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ABSTRACT  Protein quality control or proteostasis is an essential determinant 

of basic cell health and aging. Eukaryotic cells have evolved a number of pro-

teostatic mechanisms to ensure that proteins retain functional conformation, 

or are rapidly degraded when proteins misfold or self-aggregate. Disruption of 

proteostasis is now widely recognized as a key feature of aging related illness, 

specifically neurodegenerative disease. For example, Alzheimer’s disease, 

Huntington’s disease, Parkinson’s disease and Amyotrophic Lateral Sclerosis 

(ALS) each target and afflict distinct neuronal cell subtypes, yet this diverse 

array of human pathologies share the defining feature of aberrant protein 

aggregation within the affected cell population. Here, we review the use of 

budding yeast as a robust proxy to study the intersection between proteosta-

sis and neurodegenerative disease. The humanized yeast model has proven to 

be an amenable platform to identify both, conserved proteostatic mecha-

nisms across eukaryotic phyla and novel disease specific molecular dysfunc-

tion. Moreover, we discuss the intriguing concept that yeast specific proteins 

may be utilized as bona fide therapeutic agents, to correct proteostasis errors 

across various forms of neurodegeneration. 
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INTRODUCTION 

The regulation of cellular protein levels is an indispensable 

feature that ensures fidelity of fundamental processes 

within all cell types. Although nascent peptide strands con-

tain the requisite information to fold proteins into func-

tional structures and confer biological activity, the dynamic 

nature of protein folding as well as the crowded cell envi-

ronment pose significant barriers in maintaining protein 

homeostasis or proteostasis [1]. Consequently, cells have 

evolved sophisticated protein quality control networks to 

ensure correct folding of nascent peptides, refolding of 

misfolded proteins or when required directed proteolysis 

via a number of conserved mechanisms [2].   

Loss of proteostatic control has emerged as a common 

cellular pathology in seemingly disparate forms of neuro-

degenerative disease [3]. Disruption to protein folding by 

various factors such as, mutations, errors in transcrip-

tion/translation, environmental stress and age related de-

cline can lead to the overwhelming of these quality control 

systems in susceptible neuron populations, resulting in the 

aggregation of misfolded proteins and their organization 

into larger aggregate structures [4]. For example, various 

peptides (nascent and modified) can instinctively form 

detergent resistant cross-β amyloidogenic structures which 

are inherently associated with the pathology observed in 

various neurodegenerative disorders [5]. These proteins 

include α-synuclein, the primary constituent in aggregate 

structures called Lewy bodies observed in Parkinson’s dis-

ease (PD) as well as other diseases termed synucleopathies. 

The more prevalent neurodegenerative disorder, Alz-

heimer’s disease (AD) is characterized by the presence of 

similar extracellular plaque structures containing accumu-

lated β-amyloid peptide as well as intracellular buildup of a 

hyperphosphorylated microtubule associated protein re-

ferred to as tau. Similarly, intracellular cytotoxic aggrega-

tion of the huntingtin protein (Htt) is a hallmark feature of 

Huntington’s disease (HD) [5]. More recently, highly ubiq-

uitylated cytoplasmic inclusions of the TAR DNA-binding 
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protein of 43 kDa (TDP-43) have been identified in neurons 

of Amyotrophic Lateral Sclerosis (ALS) affected patients [6]. 

The amyloid structures formed by these various protein 

species have also been implicated in compromising the 

expression of proteostasis machinery. For instance, in 

mouse models of HD, increased polyQ aggregation resulted 

in a steady decline in the expression of the chaperones 

Hsp70 and the Hsp40 [7].  

A consensus has arisen supporting the concept that 

protein misfolding/aggregation and the progression of 

neurodegenerative disease are inherently linked. This 

model also suggests that ongoing aberrant protein misfold-

ing and decline in proteostatic machinery function may 

accelerate the pathogenic cascade [3]. The prevailing dog-

ma argues that the proteostasis errors are a cell autono-

mous pathology, yet misfolded protein species of α-

synuclein, β-amyloid and tau have been shown to be capa-

ble of cell to cell transmission similar to that of prions.  

These seed templates lead to the misfolding of the specific 

protein species, yet also initiate aggregate seeding of other 

proteins species, magnifying the proteostasis imbalance [8]. 

Given these observations, there is an urgent unmet medi-

cal need to advance basic understanding of protein quality 

control systems and why perturbations in this core cellular 

activity propagates neurodegenerative disease.  

In recent years, the field of neurodegeneration has de-

rived significant benefit from the use of baker's yeast, Sac-

charomyces cerevisiae, to elucidate the molecular basis of 

various pathologies. [9-11]. As the core proteostasis ma-

chinery is remarkably well conserved across eukaryotes, 

yeast has emerged as a tractable organism to model pro-

teostasis alterations in neural disease [1, 4, 10, 12]. Here, 

we discuss the insights derived from the use of humanized 

yeast models and whether the yeast proteome itself may 

offer novel therapeutic avenues to treat and reverse oth-

erwise implacable aggregation mediated disease.  

 

YEAST MODELS OF NEURODEGENERATION 

The mislocalized accumulation of the pre-synaptic protein 

α-synuclein (α-syn) as a result of mutations or gene multi-

plications is a hallmark feature that defines PD and other 

disorders collectively termed synucleinopathies [13]. α-syn 

was one of the first neurodegeneration related proteins to 

be characterized in the yeast model, which has greatly en-

hanced our understanding of the toxicity associated with 

PD. Indeed, the pathogenic prion-like spreading feature of 

α-syn oligomers and fibrils has generated considerable 

interest from both basic scientists who study aggregation 

control as well as those interested in disease pathogenesis 

[13, 14]. The very first study conducted by Outeiro and 

Lindquist [15] in yeast characterized α-syn toxicity as an 

outcome of its redistribution within the cell, which led to 

the formation of cytotoxic inclusions. This study demon-

strated that toxicity was directly correlated with the level 

of α-syn expression, yet also established dysfunction in 

various cellular processes, namely, lipid droplet accumula-

tion, impairment in the proteostasis machinery and defects 

in vesicle trafficking [15]. Following this landmark report, 

numerous other studies utilizing yeast modeling of α-syn 

have added to the knowledge base, implicating defects in 

various cellular processes [10], as well as identifying nor-

mal cellular constituents that contribute to cytotoxicity, 

such as the correlation between mitochondria and reactive 

oxygen species formation that occurs in α-syn mediated 

cell death [16].  

These studies highlight the great complexity in dealing 

with PD and neurodegenerative disorders in general, yet 

have confirmed the utility of the yeast system in address-

ing complex human disease pathology. Yeast models have 

also been instrumental in identifying other molecular de-

terminants that modify α-syn cytotoxicity. In particular, the 

functional identification of the GTPase Rab1, as a suppres-

sor of α-syn toxicity, stemmed from initial studies in yeast 

[17]. The observation that α-syn accumulation leads to ER-

Golgi trafficking defects, which is present in PD and many 

other neurodegenerative disorders, led to the subsequent 

utilization of yeast overexpression libraries to screen for 

modifiers of α-syn toxicity. The yeast protein Ypt1; a Rab 

family related GTPase, was observed to directly interact 

with α-syn inclusions and suppress α-syn toxicity. The pro-

tective function of Ypt1 was also observed to be phyloge-

netically conserved, as its mammalian homolog Rab1 was 

able to rescue the loss of dopaminergic neuron loss in PD 

models in both Drosophila and C. elegans [17]. Subse-

quently, other members of the Rab family of GTPases have 

been also shown to suppress α-syn toxicity. For example, 

the highly expressed presynaptic protein RAB3A and the 

post-Golgi vesicle associated protein, RAB8A have been 

demonstrated to ameliorate vesicle trafficking defects as-

sociated with α-syn expression. The heavy reliance of do-

paminergic neurons on vesicular trafficking is also suggest-

ed to be the reason that this subset of neurons is affected 

the most in PD [18]. More recently, α-syn expression has 

been shown to imbalance Rab homeostasis that results in 

Golgi fragmentation observed in PD. Golgi fragmentation 

was demonstrated to correlate with the expression levels 

of Rab 1, 2 and 8. Overexpression of Rab 1 and 8 and the 

ablation of Rab2 expression rescued the fragmentation 

phenotype [19].  

In addition to Rab GTPases, studies using similar ap-

proaches continue to identify novel protein mediators of α-

syn related cytotoxicity in PD, including endonuclease G 

(endoG) and the sorting protein VPS35 [20]. The cytotoxic 

mislocalization of the mitochondrial nuclease endoG in the 

nucleus of dopaminergic neurons in PD patients inspired its 

characterization in yeast PD models. In yeast, it was ob-

served that expression of α-syn leads to DNA damage, 

which is mediated by endoG. This observation was further 

verified in fly models which showed that suppressing en-

doG increased the survival of α-syn expressing flies, impli-

cating endoG as a critical mediator of α-syn toxicity and a 

potential target for therapeutic development [20]. VPS35 

has also been shown to ameliorate neurodegeneration and 

antagonize α-syn inclusion formation. This is of particularly 

interest as mutations in VPS35 are linked to PD [21]. In-

creased gene expression of the translation initiation factor 

EIF4G1 has also been linked to protein misfolding as well as 
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cases of familial PD [22]. Overexpression of the yeast hom-

olog of EIF4G1, TIF4631, was toxic to cells lacking the vps35 

gene suggesting that VPS35 is protective against toxicity 

relating to EIF4G1 upregulation. Likewise, the PD-

associated D620N mutation in VPS35 also had a similar 

effect. This genetic interaction between VPS35 and EIF4G1 

was further confirmed in neurons of both C. elegans and 

transgenic mouse models [23]. Furthermore, loss of either 

VPS35 or TIF4631 expression in yeast reduces the survival 

rate against α-syn toxicity. Finally, staining of NeuN in the 

hippocampus suggested that VPS35 upregulation is protec-

tive against α-syn associated neurodegeneration [23]. As 

such, these studies highlight the ease and accuracy of the 

yeast model system to define the molecular pathogenesis 

of human PD.  

Understanding the cellular etiology of ALS, a fatal and 

intractable neurodegenerative disorder, has also benefit-

ted greatly by use of yeast model systems [9, 10]. A superb 

example of one such ALS related protein is TDP-43 (TAR 

DNA binding protein 43). TDP-43 was originally described 

as a regulator of RNA metabolism in the nucleus and has 

also been shown to have a cytoplasmic role in anterograde 

transport of trafficking mRNAs in neurons. Nevertheless, 

TDP-43 has been found to be a common cytoplasmic inclu-

sion protein in ALS affected individuals [9, 24]. In addition, 

TDP-43 inclusions have been linked to many other neuro-

degenerative disorders such as Inclusion Body Myopathy 

with Paget disease of the bone and frontotemporal de-

mentia (IBMPFD) as well as AD, PD and HD [25].  

The first yeast TDP-43 proteinopathy model by Johnson 

et. al. [26] characterized TDP-43 to be nucleus specific and 

that overexpression of the protein led to its mislocalization 

into the cytoplasm where it formed aggregates, reducing 

overall cell survival. Interestingly, TDP-43 inclusions were 

observed to differ from those of the expanded polygluta-

mine Htt protein associated with HD, as TDP-43 aggregates 

were able to solubilize and were not resistant to detergent 

denaturation. This study used a deletion mutant approach 

to dissect the structural requirements within the protein to 

identify region(s) that were responsible for aggregation 

propensity and cytotoxicity and deduced that the C termi-

nus of the protein was responsible for driving aggregation 

[26]. Further characterization of TDP-43 in yeast identified 

TDP-43 as having the innate ability to aggregate as pure 

TDP-43 readily formed inclusions, which were structurally 

identical to aggregates in degenerating neurons of patients 

with ALS and frontotemporal lobar degeneration with 

ubiquitin- and TDP-43-positive inclusions (FTLD-U). Use of 

the yeast model revealed that several reported pathogenic 

mutations linked to ALS mapped to the C-terminus of TDP-

43, which accelerated TDP-43 aggregation and decreased 

survival [27]. These initial discoveries of TDP-43 disease 

biology have now been validated in various experimental 

models [9, 28].  

The success of modifier gene discovery in α-syn yeast 

models of PD has also propelled the use of similar genome 

wide screens to elucidate TDP-43 induced toxicity, i.e. 

yeast overexpression screens have led to the identification 

of a pool of 40 genes that modify TDP-43 toxicity. This pool 

of factors contained the Poly (A) binding protein (Pab1) - 

binding protein, Pbp1 as a specific enhancer of TDP-43 

toxicity; overexpression of Pbp1 increased TDP-43 toxicity 

whereas as Δpbp1 cells showed increased cell survival up-

on TDP-43 overexpression [29]. Interestingly, Pbp1 is an 

ortholog of the human ataxin-2 gene (atxn2), which has 

been implicated in spinocerebellar ataxia type 2 (SCA2) 

that is caused by glutamine expansion within the polyQ 

tract. This interaction between TDP-43 and Pbp1/Atx2 was 

further validated in Drosophila and humans. Moreover, the 

physical interaction between TDP-43 and Atx2 was shown 

to be dependent on RNA binding, as mutations within the 

RRMs as well as RNase treatment, dissolve the interaction 

between Atx2 and TDP-43 [29]. Atx2, which is normally 

granular or diffused within the cytoplasm, was observed to 

be aggregated in the spinal cord neurons of ALS patients, 

prompting the speculation that the TDP-43-Atx2 may have 

a causative link in ALS. Consequently, analysis of polyglu-

tamine length of Atx2 in ALS patients led to the conclusion 

that the presence of an intermediate length glutamine 

expansion (27-33Q) was associated with an increased risk 

of ALS, a conclusion that was matched by the early age of 

onset in affected individuals [29].  

Building on this early work, recent studies have impli-

cated the Pab1 protein itself (an Atx2 interactor and com-

ponent of cytoplasmic stress granules where mislocalized 

TDP-43 accumulates), as having a role in TDP-43 mediated 

toxicity. Using the fly model, investigators have shown that 

an Atx2 mutant lacking the PAM1 motif (through which it 

binds Pab1), cannot interact with TDP-43 and confer toxici-

ty in the retina. Similarly, human PABPC1 was observed to 

be mislocalized in ALS patients [30]. This study also led to 

the identification of the yeast ORF YGR054W, whose hu-

man homolog is EIF2A, as having physical and genetic in-

teractions with multiple TDP-43 modifying genes. Further 

investigation correlated TDP-43 expression with the level 

of EIF2A phosphorylation and that blocking EIF2A phos-

phorylation by knocking down the PERK homolog PEK, was 

able to rescue TDP-43 toxicity in Drosophila. Collectively, 

these studies raise the tantalizing premise that TDP-43 

toxicity may be moderated, by modulating the base level of 

EIF2A phosphorylation [30].  

TDP-43 toxicity appears to also segregate with modifi-

cations in DNA structure. Here, Armakola et. al. [31] used 

yeast deletion screens to identify the RNA lariat debranch-

ing enzyme, Dbr1, as a conditioner of TDP-43 toxicity. Dbr1 

is a phylogenetically conserved phosphodiesterase that is 

required for RNA degradation; and dbr1 deletion mitigated 

the toxic effects of wildtype TDP-43 and the mutant TDP-

43 Q331K expression. This suppression of TDP-43 toxicity 

was also validated in the human M17 neuroblastoma cell 

line and primary neurons using a siRNA-based knockdown 

approach, suggesting that inhibiting the enzymatic activity 

of Dbr1 is sufficient to reduce TDP-43 toxicity [31]. Using a 

Dbr1 mutant panel, the authors reported that limiting Dbr1 

enzymatic activity led to RNA lariat accumulation, directly 

correlated with TDP-43 toxicity. Fluorescence imaging in 

yeast showed that TDP-43 foci co-localized with intronic 

lariats of the Act1 gene in the cytoplasm and the suppres-
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sion of TDP-43 toxicity in Δdbr1 results from interactions of 

TDP-43 with the accumulated intronic lariats. The postulate 

derived from these experiments implied that TDP-43 asso-

ciated toxicity in ALS and FTLD-U arose from a loss of es-

sential TDP-43 RNA interactions [31, 32]. The identification 

of TDP-43 as a RNA binding protein inspired efforts to test 

other RNA binding proteins as ALS relevant targets, among 

which FUS/TLS, TAF15, EWSR1, HNRNPA1 and HNRNPA2B1 

have received considerable attention. Functional analyses 

of these proteins in yeast and other models have shown 

that, together with TDP-43, these proteins constitute an 

assemblage of factors with innate aggregation propensity, 

a characteristic which is accelerated in disease-linked 

forms [32-34]. Furthermore, studies using a similar dele-

tion approach recently identified that mutations within the 

microtubule associated protein, profilin 1 (PFN1), which 

disrupts its novel function in stress granule dynamics can 

ablate its ability to mediate ALS pathology [35]. Such stud-

ies suggest the yeast model remains a focal point to dissect 

the functional role of these candidate genes as well as 

identify additional candidates in ALS and other related pa-

thologies [9].  

The prior discussion has focused on the role of yeast 

models as a test bed to explore disease mechanisms in α-

syn linked PD and TDP-43 linked ALS, yet yeast has served 

as an ideal platform to study the cell biology of various 

aggregation prone proteins that characterize neurodegen-

eration. Of note, is the recent elucidation that manipula-

tion of the ubiquitin protease system (UPS) in yeast (by 

enhancing the expression level of Cdc48 and Vms1) can 

curtail UBB
+1

 induced mitochondrial stress, which is a hall-

mark feature of AD pathology [36], This study exemplifies 

the matchless speed and ease of application afforded by 

use of the yeast model to address outstanding issues in 

neurodegenerative disease [10].  

 

YEAST PROTEIN DELIVERY AS A MEANS TO COMBAT 

NEURODEGENERATION  

Much effort has focused on defining genetic susceptibility 

in neurodegenerative disease, yet this line of investigation 

has failed to provide new or effective clinical interventions. 

Indeed, the capacity to actively reverse aggregation and 

control protein misfolding will be an essential attribute 

when considering therapeutic solutions for proteinopa-

thies. Provocative evidence now suggests that yeast specif-

ic proteins have the capacity to degrade aggregate prone 

human disease proteins. Although speculative at this point 

in time, the data does support the conjecture that yeast 

proteins may be eventually employed to combat human 

neurodegeneration. In this regard, the yeast specific 

Hsp104 chaperone disaggregase has shown considerable 

promise [37].  

Hsp104 is an AAA+ chaperone of the heat shock protein 

family which is known for its ability to completely remodel 

denatured aggregates, conferring “thermotolerance” in 

yeast. Structurally, Hsp104 is hexameric pore-like structure 

consisting of an N-terminal domain, a middle domain (MD) 

flanked by two AAA (AAA-1/2) domains and a C-terminal 

domain. ATP hydrolysis at the two AAA domains is required 

for substrate translocation through the pore. The unique 

M-domain, which is absent in other AAA+ proteins, is sug-

gested to be the molecular switch which mediates the 

ATPase activity of Hsp104 and co-ordinates interaction 

with other chaperones of the Hsp70 and Hsp40 families 

[38, 39]. Dissolution of misfolded peptides by Hsp104 is 

dictated by ATP hydrolysis at the two AAA domains, result-

ing in a “peristaltic” translocation of the substrate through 

the pore leading to the release of the native peptide for 

proper refolding at the C terminus by other chaperones. 

Hsp104 is also essential for the propagation of prions, 

which are structurally amyloid in nature and considered to 

be beneficial for yeast to adapt and survive in varying envi-

ronments [39].  

Metazoans lack the presence of a clear Hsp104 

ortholog, yet despite its absence Hsp104 can be stably ex-

pressed and can rescue protein aggregation and prevent 

neurodegeneration [30]. For example, Hsp104 overexpres-

sion within a rat model for PD was able to prevent dopa-

minergic neuron loss. This rescue was attributed to the 

ability of Hsp104 to disassemble toxic oligomers of α-syn in 

vitro as well as prevent α-syn inclusion formation in vivo 

[40]. Hsp104 has been shown to have a wide clientele of 

disease associated substrates, including both wildtype and 

mutant protein forms, which can be dissembled and re-

solubilized within the cell. However, dissolution of prion 

substrates, such as Sup35 in yeast, was more challenging 

for Hsp104 than other misfolded substrates, suggesting a 

need for a better understanding of the Hsp104 mechanism 

and activity [37, 41]. Subsequent studies have focused on 

defining variants of Hsp104 that may impart enhanced 

disaggregase activity, and efforts to date have identified 

variants that modify proteinopathy associated with gain of 

function mutations for α-syn, TDP-43 (Figure 1) and other 

TDP-43 related RNA binding proteins such as FUS. Further 

examination in vitro revealed that the enhanced disaggre-

gase activity was dictated by amino acid identity within the 

middle domain of Hsp104, and key mutations in this region 

increased chaperone collaboration leading to disaggrega-

tion of a wide range of substrates [37, 42, 43]. Therefore, 

deployment of Hsp104 variants may offer a novel means to 

mitigate aggregation based disorders. What remains more 

speculative is whether Hsp104 can be engineered to attack 

very precise or structurally unique aggregates [37]. 

The unexpected role of Hsp104 in mitigating human 

aggregate-sensitive disease proteins raises the prospect 

that additional unforeseen regulatory mechanisms may 

exist to manage this critical aspect of cell biology. As such, 

a novel proteostasis role has been identified for the clan 

C/D family of proteases, which include metacaspases and 

caspases. While this protease clan is typically associated 

with induction of programmed cell death, through broad 

range protein destruction, a growing body of evidence 

suggests that discrete activation of these proteases is es-

sential for numerous complex cell behaviors, independent 

of inducing cell death [44, 45]. Evidence supporting this 

claim originates from the observation that the loss of yeast 

metacaspase, Yca1 (also known as Mca1) results in an in-
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creased retention of insoluble aggregated material and 

decreased cell fitness [46, 47]. This provocative study also 

confirmed Yca1 formed stable interactions with known 

chaperone proteins such as Hsp40/70 and Cdc48/VCP [46]. 

Subsequent studies have affirmed the involvement of Yca1 

in protein quality control, demonstrating that Yca1 regu-

lates the composition of the insoluble proteome, by mod-

erating the level of proteins that manage translation and 

ribosome biogenesis during stress [48].  

Most recently, Hill et al. [49] identified Yca1 as a critical 

component in the control of age related protein aggrega-

tion. Using synthetic genetic array (SGA) methodology, 

these investigators conducted an unbiased genome wide 

screen to identify regulatory factors that limit dispersal of 

protein aggregates during replicative cell aging, i.e. reten-

tion of aggregates in the mother cell during division. This 

study established that Yca1 shuttled between quality con-

trol compartments and limited protein aggregation in the 

daughter cell [49]. Given the strong association of Yca1 

with the chaperone machinery, combinatorial delivery of 

this metacaspase along with Hsp104 may offer a unique 

mechanism to restrain aggregate toxicity in affected hu-

man neurons.  

Admittedly, the delivery of yeast proteins as a thera-

peutic intervention to treat human neurodegeneration is 

an entirely speculative proposition. However, the emerging 

data for Hsp104 indicates that measured delivery of this 

protein in preclinical animal models of PD and Huntington’s 

disease has no observable off target toxicity [40, 50, 51]. 

Similar concerns should be noted for metacaspase use as 

this protease has yet to be expressed and tested in any 

mammalian system. 

The discovery in yeast, that a metacaspase subdues 

toxic aggregate formation, raises an interesting prospect, 

i.e. that mammalian/human caspase proteins may have 

retained similar beneficial proteostatic function(s). Early 

studies characterizing cellular pathology in neurodegenera-

tive disease have noted that affected and dying neurons 

display robust elevation in effector caspase activity (caspa-

se 3 and 6), with subcellular distribution to protein inclu-

sions [52, 53]. The prevailing assumption is that this caspa-

se activity profile is causative in the generation of disease 

linked inclusions, in keeping with the known pro-apoptotic 

role for caspase enzymes. Not surprisingly, these observa-

tions have led to the hypothesis that targeted inhibition of 

caspase activity may provide a viable therapeutic interven-

tion to limit cell death and dysfunction across a broad 

spectrum of aggregate associated neural disease [54]. De-

spite the widespread appeal that caspase activity acts as a 

harbinger of neural degeneration, the concept defies a 

wealth of opposing data, demonstrating that caspase func-

tion is vital for neurogenesis/neural cell differentiation, 

synaptic remodeling and higher brain function(s) [55, 56]. 

Indeed, preliminary investigations have reported that tar-

geted cleavage of TDP-43 by caspase 3 results in reduced 

TDP-43 aggregation [Figure 1]. This study also demonstrat-

ed that cleavage-resistant forms of TDP-43 were more tox-

ic than the resulting cleavage products, suggesting that 

caspase mediated degradation is critical for reducing TDP-

43 toxicity and perhaps limiting the advent of ALS [57]. As 

 
 

FIGURE 1: Therapeutic strategies to limit protein aggregation based disorders. Many neurodegeneration disorders are characterized by 

increased protein aggregation of diseased associated proteins like α-synuclein and TDP-43. The yeast specific disaggregase Hsp104 and its 

variants (green) have been shown to be an effective in limiting inclusion formation and accumulation. Hsp104 acts on the inclusion to dis-

solve and restore them to the properly folded soluble form (TDP-43) as well as eliminate toxic soluble oligomeric forms (α-synuclein) of the 

protein. Additionally, caspase/metacaspase family of proteases (red) have also been shown to limit inclusion formation by directly cleaving 

the disease associated protein (TDP-43), which is subsequently degraded by the proteasome. 
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such, the elevation of effector caspase activation in dis-

eased cells may simply reflect an adaptive response 

whereby caspases engage to limit deposition or expansion 

of toxic aggregates. If one makes the reasonable assump-

tion that caspase enzymes have retained the yeast meta-

caspase function through evolution, then a probable model 

would predict that caspases similarly integrate with chap-

erones and folding/refolding machinery to restrain aggre-

gate deposition and growth. 

 

CONCLUSION 

In conclusion, we have demonstrated that deployment of 

the yeast model has provided exceptional advances in the 

study of neurodegenerative disorders including PD and ALS. 

Similar concerted efforts using yeast proteinopathy models 

have advanced understanding of disease related proteins 

such as tau, Aβ and prions. Likewise, the concept that yeast 

specific proteins, such as Hsp104 and/or Yca1, may be en-

gineered to combat toxic human aggregates opens the 

door to entirely novel avenues of therapeutic intervention. 

The use of yeast proteins as therapeutic agents needs to be 

approached with considerable caution, yet the early stud-

ies in relevant animal models support the basic premise. 

Clearly, the ease and flexibility of the yeast model will en-

sure continued use of this eukaryotic cell as a preferred 

means to interrogate and define the molecular pathology 

of neurodegeneration. 
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