
MODELING NEURODEGENERATIVE 
DISEASES WITH YEAST
Neurodegenerative diseases kill cells by disrupting basic biological processes shared by species as diverse as humans and yeast. The 
conservation of cellular structures and functions across eukaryotic life allows researchers to study the genetic and molecular underpinnings of 
neurodegenerative diseases in various model organisms. Yeast cells are a particularly valuable system, as the fungi grow rapidly, are inexpensive 
to maintain, and can be genetically modified more readily than any other eukaryote. By introducing mutations linked to certain brain diseases, 
researchers have made yeast models that lend an unmatched speed and scale to research on neurodegeneration. Here are some examples of 
disease mechanisms that researchers have begun to untangle using yeast.

1          PROTEIN AGGREGATION
When proteins are damaged or misfolded, they often stick together, 
forming clumps known as protein aggregates. If not removed by the 
cell, protein aggregates increase in size and number, impairing a 
variety of cellular functions and ultimately killing cells.  

Yeast research helped establish the predominant role of protein 
aggregation in numerous neurodegenerative diseases, including 
Alzheimer’s disease, Parkinson’s disease, ALS, dementia, and 
Huntington’s disease. Yeast have also become an important 
platform for identifying and screening therapies capable of 
preventing or reversing protein aggregation.   

2        NUCLEOCYTOPLASMIC TRANSPORT 

Cells move molecules into and out of the nucleus for many purposes, 
such as exporting mRNAs following transcription and importing 
newly-synthesized nuclear proteins.  

Yeast research helped establish that nucleocytoplasmic transport is 
impaired in ALS and dementia. A Biogen clinical trial is testing a new 
drug that improves this process.  

3        MITOCHONDRIAL FUNCTION
Mitochondria generate the majority of a cell’s energy and regulate 
its metabolism. Because neurons consume large amounts of energy, 
they are uniquely vulnerable to defects in mitochondrial function.  

Yeast research established that the mutations that cause Friedreich’s 
ataxia and Mohr-Tranebjarg syndrome kill cells by damaging 
mitochondria and that aberrant activity of several proteins, such 
as the ALS-linked protein SOD1, impairs mitochondrial function, 
pointing to new therapeutic targets for these diseases.   

4        VESICULAR TRAFFICKING
Cells shuttle membrane-bound vesicles to the plasma membrane to 
insert transmembrane proteins and secrete vesicular contents. This 
vesicular trafficking is especially critical for the health and function 
of neurons, which use this process to release neurotransmitters 
during synaptic transmission.  

Yeast strains expressing human amyloid-β helped establish how 
the aggregation of this protein impairs vesicular trafficking and kills 
cells in Alzheimer’s disease.  

5        PROTEIN QUALITY CONTROL PATHWAYS 
Damaged and misfolded proteins are removed from the cell through 
the action of two protein quality control pathways, the ubiquitin-
proteasome system and autophagy. Age-associated declines in the 
activity of both pathways cause damaged and misfolded proteins to 
aggregate and ultimately lead to neurodegeneration.  

Many of the components and mechanisms of the ubiquitin-
proteasome system and autophagy were first discovered in yeast, 
and yeast have helped researchers understand how mutations in 
many disease-linked genes cause impairments in both pathways.  
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These advantages have powered important discoveries in neuro- 
degenerative disease research over the past four decades (see 
boxes). Early yeast models of neurodegenerative diseases helped 
researchers characterize the then-unknown functions of disease-
linked genes, as in Friedreich’s ataxia. Throughout the 2000s, 
researchers used large yeast strain collections to systematically 
search for genes that modify disease-associated pathologies, 
leading to new insights into the mechanisms of numerous neuro- 
degenerative diseases and revealing new therapeutic targets. 
More-recent efforts pair the massive scale of modern yeast 
genetics with powerful artificial intelligence (AI) algorithms to 
disentangle the complex, multifactorial causes of neurodegenera-
tion. The many insights into neurodegenerative diseases revealed 
by yeast are remarkable examples of how combining simple model 
organisms with cutting-edge technology can provide unique 
insights into complex biological systems.

Yeast’s history in neurodegeneration research
Yeast first came to prominence in the study of neurodegenerative 
diseases in the 1990s. At that time, advances in DNA sequencing 
technology enabled large-scale sequencing efforts that identified 
mutations that cause rare, familial neurodegenerative diseases such 
as Friedreich’s ataxia, Huntington’s disease, and Niemann-Pick dis-
ease, as well as inherited forms of Alzheimer’s disease, Parkinson’s 
disease, and ALS. The mutations that cause these diseases occur in 
distinct genes whose functions were, at that time, largely unknown. 
Thus, after researchers identified the mutations that cause these 
diseases, they then faced the considerable challenge of determining 
both the normal functions of the associated genes and mechanisms 
by which the mutations cause cell death.

Yeast models created through genome engineering meth-
ods unavailable in other model systems became critical tools in 
this endeavor. For disease-linked genes with a yeast homolog, 
researchers could remove the native yeast gene and replace it 
with wildtype or mutant forms of its human counterpart. This 
approach became an important platform for identifying muta-
tions that cause disease by ablating a gene’s normal functions, 
such as the FXN mutations that impair mitochondrial function 
in Friedreich’s ataxia and the NPC1 mutations that impair lipid 
metabolism in Niemann-Pick disease.

Other neurodegenerative disease–causing mutations occur 
in human genes with no yeast homolog. Nevertheless, research-
ers found that when such genes are expressed in yeast, they 
often function as they do in human cells. These “humanized 
yeast” models supported neurodegenerative disease research 
in the 1990s and early 2000s, particularly for studying a phe-
nomenon termed “toxic gain of function,” in which a mutation 
converts a gene’s product into a form that negatively affects cel-
lular viability. By building humanized yeast strains expressing 
various mutant forms of disease-linked genes, researchers dis-
covered that many mutations exert a toxic gain of function by 
causing the associated protein to misfold and aggregate into 
inclusions that disrupt a number of essential cellular functions. 
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