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Unlike the capsule synthesis, not all cells become titans. They comprise only around 20% of
the total population, resulting in a highly heterogeneous population. Additionally, the
mechanisms by which yeast cells become titans are poorly understood. Furthermore, the
heterogeneity in the population represents a technical hurdle when studying the cellular
events underlying this virulence mechanism in the fungus. Therefore, we aimed to address
the titanization process through the establishment of a single cell RNA (scRNA) sequencing
protocol to further study and better understand the phenotypical diversity on the fungus.
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C. neoformans is a unique fungus with the capacity to adapt to the host during infection
à two main features make it unique:

i) polysaccharide capsule 

ii) in response to the host 
environment undergoes a 

change in morphology 
producing enlarged cells 
referred to as titan cells 

(>10µm to up to 100µm) 
Increased 

dissemination

Isolate single 
titan cells

Cell sorting
Microdissection

Cell 
lysis

Reverse 
transcription AAAAA

Use poly-T primers 
to bind mRNA

TTTTTT

cDNA 
amplification

Library
preparation

cDNA fragmentation
Sequencing adapters
Validate quality and 

quantify libraries

Sequence 
libraries

General scRNA-seq workflow

1st step: design a pair of primers that allow us to discriminate 
between gDNA/cDNA

Titans: thicker cell 
wallà increased 

mannan and chitin 
content

Nadal et. al. 2018

Protoplast 
using lysing 
enzymes®

2nd step: standardization of a cell lysis method
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We chose an elongation factor, CnTEF3, involved in
polypeptide chain elongation.
The pair of primers align in one exon-intron-exon junction
(red arrows), giving us the possibility to discriminate if the
nucleic acid we are amplifying corresponds to g/cDNA
(shown in the gel electrophoresis).500bp
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Lysis occurred both using lysing 
enzyme and liquid nitrogen, but 
only freezing allowed us to 
obtain cDNA from the lysate. 
Confirmation that lysing 
enzyme was inhibiting 
RT, but liquid nitrogen 
lysis works well

We next optimized the cell concentration and the exposure time of cells to heat after liquid
nitrogen treatment.

3rd step: lysis cell density and duration optimization
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We found that time used during the 
heat treatment was an important factor 
to take into account for good recovery 
of the nucleic acids after lysis. The 
optimal boiling time for single cell lysis 
was 15min.

4th step: fixation method optimization
The single cell transcriptomic applications require the use of fresh cells. Thus, we needed to
stabilise cell samples through a methodology that preserves cell and RNA integrity and yield.
Additionally, instantaneous fixation of cells can reduce inter-cell technical variability in the
process.

Nowadays, there are advancements in a combination of different technologies that will allow us to
study and better understand why/how a normal size yeast cell makes the decision to increase its
size and become a titan cell. These technologies include cell isolation, scRNA-seq methods (most
of them standardized for mammalian cells), and cheaper high-throughput sequencing. All of these
will enable the acquisition of detailed information from individual cells, valuable for
heterogeneous populations.

Up to now, we have been able to standardize some critical steps in order to completely develop
the protocol for scRNA-seq in C. neoformans titan cells (e.g. lysis and fixation steps). Information
gathered from this methodological approach will give us a picture of the dynamic structure that is
adjusted in response to the different environmental stimuli faced for the fungus once in the host
tissues and the molecular mechanisms driving this important transition.
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Conclusions and discussion
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The fixation protocol of 
Barras et al. 2019 allowed us 
to increase the recovery in a 
higher number of wells than 
we were previously getting, 
although live cells seem to 
give a better signal. However, 
it is imperative to optimize a 
fixation method to avoid any 
change in the RNA expression 
during processing of the cells.
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i) sorting, ii) cell lysis, iii) 
reverse transcription, iv) library 
amplification and preparation, 

and….sequencing!

We estimate that a single haploid C. 
neoformans cell contains in the range 
of 1-5pg of total RNA. This requires 
optimized library preparation 
protocols, including efficient 
tagmentation. Our results show that 
after tagmentation most of the 
fragments are around 200-500 bp. We 
validated this protocol against S. 
cerevisiae. 
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Now…everything goes in a well:


