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Abstract
Yeast prions are atypical genetic elements that are transmitted as heritable protein conformations.
[PSI+], [URE3], and [PIN+] are three well-studied prions in the budding yeast, Saccharomyces
cerevisiae. In the last three years, several additional prions have been reported in yeast, including
[SWI+], [OCT+], [MCA], [GAR+], [MOT3+], [ISP+], and [NSI+]. The growing number of yeast
prions suggests that protein-based inheritance might be a widespread biological phenomenon. In
this review, we summarize the characteristics of each prion element, and discuss their potential
functional roles in yeast biology.
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1. Introduction
Yeast prions are self-perpetuating protein conformations which manifest as dominant,
cytoplasmically transmitted phenotypes. A prion is formed when a native protein adopts an
alternative conformation (known as the prion fold), which is able to recruit soluble protein
isomers and induce them to form the same prion fold. Almost all prion proteins form
insoluble amyloid aggregates, apparently sequestering the protein from its native function.
The prion phenotype is generally metastable, meaning that [PRION+] cells can revert to
[prion−] cells at a low frequency.

[PSI+] and [URE3] were the first two yeast prions to be identified. The [PSI+] and [URE3]
phenotypes were described in 1965 [1] and 1971 [2], respectively, but it was not until 1994
that Wickner proposed that they represented a prion-like phenomenon [3]. [PIN+], the third
identified yeast prion, was also described as a phenotype first [4], before its protein
determinant was identified [5–7]. Since that time, multiple new prions have been identified,
with widely varying phenotypes, and arising from proteins across the functional spectrum
(Table 1) (for a recent review, also see [8]). In this article, we will briefly describe the three
well-characterized yeast prions ([PSI+], [URE3], and [PIN+]), provide a more detailed
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review of the newly identified yeast prions, and speculate on possible functions for yeast
prions in nature.

2. Known yeast prions
2.1. The classic yeast prions

2.1.1. [PSI+]—[PSI+] is the prion form of Sup35, a component of the translational
termination complex in yeast [9]. [PSI+] is the most extensively studied yeast prion, and has
been reviewed in multiple publications (for example: [10–13]). [PSI+] aggregates sequester
soluble Sup35, resulting in defects in faithful translation termination. The prion therefore
acts as a nonsense suppressor, allowing read-through of premature stop codons [14]. The
[PSI+] prion can be cured by treatment with millimolar concentrations of guanidine
hydrochloride (GdnHCl) [15], and can re-occur in cured cells, reflecting the fact that prions
are a protein-only phenomenon [3]. Overexpression or deletion of HSP104 also cures [PSI+]
[16], suggesting that an intermediate level of Hsp104 expression is required for [PSI+]
propagation.

2.1.2. [URE3]—[URE3] is the prion form of Ure2, a protein involved in the regulation of
nitrogen metabolism [3]. Ure2 represses the activity of Gln3, a transcriptional activator
which upregulates genes controlled by nitrogen catabolite repression [17, 18]. Sequestration
of Ure2 in [URE3] aggregates results in Gln3 activation to allow cells to assimilate poor
nitrogen sources, such as ureidosuccinate (USA), in the presence of good nitrogen sources,
such as ammonia [19]. Like [PSI+], [URE3] exhibits dominant transmission, and is
reversibly curable by GdnHCl [3]. [URE3] can be cured by HSP104 deletion, but not
HSP104 overexpression [20].

2.1.3. [PIN+]—[PIN+], also known as [RNQ+], is the prion form of Rnq1 [5–7], a protein of
unknown function. [PIN+] was first described as a non-Mendelian [PSI+]-inducing factor,
which promotes [PSI+] de novo formation upon Sup35 overproduction [4]. Subsequent
research has shown that [PIN+] also enhances the aggregation of polyglutamine (polyQ) [6]
and polyasparagine (polyN) [21], and that overproduction of several Q/N-rich polypeptides
can substitute for [PIN+] to induce [PSI+] de novo formation [5, 22]. Like [PSI+] and
[URE3], [PIN+] is a dominant and reversibly curable epigenetic trait [4]. Aggregation and
promoting [PSI+] formation are the only assayable [PIN+] functions, since the native
function of Rnq1 is unknown.

2.1.4 Common features of the classic yeast prions—[PSI+], [URE3], and [PIN+]
share several common characteristics that have come to be thought of as identifying features
of yeast prions. For example, all three of these prion proteins contain Q/N-rich regions
(known as prion domains, or PrDs), which are largely dispensable for normal function of the
protein, but are necessary for maintenance and propagation of the prion [7, 23, 24]. These
prions also exhibit reversible curability, meaning that after a cell is cured of a prion (for
instance, by treatment with GdnHCl), the prion can arise again in the same cell [25].
Deletion of the gene encoding the prion protein abolishes the prion completely, since
maintenance of a prion requires a constant supply of the prion protein [26]. Overproduction
of prion proteins increases the rate of de novo appearance of the associated prion [3, 7, 23,
24, 27], presumably due to increased opportunities for the soluble protein to misfold.
Finally, the prion phenotype mimics a partial knockout of the associated protein, due to the
sequestration of prion protein isomers in insoluble prion aggregates [28]. Due to the
aggregation of prion conformers, formation of the prion can often be detected by a shift
from the soluble to the insoluble fraction of the cell [7, 29, 30].
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Another common feature of [PSI+], [URE3], and [PIN+] is their dependence on the
molecular chaperone network. Most notable is their strict requirement for Hsp104. Inhibition
of Hsp104 function by HSP104 deletion, treatment with GdnHCl, or expression of a
dominant negative allele of HSP104, leads to curing of [PSI+], [PIN+], and [URE3] [3, 7, 15,
16, 20, 29], because of the central role it plays in creating prion “seeds”. Hsp104 is
responsible for breaking prion aggregates into smaller fragments, which then seed the
formation of new aggregates [31]. In the absence of Hsp104, individual prion aggregates
grow so large that they are unable to be transmitted to daughter cells during cell division;
thus, the mother cell retains all of the prion aggregates, and the daughter cell is prion-free
[32, 33]. Introduction of a dominant negative allele of HSP104 exerts a similar effect, since
Hsp104 functions as a hexamer [34, 35]; thus, a dominant negative allele prevents the
formation of a functional Hsp104 complex. GdnHCl treatment inhibits the activity of
Hsp104, thus leading to prion curing [36, 37]. Hsp104 overproduction can also cure [PSI+]
[16], but not [PIN+] or [URE3] [4, 7, 20], although the mechanism by which this occurs is
unknown. In addition to Hsp104, the Hsp70/Ssa1 and Hsp40/Sis1 system is central to the
propagation of most yeast prions [38–43]. While the exact mechanism of prion curing
induced by modulating chaperone activity has been difficult to elucidate, it is clear that
molecular chaperones play a crucial role in the maintenance and propagation of yeast prions.

3.1. Newly identified yeast prions
Since the discovery and characterization of [PSI+], [URE3], and [PIN+], multiple new yeast
prion proteins have been identified. While many of these novel prions exhibit traits that are
characteristic of the three classic, or well-characterized, prions, others behave in new and
unexpected ways. In the following section we will discuss these new prions, their
similarities to [PSI+], [URE3], and [PIN+], and unique features that distinguish them from
other prions.

3.1.1. [SWI+]
[SWI+], which was initially identified by our laboratory and later confirmed by Alberti and
colleagues, is the prion form of Swi1, a component of the SWI/SNF chromatin remodeling
complex [44, 45]. Swi1 was identified as a prion candidate due to its high Q/N content [46],
and its ability to promote [PSI+] formation [5]. The [SWI+] phenotype manifests as reduced
growth on carbon sources other than glucose, reminiscent of Swi1 knockdown [47]. [SWI+]
can be cured by HSP104 deletion but not HSP104 overexpression [44]. [SWI+] is a dominant
phenotype, which can be transmitted by mating or by cytoduction [44]. Swi1 forms
aggregates in [SWI+] cells, and deletion of SWI1 cures the prion phenotypes [44]. One
unique feature of [SWI+] that sets it apart from the three previously identified yeast prions, is
that the soluble form of Swi1 is a nuclear protein. Interestingly, [SWI+] aggregates appear to
be cytoplasmic [44, 48], although further work is required to determine whether [SWI+]
aggregates also appear in the nucleus.

3.1.2. [OCT+]
[OCT+] is the prion form of Cyc8, a component of the Cyc8/Tup1 corepressor complex [49].
Cyc8 was identified as a prion candidate based on its ability to promote [PSI+] formation
when overproduced [5]. [OCT+] exhibits many standard features of yeast prions: its ability
to use lactate as the sole carbon source in cyc1 mutant cells (Lac+) with a high, constitutive
invertase activity is a milder version of CYC8 deletion [50]; overproduction of Cyc8
increases its appearance; and the prion phenotype can be masked by expression of the
functional domain alone of Cyc8 [49]. Moreover, the [OCT+] phenotype is dominant, and
can be transmitted to wild-type cells by cytoduction or extract transformation. Cyc8 forms
aggregates in the cytoplasm of [OCT+] cells, and deletion of CYC8 abolishes the prion.
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[OCT+] is cured when Hsp104 is inhibited by treatment with GdnHCl, or by expression of a
dominant negative HSP104 allele [49]; however, overexpression of HSP104 did not cure the
[OCT+] phenotype. Since the non-prion form of Cyc8 is associated with chromatin, it
precipitates in the insoluble fraction of wild-type cells; thus it was difficult to establish a
change in solubility in [OCT+] cells. The fact that both Swi1 and Cyc8 are normally
involved in transcriptional regulation is an unexpected coincidence, and suggests a possible
link between yeast prions and transcriptional regulation.

3.1.3. [MOT3+]
[MOT3+], the prion form of Mot3, was identified by screening for PrD-like regions in the
yeast proteome using a computational algorithm based on the PrDs of [PSI+], [URE3], and
[PIN+] [45]. Based on this algorithm and assays including fluorescence aggregation,
nonsense suppression of Sup35C fusion, and thioflavin-T binding, the authors identified
multiple candidate PrDs with a high probability of prionogenicity. To validate their
algorithm and experimental methodology, they chose one of their candidates, Mot3, to
analyze in depth and demonstrated that it is in fact a prion. Mot3 is a transcriptional
regulator that affects many cellular processes, including the repression of anaerobic genes
during aerobic growth [51]. Taking advantage of the fact that Mot3 inhibits the expression
of DAN1, the authors established a dan1::URA3 based reporter system to positively select
for [MOT3+] [45]. Using this system, the authors showed that [MOT3+] cells exhibit a loss-
of-function phenotype for Mot3. Additionally, transient overproduction of Mot3 enhances
the spontaneous rate of [MOT3+] prion formation, and purified Mot3 fibers can transmit the
[MOT3+] phenotype. Finally, [MOT3+] is curable by GdnHCl-mediated Hsp104 inhibition,
and this curability is reversible. Mot3 is thus the fourth known yeast prion protein that is
also a transcriptional regulator.

3.1.4. [MCA]
[MCA], the prion form of Mca1, was discovered by fusing random segments of yeast
chromosomal DNA to SUP35MC, and assaying for nonsense suppression [52].
Sequestration of Sup35MC resulting from aggregation of the N-terminal fusion peptide
resulted in read-through of a reporter nonsense codon, and the ability of this strain to grow
on adenine deficient media. Three independent clones containing fragments of MCA1
induced aggregation of Sup35MC, suggesting that Mca1 may be a prion protein. The Ade+

phenotype conferred by the Mca1-Sup35MC fusion protein is a dominant and cytoplasmic
trait, and Mca11–117-GFP (representing the putative Q/N-rich prion domain) formed
fluorescent foci in [MCA] cells. Furthermore, full-length Mca1 protein was insoluble in
[MCA] cells, and deletion of MCA1 resulted in the loss of [MCA]. Finally, cytoduction of
Mca1 or Mca1N aggregates into [mca-o] (non-prion) cells induced [MCA] phenotypes in
the recipient cells. Importantly, the authors showed that [MCA] can re-occur in the cured
cells, demonstrating that the phenotype is reversibly curable. Unfortunately, Mca1 has few
readily assayable phenotypes, so a knockdown of Mca1 function was not shown [52].
Interestingly, GdnHCl treatment appeared to have no effect on [MCA], but overexpression
of HSP104 did cure the prion. [MCA] and [PSI+] are the only known yeast prions that can
be cured by HSP104 overexpression.

Shortly after the identification of [MCA], another group showed that Mca1 has two
alternative translation start sites, and can possibly give rise to three different isoforms. The
two longer isoforms contain an N-terminal extension upstream of the Q/-N-rich putative
PrD. The authors explored differences in the aggregate-forming ability of the different Mca1
isoforms expressed from these alternative start sites, and found that a longer Mca1 isoform
(Mca1454) forms insoluble aggregates, whereas the shorter isoform (Mca1432) does not [53].
However, since these experiments were conducted in cells that were presumably [mca-o]
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(prion status was not assessed), it is unclear how relevant their findings are to the behavior
of the different Mca1 isoforms in [MCA] cells. While the potential impact of alternative
translational start sites on the strength or appearance of a prion phenotype is intriguing, its
significance remains to be fully explored.

A more recent study by Lee, et al. implicates Mca1 in clearing insoluble protein aggregates
from the cell [54]. The authors propose that the Q/N-rich region of Mca1 may mediate
interactions with aggregated proteins. If this is the case, it might be expected that prion
formation would affect the association of Mca1 with insoluble protein aggregates, and
decrease clearance of these aggregates. Future studies of the impact of [MCA] formation on
this newly identified Mca1 function should yield interesting insights into the regulation of
protein solubility in yeast.

3.1.5. [GAR+]
[GAR+], an atypical yeast prion, was identified by screening the literature for dominant
phenotypes that could not be explained by DNA-based genetic inheritance [55]. The [GAR+]
phenotype consists of growth in glycerol in the presence of glucosamine, a
nonmetabolizable glucose analog, and is a dominant cytoplasmic trait [56]. Interestingly,
[GAR+] is not curable by GdnHCl treatment, Hsp104 deletion, or Hsp104 overexpression.
This is strikingly different from all previously described yeast prions, which are all cured by
either Hsp104 inhibition or overexpression (or both, in the case of [PSI+]) [7, 16, 20, 44, 45,
49, 52]. Moreover, [GAR+] does not appear to be affected by the presence of other prions,
which is unusual, since yeast prions often have a profound effect on the formation and/or
propagation of other yeast prions [5, 43, 44]. Perhaps the most unique feature of this prion is
that it appears to be propagated, not by a misfolded form of a single protein, but by the
interaction between two proteins: Std1 and Pma1. In [GAR+] cells, Std1 co-
immunoprecipitates with Pma1, a transmembrane protein which normally associates with
Mth1 (an Std1 paralog) when the prion is not present. Overexpression of STD1, a
component of the Snf3/Rgt2 regulatory pathway, increases the rate of [GAR+] appearance,
which is a characteristic of prion protein determinants. However, deletion of STD1 does not
cure the prion, nor do stdΔ cells exhibit resistance to glucose-associated repression (the
prion phenotype). Deleting PMA1 does not cure [GAR+] either; but deleting PMA1 and the
coding sequence for the putative Std1 prion domain does. Finally, [GAR+] does not appear
to be amyloid in nature, as there is no change in localization or SDS resistance of Std1 and
Pma1 in [GAR+] cells as compared to [gar−] cells. This fact, and the fact that [GAR+]
appears to be propagated by a complex of at least two proteins, make this prion strikingly
different from all other known yeast prion proteins.

3.1.6. [ISP+]
[ISP+] is the prion form of Sfp1, a protein was first identified as a split finger protein that
binds to DNA and regulates cell growth and budding [57]. Later, Sfp1 was shown to be a
global transcriptional regulator that influences the expression of ~10% of total yeast genes,
including ribosomal protein genes [58]and genes that regulate G2/M transitions during
mitotic cell cycle and DNA-damage response [59], and modulate cell size [60]. The [ISP+]
phenotype manifests as a suppressor of nonsense codon read-through (or “anti-suppression”)
in strains with mutations in SUP35 and SUP45. Intriguingly, [ISP+] can be cured by
treatment with GdnHCl, but not by deletion or overexpression of HSP104 [61]. This raises
the interesting possibility that GdnHCl treatment may have other effects in addition to
Hsp104 inactivation. [ISP+] forms nuclear aggregates, which has not been previously
reported for a yeast prion. This nuclear localization may explain the low efficiency of [ISP+]
transfer by cytoduction. Another unique feature of [ISP+] is that its phenotype differs
markedly from the sfp1Δ phenotype. Deletion of SFP1 leads to a decrease in cell size and
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increased sensitivity to drugs targeting translation. Based on the behavior of other prions, it
would be expected that the presence of the prion would lead to a partial loss-of-function of
SFP1, i.e. slightly reduced cell size and enhanced drug sensitivity. However, the opposite
appears to be true: in strains containing the prion, cell size is significantly larger than wild-
type cells, and drug resistance is increased [62]. These atypical features of [ISP+] could lead
to a better understanding of how prions behave within the cellular environment.

3.1.7. [NSI+]
The most recently discovered yeast prion is [NSI+] [63]. The [NSI+] phenotype manifests
itself as nonsense suppression in strains expressing Sup35 with a mutated or deleted N-
terminus. Any contribution of Sup35 to these phenotypes was ruled out by the
demonstration that maintenance of [NSI+] does not require Sup35N or Sup35NM, and the
fact that Sup35 is soluble in cells containing the [NSI+] prion. [NSI+] can be cured by
GdnHCl treatment and by HSP104 deletion, but not by HSP104 overexpression [63]. The
protein that forms the [NSI+] prion has not yet been identified. Deleting any one of several
known prion-encoding genes had no effect on the propagation of [NSI+] [63], which strongly
suggests that the protein determinant of [NSI+] is a novel prion protein.

4. Hypotheses on the function of prions
The growing number and variety of yeast prions that have been reported are beginning to
yield clues to potential roles that prions may play in yeast biology. Whether prions represent
a disease in yeast [64, 65], or are actually advantageous to cells [66–68], is a topic of
considerable debate. On the one hand, prions can confer adaptability in highly specialized or
stressed conditions [68, 69] and increase evolvability [67, 70]. Furthermore, many Q/N-rich
regions have resisted evolutionary pressure, suggesting that their function has been
conserved for some reason [71]. One the other hand, prion phenotypes tend to be detrimental
to the cell, and [PIN+] is the only prion that has been found even in a very small percentage
of yeast strains in nature [64]. The [Het-s] prion of Podospora anserina shows a clear
example that functional prions can exist in nature. This prion regulates heterokaryon
incompatibility, and is transmitted in a dominant, protein-only manner [72, 73]. [Het-s] can
be propagated in yeast [74], implying that similar chaperone systems, and possibly other
cellular factors, may contribute to the propagation of yeast and non-yeast prions. If prions do
represent a disease of yeast, then it is to be expected that further investigation will yield only
more negative and random phenotypes. If, however, prions are a functional part of yeast
biology, then the behavior and characteristics of the known yeast prions can offer clues as to
what this role may be, and how it has been conserved over evolution. In the following
section we will explore possible functional roles for prions in yeast.

4.1. Prions as transcriptional regulators
The relative prevalence of transcriptional regulators among yeast prion proteins is striking,
and has provocative implications for the function of prions. In addition to Swi1 and Cyc8,
Sfp1, Mot3 and Ure2 are also transcriptional regulators. Furthermore, the list of strong prion
candidates identified by Alberti, et al. also showed a marked enrichment for transcriptional
regulators [45]. There are several potential models for how prionization of a transcription
regulator may affect the expression of its target genes (Figure 1). The simplest titration
model predicts that prion aggregates sequester functional transcription regulators so that
[PRION+] cells exhibit complete or partial loss-of-function phenotypes. Amyloid prions
such as [URE3] and [SWI+] likely fall into this category. In the case of Swi1 a titration/
modulation model can be postulated, in which [SWI+] formation leads to a titration of the
functional SWI/SNF complex, or assembly of Swi1-free sub-complexes that might modulate
different target genes [75]. It is noteworthy that the SWI/SNF and Cyc8/Tup1 complexes
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work together to regulate the transcription of a set of yeast genes [76]; for instance,
mutations in SWI1 and CYC8 have profound (though opposite) effects on the utilization of
alternative carbon sources and invasive growth [50, 77, 78]. Thus, an antagonism model for
[SWI+] and [OCT+] is proposed, using FLO1 locus regulation as an example (Figure 1). The
fact that an overlapping set of genes is prone to “regulation” by two separate prions suggests
that there may be an adaptive advantage to this sort of global regulation, possibly enabling
yeast cells to survive extremely stressful environmental conditions. Given the large number
of known and potential yeast prion proteins that are involved in global or gene-specific
transcriptional regulation, it is possible that the prion phenomenon, if functional, may be
closely tied to transcription.

4.2. Prion proteins as regulators of translational fidelity
Another intriguing example of multiple prion phenotypes affecting a single cellular function,
is the case of [PSI+], [ISP+], and [NSI+]. All three of these prions are global regulators of
translation, meaning that they affect translational fidelity in a non-specific manner (Figure
2). [PSI+] acts as a suppressor of nonsense codons, allowing read-through of stop codons.
[ISP+] is an anti-suppressor, antagonizing read-through of stop codons, which essentially
results in faithful translational termination. [NSI+] exhibits a similar phenotype to [PSI+],
suppressing and reading through nonsense codons. The fact that at least three prions regulate
the same process in yeast strongly suggests that there is a functional role for prions in
translational regulation. [NSI+] was detected in strains containing a deleted or modified
Sup35 N-terminus [63]. Since deletion or modification of Sup35N prohibits the formation of
[PSI+], it is intriguing to find that another prion which exerts a similar effect can appear
when [PSI+] is unable to form. The [ISP+] antisuppressor phenotype is detectable when
certain nonsense mutations of SUP35 and cryptic SUP45 mutations are present [61, 62].
Since [PSI+] also confers nonsense suppression, like these mutations, it is possible that
[ISP+] could antagonize the effects of [PSI+] within the same cell. Alternatively, de novo
formation of [ISP+] might be a mechanism for yeast to cope with the harmful mutations.
Future investigation of their mutual interactions will likely yield interesting insights into
their regulatory role in translation fidelity.

4.3. Atypcial yeast prions
[GAR+] is an extremely unusual prion that is difficult to characterize. It seems to share some
important characteristics with typical prion proteins: namely, that it is a protein-based
phenomenon that is transmitted in a dominant and self-propagating manner. However, it is
not affected by Hsp104 levels, does not form amyloid aggregates, and its infectious or
heritable form appears to be an interaction between two proteins. The yeast prion [β] is also
very different from the classic yeast prions. It differs from typical yeast prions in that it does
not represent an aggregated, inactive form of a normally functional protein; instead, [β] is
“infectious” because it activates its own enzyme activity [79]. The mature yeast protease B
(PrB) enzyme is derived from pro-PrB, which must be cleaved by a series of enzymes
including PrB itself in order to become catalytically active [80, 81]. As such, it can be
technically classified as a prion, due to its self-propagating nature, but does not belong in the
same category of the yeast prions described here. While many outstanding questions remain
as to the nature of [GAR+], it is safe to say that it is a highly atypical prion, and perhaps
exists in a sub-class by itself, like [β].

4.4. Prions in the nucleus
The unique localization of [ISP+] aggregates in the nucleus opens up new avenues of
understanding prion behavior and function within the cell. There are several interesting
questions raised by the presence of prion aggregates in the nucleus: first, do these aggregates
rely on the same chaperone network as cytoplasmic aggregates? Cytoplasmic chaperones
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play an important role in the formation, propagation, and transmission of most yeast prions.
The presence of prion aggregates in the nucleus suggests the involvement of nuclear
chaperones, whether alone or in combination with cytoplasmic chaperones. Second, what is
the effect of nuclear localization on propagation of the prion? [ISP+] can be transmitted by
cytoplasmic mixing, but only at a very low rate [62], most likely due to the fact that the
majority of the prion aggregates are not exposed to the cytoplasm. Perhaps a mechanism
exists to shuttle prion conformers in and out of the nucleus, exposing the prion protein to an
environment where it can encounter cytoplasmic chaperones and be passed on to other cells
by cytoplasmic transfer. Third, does nuclear aggregation affect the phenotype of the prion?
The presence of the [SWI+] or [OCT+] prion noticeably affects the transcriptional regulation
of SWI/SNF and Cyc8/Tup1 targets, respectively, despite the fact that aggregates of these
two prions are located primarily in the cytoplasm. It seems likely that aggregates of a
transcription factor within the nucleus itself have the potential to affect transcription in
different, possibly more pronounced, ways. For instance, aggregated Sfp1 may be able to
bind to DNA and block binding sites for monomeric protein. Alternatively, the prion form of
Sfp1 may be able to more effectively sequester binding partners in the nucleus than in the
cytoplasm. The presence of [ISP+] aggregates in the nucleus and its unknown effects on
nuclear processes may explain why the prion phenotype differs so greatly from the sfp1Δ
phenotype. This first demonstration of nuclear localization of a yeast prion provides a
unique opportunity to explore diverse features of yeast prion proteins and their behavior
within the cell.

5. Conclusions
The yeast prion field has come a long way since the [PSI+] phenotype was first described in
1965. It was almost thirty years until this strange dominant phenotype was ascribed to a
prion-like phenomenon, and since then more and more proteins have been identified that
behave in this unusual manner. We anticipate that the continuing characterization of known
prions and the identification of novel prions will bring to light the role of these entities in
nature. Do they play a part in the regulation and adaptation of the yeast genome, or are they
a deleterious by-product of evolution? The answer to this question and others are part of the
exciting future of prion research.
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Figure 1.
Postulated mechanisms for prion-mediated transcriptional regulation. A, A titration model
shows that [URE3] formation leads to DAL5 activation due to Ure2 insufficiency. In [ureo]
cells, Ure2 binds to the DAL5 activator Gln3 and as a consequence, DAL5 promoter is off.
B, [SWI+] formation can lead to the destruction of SWI/SNF complex assembly and/or
formation of Swi1-free SWI/SNF sub-complexes to further modulate gene expression. C, An
antagonism model shows that formation of [SWI+] or [OCT+] can have opposite effects on
FLO1 expression.
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Figure 2.
Three prions, [PSI+], [ISP+], and [NSI+], affect translation fidelity. A, In [PSI+] cells, the
majority of Sup35 is sequestered in prion aggregates, resulting in partial read-through of
nonsense translation codons, such as TGA in ade1-14. B, In [ISP+] cells, Sfp1 forms nuclear
prion aggregates that result in suppression of nonsense read-through in some sup35 and
sup45 mutant strains. C, In [NSI+] cells, an unidentified prion protein forms prion
aggregates, resulting in nonsense codon read-through, a phenotype similar to that of [PSI+].
Aggregated Sup35 is not implicated in this phenotype.
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