neoformans in
alkaline pH growth conditions.

Abstract

Figure 10. Minimum inhibitory concentration (MIC)
of amphotericin B on wildtype C. neoformans grown
in increasingly alkaline conditions.

Identifying novel regulators of the C. neoformans pH response

Microorganisms respond to many signals in order to adapt to changes in their environment. An important signal for microbial pathogens is the relatively alkaline pH of the host. Fungi use the
Rim/Pal pathway to sense and respond to the host. This fungal specific pH-response pathway has been well characterized in model organisms and pathogens. However, alternative
mechanisms for sensing and responding to host pH have yet to be identified in the basidiomycete human fungal pathogen, Cryptococcus neoformans. Additionally, the mechanism by which C.
neoformans uses its plasma membrane (PM) to sense an increase in extracellular pH to propagate this signal downstream is poorly understood. This work aims to identify novel regulators of
the C. neoformans pH response and to investigate how the plasma membrane supports the ability for this pathogen to survive at alkaline pH.

To identify novel components of the C. neoformans pH response and investigate the
mechanism of sensing external pH, I performed a random insertional mutagenesis screen.
Agrobacterium tumefaciens mutagenesis was used to create 10,000 mutants that were
prioritized based on reduced growth at pH 8, similar to known Rim pathway mutant
phenotypes. The sterol homeostasis transcription factor, Sre1, and its activating protease,
Stp1, were identified as having a severe mutant growth defect at alkaline pH (Figure 1)1.

This work was supported by PHS grant 1F31AI140427-01A1
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Figure 1. A Rim pathway mutant, rim101∆,
and the sterol-associated mutants, sre1∆
and stp1∆, are hypersensitive to alkaline pH.
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Pharmacological association of ergosterol depletion & alkaline pH

Figure 9. Testing the zones of inhibition (colored insets) of
membrane targeting drugs (fluconazole and amphotericin B)
on wildtype cells grown on YPD or alkaline (pH 8) media.

Figure 8. The alkaline pH sensitivity of the rim101∆ strain, but
not the sre1∆ strain, can be rescued through supplementation
with fatty acids.

Figure 6. Lipidomics experiments show reduced levels of ergosterol
in the sre1∆ mutant, but not in the rim101∆ mutant strain. * = p < .05

Figure 3. Diaglycerol/DOG in high concentrations are lipotoxic to
wildtype C. neoformans. This toxicity can be rescued in the
sre1∆ mutant background, but not in the rim101∆ mutant strain.
* = p < .004 compared to untreated control.

Figure 5. sre1∆ mutant strain does not
display rim101∆-like survival when
incubated with activated macrophages.

Summary

Figure 7. The alkaline pH growth defect of the sre1∆ can be
rescued through supplementation with ergosterol.

Survival with J774 Macrophages 

DIC

Exogenous lipid supplementation rescues 

rim101∆ pH sensitivity

Figure 4. rim101∆ and sre1∆
strains have increased CFW
staining. rim101∆ strain alone
has increased WGA staining
indicating divergent cell wall and
chitin exposure phenotypes.CFW
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sre1∆ pH sensitivity
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Rim101 and Sre1 differentially 

regulate chitin exposure

Rim101 and Sre1 interact differently with 

macrophages

Lipotoxicity of diaglycerol is reduced 

when Sre1 is not functional 

Rim101 is not required for growth in 

reduced oxygen conditions
Membrane lipid analysis reveals that Rim101 is 

not required for ergosterol biosynthesis 

Membrane-targeting antifungals are more active at alkaline pH

(1) Brown, HE, et al. (2018). Mol. Micro. (2) Chang, YC, et al. (2007). Mol. Micro.
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SRE1 is involved in sterol homeostasis in fungi
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SRE1 is involved in sterol homeostasis in fungi
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SRE1 plays a Rim-independent role in alkaline pH-
sensing in C. neoformans
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How does sterol homeostasis 
contribute to alkaline pH-sensing?

alkaline pH sensing/response
?

Sre1

ER

Scp1

Stp1

Proteolysis 

Ergosterol



WT

WT

WT

WT WT

WT

WT

WT WT

WT
WT

WT
WT

sre1∆

sre1∆
sre1∆

sre1∆

sre1∆

sre1∆

sre1∆ sre1∆

sre1∆
sre1∆

sre1∆

sre1∆

sre1∆

90 minutes 90 minutes

RNA extraction

pH4

pH8



RNA-sequencing can be used to identify and 
understand novel pH-sensing mechanisms

- Sterol and cell membrane synthases
- Polysaccharide and lipid metabolism
- Rim pathway components
- Genes we have not yet investigated

- other transcription factors
- cell surface receptors Hypothesis generators!


