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Prions are self-seeding alternate pro-
tein conformations. Most yeast
prions contain glutamine/asparagine
(Q/N)-rich domains that promote the
formation of amyloid-like prion aggre-
gates. Chaperones, including Hsp104 and
Sisl, are required to continually break
these aggregates into smaller “seeds.”
Decreasing aggregate size and increasing
the number of growing aggregate ends
facilitates both aggregate transmission
and growth. Our previous work showed
that overexpression of 11 proteins with
Q/N-rich domains facilitates the de novo
aggregation of Sup35 into the [PSI]
prion, presumably by a cross-seeding
mechanism. We now discuss our recent
paper, in which we showed that overex-
pression of most of these same 11 Q/N-
rich proteins, including Pin4C and Cyc8,
destabilized pre-existing Q/N rich pri-
ons. Overexpression of both Pin4C and
Cyc8 caused [PSI*] aggregates to enlarge.
This is incompatible with a previously
proposed “capping” model where the
overexpressed Q/N-rich protein poisons,
or “caps,” the growing aggregate ends.
Rather the data match what is expected
of a reduction in prion severing by chap-
erones. Indeed, while Pin4dC overex-
pression does not alter chaperone levels,
Pin4C aggregates sequester chaperones
away from the prion aggregates. Cyc8
overexpression cures [PS/*] by inducing
an increase in Hspl04 levels, as excess
Hspl104 binds to [PSI'] aggregates in a
way that blocks their shearing.
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aggregates that exploit the efficient self-
templating capacity of amyloid. The de
novo appearance of these prions starts
from the formation of small seeds, com-
posed of molecules of the same protein
that undergo conformational conversion
into amyloid. Prion propagation proceeds
by the addition of more molecules of the
same protein to the infectious ends of the
amyloid seeds leading to aggregate growth.
This is followed by fragmentation of the
aggregate, which creates new seeds with
infectious ends.!

Amyloid-based prions were first discov-
ered as infectious proteins associated with
neurodegenerative diseases. Their appear-
ance was attributed to sporadic or muta-
tion-driven misfolding of the PrP protein.
It now appears that multdiple proteins in
various organisms maintain the ability to
fold in prion or prion-like states, and that
some of these prions can be beneficial."?

Most known prion-forming proteins
contain conserved functional domain(s)
responsible for the protein’s cellular activ-
ity, and a much less conserved prion
domain that is responsible for aggregation
and maintenance of the prion state. Several
distinct structures have been described for
prion domains of amyloid-based prions.
All of them contain an ordered and exten-
sive network of intermolecular bonds.
Curiously there are many different self-
seeding amyloid forms possible for most
prion proteins. These different forms
are called prion variants and often result
in distinct phenotypic and biochemical
properties."

The most common type of prion
domain is characterized by a very high
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proportion of polar uncharged glutamine
and asparagine (Q/N) residues. Low
complexity of primary structure and,
especially, a low content of structure-
and
amino acids, keeps these domains un-

promoting hydrophobic charged
structured in the monomeric state, thus
simplifying conformational switching.
In the prion state, the Q and N residues
engage in intermolecular interactions lead-
ing to the formation of monotonous 3-rich
aggregates.”® Genes encoding potentially
prionogenic Q/N-rich domains consti-
tute up to 5% of eukaryotic genomes,’
and, strikingly, most of these Q/N-rich
sequences are indeed prone to drive the
formation of prion-like aggregates in vivo
and in vitro.*!” Thus cells are likely to
simultaneously harbor multiple prions car-
rying similar Q/N-rich prion domains.
This underscores the importance of under-
standing how prions affect each other.

Positive prion-prion interactions were
first uncovered in Saccharomyces cerevisiae
upon the discovery of the [PIN*] prion
(also known as [RNQ']).""3 [PIN*] was
found to dramatically enhance the de novo
formation of the [PSI*] prion when the
Sup35 prion domain is overexpressed.!1>1
Subsequent studies revealed that such
positive prion-prion interactions are wide-
spread among Q/N-rich proteins. Indeed,
[PIN'] also facilitates the appearance of
several other prions and promotes aggrega-
tion of constructs encompassing Q/N-rich
prion domains or poly-Q stretches.®>!¢ In
addition, a genetic screen in a strain lack-
ing [PIN'], revealed that overexpression
of 11 different proteins and protein frag-
ments, all containing Q/N-rich sequences,
could promote the induction of the de
novo formation of [PS/*] by overexpressed
Sup35 prion domain.'? Likewise, over-
expression of long poly-Q stretches also
enhances the appearance of [PSI'] in the
absence of [PIN*].”

Negative prion-prion interactions have
also been reported for the three most
extensively studied yeast prions, [PSI'],
[PIN*], and [URE3]. They include mutual
inhibition and destabilization of co-
existing prions, and inhibition of de
novo prion appearance by a pre-existing
prion."®2° Also, [PSI'] and [URE3] can
be cured by overexpression of Rnql dele-
tion or point mutants in the presence of
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[PIN], and overexpression of GFP-tagged
Ure2 fragments capable of inducing
the [URE3] prion can cure pre-existing
[URE3].22

Two principally different mechanisms
were proposed for interactions between
heterologous prion proteins,!214161819.23-25
The first postulates direct interaction of
heterologous prion domains (Fig. 1A-C).
If the pre-existing prion were used as a
nidus for initial aggregation of the newly
forming prion, this would lead to a posi-
tive prion-prion interaction, a phenom-
enon known as seeding or cross-seeding
(Fig. 1A). However, a similar direct
interaction between the overexpressed
heterologous protein and the growing
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tips of the preexisting prion could result
in “capping” of these growing tips, lead-
ing to a negative prion-prion interaction
(Fig. 1B). Also, lateral association of het-
erologous prion aggregates could enlarge
prion particles and interfere with their
transmission to daughter cells (Fig. 1C).
The second mechanism explains
both positive and negative prion-prion
interactions by a shift in the availabil-
ity of factors, e.g., chaperones, involved
in prion appearance or propagation
(Fig. 1D-F). Titration models (Fig. 1D)
propose that prions can bind such factors
pulling them away from the cytoplasm.
This could lead to a positive or negative
prion-prion interaction depending on
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whether the titrated factor promotes or
inhibits the appearance or propagation of
the other prion. Induction models (Fig. 1E
and F) propose that prions could modu-
late each other’s formation and stability
by inducing specific chaperone proteins.
Because prions vary in their dependence
on particular chaperone proteins, the same
shift in chaperone concentrations can sta-
bilize some prions and destabilize others.
While all the above mechanisms are possi-
ble, until now, experimental evidence only
supported a model for positive prion-prion
interactions arising from direct cross-
seeding interactions.'®!2¢

In our recently published study,?” we
explore negative prion-prion interactions.
We find that negative interactions lead-
ing to destabilization of pre-existing pri-
ons upon overexpression of proteins with
Q/N-rich prion domains are widespread.
We also provide evidence supporting both
chaperone titration and chaperone induc-
tion mechanisms for these interactions.

Negative Prion-Prion Interactions
are Widespread but are
Prion-Specific and
Prion Variant-Specific

Our study” began with an unbiased
genetic screen for cellular factors that
affect the stability of the yeast prion
[PSI*]. [PSI'] is a prion form of a trans-
lation termination factor Sup35 (eRF3).
Thus, in the presence of [PS/'], translation
termination is inefficient leading to non-
sense suppression. For the screen we used
a collection of ~15000 [psi’][pin] colonies
transformed with multicopy vectors from
a yeast genomic library.”® These transfor-
mants were crossed to a [PSI*] strain and
the expression of the library genes in the
diploid was boosted by plasmid amplifi-
cation. Diploids with a reduced level of
nonsense-suppression, indicative of [PS/*]
loss, were selected for further analysis.
Several screen hits encoded proteins with
Q/N-rich domains, and the strongest can-
didate encoded a Q/N-rich part of the
Cyc8 protein, which forms the [OCT]
prion.” Strikingly, a Q/N-rich Cyc8 frag-
ment was previously selected in another
genetic screen, where its overexpression
promoted the de novo formation of the
[PSI*] prion in a [pin] strain.?
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To see if other Q/N-rich proteins
engage in both positive and negative
prion-prion interactions, we used a can-
didate approach. Candidates included the
proteins and protein fragments identified
in the Derkatch et al.'? screen as being
able, when overexpressed, to promote the
de novo formation of [PSI*]: Stel8, Yckl,
Pin2, Pin3, Ure2, Nupll6, Lsm4, Newl,
the C-terminal parts of Pin4 (Pin4C),
and Cyc8 (Cyc8C), and the N-terminal
part of Swil (SwilN). We now tested
these hits from the positive prion-prion
interaction screen for the ability to cause
the loss of pre-existing [PSI*], and almost
half of them did: Pin4C, Cyc8C, Stel8,
Yck1, and Pin2. Interestingly, the proteins
engaging in the negative interaction with
[PSI*] were among the strongest inducers
of [PSF]. Furthermore, the destabilizing
effect of the Q/N-rich proteins was not
limited to [PSI*]. [URE3] was destabilized
by the overexpression of Pin4C, Stel8,
Pin3, and Newl, and [PIN*] was lost in
Pin4C-overexpressing cells (in this case
only Pin4C was tested).

While obviously widespread,

negative interactions between pre-existing

such

prions and overexpressed proteins with
Q/N-rich domains are specific. Some
proteins destabilized only one of the pri-
ons tested. For example, Cyc8C efficiently
cured [PSF*] but had no effect on [URE3],
and Pin3 cured [URE3] but not [PSI*].
Also, as with previously described negative
prion-prion interactions between [PIN']
and [PSI'],” the curing effect was prion
variant-specific: Cyc8C cured medium
and very high [PIN*] variants, but not
high [PIN*]. This specificity could reflect
the existence of different mechanisms of
prion destabilization. Alternatively the
same curing mechanisms could have dif-
ferent effects on different prions or prion
variants.

Curing of [PSF] by Pin4C Involves

Enlargement of [PSF] Aggregates

Leading to Reduced Transmission
to Daughter Cells

To gain an insight into the mechanism
of negative prion-prion interactions, we
focused on the curing of [PSI] by overex-

pressed Pin4C (see Fig. 2B). To be able to
examine [PSI'] aggregates by microscopy

Prion

in cells overexpressing Pin4C, we used a
strain, in which the chromosomal SUP35
ORF was replaced by a fully functional
SUP35-GFP fusion.*® This strain can sta-
bly maintain strong [PSI*] variants that are
visualized as tiny fluorescent foci. PIN4C
was introduced on a multicopy plasmid
under the control of a tightly regulated
GAL promoter. Overnight overexpres-
sion of Pin4C caused the Sup35-GFP
aggregates to become brighter and bigger
in 80% of cells (Fig. 2C). As yeast prion
aggregates have been shown to be com-
posed of SDS-resistant oligomers,” we
also analyzed the size of [PSI*] oligomers
resistant to 2% SDS at room temperature
in Pin4C overexpressing cells. Indeed, the
enlargement of visible Sup35-GFP aggre-
gates caused by overexpression of Pin4C,
coincided with an increase of the size
of SDS-resistant Sup35-GFP  oligomers
(Fig. 2C). However, these changes, while
dramatic, were reversible if Pin4C over-
expression was turned-off. [PSI*] was lost
irreversibly only if Pin4C overexpression
continued for another 4 days, at which
time most Sup35-GFP foci were gone and
fluorescence was evenly distributed in the
cytoplasm.

Analyses of micro-colonies originat-
ing from single [PSI*] cells overexpressing
Pin4C indicated that the enlarged [PSF]
aggregates are not transmitted efficiently
from mothers to daughters. Cells devoid
of Sup35-GFP foci were found on the
outer edges of micro-colonies, usually
right off the clusters of cells with enlarged
Sup35-GFP. Furthermore, [PSI*] curing
was shown to depend upon cell division:
when cell division was inhibited with
a-factor, curing of [PSI'] was reduced.
Finally, the explanation that [PSI] loss
is due to reduced transmission of prion
aggregates from mother to daughter cells
was also supported by FRAP analyses of
Sup35-GFP mobility in dividing cells.
Compared with regular [PSI*] cells, fluo-
rescence recovery in completely photo-
bleached daughters was usually reduced
in Pin4C-overexpressing [PSI'] cells with
enlarged Sup35-GFP foci. However, in
one cell Sup35-GFP mobility was sharply
increased, suggesting that it had already
become [psi].

Out of the models postulating direct
interaction of the prion-forming proteins,
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Figure 2. Curing of the [PS/*] prion as a result of titration of chaperone proteins by Pin4C aggregates. (A) Cartoon showing normal propagation of
[PSI*] in the absence of overexpressed Pin4C (left), and rapid loss of [PS/*] when Pin4C is overexpressed (right). Normally Hsp104 and Sis1 bind to [PS/*]
aggregates, and Hsp104 shears the aggregates producing small [PS/*] seeds that are easily transmitted to daughter cells. When Pin4C is overexpressed,
it forms aggregates that titrate Hsp104 and Sis1 away from the [PS/*] aggregates preventing their shearing. The resulting large [PSI*] aggregates

remain in the mother cell, so the daughter cells do not inherit the prion. (B) Nonsense suppression color test showing rapid loss of [PSI] when Pin4C is
overexpressed. The nonsense reporter is the chromosomal adel-14 nonsense mutation, which causes cells to be Ade’, and colonies to be red on YPD
medium. In [PS/*] cells, the inactivation of the translational release factor causes nonsense suppression and, depending upon the level of the restora-
tion of the Ade* phenotype, the colonies become white or pink. [PSI*] propagates stably, as shown by pink (Ade*) [PSI*] colonies (left). Upon Pin4C
overexpression, red (Ade) [psi] colonies frequently appear (right). (C) Enlargement of visible [PS] aggregates upon Pin4C overexpression. Sup35
coalesces to small dots in [PS/*] cells expressing GFP-tagged Sup35 under the control of the native SUP35 promoter (left). These dots enlarge upon
overexpression of Pin4C (right; Sup35). Appearance of enlarged Sup35 foci coincides with the formation of large Pin4C dots, which do not co-localize
with Sup35 aggregates (right; Pin4C; the same cell cluster is shown for Sup35 and Pin4C panels). Also, SDS resistant oligomers formed by Sup35 in [PS/*]
cells (middle, left lane) enlarge upon overexpression of Pin4C (middle, right lane). (D) A shift of Hsp104 into Pin4C aggregates. Hsp104-GFP is diffuse

or in tiny particles in the cytoplasm in [PS/*] cells (left). Upon Pin4C-dsRED overexpression, Hsp104-GFP co-aggregates with Pin4C-dsRED leaving less
Hsp104-GFP in the cytoplasm (right). (E) Overexpression of Hsp104 or Sis1 rescues the curing caused by overexpression of Pin4C. The Hsp104™¢ allele
used for this experiment is functional but, unlike wild-type Hsp104, it does not cure [PS/*] when overexpressed.* While overexpression of this Hsp104
allele did not alter the aggregation of Pin4C, overexpression of Sis1 prevented Pin4C from forming large aggregates (data not shown). Parts B-E of this
figure were adapted with permission from figures in Yang et al.’
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the finding of enlarged Sup35-GFP
aggregates is obviously inconsistent with
the capping model, where [PSI'] is pro-
posed to be cured by the incorporation
of Pin4C at the Sup35-GFP fiber ends,
thereby preventing Sup35-GFP aggregate
growth. Indeed, capping would lead to a
diminution of Sup35-GFP foci, not their
enlargement. A model that proposes the
formation of mixed amyloid structures
via lateral association of heterologous
aggregates is consistent with the find-
ing that Pin4C overexpression leads to
the enlargement and reduced mobility
of [PSI*] aggregates However, this model
predicts co-localization of Pin4C with
Sup35-GFP aggregates, which was not
found. When we expressed a PIN4C-
dsRED fusion controlled by a GAL pro-
moter in a [PSI*] SUP35-GFP strain, we
saw multiple bright cytoplasmic Pin4C-
dsRED foci that became larger and less
numerous in a few hours and by 24 h usu-
ally formed one large focus per cell. These
large Pin4C-dsRED foci were accom-
panied by the appearance of enlarged
Sup35-GFP foci, but co-localization of
Pin4C-dsRED and Sup35-GFP foci was
never observed (Fig. 2C). Furthermore,
prion aggregate enlargement due to
increased lateral association of prion
aggregates should occur in the absence
of the continuous synthesis of the prion-
forming protein. However, we found
that in the absence of newly synthesized
Sup35-GFP, the foci remained small and
dim. Thus we found no support for mod-
els implying direct interactions of prion-
forming proteins.

Curing of [PSF]
in Pin4C-Overexpressing Cells is
Caused by the Titration
of the Hsp104 and Sis1
Chaperones by Pin4C Aggregates

We then asked if our results could be
explained by shifts in the availability of
chaperones involved in prion propaga-
tion, focusing on Hsp70/40 and Hsp104.
Current models suggest that Hspl04
pulls out individual protein molecules
from linear prion aggregates to thread
these molecules through its central pore,
just as it does while disassembling stress-
induced amorphous protein aggregates.
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The key consequence, however, is not the
unfolding of the threaded molecule, but
the breaking of the prion aggregate at the
site, where the molecule was removed. The
Ssa Hsp70s recognize the prion aggregate,
and attract Sisl Hsp40, which facilitates
the binding of Hsp104 to the prion, while
Ssel and Fesl act as nucleotide exchange
factors for the Ssa’s.? Thus, depletion of
Hspl04, Sisl, or Hsp70 is expected to
lead to the enlargement of prion oligo-
mers, their poor transmission to daughter
cells and, as a result, prion loss.”
Western analyses showed that Pin4C
did
change the levels of these chaperones.
There was a slight reduction in Hspl104
(to 83% of the normal level). However,

overexpression not significantly

this reduction was not sufficient to desta-
bilize [PSI*], since [PSI*] remains stable
even in strains expressing only 50% of
the normal Hsp104.* However, fluores-
cence microscopy of cells expressing the
endogenously-encoded Hspl04-GFP and
overexpressing  Pin4-dsRED  revealed
that, upon the formation of large Pin4C
foci, most cellular Hspl04 shifted to
these foci, leaving only ~33% of the nor-
mal Hsp104 level in the cytoplasm (Fig.
2D), and association of Hspl04 with
Pin4C was also confirmed by co-immu-
noprecipitation with anti-RFP antibody.
This drop in available Hspl04 could be
sufficient to promote destabilization of
the prion. If so, overexpression of Hsp104
should have reversed the [PSI*]-curing
by excess Pin4C. To test this, we used
the T160M allele of Hsp104, which can
maintain [2S7*] and does not cure [PSI*]
even when overexpressed.” Indeed, [PS/]']
became stable when Hspl104™M was co-
overexpressed with Pin4C, even though
Pin4C continued to aggregate (Fig. 2E).
Pin4C overexpression and aggrega-
tion also lead to dramatic changes in
the cellular distribution of Sisl. While
normally concentrated in the nucleus, in
cells with Pin4C aggregates, Sisl shifted
from the nucleus to Pin4C foci, suggest-
ing that titration of this co-chaperone
could also contribute to the [PS/*]-curing
effect of Pin4C. Indeed, Sisl
overexpressionsignificantly reduced [PSI*]
lossinPin4Coverexpressingcells (Fig. 2E).

Furthermore, Sisl overexpression pre-

CO-

vented both the appearance of large
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Pin4C-dsRED foci and the enlargement
of Sup35-GFP foci, underscoring the link

between these events.

Curing of [PSF] in Cyc8C
Overexpressing Cells is Mediated
by an Increase of Hsp104 Levels:
Evidence for the Induction Model

for Negative Prion Interactions

Studies of negative prion-prion interac-
tions conducted in several other labs
indicate that enlargement of prion aggre-
gates is a common step in the process of
prion elimination by another prion or
aggregation-prone protein (see next sec-
tion). However, titration of chaperones is
not always the cause. Indeed, we found
that Cyc8, the prion-forming protein for
[OCT*],” works via another mechanism.?’
Like Pin4C, Cyc8C engages in both posi-
tive and negative interactions with [PS/'],
but while Pin4C also cures [URE3],
Cyc8C only cures [PSI*]. The analysis of
chaperone protein levels revealed another
striking  difference  between Cyc8C
and Pin4C. Overexpression of Cyc8C
caused an 8-fold increase of Hspl104 lev-
els, while the levels of Sis increased only
slightly. Furthermore, excess Hsp104 did
not coalesce into Cyc8C aggregates, but
remained in the cytoplasm, indicative
of its availability to interact with [PSF*]
aggregates.

According to earlier studies, such
overproduction of Hsp104 is sufficient to
cure [PSI*].%¢ Curing of [PSI] by excess
Hspl04 has been explained by a direct
interaction of the [PSI*]-forming pro-
tein, Sup35, and Hspl104. Hsp104 binds
directly to Sup35, but, unlike Sup35-
Hspl04 interactions mediated by Ssa
and Sisl, this direct binding of Hsp104
does not promote [PSI] fragmentation
(Fig. 1F). The overexpressed Hspl04
appears to outcompete Hsp70/Hsp40 for
binding to [PSI'] and is then unable to
fragment it.””%® On the contrary, Ure2,
like most other prion-forming proteins,
does not bind Hspl04 in the absence of
Ssal, and is thus not cured by Hspl04
overexpression,®* so overexpression of
Cyc8C is not expected to cure [URE3].
Thus we conclude that the curing speci-
ficity of Cyc8C is consistent with the
induction model.
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Other Negative Prion-Prion
Interactions: Applicability
of Titration and Induction Models
and the Possibility of Curing
by Lateral Association
of Prion Aggregates

Below we discuss which of the models best
explains other negative prion interactions
both uncovered in our study and described
elsewhere.

Curing of [URE3] by Pin3 overex-
pression is another example of a negative
prion interaction with distinct specificity,
revealed in our study.”” While efficiently
eliminating [URE3], excess Pin3 does
not destabilize [PSI*]. As in the case of
Pin4C overexpression discussed above, in
Pin3 overexpressing cells, both Hspl04
and Sisl coalesced into fluorescent foci,
indicative of co-aggregation with Pin3
aggregates. But because Pin3 overexpres-
sion simultaneously slightly increased cel-
lular concentrations of both Hspl04 and
Sisl, this chaperone titration lead to only
a slight reduction of cytoplasmic levels of
Hspl04 (to 74%), and to an insignificant
reduction of Sisl levels. Consistent with
our data, such a small drop in Hsp104 lev-
els is obviously insufficient to cure [PSI*],%*
but it may be sufficient for [URE3] desta-
bilization. Indeed, experimental evidence
suggests that the number of [URE3]
propagons transmissible to daughter cells
is less than the number of [PSI*] propa-
gons, which could explain why [URE3] is
more sensitive to the reduction of aggregate
fragmentation and, specifically, to Hsp104
inactivation.”%4!" Thus, we hypothesize
that curing of [URE3] by Pin3 is caused
by Hsp104 titration (Fig. 1D).

Several negative prion interactions were
recently reported by the Nakamura and
Yoshida labs.”> They report curing of one
or several yeast prions ([URE3] and, some-
times, [PSI'] or [PIN']) by overexpres-
sion of Gpgl, a non-Q/N-rich G-protein
y-subunit mimic*?; by overexpression of
mutant alleles of Rngl in [PIN'] strains;
and by a Rnql-A100 deletion or an array
of rngl point mutations in the presence of
[PIN*].20224 Also, overexpression of two
more proteins identified in our screen for
[PIN*],"* Lsm4 and Newl, was recently
shown to cause cells to lose prions.®
Similar to our observations for Pin4C,%
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all the above negative interactions are
associated with enlargement of aggre-
gates proposed to result from inefficient
fragmentation and poor transmission to
daughter cells.”>#* However, while this
is consistent with Hspl04 deficiency, a
model postulating aggregate enlargement
by direct lateral association of heterologous
aggregates was favored (Fig. 1C). %

The key arguments that favor lateral
association over titration in the stud-
ies from the Nakamura and Yoshida labs
are: (1) co-localization of prion aggregates
with the aggregates of the curing pro-
tein; (2) no reduction in cellular levels of
Hspl04 as determined by Western analy-
ses of total cell lysates, and no reduction
in Hspl04 function as determined by
thermotolerance. However, detection of
co-localization, while consistent with the
lateral association model, does not prove
it. Indeed, we observed occasional co-
localization of [PSI*] and [PIN*] foci in
cells that stably propagated both prions.”
Also, normal or nearly normal cellular lev-
els of Hspl04 may be detected even when
cytoplasmic levels are sharply reduced”
(see above), and retention of thermotol-
erance activity, which depends upon the
increased levels of Hspl04 induced dur-
ing exposure to heat, is possible despite of
reduced levels of cytoplasmic Hsp104 prior
to temperature increase. Finally changes in
the appearance of [PSI*] aggregates in the
course of curing by Gpgl and Newl%%
strikingly resemble changes of [PSI*] in
the presence of the Hspl04-inactivating
chemical GuHCI observed in our earlier
study.“® Indeed when we re-examined cur-
ing of [PSI'] by Gpgl, we found strong
coalescence of Hspl04 into cytoplasmic
foci, indicative of association with Gpgl
aggregates.”’

In conclusion, the key arguments
in our work favoring Hspl04 titration
(Fig. 1D) over lateral association (Fig. 1C)
to explain curing of [PSI'] by overex-
pressed Pin4C were: (1) the requirement
for continuous Sup35 synthesis for [PSI*]
aggregate enlargement; (2) the drop in
Hspl04 cytoplasmic concentration to
levels likely to destabilize [PSF]; (3) the
rescue of [PSI'] destabilization by excess
Hspl04 or Sisl; and (4) the lack of co-
localization of [PSI*] and Pin4C aggre-
gates. Of these arguments, only rescue of
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[PSI*] destabilization by excess Hsp104 or
Sisl could be consistent with the lateral
association model, e.g., if this association
made aggregates less accessible for frag-
mentation. The other arguments strongly
favor the titration model. For similar rea-
sons, we also favor the titration model for
two other [PSI*] curing proteins tested in
our work, Pin3 and Gpgl. For curing of
[PSI*] by overexpressed Cyc8C, there is
a key argument in favor of the induction
model: an 8-fold increase in the Hspl104
level was observed and this increase is suf-
ficient for curing. Thus there is strong sup-
port for two modes of negative prion-prion
interactions, neither of which is based on
the direct interaction of prion-forming
proteins. We expect that as more prion
proteins are identified, additional exam-
ples of indirect and new examples of direct
interactions will be uncovered.
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