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Introduction

Numerous neurodegenerative diseases are associated with the 
misfolding of a protein into a fibrous, β-sheet rich form termed 
amyloid.1 Yeast prions, proteins which form heritable amyloid 
aggregates, have been useful models of amyloid behavior due 
largely to the tractability of Saccharomyces cerevisiae as a model 
organism. Two well-studied yeast prions, [PSI+] and [RNQ+] 
(also called [PIN+]), are formed by amyloid aggregates of the 
yeast proteins Sup35 and Rnq1, respectively.2-5 Sup35 is a transla-
tion termination factor, whereas the cellular function of Rnq1 
is unknown.6 Within the context of a yeast cell, a critical aspect 
of prion propagation is the remodeling of amyloid aggregates 
such that they create heritable seeds, which can be passed on to 
daughter cells.7 Molecular chaperone proteins are critical to this 
process.7,8 Both [PSI+] and [RNQ+], as well as several less-studied 
prions, require a specific Hsp70 system, including co-chaperone 
J-protein and nucleotide exchange factors, working in conjunc-
tion with the disaggregase Hsp104.8-11 Although the Hsp70 
Ssa, involved in prion fragmentation, has many J-protein part-
ners,12,13 the J-protein Sis1 is specifically required in yeast prion 
fragmentation.10,14-17

J-proteins, including Sis1, exhibit a modular gene architec-
ture commonly consisting of an N-terminal J-domain, critical 
for stimulation of their partner Hsp70’s ATPase activity, and 
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C-terminal peptide binding domains (Fig. 1A).12 Medial con-
necting regions are characterized by amino acid abundance, 
being either glycine/phenylalanine rich (G/F region) or glycine/
methionine rich (G/M region). Cells expressing Sis1 lacking only 
the G/F region (Sis1-ΔG/F, Fig. 1A) rapidly lose [RNQ+], indi-
cating an important role for this domain in prion maintenance.10 
Whether additional domains are required for [RNQ+] propaga-
tion is less clear. However, recently a system has been developed 
to allow more quantitative analysis of Sis1 function in prion 
maintenance.18 Despite being an essential protein, Sis1 expres-
sion can be reduced dramatically without serious consequence 
to yeast cell growth.18 Serendipitously, higher levels of Sis1 are 
required for prion maintenance, permitting repression of Sis1 
synthesis to a level that allows cell growth but not prion propaga-
tion. This method has been exploited to explore the requirement 
for Sis1 by analyzing the kinetics of prion loss.14-16,18 For 3 prions 
tested, [RNQ+], [URE3] and [SWI+], curing occurs rapidly; cell 
populations are prion-free 15–25 generations after the initiation 
of Sis1 repression by the addition of the tetracycline analog doxy-
cycline.14,16,18 In contrast, [PSI+] curing by this method occurs 
markedly slower, requiring >50 generations for complete curing, 
highlighting the variation amongst prions in the stringency of 
the requirement for Sis1 activity for their propagation.14

Despite the fundamental requirement for Sis1 and other 
chaperone components for prion propagation, the behavior of a 
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We reasoned that the observed differences in 
[RNQ+] maintenance between these yeast strain 
backgrounds could be due either to differences in 
levels of expression of Sis1-121, or in some other 
characteristic that affected the requirement for 
chaperone activity for prion maintenance. To 
determine whether protein expression level might 
account for the observed differences in [RNQ+]/
Sis1 requirements, we utilized a [RNQ+] 74D-694 
tester strain having a deletion of SIS1 but express-
ing Sis1 from a URA3-marked plasmid, driven 
from its own promoter ([RNQ+] sis1-Δ [SIS1-Sis1, 
URA3]). This strain was used to ‘shuffle in’ other 
SIS1 expressing plasmids by transformation, fol-
lowed by growth on 5-fluoro-orotic acid (5-FOA), 
which counter-selects against plasmids carrying 
the URA3 allele.23 In this way, the effect of vari-
ous SIS1 constructs was tested for maintenance 
of [RNQ+].

As a control, we first tested a single-copy plas-
mid containing the first 121 codons of Sis1 encod-
ing the J-domain and G/F region under control 
of the SIS1 promoter (CEN SIS1-Sis1-121).24 
Transformants that grew on 5-FOA were pas-
saged on selective media twice and then the 
presence of the prion assayed by resolving prion-
specific detergent-resistant aggregates using semi-

denaturing detergent agarose gel electrophoresis (SDDAGE).25 
As expected from previous results in reference 10, [RNQ+] was 
lost from the cell population as only soluble Rnq1 monomer 
was detectable on the gel (Fig. 1B). However, when Sis1-121 
was expressed from a multi-copy plasmid (2 μ SIS1-Sis1-121), 
[RNQ+] was maintained, indicating that, even in 74D-694 cells, 
the J-domain and G/F region of Sis1 is sufficient for maintenance 
of [RNQ+].

Although the ability of Sis1-121 expressed from a high copy 
plasmid establishes the sufficiency of this fragment for main-
tenance of [RNQ+], this finding raises the possibly that higher 
levels of Sis1-121 protein are required for maintenance in 74D-
694, than in W303. To test the validity of this idea, or alterna-
tively, establish whether Sis1-121 is expressed at lower levels in 
that strain background, we compared the abundance of Sis1-121 
in extracts from 74D-694 and W303 cells by SDS-PAGE and 
immunoblotting with Sis1-specific antibodies. Indeed, W303 
cells bearing CEN SIS1-Sis1-121 expressed approximately 2-fold 
more protein than 74D-694 cells (Fig. 1C). Expression from the 
multi-copy 2 μ plasmid increased Sis1-121 expression in 74D-
694 by approximately 50% (Fig. 1C). To determine whether this 
difference in protein expression is specific to the Sis1-121 pro-
tein, we also examined the abundance of endogenous Sis1 in both 
strains. Full-length Sis1 was approximately 30% less abundant 
in the 74D-694 strain, indicating that there is a general strain-
specific difference in Sis1 protein abundance between these two 
strains.

As a final consideration, we examined whether expression 
of Sis1-ΔG/F, which has never been found to support [RNQ+] 

yeast prion in vivo can depend upon multiple factors. Prions can 
assume multiple conformations resulting in prion “variants” (also 
called strains) which exhibit differing heritable traits.5,19-22 Prion 
variants often differ in phenotypic strength and are therefore 
referred to as “strong” or “weak”. For [PSI+], phenotypic strength 
also correlates with mitotic stability such that strong [PSI+] vari-
ants are more stable than weak variants.19-21 Additionally, extra-
genic polymorphisms inherent to a particular yeast strain can 
potentially alter prion behavior in vivo. The extent to which 
prion-chaperone interactions are affected by either yeast strain 
variation or prion variant differences is of particular interest, not 
only because the use of different strain backgrounds in various 
investigations makes general conclusions difficult to make, but 
because differences in behavior dependent on yeast strain back-
ground may provide clues to understand the basic mechanisms 
of prion behavior. Here we explore this idea with a focus on Sis1, 
concentrating on two issues, the reported difference in require-
ment for Sis1 domains in the maintenance of [RNQ+] 10 and 
the affects of yeast strain background on the stability of [PSI+] 
variants.

Results

Sis1 requirements by [RNQ+] are consistent between yeast 
strains. Our laboratory’s earlier investigation utilizing two dis-
tinct yeast strain backgrounds, W303 and 74D-694, found that 
Sis1’s C-terminal peptide domain was required by [RNQ+] only in 
74D-694.10 However, in W303, [RNQ+] was stable when only the 
J-domain and G/F-region were expressed (Sis1-121, Fig. 1A).10 

Figure 1. Maintenance of [RNQ+] by Sis1 expression constructs. (A) Gene structure 
diagrams of Sis1 expression constructs. Gene regions are denoted using the following 
notation: J, J-domain; G/F, glycine/phenylalanine-rich region; G/M, glycine/methionine-
rich region; peptide-binding, C-terminal peptide-binding domains I and II. Dashed line 
indicates a region has been deleted. (B) Plasmid shuffling experiments to test the domain 
requirements of Sis1 by [RNQ+]. Plasmids expressing Sis1 constructs illustrated in (A). 
Detergent resistant Rnq1 aggregates indicative of the presence of [RNQ+] were visualized 
by SDDAGE followed by immunoblot analysis. Control wild type [RNQ+] and [rnq-] cells 
were included for comparison. Dotted lines separate lanes taken from different parts of 
the same gel. (C) Sis1 protein expression levels in yeast strains 74D-694 (74D) and W303 
(W303). Cell lysates from wild-type or sis1-Δ cells expressing Sis1-21 from a plasmid were 
subjected to SDS-PAGE followed by immunoblotting with a Sis1-specific antibody. Anti-
body specific for Ssc1 was used as a loading control.
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the slow curing of [PSI+] upon Sis1 repression is not a property 
of just a single strong [PSI+] variant, but instead appears to be a 
fundamental characteristic of multiple strong variants.

The experiments described above were all conducted in the 
W303 genetic background. However, the 74D-694 strain back-
ground has been very commonly used for the study of [PSI+]. 
To determine if the slow loss of strong [PSI+] upon Sis1 repres-
sion is caused by a particular aspect of the W303 proteome, we 
constructed 74D-694 Sis1 repression strains maintaining two 

propagation,10,26 could in fact support [RNQ+] if expressed 
from a multi-copy plasmid in the 74D-694 strain back-
ground. [RNQ+] was lost from the cell population (Fig. 1B, 
center lane), reaffirming that the G/F region of Sis1 is 
essential for [RNQ+] maintenance, regardless of yeast strain 
background. Thus, these results suggest that despite strain 
specific differences in Sis1 expression levels, the specific 
domain requirements of Sis1 by [RNQ+] are likely to be uni-
form and independent of yeast strain background.

Similar kinetics of the loss of strong [PSI+] variants in 
two yeast strain backgrounds. We next turned our attention 
to the requirement for Sis1 by the prion [PSI+]. In a report of 
our initial investigation, we speculated that the slow curing 
of [PSI+] by Sis1 repression was indicative of an alternative 
interaction scheme between [PSI+], compared to [RNQ+], 
and the chaperone machinery.14 However, since only one 
variant of [PSI+], a strong variant referred to hereafter as 
[PSI+]STR, and only one yeast strain background, W303, 
were examined quantitatively in our initial investigation, 
the question remained as to whether the unusual slow cur-
ing of [PSI+] upon Sis1 repression is a property of [PSI+] in 
general, or whether it is specific to a particular prion variant 
or yeast strain. For example, another Ssa co-chaperone, the 
nucleotide exchange factor Sse1, is required for the propaga-
tion of weak but not strong variants of [PSI+].27,28 To begin 
to address this issue we repeated our initial Sis1 repression 
experiments in the W303 yeast strain background, but using 
a different strong [PSI+] variant, [PSI+]SC4, distinct in origin 
from [PSI+]STR

.
21 [PSI+]SC4 is one of the best-characterized 

strong [PSI+] variants. [PSI+]SC4 was created by polymeriza-
tion of Sup35 in vitro, followed by transformation of [psi-] 
yeast with the resulting amyloid material, which then served 
to seed prion formation in vivo.20,21,29

As in the past, we utilized a system having SIS1 under 
the control of the tetR promoter (TETr), allowing repression 
of Sis1 synthesis to a minimal level sufficient for robust cell 
growth, upon addition of doxycycline.14,16,18 Aliquots of the 
culture were removed and plated to observe colony color, 
as the presence or absence of [PSI+] can be easily assessed 
in these yeast strains due to [PSI+]-dependent read-through 
of a stop codon in a gene required for adenine biosynthe-
sis. [psi-] cells form red colonies as a result of build up of a 
metabolic intermediate of the adenine biosynthetic pathway, 
whereas [PSI+] cells appear white or pink (Fig. 2A).30

Sis1 repression severely affected [PSI+]SC4 propagation 
(Fig. 2A and B). By 35 generations more than half of the 
colonies were [psi-]; by 79 generations, no pink colonies were 
observed, indicating the loss of the prion from the population. 
The loss of [PSI+]SC4 was also verified using a biochemical assay, 
SDDAGE (Fig. 2C). The kinetics of [PSI+]SC4 loss were similar 
but not identical to those observed previously for [PSI+]STR.14 To 
determine if the observed differences are properties of the prion 
variant, we again conducted Sis1 repression experiments with 
[PSI+]STR and a third strong [PSI+] variant, [PSI+]VH.19 The cur-
ing curves for [PSI+]STR and [PSI+]VH were indistinguishable from 
[PSI+]SC4 (Fig. 2D and E), demonstrating unambiguously that 

Figure 2. Loss of three distinct strong [PSI+] variants in the W303 genetic 
background upon Sis1 repression. (A and B) Time course of SIS1-repression 
of [PSI+]SC4 cells. [PSI+]SC4 cells were harvested after the indicated number of 
generations of growth in the presence of doxycycline and plated onto rich 
media. The fraction of cells remaining [PSI+]SC4 (pink) vs. [psi-] (red) was (A) 
determined and (B) plotted (SC4, ■). The solid grey line represents a best-fit 
line through the data. (C) Lysates from sis1-Δ [TETrSIS1], [PSI+]SC4 cells at various 
generations after addition of doxycycline, and from [psi-] control cells, were 
resolved by SDDAGE (top part) and SDS-PAGE (bottom parts). Sup35 and Sis1 
were visualized by immunoblotting with Sup35- and Sis1-specific antibod-
ies. Antibody specific for Ssc1 was used as a loading control. (D and E) Time 
courses of SIS1-repression in cells bearing strong [PSI+] variants [PSI+]VH (VH, ●) 
and [PSI+]STR (STR, ◆). Time courses were conducted as described in (A and B). 
Grey line is the fit curve from (B) shown for comparison.
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Unusual kinetics of loss of weak [PSI+] variants in the W303 
genetic background. We also assessed the loss of weak [PSI+] 
variants in the W303 genetic background using the same Sis1 
repression system. As seen from the results described above, prion 
loss typically results in sigmoidal kinetics: prions are retained 
at a high frequency until the average seed number per cell is 
reduced to a low level at which time cells begin to inherit only 
one or no seeds, which leads to rapid prion loss from the popula-
tion.31-33 An initial experiment with the [PSI+]SC37 variant yielded 
atypical kinetics, with a significant fraction of the population 
retaining [PSI+]SC37 for >100 generations. Repetitions of the 
experiment revealed this phenomenon to be highly reproducible.  
Figure 4A–C shows the results of one such experiment. As in the 
74D-694 strain background, W303 [PSI+]SC37 cells exhibited an 
initial rapid decrease in the percentage of [PSI+] cells after Sis1 
repression. However, loss then slows, with [PSI+] cells disappear-
ing from the cell population at nearly a linear rate. Two other 
weak variants, [PSI+]VL and [PSI+]VK, behaved similarly (Fig. 4D 
and E).

That the kinetics of three independently derived weak [PSI+] 
variants behaved so similarly in W303 strongly suggests that they 
are the result of a characteristic of this yeast strain background. 
However, we also wanted to determine if the observed kinet-
ics might also be due to the presence of a mixed prion popu-
lation, including a “cryptic” Sis1-independent [PSI+] variant, 
which in W303, but not 74D-694, remains after Sis1-dependent 
[PSI+] variants are eliminated. We reasoned that, if such were 
the case, [PSI+] cells present at the latter end of a curing experi-
ment would be enriched for Sis1-independent [PSI+] variants. To 
test this hypothesis, we isolated six [PSI+] colonies from a sample 
of cells collected after 63 generations of cell culture in the pres-
ence of doxycycline, and restarted the Sis1-repression experiment. 
Representative SDDAGE gels for two of these strains are shown 
in Figure 5B. As a control, we also simultaneously retested the 
initial cell population (Fig. 5A). The results from the three cul-
tures were indistinguishable: [PSI+]SC37 was slowly eliminated 
from the cell population, indicating that the behavior of weak 
[PSI+] in W303 is not due to the selection for a Sis1 independent 
[PSI+] variant. These results also demonstrate the reproducibility 
of the kinetics of loss, even after a tandem series of repressions 
of Sis1. Thus, Sis1 repression is not causing a permanent change 
of either the prion itself or the yeast strain. Rather the results 
are consistent with there being a fundamental difference between 
the W303 and 74D-694 yeast strain backgrounds that affects the 
kinetics of loss of weak [PSI+] variants following the depletion 
of Sis1.

Discussion

The goal of the experiments described here was to gain a better 
understanding of the relationship between chaperone function 
and prion propagation with respect to two common variables: 
yeast genetic background and the inherent variation of prions 
themselves. While the results presented here are limited in scope 
and thus do not permit us to make sweeping generalizations, they 
do, however, allow us to offer some cautionary notes regarding 

of the strong variants discussed above, [PSI+]STR and [PSI+]SC4. 
When subjected to Sis1 repression, both prions were lost with 
kinetics similar to those observed in the W303 background  
(Fig. 3A). This similarity of the kinetics of [PSI+] curing upon 
Sis1 repression strongly suggests that the slow curing relative to 
that observed for other prions studied thus far is a property of 
[PSI+] itself.

Rapid loss of weak [PSI+] variants in the 74D genetic back-
ground. The experiments described above were carried out 
using strong [PSI+] variants. Weak [PSI+] variants generally have 
fewer heritable seeds per cell than strong [PSI+] variants, creat-
ing a greater chance of prion loss during mitosis.5,21 Since Sis1 is 
believed to create heritable seeds via fragmentation, we predicted 
that weak [PSI+] variants would be cured more quickly than 
strong [PSI+] variants upon repression of Sis1. To test this predic-
tion, we examined two weak [PSI+] variants (called [PSI+]SC37 and 
[PSI+]VL) in the 74D-694 strain background.19 Both variants were 
cured rapidly by comparison to the strong [PSI+] variants, being 
completely eliminated from the cell population 45 generations 
after doxycycline addition (Fig. 3B). This result is informative in 
two ways: (1) it demonstrates the absolute requirement for Sis1 
by [PSI+] is not dependent upon the strength of the prion variant 
and (2) the rapid loss of weak [PSI+] variants relative to strong 
[PSI+] variants is consistent with the role of Sis1 in the creation of 
new heritable prion seeds.

Figure 3. Kinetics of loss of strong and weak [PSI+] variants in the 74D-
694 genetic background upon Sis1 repression. (A) Time course of SIS1-
repression of strong variant-bearing cells. 74D-694 cells bearing strong 
[PSI+] variants [PSI+]SC4 (○) and [PSI+]STR (◇) were harvested after the 
indicated number of generations of growth in the presence of doxycy-
cline and plated onto rich media. The fraction of cells remaining [PSI+] 
based on colony color was plotted. For comparison, data for [PSI+]SC4 in 
the W303 strain background, which also appears in Figure 2 is shown 
(■). The solid grey line represents a best fit line through the data. (B) 
Weak [PSI+] variants [PSI+]SC37 (●) and [PSI+]VL (◆), as in (A). The grey line is 
the best fit line for strong strains from (A) shown for comparison (note: 
change in scale of the x-axis).
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and loss of [RNQ+]. Despite these small variations, the pro-
found effect on [RNQ+] indicates that the level of Sis1-121 in 
these strains is near the tipping point for prion curing. Thus, 
rather than being due to a fundamental difference in the 
sequences required for Sis1 to function in prion propagation in 
the two backgrounds, the drastic difference in stability in the 
two strain backgrounds is due to subtle differences in expres-
sion levels.

Our investigation also uncovered an unusual genetic interac-
tion affecting the curing of weak [PSI+] variants in the W303 
genetic background. Three independently obtained weak vari-
ants were cured with the expected kinetics in 74D-694, but in 
W303 these variants, although eventually lost after Sis1 repres-
sion, were cured with atypical kinetics. The similar behavior 
of all three variants that were independently obtained suggests 
that this behavior is due to a difference in strain background 
between W303 and 74D-694. We entertained the possibility that  

the interpretation of results obtained in different 
genetic backgrounds, and to suggest that some 
such differences may offer opportunities to dissect 
the complexities of prion biology.

Effect of prion variant differences on chaper-
one requirements. Prion variant differences can, 
in some cases, affect the sensitivity of yeast pri-
ons to ectopic chaperone expression. For example, 
Sse1, an Hsp110-type nucleotide exchange factor, 
is required for the propagation of weak but not 
strong [PSI+] variants.27,28 However, taking into 
consideration the results reported here and pre-
viously published results, there are still no prion 
variant-specific exceptions to the requirement for 
the “core” set of prion-maintaining chaperones, 
Hsp104, Ssa or Sis1, for prion propagation. Indeed, 
all currently available data support the idea that all 
naturally occurring, amyloid-forming yeast prions 
require these chaperones for stable propagation in 
yeast.

When studying the variants of [PSI+] we were 
somewhat surprised to find that all three of the 
strong [PSI+] variants analyzed were cured with 
indistinguishable kinetics upon Sis1 repression, 
while greater variability existed among weak 
[PSI+] variants. The three weak variants were 
lost in the 74D-694 yeast strain background 
with faster kinetics than the strong variants, but 
those rates were not identical, indicating that 
differences between prion variant behavior may 
be reduced as phenotypic and mitotic strength 
increase. Because prion variants are a direct con-
sequence of alternate amyloid folds, similar curing 
curves could indicate similar amyloid structure 
among these three strong [PSI+] variants, despite 
their distinct origins. One potential implication 
of this result is that strong [PSI+] variants may 
have converged upon an ‘optimum’ structure 
for [PSI+] that results in optimal mitotic stabil-
ity. The fundamental requirement of attaining such a structure 
is that it must optimally balance fiber stability, fiber extension 
rates and fiber frangibility such that yeast cells maintain the 
highest possible number of heritable prion seeds. However, it is 
not implausible that more than one amyloid fold might satisfy 
these requirements.

Genetic basis of prion/chaperone dynamics: the influence 
of yeast strain background. Our comparisons of the effect of 
yeast genetic strain background, both reported here and previ-
ously published in reference 10, 14 and 16, indicate that most 
of the fundamental conclusions reached about the requirement 
for Hsp104, Ssa1 and Sis1 hold for the most generally used 
yeast strain backgrounds. However differences do exist, as 
illustrated by the differences in expression from the SIS1 pro-
moter in the W303 and 74D-694 genetic backgrounds. In the 
case of Sis1-121, but not full-length protein, this approximately 
two-fold variation made the difference between maintenance 

Figure 4. Curing of three distinct weak [PSI+] variants upon Sis1 repression in the W303 
genetic background. (A and B) Time course of SIS1-repression of [PSI+]SC37 cells of the 
W303 background. [PSI+]SC37 cells were harvested after the indicated number of genera-
tions of growth in the presence of doxycycline and plated onto rich media. The fraction 
of cells remaining [PSI+]SC37 (pink) vs. [psi-] (red) was (A) determined and (B) plotted 
(SC37, ●). Dashed line represents a trend line connecting data points. (C) Resolution 
of prion aggregates by SDDAGE. Lysates from sis1-Δ [TETrSIS1], [PSI+]SC37 cells at various 
generations after addition of doxycycline, and from [psi-] control cells, were resolved by 
SDDAGE (top part) and SDS-PAGE (bottom parts). Sup35 and Sis1 were visualized by im-
munoblotting with Sup35- and Sis1-specific antibodies. Antibody specific for Ssc1 was 
used as a loading control. (D) Time courses of SIS1-repression in cells bearing weak [PSI+] 
variants [PSI+]VL (VL, ◆) and [PSI+]VK (VK, ■). Time courses were conducted as described in 
(A and B). Dashed line represents a trend line connecting data points.
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prion propagation, which requires exquisite balancing between 
the addition of monomers to prion fibrils and their fragmenta-
tion. Analysis of complex traits amongst diverse genetic back-
grounds has proven productive in other cases, such as ethanol 
tolerance,34 and may provide insight in prion biology as well.

Materials and Methods

Yeast strains and plasmids. Saccharomyces cerevisiae W303 and 
74D-694 derived haploid strains were used throughout. W303 
strains were derived from PJ513a: [RNQ+] [psi-] MAT a trp1-1 
ura3-1 leu2-3,112 his3-11,15 ade2-1 can1-100 GAL2 met2-1 
lys2-2.13 Strains having SIS1 under the control of the tetracy-
cline repressible (TETr) promoter (sis1-Δ::LEU2 [TETrSIS1]) 
were described previously in reference 14 and 18. The 74D-694 
strain used for plasmid shuffling was described in reference 16. 
W303 [PSI+]STR, [PSI+]SC4 and [PSI+]SC37 strains and 74D-694 
[PSI+]SC4, and [PSI+]SC37 strains having ade1-14 (UGA) were gifts 
from Jonathan Weissman.20,21,35 5V-H19 strains bearing [PSI+]VH, 
[PSI+]VL or [PSI+]VK were gifts from Chih-yen King and were used 
only for lysate transformations.19 W303 strains bearing [PSI+]VH, 
[PSI+]VL or [PSI+]VK, as well as 74D-694 strains bearing [PSI+]
STR or [PSI+]VL were constructed by yeast lysate transformation 
in which recipient [psi-] spheroplasts were co-transformed with 
cell extracts of donor prion strains and a URA3-containing plas-
mid.36 Transformants were selected on medium lacking uracil, 
and patched onto rich media to analyze prion status based on 
colony color. The prion status of each strain was verified by prion 
curing on GdnHCl media and SDDAGE analysis. For use as 
controls [rnq-] and [psi-] strains were obtained by growth of the 
appropriate strain on liquid media containing 3 mM GdnHCl 
for two days.

The plasmid bearing TETrSIS1 and the URA3-bearing plas-
mid YCP50-SIS1-SIS1 used for plasmid shuffling experiments 
were described previously in reference 18 and 24. Unless oth-
erwise indicated, all others used in this study were based on the 
pRS plasmid series.37 Plasmid pRS314-SIS1-sis1-121 was from 
Yan and Craig, 2001.24 Plasmids pRS424-SIS1-sis1-121 and 
pRS424-SIS1-sis1ΔG/F were constructed using standard molec-
ular biology techniques.

Assays for prion loss. Time course experiments for [PSI+] 
curing were executed as previously reported in reference 14. Cell 
cultures were maintained in exponential growth phase by con-
tinual subculturing in YEPD in the presence of either 5 μg/ml 
doxycycline (Sigma) or 4 mM GdnHCl when indicated. Sis1 
depleted cells remained viable for the duration of the experiment 
with a typical growth rate of 2.0–2.5 hrs/generation. The pres-
ence or absence of [PSI+] was confirmed by observation of col-
ony color on rich media where [PSI+]-mediated aggregation of 
Sup35, a translation termination factor, causes read-through of 
the premature nonsense codon in the ade1-14 mutant allele.38,39 
Strains which are otherwise wild-type for adenine production 
appear pink or white in the presence of [PSI+] or dark red in the 
absence of [PSI+] due to the accumulation of a red intermedi-
ate when adenine production is blocked.40 For the purposes of 
kinetic analyses, the curing of [PSI+] was monitored by colony 

[PSI+]SC37 and other weak [PSI+] variants might behave funda-
mentally differently in the W303 background to the extent that 
they are not truly “weak” variants. However, expected color phe-
notypes, sensitivity to Hsp104 overexpression and seed number 
(data not shown) all indicated that [PSI+]SC37 behaves as a typi-
cal weak [PSI+] variant in W303, other than the kinetics of loss 
upon the repression of Sis1 synthesis. Thus, the observed dif-
ferences between strain backgrounds are most likely to due to a 
factor, or set of factors, that are either constitutively expressed, or 
induced upon Sis1 repression, and that enhance the stability of 
weak but not strong [PSI+] in the absence of high Sis1 levels. We 
conducted a preliminary investigation testing likely candidates, 
including Hsp104, Ssa1-4, Ydj1 and Hsp26. However, expres-
sion of none were obviously different (data not shown). This trait 
may be polygenic, requiring a more thorough, global analysis to 
uncover.

In sum, the unusual kinetics of loss of weak [PSI+] variants is 
likely due to one or more polymorphisms in the W303 genetic 
background compared to 74D-694. Examining strain specific 
variation such as this, and others identified in the future, may 
provide information useful for understanding the complexities of 

Figure 5. Unusual curing kinetics of weak [PSI+] strains in W303 are not 
due to “cryptic” Sis1-independent [PSI+] variants. (A and B) SIS1 repres-
sion experiments described in the legend to Figure 4 were repeated 
using (A) the initial cell population (Fig. 4C, first lane) and (B) two indi-
vidual [PSI+]SC37 colonies isolated after 64 generations of Sis1 repression 
(Fig. 4C, last lane).
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color counting assays41 with sectored colonies being counted 
as [PSI+].31 Kinetic models used to fit prion curing data were 
described in reference 14. Semi-denaturing detergent agarose gel 
electrophoresis (SDDAGE) 25 was used to verify presence or loss 
of prions by resolving detergent resistant aggregates and was per-
formed as described in reference 14.

SDS-PAGE and immunoblot analysis. Total protein extracts 
were prepared by harvesting yeast cells in mid-log phase followed 
by lysis in NaOH. The resulting protein extracts were analyzed 
by SDS-PAGE and immunoblot analysis. Antibodies specific to 
Sis1, Sup35 and Rnq1 have been described in reference 14 and 
18. Densitometry measurements used to estimate relative protein 
expression levels were made using the program ImageJ.42
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