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ABSTRACT Protein misfolding and aberrant protein aggregation are
central features of neurodegenerative disorders, including amyotrophic
lateral sclerosis, where the RNA-binding protein TDP-43 accumulates in
abnormal Intracellular assemblies. Although yeast models have identi-
fied multiple modifiers of TDP-43 toxicity, the cellular factors that deter-
mine how aggregation-prone proteins are organized remain incompletely
understood. Here, we investigated whether the ribosome- and mRNP-
associated proteins Scp160 and Bfr1 influence TDP-43 proteotoxicity
and aggregate formation. We report that deletion of SCP160 or BFR1
improves growth during TDP43-GFP induction without reducing steady-
state reporter abundance and decreases formation of prominent TDP43-
GFP foci. Deletion of BFR1 produced an intermediate TDP-43 phenotype,
with a weaker effect than SCP160 deletion on severe foci formation and
toxicity. Importantly, the effect of SCP160 or BFR1 deletion on visible
protein aggregation was not specific to TDP-43: severe Htt103Q-GFP
aggregation was strongly reduced, and formation of VHL-GFP foci was
suppressed, including under conditions of proteasome inhibition. Despite
these shared effects, the two mutants were not phenotypically identical.
Deletion of SCP160 produced a distinct spatial phenotype in which resid-
ual TDP43-GFP foci showed markedly increased association with Sec63-
positive ER structures and reduced distance to these regions, whereas
bfr14cells did not show the same Sec63-associated shift. Together, these
findings uncouple TDP43-GFP abundance from toxicity and prominent
foci formation and identify Scp160 and Bfr1 as factors that influence the
intracellular partitioning of aggregation-prone and misfolded proteins,
with an additional role for Scp160 in the spatial organization of TDP43
relative to the ER.

INTRODUCTION

Protein misfolding and aberrant protein assembly are central
features of multiple neurodegenerative disorders, including
Alzheimer's disease, Huntington’s disease, Parkinson’s disease,
and amyotrophic lateral sclerosis (ALS) [1,2]. Although
these disorders involve different disease-associated proteins
and affect distinct neuronal populations, disruption of
protein homeostasis and accumulation of misfolded protein
species are recurrent features of their pathology [3]. The
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Abbreviations:

ALS - amyotrophic lateral sclerosis,
BZ - bortezomib,

ER-endoplasmic reticulum,
GFP-green fluorescent protein,
Htt - huntingtin,

RFP - red fluorescent protein,
TDP-43 - TAR DNA-binding protein 43,
ThT-thioflavin T,

VHL - von Hippel-Lindau,

WT -wild type,

YFP-yellow fluorescent protein.

unicellular eukaryote Saccharomyces cerevisiae has proven
to be a powerful system for studying protein-misfolding
disorders because many pathways controlling protein folding,
degradation, trafficking, and cellular stress responses are
conserved, while yeast genetics enables rapid identification
of modifiers of proteotoxicity. Yeast models have reproduced
important aspects of the aggregation and toxicity of several
disease-associated proteins, including expanded huntingtin,
a-synuclein, polyalanine-expanded proteins, TDP-43, and
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FUS [4-8]. The continued utility of yeast for studying
neurodegenerative proteinopathies has also been emphasized
in recent reviews [9, 10].

A pathological hallmark of ALS and several related
disorders is the abnormal accumulation of the RNA-binding
protein TDP-43. Under physiological conditions, TDP-43 is
predominantly nuclear and participates in multiple aspects of
RNA metabolism, including splicing, RNA stability, transport,
and translation [11-13]. Under pathological conditions, TDP-43
is depleted from the nucleus and accumulates in the cytoplasm,
where it forms aberrant assemblies associated with cellular
dysfunction and neurodegeneration. Expression of human TDP-
43 in yeast recapitulates several key features of this behavior,
including cytoplasmic accumulation, formation of fluorescent
foci, and dose-dependent toxicity, and has been widely used to
identify genetic modifiers of TDP-43 proteotoxicity [5, 10, 14].

Importantly, the relationship between TDP-43 aggregation
and toxicity is more complex than a simple increase in aggre-
gate burden. Deep mutational analysis of the TDP-43 prion-like
domain showed that variants favoring aggregation could be
less toxic, whereas more toxic variants tended to favor smaller
and more dynamic assemblies [15]. More recently, Park and
colleagues showed that shifting TDP-43 toward a more amyloid-
like state in an apt14 aah14 yeast model reduced toxicity with-
out reducing TDP-43 abundance [16]. Additional studies have
likewise emphasized that TDP-43 assemblies can differ substan-
tially in their organization and physicochemical properties [17].
These findings indicate that the biological consequences of
TDP-43 depend not only on how much protein accumulates, but
also on the state into which it assembles.

Among yeast RNA-binding proteins, Scp160 is a particularly
interesting candidate modifier of TDP-43 proteotoxicity. Scp160
is a multi-KH-domain member of the conserved Vigilin family that
associates with polysomes and is enriched at the endoplasmic
reticulum, including ER-associated translating ribosomes [18].
Rather than functioning as a general translation factor, Scp160
influences the translational efficiency of selected mRNAs [19].
More broadly, translating ribosomes provide an important plat-
form for cotranslational folding and protein quality-control path-
ways that influence nascent-protein fate [20, 21]. Scp160 has
also been directly implicated in protein aggregation: deletion of
SCP160 reduces aggregation and toxicity of polyglutamine re-
porters and alters aggregation of multiple endogenous Q/N-rich
proteins [22]. Bfr1 is a functionally related polysome-associated
protein that forms overlapping mRNP complexes with Scp160
and contributes to the translation of selected transcripts, includ-
ing proteins involved in ER protein quality control [23-25]. To-
gether, these observations place Scp160 and Bfr1 at the inter-
section of RNA organization, selective translation, and protein
quality control, raising the possibility that they influence how
aggregation-prone proteins are handled within the cell.

Despite these connections, the contribution of Scp160 and
its associated mRNP network to TDP-43 proteotoxicity has not
been explored. Here, we used a S. cerevisiae TDP-43 model to
determine whether deletion of SCP160 or BFR1 alters TDP-43
abundance, toxicity, and aggregate-like foci formation, whether
these effects extend to structurally unrelated misfolded proteins,
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and whether the residual TDP43-GFP foci differ in their spatial
relationship to defined subcellular compartments. Our findings
identify Scp160 and Bfr1 as factors that influence the intracel-
lular organization of aggregation-prone and misfolded proteins
and reveal a pronounced effect of SCP160 deletion on the spa-
tial relationship of residual TDP43-GFP foci with Sec63-positive
ER regions.

RESULTS

Deletion of SCP160 or BFR1 suppresses TDP43-GFP
toxicity without reducing protein abundance

To determine whether Scp160 and its functionally related
partner Bfr1 influence the cellular handling of TDP-43, we
expressed human TDP43-GFP from a 2u plasmid under
control of the inducible GALT promoter [5] in WT, scp1604,
and bfr14 cells. We additionally included asc74 as an
independent comparator because deletion of ASCT was
recently shown to suppress TDP-43 toxicity and alter TDP43
foci morphology [26], and Asc1 promotes the association
of Scp160 with translating ribosomes [27]. Because Scp160
and Bfr1 regulate the expression or translational efficiency of
selected mRNAs [19, 23], we first asked whether deletion of
SCP160 or BFR1 altered steady-state TDP43-GFP abundance.

TDP43-GFP expression was induced by transferring cells
to galactose-containing medium for 6 h, while parallel cultures
maintained in glucose served as a non-induced control. TDP43-
GFPwas examined by immunoblotting with anti-GFP antibodies,
with e-tubulin used as the loading and normalization control.
As expected, TDP43-GFP was undetectable or present only
at low levels under glucose-repressing conditions, whereas
galactose induction produced a strong signal in all four strains
(Fig. 1A). Quantification of three independent experiments
revealed no significant differences in TDP43-GFP abundance
among galactose-induced WT, scp1604, bfr14, and asc14 cells
(Fig. 1B). Thus, the phenotypic differences observed among
these strains could not be attributed to reduced steady-state
TDP43-GFP abundance.

As a substrate-specific comparison, we examined the
secretory protein Rny1-FLAG, previously characterized in our
laboratory [28]. RNY1 is among the transcripts associated with
Bfr1, which preferentially binds mRNAs encoding secreted
and membrane-associated proteins translated at the ER [29],
and Bfr1-dependent regulation can produce substrate-specific
effects on protein expression [23]. Although the major Rny1-
FLAG species remained detectable in WT, scp71604, and
bfr14 cells, their relative abundance appeared to differ among
the strains (Fig. S1), suggesting that protein abundance can
respond to SCP160 or BFR1 deletion in a substrate-dependent
manner, whereas TDP43-GFP showed no corresponding
change.

To complement this biochemical analysis using an
alternative live-cell approach, we next leveraged the fluorescent
properties of the TDP43-GFP fusion and measured TDP43-
GFP-associated fluorescence in intact cultures. This approach
enabled parallel measurements of GFP fluorescence and
ODgq, Over time, and also avoided a potential technical caveat
of incomplete recovery of aggregated or insoluble material
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FIGURE 1 @ Loss of Scp160, Bfr1, or Asc1 suppresses TDP43-GFP toxicity without reducing reporter abundance. (A) Representative immunoblot of
TDP43-GFPexpression in WT, scp 1604, bfr14, and asc14 cells after 6 h under glucose-repressing (Glu) or galactose-inducing (Gal) conditions. TDP43-GFP
was detected with anti-GFP antibodies, and a-tubulin served as the loading control. (B) Quantification of TDP43-GFP abundance after 6 h of galactose
induction. TDP43-GFP signal was normalized to the corresponding tubulin signal within each lane and presented as a GFP/Tubulin ratio on the Y-axis.
Symbols represent independent biological experiments; bars show mean + SD, n = 3. No significant differences were detected among strains by ordinary
one-way ANOVA followed by Dunnett's multiple-comparisons test using WT as the control. (C) Time course of TDP43-GFP fluorescence in cells maintained
under glucose-repressing or galactose-inducing conditions. GFP fluorescence was normalized to ODgy,, and values for each culture were expressed
relative to the initial measurement. Data are mean + SD from three independent biological experiments. (D) GFP fluorescence normalized to ODy, after
6 h of galactose induction. Symbols represent independent biological experiments; bars show mean + SD, n = 3. Statistical significance was determined
using ordinary one-way ANOVA followed by Tukey's multiple-comparisons test. The overall effect of genotype was significant, F(3, 8) = 8.210, P = 0.0080.
Tukey-adjusted Pvalues were as follows: WT versus scp 1604, P=0.0669 (ns); WT versus bfr14, P=0.6400 (ns); WT versus asc14, P=0.0074 (**); scp1604
versus bfr14, P = 0.3440 (ns); scp 1604 versus asc 14, P = 0.4186 (ns); and bfr14 versus asc14, P = 0.0372 (*). ns, not significant; * P < 0.05; ** P < 0.01.
(E) Fivefold serial-dilution growth assay of WT, scp1604, bfr14, and asc14 cells carrying the Pg,, -TDP43-GFP plasmid on SC/Ura- plates containing
glucose or galactose. Glucose represses, whereas galactose induces, TDP43-GFP expression. Plates were imaged after 7 days at 30 °C. (F) Growth kinetics
of the same strains in liquid SC/Ura- medium containing either glucose or galactose. ODy,, was measured every 30 min for 36 h. Solid lines indicate
galactose-containing medium, and dashed lines indicate glucose-containing medium. Curves show mean ODy, values from three independent biological
experiments, each measured in technical triplicate. Error bars are omitted for clarity.

during preparation of lysates for immunoblotting. Recorded under glucose-repressing conditions remained near or below
fluorescence was normalized to the ODy, value collected their initial GFP fluorescence/ODy, values, whereas galactose-
at the same time point and expressed relative to the initial induced cultures showed a progressive increase in signal. The
measurement (Fig. 1C). As expected, cultures maintained fluorescence profiles began to diverge after approximately 4 h
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of galactose induction, with larger increases observed in
scp1604 and asc14 cultures (Fig. 1C).

To compare the strains directly, we analyzed GFP
fluorescence/ODy, after 6 h of galactose induction (Fig. 1D).
The overall effect of genotype was significant. Pairwise analysis
showed that asc714 cultures had significantly higher GFP
fluorescence/ODy, than both WT and bfr14 cultures, whereas
the remaining comparisons did not reach statistical significance.
Thus, despite comparable TDP43-GFP protein abundance as
determined by immunoblotting (Fig. 1A, B), the four strains
did not produce identical live-culture fluorescence profiles
(Fig. 1C, D).

Nevertheless, we did not interpret these differences as evi-
dence for corresponding changes in TDP43-GFP protein abun-
dance. ODgy, provides an indirect estimate of culture density
rather than a direct measure of cell number, and its relationship
to cell number can be influenced by differences in cell size and
morphology. This is particularly relevant because altered cell
size or morphology has been reported for scp 1604, bfr14, and
asc14 cells [25, 30]. We therefore considered that differences
in growth and in the relationship between ODg,, and actual
cell number could contribute to the live-culture fluorescence
readout. This raised the question of whether sustained TDP43-
GFP expression affected growth differently among the strains.

Totest this possibility directly, we performed a growth assay
in which cultures were standardized by direct cell number rather
than by ODygy,. Equal numbers (2 x 10%) of WT, scp1604, bfr14,
and asci4 cells carrying Pga,,-TDP43-GFP were subjected
to serial dilution and spotted onto glucose- or galactose-
containing agar. All four strains grew comparably under
glucose-repressing conditions, indicating that the deletions
did not substantially impair growth in the absence of TDP43-
GFP induction. In contrast, galactose-induced TDP43-GFP
expression strongly inhibited growth of WT cells, whereas
scp1604, bfr14, and asci14 cells showed improved growth
(Fig. 1E). Growth improvement was most pronounced in
scp1604 and asc14 cells, while bfr14 cells displayed a weaker
but reproducible improvement. Importantly, the protection
observed in asc14 cells is consistent with the independently
reported suppression of TDP-43 toxicity by ASC1T deletion in
yeast [26].

Growth kinetics in liquid culture confirmed the phenotype
observed in the spot assay (Fig. 1F). Under glucose-repressing
conditions, all four strains displayed robust growth. Following
TDP43-GFP induction, however, WT cultures exhibited a pro-
nounced growth delay, whereas scp1604, bfr14, and asciA
cultures grew substantially better under the same conditions.

Taken together, these results demonstrate that suppression
of TDP43-GFP toxicity in the deletion strains occurs despite
comparable steady-state protein abundance, prompting us to
examine whether TDP43-GFP aggregate-like foci formation
differs among the strains.

Deletion of SCP160, BFR1, or ASC1 reduces TDP43-GFP
aggregation, with the strongest suppression of severe
aggregates in scp1604 and asc14 cells

Because protection from TDP-43 toxicity could not be explained
by reduced TDP43-GFP abundance, we next asked whether
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it was accompanied by changes in TDP43-GFP aggregation.
Genetic suppression of TDP-43 toxicity can occur without
reduced expression while substantially altering inclusion
morphology [14], and the relationship between TDP-43
aggregation and toxicity depends on assembly properties
rather than aggregate abundance alone [15]. Most directly
relevant, deletion of ASCT was recently shown to suppress
TDP-43 toxicity and produce smaller TDP43 foci in yeast [26].
We therefore examined TDP43-GFP fluorescence patterns in
WT, scp1604, bfr14, and asc14 cells after 6 h of galactose
induction.

We found that in WT cells, TDP43-GFP frequently accu-
mulated in bright punctate foci, consistent with its established
aggregation-prone phenotype in yeast [5, 14, 31]. In contrast, all
three deletion strains contained fewer cells with prominent foci
and more cells displaying diffuse or undetectable GFP fluores-
cence (Fig. 2A). Cells were classified as having no detectable
GFP, diffuse GFP, moderate aggregates, or severe aggregates
based on the fluorescence patterns shown in Fig. 2B. Approx-
imately one-third of WT cells contained visible TDP43-GFP ag-
gregates, compared with approximately one-fifth of cellsin each
deletion strain (Fig. 2C).

A stronger distinction emerged when severe aggregates
were analyzed separately. Relative to WT, the severe-aggregate
population was reduced nearly eightfold in scp7604 and ap-
proximately fivefold in asc74 cells (Fig. 2D). The reduction in
bfr14 cells was more modest, and severe aggregates remained
significantly more frequent than in either scp7604 or asc1A.
Thus, although all three deletions reduced overall TDP43-GFP
aggregation, deletion of SCP160 or ASC1 produced a partic-
ularly strong shift away from the severe-aggregate phenotype,
consistent with the smaller TDP43 foci previously reported in
asc14cells [26].

The reduction in discrete foci was not accompanied
by a uniform loss of GFP fluorescence, consistent with the
immunoblot analysis showing comparable steady-state TDP43-
GFP abundance (Fig. 1A-B). In bfr14 cells, diffuse fluorescence
frequently appeared as a ring surrounding a central GFP-
negative region. FM4-64 staining identified this region as the
vacuole, indicating that the apparent ring reflected TDP43-GFP
surrounding the vacuolar compartment (Fig. 2E).

Taken together, deletion of SCP160, BFR1, or ASC1
reduced visible TDP43-GFP aggregation without reducing
reporter abundance, with the strongest suppression of
severe aggregates in scp1604 and asc14 cells. This pattern
qualitatively paralleled the relative protection from TDP-43
toxicity observed in the growth assays (Fig. 1E-F), but does
not by itself establish a causal relationship between severe
aggregates and toxicity.

Formation of severe Htt103Q-GFP aggregates is
suppressed in scp1604, bfr14, and asc14 cells

The reduction in prominent TDP43-GFP foci prompted us
to ask whether this phenotype was specific to TDP-43 or
extended to another aggregation-prone substrate. We therefore
examined Htt103Q-GFP, a polyglutamine-expanded huntingtin
fragment that forms highly insoluble intracellular aggregates in
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FIGURE 2 @ Deletion of SCP160, BFR1, or ASC1 reduces TDP43-GFP aggregation, with the strongest suppression of severe aggregates in
scp1604 and asc14 cells. (A) Representative fluorescence microscopy images of WT, scp1604, bfr14, and asc14 cells expressing Pgp, -TDP43-GFP.
Cells were grown in synthetic glucose medium lacking uracil to mid-log phase and shifted to galactose-containing medium for 6 h to induce TDP43-GFP
expression. GFP, bright-field (BF), and GFP + BF overlay images are shown. Dashed white outlines in the GFP images indicate cell boundaries. Scale bars,
10 pm. (B) Quantification of TDP43-GFP aggregate classes after 6 h of galactose induction. Cells were classified as having no detectable GFP signal,
diffuse GFP without discrete foci, moderate aggregates, or severe aggregates. Moderate aggregates were defined as one or more small TDP43-GFP
puncta, whereas severe aggregates were defined as one large bright foci and/or multiple prominent foci within the same cell. Stacked bars show the
distribution of scored cells among the four categories. Representative examples of diffuse GFP, moderate aggregates, and severe aggregates are shown
below. Yellow arrows indicate prominent foci in the severe-aggregate example. (C) Percentage of cells containing visible TDP43-GFP aggregates. Total
aggregate-positive cells were defined as cells containing either moderate or severe aggregates. Each dot represents anindependent biological experiment,
and horizontal lines indicate the mean. Statistical significance was determined using ordinary one-way ANOVA followed by Tukey's multiple-comparisons
test. The overall effect of genotype was significant, F(3, 8) = 22.95, P = 0.0003. Tukey-adjusted P values were as follows: WT versus scp1604, P = 0.0008
(***); WT versus bfr14, P=0.0003 (***); WT versusasc14, P=0.0017 (**); scp 1604 versus bfr14, P=0.8064 (ns); sco 1604 versus asc 14, P=0.8834 (ns); and
bfr14 versus asc14, P=0.4176 (ns). Three independent biological experiments were analyzed for each strain. (D) Percentage of cells containing severe
TDP43-GFP aggregates. Each dot represents an independent biological experiment, and horizontal lines indicate the mean. Statistical significance was
determined using ordinary one-way ANOVA followed by Tukey's multiple-comparisons test. The overall effect of genotype was significant, F(3, 8) = 824.6,
P <0.0001. Tukey-adjusted Pvalues were as follows: WT versus scp 1604, P < 0.0001 (****); WT versus bfr14, P< 0.0001 (****); WT versus asc 14, P< 0.0001
(****); scp1604 versus bfr14, P < 0.0001 (****); scp1604 versus asc14, P = 0.0080 (**); and bfr14 versus asc14, P < 0.0001 (****). Three independent
biological experiments were analyzed for each strain. (E) Representative enlarged images of WT, scp1604, bfr14, and asc14 cells stained with FM4-64
to visualize the vacuolar membrane. GFP + FM4-64, GFP, FM4-64, and bright-field (BF) + GFP + FM4-64 images are shown. FM4-64 staining identified the
central GFP-negative compartment as the vacuole, indicating that the apparent ring-like TDP43-GFP pattern reflects cytoplasmic fluorescence surrounding
the vacuole. Scale bars, 10 pm.
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yeast [7, 32]. Scp160 has previously been implicated in polyQ
aggregation, with SCP160 deletion reducing aggregation of
polyQ reporters and endogenous Q/N-rich proteins [22], and an
independent screen identified SCP160, BFR1,and ASCTamong
genes influencing polyQ-induced growth inhibition [33].

Htt103Q-GFP was expressed from the GALT promoter
in WT, scp1604, bfr14, and asc74 cells for 6 h. In WT
cells, Hit103Q-GFP typically formed a single large, bright
inclusion, consistent with the established behavior of expanded
huntingtin fragments in yeast [7, 32] (Fig. 3A). In contrast, the
deletion strains contained predominantly cells with diffuse GFP
fluorescence, with smaller puncta present in a subset of cells
(Fig. 3A-B).

Quantification revealed that severe Htt 103Q-GFP inclusions
were presentin approximately 9-10% of WT cells but were nearly
eliminated in scp1604 cells and strongly reduced in bfr714 cells
(Fig. 3C). asc14 cells also showed a substantial reduction, al-
though the remaining severe-aggregate fraction was greater
thaninscp1604. The bfr14 phenotype is particularly notable be-
cause a previous genome-wide loss-of-function screen identi-
fied BFR1 deletion as a suppressor of Htt 103Q-mediated toxicity
butdid not establish that this protection was accompanied by re-
duced Htt103Q aggregation [34]. Our data therefore extend this
observation by linking BFR1 deletion to a substantial reduction
in severe Htt103Q-GFP aggregates.

Furthermore, immunoblotting confirmed Htt103Q-GFP pro-
duction in all four strains (Fig. 3D), and although some strain-
dependent variation was detected, none of the mutants dif-
fered significantly from WT (Fig. 3E). In particular, scp 1604 cells
accumulated abundant Htt103Q-GFP while almost completely
lacking severe inclusions (Fig. 3C-E).

These findings demonstrate that the effect of SCP160, BFR1,
and ASC1 deletion on prominent aggregate formation is not
restricted to TDP-43. However, both TDP43-GFP and Htt103Q-
GFP are strongly aggregation-prone proteins. We therefore next
examined VHL-GFP, a structurally unrelated and comparatively
soluble misfolded quality-control substrate whose abundance
and intracellular partitioning are strongly influenced by protea-
somal degradation [35].

Deletion of SCP160, BFR1, or ASC1 suppresses VHL-GFP
foci formation, with a distinct effect of Asc1 on reporter
abundance
Unlike TDP43-GFP and Htt103Q-GFP, VHL-GFP is a folding-
defective quality-control substrate that remains comparatively
soluble and is normally targeted for proteasomal degradation.
In yeast, VHL cannot adopt its native conformation in the
absence of its mammalian binding partners elongin Band C and
remains associated with cytosolic chaperone pathways before
degradation by the ubiquitin-proteasome system [36, 37].
When degradation becomes limiting, misfolded VHL can
concentrate in organized quality-control compartments [35, 38].
VHL also patrtitions differently from polyQ-expanded huntingtin
and remains substantially more dynamic [35], providing a
complementary misfolded substrate.

WT, scp1604, bfr14, and asc14 cells expressing VHL-GFP
from Pgp . Were induced in galactose-containing medium for 5
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hand thenincubated foran additional 1 hinthe absence or pres-
ence of the proteasome inhibitor bortezomib (BZ). Proteasome
inhibition was included in this experiment to reduce degradation
of folding-defective VHL and promote its accumulation in visible
quality-control assemblies, an approach previously established
for analysis of intracellular sequestration of misfolded VHL and
related quality-control substrates [39].

Our microscopy analysis, followed by quantification,
revealed thatin BZ-untreated WT cells, VHL-GFP was detectable
in only a subset of cells, and approximately 24% of GFP-
positive cells contained moderate or severe foci. BZ treatment
increased detectable VHL-GFP fluorescence and raised the foci-
positive population to approximately 42% (Figs. 4 and 5A-B),
consistent with the established behavior of VHL when
proteasomal degradation becomes limiting [35, 36, 40].

In contrast, VHL-GFP remained predominantly diffuse in
scp1604 and bfr14 cells under both untreated and BZ-treated
conditions (Fig. 4). Moderate or severe foci were nearly absent
before treatment, and proteasome inhibition produced little
or no increase in the foci-positive population (Figs. 4 and
5A-B). Because GFP fluorescence remained readily detectable,
suppression of VHL-GFP foci could not be explained by loss
of reporter expression. asc14 cells showed similarly strong
suppression of VHL-GFP foci but were distinguished by
unusually intense, predominantly diffuse fluorescence (Fig. 4).
Immunoblotting confirmed a dramatic increase in VHL-GFP
protein abundance, reaching approximately 100-fold above
WT in BZ-untreated cells and approximately 60-fold following
BZ treatment, whereas reporter levels in WT, scp1604, and
bfr14 remained comparable (Fig. 5C-D). Thus, even markedly
increased VHL-GFP abundance was insufficient to promote
efficient foci formation in asc 14 cells.

Together, these results extend the phenotype observed
with TDP43-GFP and Htt103Q-GFP to a structurally and
biochemically distinct misfolded substrate. Deletion of SCP160,
BFR1, or ASC1 strongly reduced VHL-GFP foci formation,
supporting a broader role for these factors in determining
whether misfolded proteins remain relatively diffuse or become
concentrated into visible intracellular structures.

TDP43-GFP foci lack detectable ThT-specific reactivity
Having established that deletion of SCP160 or BFR1 alters vis-
ible aggregate formation across several misfolded-protein re-
porters, we next focused on these two mutants to further charac-
terize the residual TDP43 foci. TDP-43 can populate assemblies
with different structural properties depending on cellular and ex-
perimental context [15, 41, 42]. We therefore asked whether the
altered TDP43 foci observedin scp 7604 and bfr14 cells showed
detectable Thioflavin T (ThT) reactivity indicative of amyloid-like
organization.

Purified full-length TDP-43 has been reported to form aggre-
gates lacking detectable ThT or Congo Red reactivity, although
amyloid-like TDP-43 structures can form under other experimen-
tal conditions [31, 43]. For this analysis, we used TDP43-YFP
so that reporter fluorescence and ThT-associated fluorescence
could be monitored separately in the YFP and CFP channels, an
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FIGURE 3 @ Loss of Scp160, Bfr1, or Asc1 suppresses severe Htt103Q-GFP aggregation without a corresponding reduction in reporter abun-
dance. (A) Representative fluorescence microscopy images of WT, sco1604, bfr14, and asc14 cells expressing Pg,, -Htt103Q-GFP. Cells were grown to
mid-log phase in synthetic glucose medium lacking uracil and shifted to galactose-containing medium toinduce Htt 103Q-GFP expression. GFP, bright-field
(BF), and GFP + BF overlay images are shown. Dashed white outlines in the GFP images indicate cell boundaries. Scale bars, 10 pm. (B) Quantification
of Htt103Q-GFP localization. As in Figure 2, cells were classified as having no detectable GFP signal, diffuse GFP fluorescence without discrete foci,
moderate aggregates, or severe aggregates. Moderate aggregates were defined as one or more small GFP puncta, whereas severe aggregates were
defined as one or more large, prominent GFP foci. Cells containing both small and large foci were assigned to the severe-aggregate category. Stacked bars
show the distribution of scored cells among the four categories. (C) Percentage of cells containing severe Htt103Q-GFP aggregates. Each dot represents
an independent biological experiment, and horizontal lines indicate the mean. Statistical significance was determined using ordinary one-way ANOVA
followed by Tukey’s multiple-comparisons test. The overall effect of genotype was significant, F(3, 8) = 76.63, P < 0.0001. Tukey-adjusted P values were
as follows: WT versus scp 1604, P < 0.0001 (****); WT versus bfr14, P<0.0001 (****); WT versus asc14, P=0.0007 (***); scp 1604 versus bfr14, P=0.5559
(ns); scp1604 versus asc14, P = 0.0006 (***); and bfr14 versus asc14, P = 0.0025 (**). (D) Representative immunoblot of Htt103Q-GFP expression in
WT, scp1604, bfr14, and asc14 cells under glucose-repressing (Glu) or galactose-inducing (Gal) conditions. Htt103Q-GFP was detected using anti-GFP
antibodies, and a-tubulin served as the loading and normalization control. (E) Quantification of Htt103Q-GFP abundance in galactose-induced cells from
three independent biological experiments. Htt103Q-GFP signal was normalized to the corresponding tubulin signal within each lane and presented as a
GFP/Tubulin ratio on the Y-axis. Symbols represent independent biological experiments; bars show mean + SD, n = 3. The overall effect of genotype was
significant by ordinary one-way ANOVA, F(3,8) =7.717, P=0.0095. Tukey's multiple-comparisons test detected no significant differences between WT and
scp1604 (adjusted P=0.1027), WT and bfr14 (P=0.5947), or WT and asc14 (P = 0.1211). Htt 103Q-GFP abundance was significantly higher in scp 7604
thanin bfr1A cells (adjusted P=0.0171) and in asc 14 than in bfr14 cells (adjusted P= 0.0200); scp 1604 and asc 14 did not differ significantly (P = 0.9994).
ns, not significant; * P < 0.05.
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VHL-GFP
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VHL-GFP + BZ

GFP + BF

FIGURE 4 @ The soluble misfolded-protein reporter VHL-GFP remains predominantly diffuse in scp7604, bfr14, and asc1A4 cells. Representative
fluorescence microscopy images of WT, scp 1604, bfr14, and asc 14 cells expressing Pga, ;-VHL-GFPin the absence or presence of the proteasome inhibitor
bortezomib (BZ). VHL-GFP expression was induced in galactose-containing medium for 5 h, after which cultures were treated with DMSO (-BZ) or with
50 pM BZ for an additional 1 h before imaging. GFP fluorescence, bright-field images (BF), and GFP + BF overlays are shown. Dashed white outlines indicate
cell boundaries identified from the corresponding BF images. Boxed regions in the asc 74 GFP panels are shown at higher magnification in the insets using
a shorter GFP exposure time to minimize saturation and better visualize VHL-GFP distribution. Scale bars, 10 pm.

approach previously used to examine ThT staining of TDP43-
YFP foci in yeast [41]. Htt103Q-YFP served as a positive control
because its yeast inclusions are detergent-resistant and ThT-
reactive [44]. As expected, strong ThT-channel fluorescence
was associated with Htt103Q-YFP inclusions (Fig. 6A; Fig. S2).

TDP43-YFP showed a different pattern. Although local CFP-
channel fluorescence was detected at or near some TDP43-
YFP foci after ThT staining, comparable signal was also present
in samples not exposed to ThT. Quantification of CFP-channel
intensity at YFP-defined foci relative to the surrounding cellu-
lar signal showed no increase following ThT addition in WT,
scp 1604, or bfr14cells and no genotype-dependent differences
(Fig. 6B). Thus, under the conditions examined, TDP43-YFP
foci in all three strains lacked detectable ThT-specific enrich-
ment, consistent with previous observations of ThT-negative
full-length TDP-43 aggregates and yeast TDP43 foci [31, 41].

Together, these results distinguish the residual TDP43
foci from the ThT-reactive Htt103Q inclusions and indicate
that the altered TDP43 morphology observed in scp7604 and
bfr14 cells is not accompanied by detectable acquisition of
ThT-reactive amyloid-like organization.

Deletion of SCP160 alters the spatial relationship of
TDP43-GFP foci with Sec63-positive ER structures

To extend our characterization beyond TDP43-GFP morphol-
ogy and assembly properties, we next examined the subcellular
context of the residual TDP43-GFP foci. Spatial partitioning is an
important component of protein quality control, with misfolded
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proteins directed to defined intracellular sites rather than ac-
cumulating randomly [35, 45, 46]. We therefore asked whether
deletion of SCP160 or BFR1 altered the spatial relationship of
TDP43-GFPfociwith selected cellular compartments implicated
in TDP-43 biology.

Because mitochondrial association has been implicated in
TDP-43 toxicity in yeast and mammalian systems [47-49], we
first examined TDP43-GFP relative to MitoTracker Red-positive
regions. TDP43-GFP showed modest enrichment at mitochon-
drial regions in WT, scp1604, and bfr14 cells, consistent with
previous reports of perimitochondrial TDP-43 foci in yeast and
partial mitochondrial localization in neuronal models [47-49];
however, the extent of this association did not differ significantly
among the strains (Fig. S3).

We next examined Atg8-positive structures because
autophagic and endosomal-vacuolar pathways contribute
to TDP-43 turnover in yeast [50,51], and suppression of
TDP-43 toxicity in asc714 cells has recently been linked to
enhanced noncanonical autophagy [26]. A subset of TDP43-
GFP foci overlapped Atg8-mCherry-positive structures, but the
frequency of this association was comparable in WT, scp1604,
and bfr14 cells (Fig. S4).

We also examined TDP43-GFP foci relative to Nup49-
mCherry-positive nuclear-pore structures because perinuclear
TDP-43 foci have been described in yeast, while TDP-43
pathology in mammalian systems can disrupt nuclear-pore
components and nucleocytoplasmic transport [47,52]. A
subset of TDP43-GFP foci directly overlapped Nup49-positive
structures in all three strains (Fig. 7A, Fig. S5), but neither direct
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FIGURE 5 ® Scp160, Bfr1, and Asc1 promote VHL-GFP foci formation, with a distinct effect of Asc1 on reporter abundance. (A) Distribution of cells
among four mutually exclusive VHL-GFP localization classes: no detectable GFP signal, diffuse GFP fluorescence without discrete foci, moderate foci, or
severe foci (from Figure 4). Moderate foci were defined as one or more small GFP puncta, whereas severe foci were defined as one large, bright GFP foci
and/or multiple prominent foci within the same cell. Cells containing both small and large foci were assigned to the severe-foci category. Stacked bars
show the pooled percentage of cells in each category across three independent biological experiments. (B) Percentage of GFP-positive cells containing
moderate or severe VHL-GFP foci. Cells lacking detectable GFP signal were excluded from this calculation. Individual points represent independent
biological experiments; horizontal lines and error bars indicate mean + SD, n = 3. Open circles indicate vehicle-treated cultures and filled circles indicate
BZ-treated cultures. Data were analyzed by ordinary two-way ANOVA with genotype and BZ treatment as factors. Significant effects were detected for
genotype, F(3,16) = 932.4, P < 0.0001; BZ treatment, F(1,16) = 87.81, P < 0.0001; and the genotype x BZ interaction, F(3,16) = 71.56, P < 0.0001. BZ-
treated and vehicle-treated cultures were compared within each genotype using Sidak’s multiple-comparisons test. BZ significantly increased VHL-GFP
foci formation in WT cells (adjusted P < 0.0001, ****), but not in scp1604 (adjusted P = 0.7985, ns), bfr14 (adjusted P = 0.9996, ns), or asc14 (adjusted P
=0.9995, ns). (C) Representative immunoblot of VHL-GFP expression in WT, scp1604, bfr14, and asc 14 cells grown under VHL-GFP-inducing conditions
in the absence or presence of BZ. Cells were grown and BZ-treated as in (A), and cell extracts were analyzed by western blotting using anti-GFP and
anti-tubulin antibodies. (D) Quantification of VHL-GFP abundance in galactose-induced cells from three independent biological experiments. VHL-GFP
signal was normalized to the corresponding tubulin signal within each lane and presented as a GFP/Tubulin ratio on the Y-axis, displayed on a logarithmic
base-10 scale. Each point represents an independent biological experiment; horizontal lines and error bars indicate mean + SD, n = 3. Open symbols
indicate DMSO-treated cultures and filled symbols indicate BZ-treated cultures. Data were analyzed using ordinary two-way ANOVA with genotype and BZ
treatment as factors, including the genotype x treatment interaction. A significant effect of genotype was detected, F(3,16) = 23.63, P < 0.0001, whereas the
effect of BZ treatment, F(1,16) = 2.856, P= 0.1104, and the genotype x treatment interaction, F(3,16) = 2.793, P = 0.0740, were not significant. Genotypes
were compared within each treatment condition using Tukey's multiple-comparisons test. Under galactose induction without BZ, VHL-GFP abundance
was greater in asc14 than in WT, scp 1604, or bfr14 cells (all adjusted P < 0.0001). In the presence of BZ, VHL-GFP abundance remained greater in asc14
thanin WT (P=0.0261), scp1604 (P=0.0270), or bfr14 (P=0.0258). No significant differences were detected among WT, scp 1604, and bfr14 cells under
either condition. Groups marked “a” were not significantly different, whereas groups assigned “b" differed significantly within the same treatment condition
based on Tukey’s multiple-comparisons test with adjusted P < 0.05.

overlap nor the fraction of foci located within 0.5 pm of Nup49- A markedly different pattern emerged when we examined
positive structures differed significantly among genotypes the ER using Sec63-RFP (Fig. 7D; Fig. S6). The ER was of particu-
(Fig. 7B-C). lar interest because TDP-43 assemblies associated with ER-exit
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FIGURE 6 ® TDP43-YFP foci do not show detectable specific enrichment of Thioflavin T in WT, scp1604, or bfr14 cells. (A) Representative
fluorescence microscopy images of WT, scp1604, and bfr14 cells expressing TDP43-YFP in the absence or presence of Thioflavin T (ThT). TDP43-YFP
was detected in the YFP channel, and ThT-associated fluorescence was recorded in the CFP channel. Before imaging, cells were stained with 50 pg/mL
ThT for 20 min. Corresponding YFP, ThT/CFP, and merged images are shown. Dashed outlines indicate cell boundaries. WT cells expressing Htt103Q-
YFP are shown as a positive control; Htt103Q-YFP inclusions were accompanied by prominent focal ThT-channel fluorescence. Extended image sets
showing YFP, ThT/CFP, Merge, Merge + BF, and BF are provided in Fig. S2. (B) Quantification of local ThT-channel signal at TDP43-YFP foci. TDP43-YFP
foci were identified from the YFP channel, and mean CFP-channel intensity within each YFP-defined foci was normalized to the CFP-channel intensity in
the surrounding local reference region. A ratio of 1.0 therefore represents no local enrichment of CFP-channel signal at the YFP foci. For each independent
culture, foci-level measurements were summarized to yield a single value. Data are shown as individual biological replicates with mean + SD; n = 3
independent cultures per genotype and treatment condition. Statistical significance was assessed by ordinary two-way ANOVA with genotype and ThT
treatment as factors. No significant genotype x ThT treatment interaction was detected, F(2,12) = 1.690, P = 0.2256, and neither the main effect of ThT
treatment, F(1,12) = 0.4120, P = 0.5330, nor genotype, F(2,12) = 0.6918, P = 0.5196, was significant. Tukey’s multiple-comparisons test detected no
significant genotype differences within either treatment condition: without ThT, WT versus scp 1604, adjusted P = 0.9429; WT versus bfr14, P = 0.3844;
scp 1604 versus bfr14, P=0.5635; with ThT, WT versus scp 1604, P= 0.4259; WT versus bfr14, P=0.9701; scp1604 versus bfr14, P=0.3134.

sites have recently been described in mammalian cells [42], significant reduction in Sec63-associated foci, to approximately
while Scp160 localizes to the nuclear envelope and ER and 31% (Fig. 7E). A similar pattern was observed in the distance
associates with ER-bound polysomes [18,53]. Bfr1 also has analysis: TDP43-GFP fociin scp 1604 cells were markedly closer
ER-linked functions, including regulation of Pmt1 and Pmt2 to the nearest Sec63-positive region than in WT or bfr14 cells.
translation [23]. In contrast, the mean center-to-Sec63 distance in bfr14 cells did
In WT cells, approximately 46% of TDP43-GFP foci were as- not differ significantly from WT (Fig. 7F).
sociated with Sec63-positive ER regions. This fraction increased Taken together, these analyses did not reveal significant
to approximately 91% in scp1604 cells, with the large major- genotype-dependent changes in TDP43-GFP association
ity of detectable foci meeting the Sec63-association criterion with mitochondria, Atg8-positive structures, or Nup49-positive
(Fig. 7E). In contrast, bfr14 cells showed a more modest but nuclear-pore structures. In contrast, a pronounced spatial
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FIGURE 7 ® Loss of Scp160 alters the spatial association of TDP43-GFP foci with Sec63-positive ER structures but not Nup49-positive structures.
(A) Representative fluorescence microscopy images of WT, scp1604, and bfr14 cells co-expressing TDP43-GFP and the nuclear pore marker Nup49-
mCherry. TDP43-GFP, Nup49-mCherry, merged fluorescence, and merged fluorescence overlaid with bright-field (BF) images are shown. Dashed outlines
indicate cell boundaries. Scale bars: 10 um. (B) Direct association of TDP43-GFP foci with Nup49-mCherry-positive structures. TDP43-GFP foci were
identified independently from the GFP channel and scored as Nup49-associated when they directly overlapped the Nup49-mCherry-positive signal. For
each independent culture, the percentage of Nup49-associated TDP43-GFP foci was calculated relative to the total number of detected TDP43-GFP foci.
Each symbol represents one independent biological culture; data are mean + SD, n = 3 cultures per genotype. Differences were assessed by ordinary one-
way ANOVA followed by Dunnett's multiple-comparisons test using WT as the control. No significant genotype effect was detected, F(2,6) = 0.04765, P=
0.9538. Neither scp 1604 nor bfr14 differed significantly from WT (adjusted P=0.9932 and 0.9363, respectively). (C) Proximity of TDP43-GFP focito Nup49-
mCherry-positive structures. For each detected TDP43-GFP foci, the shortest distance to the nearest Nup49-mCherry-positive signal was determined.
A predefined distance threshold of 0.5 pm was used to classify foci as Nup49-proximal; foci located within 0.5 pm of a Nup49-positive structure were
considered proximal. For each independent culture, the percentage of Nup49-proximal TDP43-GFP foci was calculated relative to the total number of
detected foci. Each symbol represents one independent biological culture; data are mean + SD, n = 3 cultures per genotype. Differences were assessed
by ordinary one-way ANOVA followed by Tukey’s multiple-comparisons test. The overall genotype effect was not significant, F(2,6) = 2.283, P=0.1831. No
significant differences were detected between WTand scp 1604 (adjusted P=0.1626), WTand bfr14 (adjusted P=0.6083), or scp 1604 and bfr14 (adjusted
P =0.5248). (D) Representative fluorescence microscopy images of WT, scp1604, and bfr14 cells co-expressing TDP43-GFP and the ER marker Sec63-
RFP. TDP43-GFP, Sec63-RFP, merged fluorescence, and merged fluorescence overlaid with bright-field (BF) images are shown. Dashed outlines indicate
cell boundaries. Scale bars: 10 um. (E) Percentage of TDP43-GFP foci associated with Sec63-RFP-positive ER structures. TDP43-GFP foci were identified
independently from the GFP channel, and Sec63-positive regions were defined independently from the RFP channel. Sec63-positive regions were defined
from the upper 10% of background-corrected, field-relative RFP signal, and the resulting mask was expanded by one pixel to accommodate minor inter-
channel registration differences. TDP43-GFP foci were classified as Sec63-associated when at least 20% of the GFP-defined foci area overlapped the
Sec63-RFP-positive mask. For each independent culture, the percentage of Sec63-associated foci was calculated relative to the total number of detected
TDP43-GFPfoci. Each symbol represents one independent biological culture; data are mean + SD, n = 3 cultures per genotype. Differences were assessed
by ordinary one-way ANOVA followed by Dunnett’s multiple-comparisons test using WT as the control. The overall genotype effect was significant, F(2, 6) =
122,62, P<0.0001. The percentage of Sec63-associated TDP43-GFP foci was strongly increased in scp 1604 cells relative to WT (adjusted P < 0.0001) and
was modestly reduced in bfr14 cells relative to WT (adjusted P = 0.0178). (F) Distance of TDP43-GFP foci to the nearest Sec63-RFP-positive ER structure.
For each detected TDP43-GFP foci, the shortest Euclidean distance from the center (centroid) of the foci to the nearest Sec63-RFP-positive region was
determined and converted to micrometers using the physical pixel dimensions stored in the OME metadata. Measurements from the two microscopy
fields belonging to the same independent biological culture were pooled, and the mean center-to-Sec63 distance was used as the biological-replicate
value. Each symbol represents one independent culture; data are mean + SD, n = 3 cultures per genotype. Differences were assessed by ordinary one-
way ANOVA followed by Tukey’s multiple-comparisons test. The overall genotype effect was significant, F(2, 6) = 39.02, P= 0.0004. TDP43-GFP foci were
significantly closer to Sec63-positive ER structures in scp 1604 cells than in WT (adjusted P = 0.0004), whereas bfr14 did not differ significantly from WT
(adjusted P=0.4703). The difference between scp 1604 and bfr14 was also significant (adjusted P= 0.0011).

phenotype was observed for Sec63-positive ER regions in reduced distance to Sec63-positive regions. bfr14 cells did
scp1604 cells with both increased Sec63 association and not reproduce this pattern, despite their shared suppression of
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prominent TDP43-GFP aggregation. These findings suggest
that the contributions of Scp160 and Bfr1to TDP43 organization
are not fully overlapping.

DISCUSSION

In this study, we show that deletion of SCP160 or BFR1
suppresses TDP43-GFP toxicity without reducing steady-
state reporter abundance and shifts TDP43-GFP away from
prominent aggregate-like foci (Figs. 1 and 2). A similar
protective phenotype was observed in asc74 cells, consistent
with the recently reported effect of ASC17 deletion on TDP-
43 toxicity [26]. Importantly, the effects of these deletions
extended beyond TDP43: severe Htt103Q-GFP aggregates
and VHL-GFP foci were also strongly reduced, indicating
a broader influence on the intracellular organization of
aggregation-prone and misfolded proteins (Figs. 3-5). At
the same time, scp1604 cells displayed a distinct spatial
phenotype in which residual TDP43-GFP foci were markedly
shifted toward Sec63-positive ER structures (Fig. 7D-F;
Fig. S6). Together, these findings identify Scp160 and Bfr1
as factors that influence whether aggregation-prone proteins
remain relatively dispersed or become concentrated into
prominent intracellular structures, while also revealing a specific
connection between Scp160 and the spatial organization of
TDP43 relative to Sec63-positive ER regions.

Scp160, Bfr1, and Asc1 influence the partitioning of
misfolded proteins into visible assemblies
Across three distinct reporter systems, deletion of SCP160,
BFR1, or ASC1 consistently reduced the formation of prominent
intracellular assemblies, while reporter abundance did not
parallel the assembly phenotype. For TDP43-GFP, this
redistribution was accompanied by improved growth despite
comparable steady-state protein abundance, demonstrating
that suppression of TDP-43 toxicity in the deletion strains does
not require reduced reporter accumulation. These findings
identify Scp160, Bfr1, and Asc1 as factors that influence the
intracellular partitioning of aggregation-prone and misfolded
proteins. The relationship between TDP-43 aggregation and
toxicity nevertheless remains complex. Genetic suppression of
TDP-43 toxicity can occur without reduced TDP-43 abundance
while substantially altering its cytoplasmic organization, as
shown for deletion of DBR17 [14]. Moreover, deep mutational
analysis of the TDP-43 prion-like domain demonstrated
that aggregate abundance alone does not predict toxicity,
with larger, relatively immobile assemblies in some cases
associated with reduced toxicity [15]. Thus, although these
previous studies indicate that the relationship between TDP-
43 aggregation and toxicity is not straightforward, the close
qualitative correspondence between reduced severe TDP43-
GFP aggregation and improved growth in our deletion strains
(Figs. 1E and 2D) suggests that altered TDP43 assembly
contributes to the observed toxicity phenotype, while not
establishing that the prominent aggregates in WT cells are
themselves toxic.

The asc14 phenotype provides an important independent
comparison that reinforces this broader relationship between
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visible TDP43 organization and toxicity. Park and colleagues
similarly found that deletion of ASC7 suppresses TDP-43 toxi-
city and produces smaller TDP43 foci in yeast and linked this
protection to enhanced noncanonical autophagy [26]. In our
experiments, TDP43-GFP association with Atg8-positive struc-
tures was comparable in WT, scp1604, and bfr14 cells (Fig.
S4), which raises the possibility that Scp160 and Bfr1 influence
TDP43 toxicity through mechanisms that differ, at least in part,
from the noncanonical autophagy pathway engaged in asc74
cells. However, more detailed analysis of autophagic flux and
related autophagy pathways in scp 7604 and bfr14 cells will be
needed to test this possibility.

The Htt103Q-GFP experiments demonstrate that the
phenotype is not restricted to TDP43. Strong suppression of
severe Htt103Q-GFP aggregation in scp 1604 is consistent with
previous work showing that Scp160 promotes aggregation
of polyglutamine reporters and endogenous Q/N-rich
proteins [22]. Earlier genetic screens also identified bfr14 as
a suppressor of Htt103Q-mediated toxicity and recovered
SCP160, BFR1, and ASC1 among genes that influence polyQ-
induced growth inhibition [33, 34]. Our results extend these
observations by showing that deletion of all three genes
shifts Htt103Q-GFP away from the severe-aggregate state.
Notably, although BFR17 deletion was previously identified as
a suppressor of Htt103Q-mediated toxicity [34], the effect of
BFR1 deletion on Htt103Q aggregation had not been directly
characterized. Our data therefore provide new evidence
that loss of Bfr1 substantially reduces severe Htt103Q-GFP
aggregate formation. Importantly, this phenotype did not
parallel reporter abundance: scp1604 cells accumulated
abundant Htt103Q-GFP while almost completely lacking severe
inclusions (Fig. 3).

The VHL-GFP experiments extend this relationship to a
biochemically distinct misfolded substrate. Folding-defective
VHL iscomparatively soluble, is handled by cytosolic chaperone
systems, and is normally targeted for proteasomal degradation,
but can accumulate in organized protein-quality-control
assemblies when degradation becomes limiting [35-38].
VHL-GFP foci were strongly suppressed in scp 1604, bfr14, and
asc14 cells even following proteasome inhibition (Figs. 4 and
5). In scp1604 and bfr14, this occurred without reduced
reporter abundance, whereas asc74 cells accumulated
markedly elevated VHL-GFP while the reporter remained
predominantly diffuse. Across three distinct substrates, reporter
abundance therefore did not predict the formation of visible
assemblies. We favor the interpretation that Scp160, Bfr1,
and Asc1 influence the intracellular partitioning of misfolded
proteins into visible assemblies, while the pathways producing
this shared phenotype may differ among the mutants.

ThT staining provided an additional distinction between
TDP43 and Htt103Q assemblies. TDP43-YFP foci lacked
detectable ThT-specific enrichment in WT, scp1604, and bfr14
cells, whereas Htt103Q-YFPinclusions were clearly ThT-reactive
(Fig. 6; Fig. S2), consistent with previous reports of ThT-negative
TDP-43 aggregates and yeast TDP43 foci [31, 41]. These results
indicate that the altered morphology of TDP43 foci in scp 1604
and bfr14 cells is not accompanied by detectable acquisition
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of ThT-reactive amyloid-like organization. More broadly, they
underscore that changes in visible aggregate morphology do
not necessarily reflect conversion to an amyloid-like state and
should be interpreted together with complementary structural
and spatial measurements.

Deletion of SCP160 alters the spatial organization of
TDP43 at the ER

Among the localization analyses, the most pronounced
genotype-specific difference was observed at Sec63-positive
ER regions. In scp1604 cells, residual TDP43-GFP foci showed
a marked spatial shift toward these regions: most detectable
foci were Sec63-associated, and the mean distance to the
nearest Sec63-positive region was substantially reduced
relative to WT, while bfr14 cells showed a different pattern
(Fig. 7D-F; Fig. S6). Direct Sec63 association was modestly
but significantly reduced relative to WT, whereas the mean
center-to-Sec63 distance did not differ significantly from WT.
Thus, although deletion of SCP160 and BFRT produced similar
suppression of prominent TDP43-GFP aggregation, the two
mutants were distinguishable in their spatial relationship to
Sec63-positive ER regions. These findings suggest that the
contributions of Scp160 and Bfr1 to TDP43 organization are not
fully overlapping.

In contrast, TDP43-GFP association with MitoTracker-
positive regions, Atg8-mCherry-positive  structures, and
Nup49-mCherry-positive nuclear-pore structures did not differ
significantly among WT, scp1604, and bfr14 cells (Fig. 7A-C;
Figs. S3-S5). The absence of corresponding changes at
these markers argues against a generalized redistribution of
TDP43 among multiple intracellular compartments and further
emphasizes the selectivity of the Sec63-associated phenotype.

The ER-associated redistribution is particularly notable be-
cause Scp160 associates with polysomes and is enriched at
the nuclear envelope and ER, including ER-associated trans-
lating ribosomes [18, 53], while Bfr1 participates in polysome-
associated mMRNP complexes with Scp160 and has ER-linked
functions [23, 24]. Spatial sequestration is also an established
component of protein quality control [35, 45, 46], and TDP-43
assemblies associated with ER-exit sites have recently been de-
scribed in mammalian cells [42]. More recently, an ER-anchored
isoform of the deubiquitinase USP19 was shown to promote
aggregation of TDP-43 C-terminal fragments and couple TDP-
43 proteostasis to ER stress in mammalian models [54]. To-
gether, these observations place the ER at a potentially impor-
tant intersection between mRNP-associated regulation and the
cellular handling of aggregation-prone proteins. In this context,
the pronounced Sec63-associated shift observed specifically
in scp1604 cells (Fig. 7D-F, Fig. S6) raises the possibility that
Scp160 contributes to the organization or handling of TDP43 as-
semblies within ER-associated protein-quality-control environ-
ments. Although our data do not establish the underlying mech-
anism or the precise ER subdomain involved, they identify a
testable direction for future studies aimed at determining how
Scp160-dependent pathways intersect with ER-associated pro-
tein quality control to influence TDP43 fate.
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A possible link between ribosome-associated mRNPs and
protein assembly

The related phenotypes of scp7604 and bfr14, together with
the similar phenotype of the asc 74 comparator, are notable be-
cause all three proteins are functionally connected to translating
ribosomes. Scp160 is a polysome-associated RNA-binding pro-
tein whose ribosome association depends in part on Asc1 [27],
a 40S-associated scaffold with established roles in translational
fidelity and ribosome-associated quality-control responses to
stalled ribosomes [565,56]. Bfr1 and Scp160 are components
of overlapping polysome-associated mRNP complexes [24, 25],
and both influence the expression or translational efficiency of
selected mMRNAs rather than acting as general translation fac-
tors [19, 23]. These shared connections provide a plausible bi-
ological context for the broad changes in protein assembly ob-
served here. At the same time, the distinct Sec63-associated
phenotypes of scp1604 and bfr14 indicate that their effects are
not identical. This is consistent with Scp160 and Bfr1 function-
ing together in overlapping mRNP-associated processes while
retaining separable cellular functions.

One possibility is that ribosome- and mRNP-associated
organization influences the local environment in which newly
synthesized aggregation-prone proteins are handled. The
ribosome is an important platform for cotranslational folding,
chaperone engagement, and protein quality control [20, 21, 57].
Altered organization or localization of specific mMRNPs could
therefore influence whether newly synthesized proteins
remain dispersed or enter visible assemblies. This model is
consistent with the shared effects of SCP160, BFR1, and ASC1
deletion across TDP43-GFP, Htt103Q-GFP, and VHL-GFP,
while the ER-associated redistribution in scp7604 suggests an
additional spatial role for Scp160. The phenotypic relationships
uncovered in this study thus provide a framework for testing
how ribosome- and mRNP-associated organization influences
the fate of aggregation-prone proteins. A logical next step will
be to determine whether deletion of SCP160 or BFR1 alters
reporter mRNA localization, ribosome occupancy, translation
elongation, or cotranslational folding, thereby directly testing
the proposed cotranslational model.

The evolutionary conservation of Scp160 extends the po-
tential relevance of these findings beyond yeast. Scp160 be-
longs to the Vigilin family of multi-KH-domain RNA-binding pro-
teins, and its human homolog HDLBP/Vigilin shares structural
and functional features with the yeast protein [58]. HDLBP is en-
riched at the cytoplasmic face of the ER, binds many ER-targeted
MRNAs, and contributes to their translation; it has also been
identified as a stress-granule-associated protein [59, 60]. These
parallels raise the possibility that conserved Vigilin-dependent
pathways influence TDP-43 assembly or spatial partitioning, al-
though a direct role for HDLBP in TDP-43 proteinopathy has
not yet been established. From a therapeutic perspective, the
relevant goal would not necessarily be to suppress TDP-43 ag-
gregation indiscriminately, because different TDP-43 assembly
states can have different relationships to toxicity [15, 16]. Rather,
determining whether HDLBP modulation can shift TDP-43 away
from deleterious intracellular states may reveal new principles
for manipulating TDP-43 proteostasis in ALS. Testing the effects
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of HDLBP depletion or modulation on TDP-43 assembly, local-
ization, and toxicity in mammalian and neuronal systems will
therefore be an important direction for future work.

Limitations and future directions.

The localization survey narrows the most prominent genotype-
dependent spatial phenotype to the ER. We did not detect
significant differences in TDP43-GFP association with
MitoTracker-positive mitochondrial regions (Fig. S3), Atgs-
mCherry-positive  structures (Fig. S4), or Nup49-mCherry-
positive nuclear-pore structures (Fig. 7A-C; Fig. Sb). These
experiments did not reveal major differences in the localization
parameters measured but do not exclude more specific
functional changes involving these compartments. MitoTracker
labeling can be influenced by mitochondrial membrane
potential and other aspects of mitochondrial physiology [61],
while Atg8 localization does not by itself measure autophagic
flux [62], and Nup49 proximity does not directly assess nuclear
import or export. More targeted analyses of mitochondrial
function, autophagic flux, or nucleocytoplasmic transport may
therefore reveal additional consequences of SCP160 or BFR1
deletion.

The ER-associated phenotype itself is supported by two
complementary spatial measurements: scp7604 cells showed
both markedly increased TDP43-GFP association with Sec63-
positive regions and a substantially reduced center-to-Sec63
distance (Fig. 7E-F). Sec63-RFP, however, labels the ER
broadly and does not distinguish individual ER subdomains
or ER-exit sites; in budding yeast, Sec63 has been used to
delineate the general ER network, whereas COPIl components
such as Sec13 and Sec23 mark discrete ER-exit sites [63]. We
therefore donot conclude that the Sec63-associated TDP43foci
observed in scp1604 cells correspond to the ERES-associated
TDP-43 assemblies described in mammalian cells [42]. ER
abundance and geometry can also influence the probability of
apparent overlap. In addition, TDP43-GFP foci differed visibly
in morphology and apparent size among genotypes, which
may influence both fractional-overlap and center-to-region
distance measurements. Fractional overlap is sensitive to the
size and shape of segmented objects, whereas center-to-region
distance does not directly account for the spatial relationship
between the boundaries of TDP43-GFP foci and Sec63-positive
structures. This consideration may be particularly relevant to
interpretation of the more modest change in Sec63 association
observed in bfr14 cells. Object-based analyses that incorporate
object volume, surface contact, and edge-to-edge distance
would provide a more complete characterization of these
spatial relationships [64]. Nevertheless, the agreement between
the overlap and distance measurements makes the spatial shift
toward the ER well supported. Determining whether these foci
associate with a particular ER subdomain will require direct ERES
markers such as Sec13, Sec23, or Sec16 and higher-resolution
three-dimensional imaging (63, 65, 66].

The asc4 results likewise receive support from their
close agreement with the independently reported effects of
ASC1 deletion on TDP43 toxicity and foci morphology [26].
An additional genetic consideration nevertheless applies
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to this strain because the ASC17 intron encodes the U24
sNoRNA/SNR24, which guides 2'-O-methylation of 25S rRNA,
and complete deletion of the ASC1 locus therefore removes
both Asc1 protein and the intronic snoRNA. Protein-null ASC1
alleles that preserve SNR24 expression have been developed
specifically to distinguish these functions [67]. The unusually
strong effect of asc74 on VHL-GFP abundance (Fig. 5C-D)
would therefore be particularly interesting to revisit using an
Asc1 protein-specific allele that preserves SNR24.

Overall, our results support a model in which Scp160 and
Bfr1influence the intracellular partitioning of aggregation-prone
and misfolded proteins into visible assemblies. Deletion of
SCP160 or BFR1 suppresses prominent assembly formation
across TDP43-GFP, Htt103Q-GFP, and VHL-GFP without a
corresponding decrease in reporter abundance, while SCP160
deletion produces an additional redistribution of residual
TDP43-GFP foci toward Sec63-positive ER structures. These
findings connect ribosome-and mRNP- associated factors to the
spatial organization of misfolded proteins and identify Scp160
as a potential link between ER-associated RNA/ translation
environments and TDP-43 organization.

MATERIALS AND METHODS

Yeast strains and culture

Wild-type Saccharomyces cerevisiae BY4742 (MATa his341
leu240 lys240 ura340) and its derivative KanMX6 deletion
strains (scp1604, bfr14, and asc714) were obtained from
Thermo Fisher Scientific. Cultures were grown in standard
rich medium (YPDA: 1% yeast extract, 2% peptone, 2% glucose,
supplemented with 10 mg/L adenine) or in the appropriate
synthetic dropout medium containing glucose, or galactose as
indicated. Unless otherwise specified, cultures were initiated
from single colonies and grown overnight (approximately 16 h)
at 30 °C in glucose-containing synthetic medium lacking the
appropriate auxotrophic supplement (Ura— or Ura—/Leu-). Prior
to Gal induction, cells were washed twice with sterile water and
resuspended in the appropriate galactose-containing selective
medium to an ODg, of approximately 0.4. Yeast transformations
were performed using a standard lithium acetate/polyethylene
glycol procedure.

Chemicals and antibodies

Thioflavin T, >95% (VWR, Cat. No. 76483-858); FM4-64
(Molecular Probes/Invitrogen, Thermo Fisher Scientific, Cat. No.
T3166); MitoTracker Red (Molecular Probes, Cat. No. M7512);
and bortezomib (VWR, Cat No. J60378-MA). Monoclonal anti-
GFP antibodies were from Santa Cruz Biotechnology (sc-9996)
and used at 800 ng/mL; mouse monoclonal anti-a-tubulin
antibodies (12G10) were obtained from the Developmental
Studies Hybridoma Bank (DSHB; University of lowa, lowa City,
IA, USA) and used at a 1:1000 dilution; mouse monoclonal anti-
FLAG antibodies (M2) were purchased from Sigma and used at
1 pg/mL; anti-mouse IgG-HRP were from GE-Healthcare
(NA931) and used at a dilution of 1:5000.
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Plasmids

The TDP43-GFP expression vector was based on the high-copy
2p plasmid pRS426 and expressed human TDP43-GFP under
the control of the inducible GALT promoter; the plasmid was
obtained from Addgene (plasmid #27467, [5]). The plasmid
expressing TDP43-YFP under the control of the GAL T promoter,
on a 2u backbone carrying LEU2 as a selectable marker,
was a kind gift from Dr. Katrina Cooper (Rowan-SOM). pYes-
Htt103Q was a gift from Dr. Yury Chernoff (Georgia Institute of
Technology) [68]; pESC-LEU-GFP-VHL was obtained from Dr.
Judit Frydman (Stanford University; Addgene #21053); the ER
marker Sec63-RFP was expressed from plasmid pCG536, a kind
gift from Dr. Campbell Gourlay (University of Kent, Canterbury,
UK). The plasmid expressing Atg8 fused to mCherry was
obtained from Dr. Daniel J. Klionsky (University of Michigan) and
has been described previously [69]. The nuclear pore marker
Nup49-mCherry was expressed from a LEU2-based plasmid
kindly provided by Dr. Kiran Madura (Rutgers Robert Wood
Johnson Medical School). Plasmids expressing WT Rny 1-FLAG
and the glycosylation-defective Rny1-FLAG-W399R mutant
were described previously [28].

Cell viability and growth assays

WT, scp1604, bfr14, and asc14 strains carrying the Pga, -
TDP43-GFP plasmid were grown overnight at 30 °C in glucose-
containing synthetic complete medium lacking uracil (SC/Ura-).
Cultures were diluted into fresh medium to an ODgy, of
approximately 0.2 and grown for an additional 4 h at 30 °C.
Cells were collected, washed, and aliquots containing 2 x 10°
cells were adjusted to a final volume of 200 pL. Fivefold serial
dilutions were prepared and spotted onto SC/Ura- agar plates
containing glucose or galactose. Plates were incubated at 30 °C
for 7 days before imaging.

Liquid-culture growth and TDP43-GFP fluorescence kinet-
ics. WT, scp1604, bfr14, and asc14 cells carrying the Pga ;-
TDP43-GFP plasmid were grown overnight at 30 °C in glucose-
containing SC/Ura— medium. Cultures were collected, washed
twice with sterile water, and resuspended in SC/Ura— medium
containing either glucose or galactose to an initial ODg, of 0.4.
Aliquots of 200 uL were transferred to black-walled, clear, flat-
bottom 96-well plates and incubated at 30 °C with orbital shak-
ing in a BioTek Synergy HT microplate reader. ODg,, and GFP
fluorescence were measured at 30-minintervals for 36 h. GFPflu-
orescence was measured using excitation and emission wave-
lengths of 488 and 520 nm, respectively.

Foranalysis of TDP43-GFP accumulation, GFP fluorescence
at each time point was normalized to the corresponding ODg,
value. Fluorescence/ODy, values were then expressed relative
to the initial measurement for the same well. The early fluores-
cence time course was used to evaluate reporter accumulation
following galactose induction, and the 6-h values were used
for endpoint statistical comparisons. The complete 36-h ODy,
dataset was used to generate the liquid-culture growth curves.

Three independent biological experiments were performed,
with each culture measured in technical triplicate. Technical
replicates were averaged within each biological experiment be-
fore calculation of mean growth and fluorescence values and
before statistical analysis.
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Live-cell Thioflavin T staining
PMST buffer contained 20 mM potassium phosphate (pH 7.5),
1.2 M sorbitol, 13.1 mM HEPES (pH 7.6), 43.7 mM potassium
acetate, 2.31 mM Mg?* (1.31 mM magnesium acetate plus 1 mM
MgCl,), and 0.1% Triton X-100.

Approximately one ODgy, unit of induced yeast cells
was collected by centrifugation (3,000-5,000 x g, 3 min),
washed once with PMST, and resuspended in PMST containing
50 pg/mL Thioflavin T. Cells were incubated for 20 min at
room temperature in the dark, washed once with PMST, and
resuspended in 50 pL PMST.

Cells were immobilized on Concanavalin A-coated
microscopy glass plates 5 min before imaging. Live-cell
fluorescence images were acquired immediately using bright-
field, YFP (TDP-43-YFP; Htt103Q-YFP), and CFP (Thioflavin T)
channels with identical acquisition settings for the Thioflavin T
channel across all strains and experimental conditions.

FM4-64 staining of vacuoles

For visualization of vacuolar membranes, 4.5 h-Gal-induced
yeast cells were incubated with 40 uM FM4-64 (Molecular
Probes) for 15 min at 30 °C. Cells were then collected,
transferred to fresh SC-Gal/Ura- medium without dye, and
chased for 1 h 15 min at 30 °C. Following the chase, cells were
immobilized on Concanavalin A-coated microscopy glass and
imaged by fluorescence microscopy. The staining procedure
was adapted from our previously described protocol [28].

For visualization of mitochondria [70], induced cells were
incubated with 100 nM MitoTracker Red CMXRos (Molecular
Probes/Life Technologies, Cat. No. M7512) for 30 min at 30 °C.
Cells were then washed to remove excess dye, immobilized on
Concanavalin A-coated microscopy glass, and imaged immedi-
ately by fluorescence microscopy.

Cell lysis and Western blotting

Cell lysis and Western blotting were done as previously
described [71]. In brief, yeast cell pellets were resuspended in
RIPA buffer (560 mM Tris-HCl (pH 8.0), 150 mM NaCl, 0.1% SDS,
1% Nonidet P-40, 0.5% deoxycholic acid, 50 mM NaF, 40 mM
DL-a-glycerophosphate, 30 mM Na;P,0,, and 1 mM Na;VO,),
supplemented with the protease inhibitor cocktail (Pierce) and
1 mM PMSF. Acid-washed glass beads (Sigma, 225-600 pm)
were added to the cell suspensions, and cells were disrupted
by vortexing for 30 min at 4 °C; lysates were clarified by
centrifugation, and protein concentrations were determined
using the Bradford assay (Bio-Rad). For Western blotting,
5 pg of total protein per sample was resolved on 10%
SDS-polyacrylamide gels and transferred to nitrocellulose
membranes (GE). Membranes were probed with the
indicated primary antibodies followed by HRP-conjugated
secondary antibodies. Protein bands were detected by
enhanced chemiluminescence using ECL Prime Western
Blotting Detection Reagent and imaged using a Cytiva
chemiluminescence imaging system. Band intensities were
quantified using ImageQuant software. GFP-tagged proteins
were normalized to the corresponding a-tubulin signal within
each lane for quantitative analyses.
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Fluorescence microscopy and image analysis
Fluorescence microscopy

Images were acquired using an inverted Zeiss Observer Z1 flu-
orescence microscope equipped with an ApoTome 2 module,
an AxioCam MRm camera, and a 63x oil-immersion objective.
GFP-, YFP-, CFP-, RFP-, and mCherry-associated fluorescence
and fluorescent dyes were visualized using the appropriate filter
sets. Images were acquired using Zeiss ZEN Imaging Software.
Brightness and contrast were adjusted uniformly across images
being compared, and no nonlinear image adjustments were
applied.

Unless otherwise specified, cells carrying GAL1-driven
fluorescent reporters were grown overnight at 30 °C in
glucose-containing selective medium, collected, washed
twice with sterile water, and transferred to the corresponding
galactose-containing selective medium to initiate reporter
expression. TDP43-GFP/YFP and Htt103Q-GFP/YFP were
induced for 6 h before imaging. For VHL-GFP experiments,
reporter expression was induced for 5 h, followed by treatment
with 50 pM bortezomib or an equivalent volume of DMSO for
an additional 1 h before imaging. Cells carrying TDP43-GFP
together with Sec63-RFP, Nup49-mCherry, or Atg8-mCherry
were grown in SC/Ura-Leu- medium to maintain both plasmids.

For manual microscopy analyses, cells were identified using
the corresponding bright-field images. Cells that were substan-
tially cut by the image boundary, markedly out of focus, or could
not be classified confidently were excluded from analysis.

Classification of fluorescent reporter localization

Localization of TDP43-GFP/YFP, Htt103Q-GFP/YFP, and VHL-
GFP was classified using four mutually exclusive categories: no
detectable GFP signal, diffuse GFP fluorescence without dis-
crete foci, moderate aggregates or foci, and severe aggregates
or foci. Moderate aggregates/foci were defined as one or more
small fluorescent puncta, whereas severe aggregates/foci were
defined as one large bright foci and/or multiple prominent foci
within the same cell. Cells containing both small and large foci
were assigned to the severe category.

Quantification of TDP43-GFP, Htt103Q-GFP, and VHL-GFP
localization

1. For TDP43-GFP and Htt103Q-GFP, the percentage of cells in
each localization category was calculated separately for each
independent experiment relative to the total number of cells
scored. The percentage of aggregate-positive cells was calcu-
lated as the number of cells containing moderate or severe
aggregates divided by the total number of cells scored and
multiplied by 100. The percentage of cells containing severe ag-
gregates was calculated in the same manner using the severe-
aggregate category alone.

2. For VHL-GFP, localization-class percentages were calcu-
lated relative to the total number of cells scored. Because a sub-
stantial fraction of cells in some conditions lacked detectable
GFP signal, foci formation was additionally evaluated among
GFP-positive cells only. The percentage of GFP-positive cells
containing VHL-GFP foci was calculated as the number of GFP-
positive cells containing moderate or severe foci divided by the
total number of GFP-positive cells and multiplied by 100.
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Quantification of ThT-channel signal at TDP43-YFP foci

Cells expressing TDP43-YFP were imaged in the YFP and CFP
channels, with the CFP channel used to detect Thioflavin T
(ThT)-associated fluorescence. Parallel samples not exposed to
ThT wereimaged using identical acquisition settings and served
as negative controls. Htt103Q-YFP was used as a positive con-
trol for detection of ThT-reactive inclusions.

Raw fluorescence images were exported as OME-TIFF files
without adjustment of fluorescence intensities. The five raw
structured-illumination phase frames for each fluorescence
channel were averaged to generate a single image for
quantitative analysis. OME-TIFF files were read in Python
using Pillow, and image processing, segmentation, and
fluorescence measurements were performed using scikit-
image, NumPy, and SciPy [72]. The custom Python code used
for quantitative analysis of TDP43-YFP and ThT fluorescence
microscopy images is available through Zenodo, DOI:
10.5281/zenodo.22134077. TDP43-YFP foci were identified
independently from the YFP channel, and CFP-channel
fluorescence was subsequently measured at the corresponding
YFP-defined foci.

Foreach YFP-defined TDP43 foci, mean CFP-channelinten-
sity within the foci was compared with CFP-channel intensity
in a surrounding local cellular reference region. Local CFP/ThT
enrichment was expressed as the ratio of CFP intensity at the
foci to CFP intensity in the surrounding reference region. A ratio
of 1 therefore indicated no local enrichment, whereas values
greater than 1 indicated increased CFP-channel fluorescence
at the TDP43-YFP foci. The median foci-level enrichment ratio
for each analyzed image field was calculated for subsequent
statistical analysis.

Quantification of TDP43-GFP association with subcellular
markers

Cells expressing TDP43-GFP together with Sec63-RFP,
Nup49-mCherry, or Atg8-mCherry, or cells stained with
MitoTracker Red, were analyzed to determine the spatial
relationship of TDP43-GFP with the ER, nuclear pore-associated
structures, autophagy-associated structures, and mitochondria,
respectively. Raw fluorescence images were exported as OME-
TIFF files without adjustment of fluorescence intensities and
analyzed using custom Python scripts implemented with tifffile,
scikit-image, NumPy, and SciPy. GFP and red-fluorescence
channels were analyzed independently so that identification
of TDP43-GFP foci was not influenced by the intensity or
distribution of the corresponding organelle marker. The custom
Python code used for Sec63-RFP segmentation, TDP43-
GFP/Sec63-RFP association, and distance analyses is publicly
available through Zenodo (DOI: 10.5281/zenodo.22135305).

For Sec63-RFP analysis

TDP43-GFP foci and Sec63-positive ER regions were identified
independently from the GFP and RFP channels, respectively.
Sec63-positive regions were defined from the upper 10%
of background-corrected, field-relative RFP signal, and the
resulting mask was expanded by one pixel to accommodate

Microbial Cell | Vol. 13


http://dx.doi.org/10.5281/zenodo.22134077
http://dx.doi.org/10.5281/zenodo.22135305
https://www.microbialcell.com

J. Castells-Ballester and N. Shcherbik (2026)

minor inter-channel registration differences. TDP43-GFP foci
were classified as Sec63-associated when at least 20% of
the GFP-defined foci area overlapped the Sec63-RFP-positive
mask. The percentage of Sec63-associated foci was calculated
relative to the total number of detected TDP43-GFP foci.
As a complementary measure of spatial association, the
shortest Euclidean distance from the center (centroid) of
each TDP43-GFP foci to the nearest Sec63-RFP-positive
region was determined and converted to micrometers using
the physical pixel dimensions stored in the OME metadata.
Measurements from the two microscopy fields belonging
to the same independent biological culture were pooled
before calculation of the replicate-level percentage of Sec63-
associated foci or mean center-to-Sec63 distance.

For Nup49-mCherry analysis

TDP43-GFP foci and Nup49-positive structures were identified
independently. Direct association was defined as spatial overlap
between TDP43-GFP foci and Nup49-mCherry-positive signal.
In a complementary proximity analysis, the shortest distance
from each TDP43-GFP foci to the nearest Nup49-positive
structure was determined. A predefined distance threshold of
0.5 pm was used to classify TDP43-GFP foci as Nup49-proximal.
Measurements from microscopy fields belonging to the
same independent biological culture were combined before
calculation of replicate-level values.

For Atg8-mCherry analysis

TDP43-GFP foci and Atg8-mCherry-positive objects were iden-
tified independently. TDP43-GFP foci were classified as Atg8-
associated when the GFP- and mCherry-defined objects spa-
tially overlapped. The percentage of Atg8-associated foci was
calculated relative to the total number of detected TDP43-GFP
foci. Measurements from microscopy fields belonging to the
same independent biological culture were combined before
calculation of replicate-level values.

For mitochondrial analysis

MitoTracker Red-positive regions were identified independently
from the red-fluorescence channel. Mean TDP43-GFP fluores-
cence within MitoTracker-positive regions was compared with
GFP fluorescence in corresponding local non-mitochondrial ref-
erence regions. Mitochondrial enrichment was expressed as
the ratio of GFP intensity within MitoTracker-positive regions to
GFP intensity in the local non-mitochondrial reference region; a
ratio of 1 indicated no preferential enrichment of TDP43-GFP at
MitoTracker-positive regions. Measurements from microscopy
fields belonging to the same independent biological culture
were combined before calculation of replicate-level values.

For all subcellular-marker analyses, the independent bio-
logical culture, rather than individual cells, TDP43-GFP foci, or
microscopy fields, was treated as the independent experimental
unit.
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Statistical analyses

Statistical analyses were performed using GraphPad Prism
10. Unless otherwise indicated, each biological replicate was
treated as an independent observation, and data are presented
as mean = SD with individual biological replicates shown
as symbols. P values < 0.05 were considered statistically
significant. Where multiple comparisons were performed,
adjusted P values were reported. Significance was indicated as
follows: ns, not significant; (*) P < 0.05; (**) P < 0.01; (***) P <
0.001; and (****) P < 0.0001.

TDP43-GFP abundance measured by immunoblotting and
normalized to tubulin was compared among WT, scp1604,
bfr14, and asc714 strains using ordinary one-way ANOVA
followed by Dunnett's multiple-comparisons test with WT as
the control. Percentages of total TDP43-GFP aggregate-positive
cells and cells containing severe TDP43-GFP aggregates were
analyzed using ordinary one-way ANOVA followed by Tukey's
multiple-comparisons test.

Percentages of cells containing severe Htt103Q-GFP ag-
gregates and Htt103Q-GFP abundance normalized to tubulin
were analyzed by ordinary one-way ANOVA followed by Tukey's
multiple-comparisons test.

VHL-GFP foci formation and VHL-GFP abundance were
analyzed by ordinary two-way ANOVA with genotype and
bortezomib treatment as factors, including the genotype x
treatment interaction. For foci formation, bortezomib- and
DMSO-treated cultures were compared within each genotype
using Sidak’s multiple-comparisons test, and mutant strains
were compared with WT within each treatment condition using
Dunnett's multiple-comparisons test. VHL-GFP abundance
was compared among genotypes within each treatment
condition using Tukey's multiple-comparisons test. Localization
distributions shown in stacked-bar graphs were descriptive;
inferential analyses were performed using values calculated
separately for each biological replicate.

ThT-channel enrichment at TDP43-YFP foci was analyzed
by ordinary two-way ANOVA with genotype and ThT treatment
as factors, including the genotype x treatment interaction.
Tukey's multiple-comparisons test was used for pairwise
genotype comparisons within each treatment condition.

For Sec63-RFP analyses, percentages of Sec63-associated
TDP43-GFP foci were compared among genotypes using
ordinary one-way ANOVA followed by Dunnett's multiple-
comparisons test with WT as the control. Mean distances
between TDP43-GFP foci and the nearest Sec63-RFP-positive
ER structure were analyzed by ordinary one-way ANOVA
followed by Tukey's multiple-comparisons test. For Nup49-
mCherry analyses, percentages of directly associated TDP43-
GFP foci were analyzed by one-way ANOVA followed by
Dunnett's test, whereas percentages of foci located within
the predefined 0.5-um proximity threshold were analyzed by
one-way ANOVA followed by Tukey's test.

Percentages of TDP43-GFP foci associated with Atg8-
mCherry-positive  structures and TDP43-GFP enrichment
ratios at MitoTracker Red-positive mitochondrial regions were
compared among genotypes using ordinary one-way ANOVA
followed by Tukey's multiple-comparisons test.
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For microplate reader measurements, technical replicates
were averaged within each biological experiment before anal-
ysis. Growth and fluorescence time courses were plotted de-
scriptively, whereas the 6-h normalized fluorescence/ODy, val-
ues were compared among genotypes using ordinary one-way
ANOVA followed by Tukey's multiple-comparisons test.

ACKNWOLDEGMENTS

This study was supported by National Institutes of Health (NIH)
grant ROTGM114308 to N.S. We are grateful to Dr. Katrina
Cooper (Rowan-Virtua University School of Osteopathic
Medicine) for the TDP43-YFP plasmid, Dr. Yury Chernoff
(Georgia Institute of Technology) for pYes-Htt103Q-GFP, Dr.
Campbell Gourlay (University of Kent) for the Sec63-RFP
plasmid, Dr. Daniel J. Klionsky (University of Michigan) for
the Atg8-mCherry plasmid, and Dr. Kiran Madura (Rutgers
Robert Wood Johnson Medical School) for the Nup49-mCherry
plasmid. We also thank Francesca Frontera for assistance with
fluorescence microscopy using the Zeiss Observer Z1.

SUPPLEMENTAL MATERIAL

All supplemental data for this article are available online at
www.microbialcell.com.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

COPYRIGHT

© 2026 Castells-Ballester and Shcherbik. Thisis an open-access
article released under the terms of the Creative Commons Attri-
bution (CC BY) license, which allows the unrestricted use, distri-
bution, and reproduction in any medium, provided the original
author and source are acknowledged.

Please cite this article as: Joan Castells-Balleste, Natalia Shcherbik
(2026). Scp160 deletion suppresses TDP-43 aggregation and
toxicity in Saccharomyces cerevisiae. Microbial Cell 13. 358-377.
doi: 10.15698/mic2026.10.888

REFERENCES

1. Chiti F, Dobson CM (2017). Protein Misfolding, Amyloid Formation,
and Human Disease: A Summary of Progress Over the Last Decade.
Annu Rev Biochem 86: 27-68. doi:10.1146/annurev-biochem-061516-
045115

2. Soto C, Pritzkow S (2018). Protein misfolding, aggregation, and confor-
mational strains in neurodegenerative diseases. Nat Neurosci 21 (10):
1332-1340. doi:10.1038/s41593-018-0235-9

3. Hipp MS, Kasturi P, Hartl FU (2019). The proteostasis network
and its decline in ageing. Nat Rev Mol Cell Biol 20 (7): 421-435.
doi:10.1038/s41680-019-0101-y

4. Fushimi K, Long C, Jayaram N, Chen X, Li L, Wu JY (2011). Expression
of human FUS/TLS in yeast leads to protein aggregation and cytotoxic-
ity, recapitulating key features of FUS proteinopathy. Protein Cell 2 (2):
141-149. doi:10.1007/s13238-011-1014-5

5. Johnson BS, McCaffery JM, Lindquist S, Gitler AD (2008). A yeast TDP-
43 proteinopathy model: Exploring the molecular determinants of TDP-
43 aggregation and cellular toxicity. Proc Natl Acad Sci USA 105 (17):
6439-6444. doi:10.1073/pnas.0802082105

OPEN ACCESS | www.microbialcell.com

375

10.

11.

12.

18.

14.

16.

16.

17.

18.

19.

20.

21.

22.

Scp160 controls TDP-43 aggregation in yeast

. Konopka CA, Locke MN, Gallagher PS, Pham N, Hart MP, Walker CJ, Gitler

AD, Gardner RG (2011). A yeast model for polyalanine-expansion aggre-
gation and toxicity. MBOC 22 (12): 1971-1984. doi:10.1091/mbc.e11-01-
0037

. Krobitsch S, Lindquist S (2000). Aggregation of huntingtin in yeast varies

with the length of the polyglutamine expansion and the expression of
chaperone proteins. Proc Natl Acad Sci U S A 97 (4): 1589-1594.
doi:10.1073/pnas.97.4.15689

. Sharma N, Brandis KA, Herrera SK, Johnson BE, Vaidya T, Shrestha R,

Debburman SK (2006). alpha-Synuclein budding yeast model: toxicity
enhanced by impaired proteasome and oxidative stress. J Mol Neurosci
28 (2): 161-178.doi:10.1385/JMN:28:2:161

. Ferreira-Junior JR, de Lima Camandona V, Barros MH (2025). From

Yeast to Therapeutics: Modeling Neurodegenerative Diseases in Saccha-
romyces cerevisiae. Yeast 42 (12): 283-302.doi: 10.1002/yea.70008

Stella R, Bertoli A, Lopreiato R, Peggion C (2025). A Twist in Yeast: New
Perspectives for Studying TDP-43 Proteinopathies in S cerevisiae. JOF 11
(3): 188.d0i10.3390/j0f 11030188

Neelagandan N, Gonnella G, Dang S, Janiesch PC, Miller KK, Kuchler
K, Marques RF, Indenbirken D, Alawi M, Grundhoff A, Kurtz S, Dun-
can KE (2019). TDP-43 enhances translation of specific mMRNAs linked
to neurodegenerative disease. Nucleic Acids Res 47 (1): 341-361.
doi:10.1093/nar/gky972

Ratti A, Buratti E (2016). Physiological functions and pathobiology
of TDP-43 and FUS/TLS proteins. J Neurochem 138: 95-111.
doi:10.1111/jnc.13625

Suk TR, Rousseaux MWC (2020). The role of TDP-43 mislocalization
in amyotrophic lateral sclerosis. Mol Neurodegeneration 15 (1): 45.
doi:10.1186/513024-020-00397-1

Armakola M, Higgins MJ, Figley MD, Barmada SJ, Scarborough EA, Diaz
Z, Fang X, Shorter J, Krogan NJ, Finkbeiner S, Farese RV, Gitler AD
(2012). Inhibition of RNA lariat debranching enzyme suppresses TDP-
43 toxicity in ALS disease models. Nat Genet 44 (12): 1302-1309.
doi:10.1038/ng.2434

Bolognesi B, Faure AJ, Seuma M, Schmiedel JM, Tartaglia GG, Lehner B
(2019). The mutational landscape of a prion-like domain. Nat Commun
10 (1): 4162. doi:10.1038/s41467-019-12101-z

Park S, Park S-K, Blair P, Liebman SW (2025). An adenine model of inborn
metabolism errors alters TDP-43 aggregation and reduces its toxicity in
yeast revealing insights into protein misfolding diseases. Microbial Cell
12:119-130. doi: 10.156698/mic2025.05.850

Lu S, Hu J, Arogundade OA, Goginashvili A, Vazquez-Sanchez S, Diedrich
JK, Gu J, Blum J, Oung S, Ye Q, Yu H, Ravits J, Liu C, Yates JR, Cleveland
DW (2022). Heat-shock chaperone HSPB1 regulates cytoplasmic TDP-
43 phase separation and liquid-to-gel transition. Nat Cell Biol 24 (9):
1378-1393. doi:10.1038/s41556-022-00988-8

Frey S, Pool M, Seedorf M (2001). Scp160p, an RNA-binding, polysome-
associated protein, localizes to the endoplasmic reticulum of Saccha-
romyces cerevisiae in a microtubule-dependent manner. J Biol Chem
276 (19): 15905-15912. doi:10.1074/jbc.M009430200

Hirschmann WD, Westendorf H, Mayer A, Cannarozzi G, Cramer P, Jansen
R-P (2014). Scp160p is required for translational efficiency of codon-
optimized mRNAs in yeast. Nucleic Acids Res 42 (6): 4043-4055.
doi:10.1093/nar/gkt1392

Brandman O, Stewart-Ornstein J, Wong D, Larson A, Williams CC, Li G-
W, Zhou S, King D, Shen PS, Weibezahn J, Dunn JG, Rouskin S, Inada T,
Frost A, Weissman JS (2012). A ribosome-bound quality control complex
triggers degradation of nascent peptides and signals translation stress.
Cell 151 (5): 1042-1054. doi:10.1016/j.cell.2012.10.044

Pechmann S, Willmund F, Frydman J (2013). The Ribosome as a Hub
for Protein Quality Control. Mol Cell 49 (3): 411-421. doi:10.1016/.mol-
cel.2013.01.020

Cheng MHK, Hoffmann PC, Franz-Wachtel M, Sparn C, Seng C, Macek B,
Jansen R-P (2018). The RNA-Binding Protein Scp160p Facilitates Aggre-
gation of Many Endogenous Q/N-Rich Proteins. Cell Rep 24 (1): 20-26.
doi:10.1016/j.celrep.2018.06.015

Microbial Cell | Vol. 13


http://www.microbialcell.com
http://dx.doi.org/10.1146/annurev-biochem-061516-045115
http://dx.doi.org/10.1146/annurev-biochem-061516-045115
http://dx.doi.org/10.1038/s41593-018-0235-9
http://dx.doi.org/10.1038/s41580-019-0101-y
http://dx.doi.org/10.1007/s13238-011-1014-5
http://dx.doi.org/10.1073/pnas.0802082105
http://dx.doi.org/10.1091/mbc.e11-01-0037
http://dx.doi.org/10.1091/mbc.e11-01-0037
http://dx.doi.org/10.1073/pnas.97.4.1589
http://dx.doi.org/10.1385/JMN:28:2:161
http://dx.doi.org/10.1002/yea.70008
http://dx.doi.org/10.3390/jof11030188
http://dx.doi.org/10.1093/nar/gky972
http://dx.doi.org/10.1111/jnc.13625
http://dx.doi.org/10.1186/s13024-020-00397-1
http://dx.doi.org/10.1038/ng.2434
http://dx.doi.org/10.1038/s41467-019-12101-z
http://dx.doi.org/10.15698/mic2025.05.850
http://dx.doi.org/10.1038/s41556-022-00988-8
http://dx.doi.org/10.1074/jbc.M009430200
http://dx.doi.org/10.1093/nar/gkt1392
http://dx.doi.org/10.1016/j.cell.2012.10.044
http://dx.doi.org/10.1016/j.molcel.2013.01.020
http://dx.doi.org/10.1016/j.molcel.2013.01.020
http://dx.doi.org/10.1016/j.celrep.2018.06.015
https://www.microbialcell.com

J. Castells-Ballester and N. Shcherbik (2026)

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Castells-Ballester J, Rinis N, Kotan |, Gal L, Bausewein D, Kats |, Zatorska E,
Kramer G, Bukau B, Schuldiner M, Strahl S (2019). Translational Regula-
tion of Pmt1 and Pmt2 by Bfr1 Affects Unfolded Protein O-Mannosylation.
Int J Mol Sci 20 (24): 6220. doi:10.3390/ijms20246220

Lang BD, Li A-min, Black-Brewster HD, Fridovich-Keil JL (2001). The
brefeldin A resistance protein Bfr1p is a component of polyribosome-
associated mRNP complexes in yeast. Nucleic Acids Res 29 (12):
2567-2574.doi:10.1093/nar/29.12.2567

Lang BD, Fridovich-Keil JL (2000). Scp160p, a multiple KH-domain pro-
tein, is a component of MRNP complexes in yeast. Nucleic Acids Res 28
(7): 1676-1584. doi:10.1093/nar/28.7.1576

Park S-K, Park S, Liebman SW (2026). Deletion of the Saccharomyces
cerevisiae RACK1 homolog, ASC1, enhances autophagy which miti-
gates TDP-43 toxicity. Genetics 232 (4): iyag014. doi:10.1093/genet-
ics/iyag014

Baum S, Bittins M, Frey S, Seedorf M (2004). Asc1p, a WD40-domain
containing adaptor protein, is required for the interaction of the RNA-
binding protein Scp160p with polysomes. Biochem J 380 (3): 823-830.
doi:10.1042/bj20031962

Shcherbik N (2013). Golgi-mediated glycosylation determines residency
of the T2 RNase Rny1p in Saccharomyces cerevisiae. Traffic 14 (12):
1209-1227.doi:10.1111/tra. 12122

Lapointe CP, Wilinski D, Saunders HAJ, Wickens M (2015). Protein-RNA
networks revealed through covalent RNA marks. Nat Methods 12 (12):
1163-1170. doi:10.1038/nmeth.3651

Valerius O, Kleinschmidt M, Rachfall N, Schulze F, Lopez Marin S, Hop-
pert M, Streckfuss-Bomeke K, Fischer C, Braus GH (2007). The Sac-
charomyces homolog of mammalian RACK1, Cpc2/Ascp, is required
for FLO11-dependent adhesive growth and dimorphism. Mol Cell Pro-
teomics 6 (11): 1968-1979.doi:10.1074/mcp.M700184-MCP200

Johnson BS, Snead D, Lee JJ, McCaffery JM, Shorter J, Gitler AD (2009).
TDP-43 is intrinsically aggregation-prone, and amyotrophic lateral
sclerosis-linked mutations accelerate aggregation and increase toxicity. J
Biol Chem 284 (30): 20329-20339. doi:10.1074/jbc.M109.010264

Cohen A, Ross L, Nachman |, Bar-Nun S (2012). Aggregation of polyQ
proteins is increased upon yeast aging and affected by Sir2 and Hsf1:
novel quantitative biochemical and microscopic assays. PLoS One 7 (9):
€44785. doi:10.1371/journal.pone.0044785

Kaiser CJO, Grotzinger SW, Eckl JM, Papsdorf K, Jordan S,
Richter K (2013). A network of genes connects polyglutamine
toxicity to ploidy control in yeast. Nat Commun 4 (1571).
doi:10.1038/ncomms2575

Giorgini F, Guidetti P, Nguyen Q, Bennett SC, Muchowski PJ (2005). A
genomic screen in yeast implicates kynurenine 3-monooxygenase as a
therapeutic target for Huntington disease. Nat Genet 37 (5): 526-531.
doi:10.1038/ng 1542

Kaganovich D, Kopito R, Frydman J (2008). Misfolded proteins partition
between two distinct quality control compartments. Nature 454 (7208):
1088-1095. doi:10.1038/nature07195

McClellan AJ, Scott MD, Frydman J (2005). Folding and quality control
of the VHL tumor suppressor proceed through distinct chaperone path-
ways. Cell 121 (5): 739-748. doi:10.1016/j.cell.2005.03.024

Melville MW, McClellan AJ, Meyer AS, Darveau A, Frydman J (2003). The
Hsp70 and TRIC/CCT chaperone systems cooperate in vivo to assemble
the von Hippel-Lindau tumor suppressor complex. Mol Cell Biol 23 (9):
3141-3151.doi:10.1128/MCB23.9.3141-3151.2003

Specht S, Miller SBM, Mogk A, Bukau B (2011). Hsp42 is required for se-
questration of protein aggregates into deposition sites in Saccharomyces
cerevisiae. J Cell Biol 195 (4):617-629. doi:10.1083/jcb.201106037

Samant RS, Frydman J (2019). Methods for measuring misfolded protein
clearance in the budding yeast Saccharomyces cerevisiae. Methods
Enzymol 619: 27-45. doi:10.1016/bs.mie.2018.12.039

Oromendia AB, Dodgson SE, Amon A (2012). Aneuploidy causes
proteotoxic stress in yeast. Genes Dev 26 (24); 2696-2708.
doi:10.1101/gad.207407.112

Park S, Park S-K, Liebman SW (2024). Expression of Wild-Type and
Mutant Human TDP-43 in Yeast Inhibits TOROID (TORC1 Organized

OPEN ACCESS | www.microbialcell.com

42.

43.

44,

45

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

Scp160 controls TDP-43 aggregation in yeast

in Inhibited Domain) Formation and Autophagy Proportionally
to the Levels of TDP-43 Toxicity. Int J Mol Sci 25 (11); 6258.
doi:10.3390/ijms25116268

Wu H, Wang LC, Sow BM, Leow D, Zhu J, Gallo KM, Wilsbach K, Gupta
R, Ostrow LW, Yeo CJJ, Sobota RM, Li R (2024). TDP43 aggregation at
ER-exit sites impairs ER-to-Golgi transport. Nat Commun 15 (1): 9026.
doi:10.1038/s41467-024-52706-7

Fang Y-S, Tsai K-J, Chang Y-J, Kao P, Woods R, Kuo P-H, Wu C-C, Liao
J-Y, Chou S-C, Lin V, Jin L-W, Yuan HS, Cheng IH, Tu P-H, Chen Y-R
(2014). Full-length TDP-43 forms toxic amyloid oligomers that are present
in frontotemporal lobar dementia-TDP patients. Nat Commun 5 (4824).
doi:10.1038/ncommsb824

Wear MP, Kryndushkin D, O'Meally R, Sonnenberg JL, Cole RN, Shew-
maker FP (2015). Proteins with Intrinsically Disordered Domains Are
Preferentially Recruited to Polyglutamine Aggregates. PLoS One 10 (8):
€0136362. doi:10.1371/journal.pone.0 136362

Saarikangas J, Caudron F, Prasad R, Moreno DF, Bolognesi A, Aldea M,
Barral Y (2017). Compartmentalization of ER-Bound Chaperone Confines
Protein Deposit Formation to the Aging Yeast Cell. Curr Biol 27 (6):
773-783.d0i:10.1016/j.cub.2017.01.069

Sontag EM, Samant RS, Frydman J (2017). Mechanisms and Func-
tions of Spatial Protein Quality Control. Annu Rev Biochem 86: 97-122.
doi:10.1146/annurev-biochem-060815-014616

Braun RJ, Sommer C, Carmona-Gutierrez D, Khoury CM, Ring
J, Buttner S, Madeo F (2011). Neurotoxic 43-kDa TAR DNA-
binding protein  (TDP-43) triggers  mitochondrion-dependent
programmed cell death in yeast. J Biol Chem 286 (22): 19958-19972.
doi:10.1074/jbc.M110.194852

Wang W, Wang L, Lu J, Siedlak SL, Fujioka H, Liang J, Jiang S, Ma X,
Jiang Z da Rocha EL, Sheng M, Choi H, Lerou PH, Li H, Wang X (2016).
The inhibition of TDP-43 mitochondrial localization blocks its neuronal
toxicity. Nat Med 22 (8): 869-878. doi: 10.1038/nm.4130

Wang W, Li L, Lin W-L, Dickson DW, Petrucelli L, Zhang T, Wang X
(2013). The ALS disease-associated mutant TDP-43 impairs mitochon-
drial dynamics and function in motor neurons. Human Mol Genet 22
(23): 4706-4719. doi:10.1093/hmg/ddt319

Leibiger C, Deisel J, Aufschnaiter A, Ambros S, Tereshchenko M, Ver-
heijen BM, Buttner S, Braun RJ (2018). Endolysosomal pathway activity
protects cells from neurotoxic TDP-43. Microbial Cell 5 (4): 212-214.
doi:10.16698/mic2018.04.627

. Leibiger C, Deisel J, Aufschnaiter A, Ambros S, Tereshchenko M, Verheijen

BM, Buttner S, Braun RJ (2018). TDP-43 controls lysosomal pathways
thereby determining its own clearance and cytotoxicity. Hum Mol Genet
27 (9): 1593-1607. doi:10.1093/hmg/ddy066

Chou C-C, Zhang Y, Umoh ME, Vaughan SW, Lorenzini |, Liu F, Sayegh
M, Donlin-Asp PG, Chen YH, Duong DM, Seyfried NT, Powers MA, Kukar
T, Hales CM, Gearing M, Caimns NJ, Boylan KB, Dickson DW, Rademak-
ers R, Zhang Y-J, Petrucelli L, Sattler R, Zarnescu DC, Glass JD, Rossoll
W (2018). TDP-43 pathology disrupts nuclear pore complexes and nu-
cleocytoplasmic transport in ALS/FTD. Nat Neurosci 21 (2): 228-239.
doi:10.1038/541593-017-0047-3

Wintersberger U, Kihne C, Karwan A (1995). Scp160p, a new yeast
protein associated with the nuclear membrane and the endoplasmic
reticulum, is necessary for maintenance of exact ploidy. Yeast 11 (10):
929-944. doi:10.1002/yea.320111004

Yan Y, Wang X, Jeon H, Kee TR, Tran KD, Lee H, Zhao X, Liu T, Wing
SS, Woo J-AA, Kang DE (2026). Ubiquitin-specific peptidase-19 links
TDP-43 aggregation to ER stress. Proc Natl Acad Sci U S A 123 (11):
€25143551283.doi:10.1073/pnas.2514355123

Sitron CS, Park JH, Brandman O (2017). Asc1, Hel2, and Slh1 couple
translation arrest to nascent chain degradation. RNA 23 (5): 798-810.
doi:10.1261/mMa.060897.117

Wolf AS, Grayhack EJ (2015). Asc 1, homolog of human RACK1, prevents
frameshifting in yeast by ribosomes stalled at CGA codon repeats. RNA
21 (5): 935-945. doi:10.1261/rna.049080.114

Kramer G, Boehringer D, Bukau B (2009). The ribosome as a
platform for co-translational processing, folding and targeting of
newly synthesized proteins. Nat Struct Mol Biol 16 (6): 589-597.
doi:10.1038/nsmb.1614

Microbial Cell | Vol. 13


http://dx.doi.org/10.3390/ijms20246220
http://dx.doi.org/10.1093/nar/29.12.2567
http://dx.doi.org/10.1093/nar/28.7.1576
http://dx.doi.org/10.1093/genetics/iyag014
http://dx.doi.org/10.1093/genetics/iyag014
http://dx.doi.org/10.1042/bj20031962
http://dx.doi.org/10.1111/tra.12122
http://dx.doi.org/10.1038/nmeth.3651
http://dx.doi.org/10.1074/mcp.M700184-MCP200
http://dx.doi.org/10.1074/jbc.M109.010264
http://dx.doi.org/10.1371/journal.pone.0044785
http://dx.doi.org/10.1038/ncomms2575
http://dx.doi.org/10.1038/ng1542
http://dx.doi.org/10.1038/nature07195
http://dx.doi.org/10.1016/j.cell.2005.03.024
http://dx.doi.org/10.1128/MCB23.9.3141-3151.2003
http://dx.doi.org/10.1083/jcb.201106037
http://dx.doi.org/10.1016/bs.mie.2018.12.039
http://dx.doi.org/10.1101/gad.207407.112
http://dx.doi.org/10.3390/ijms25116258
http://dx.doi.org/10.1038/s41467-024-52706-7
http://dx.doi.org/10.1038/ncomms5824
http://dx.doi.org/10.1371/journal.pone.0136362
http://dx.doi.org/10.1016/j.cub.2017.01.069
http://dx.doi.org/10.1146/annurev-biochem-060815-014616
http://dx.doi.org/10.1074/jbc.M110.194852
http://dx.doi.org/10.1038/nm.4130
http://dx.doi.org/10.1093/hmg/ddt319
http://dx.doi.org/10.15698/mic2018.04.627
http://dx.doi.org/10.1093/hmg/ddy066
http://dx.doi.org/10.1038/s41593-017-0047-3
http://dx.doi.org/10.1002/yea.320111004
http://dx.doi.org/10.1073/pnas.2514355123
http://dx.doi.org/10.1261/rna.060897.117
http://dx.doi.org/10.1261/rna.049080.114
http://dx.doi.org/10.1038/nsmb.1614
https://www.microbialcell.com

J. Castells-Ballester and N. Shcherbik (2026)

58.

59.

60.

61.

62.

63.

64.

Feicht J, Jansen R-P (2024). The high-density lipoprotein
binding protein HDLBP is an unusual RNA-binding protein with
multiple roles in cancer and disease. RNA Biol 21 (1): 312-321.
doi:10.1080/156476286.2024.2313881

Kosmas K, Filippakis H, Khabibullin D, Turkiewicz M, Lam HC, Yu J, Keder-
sha NL, Anderson PJ, Henske EP (2021). TSC2 Interacts with HDLBP/Vig-
ilin and Regulates Stress Granule Formation. Mol Cancer Res 19 (8):
1389-1397.d0i:10.11568/1641-7786.MCR-20-1046

Zinnall U, Milek M, Minia |, Vieira-Vieira CH, Muller S, Mastrobuoni G,
Hazapis O-G, Del Giudice S, Schwefel D, Bley N, Voigt F, Chao JA, Kempa
S, Huttelmaier S, Selbach M, Landthaler M (2022). HDLBP binds ER-
targeted mRNAs by multivalent interactions to promote protein synthesis
of transmembrane and secreted proteins. Nat Commun 13 (1): 2727.
doi:10.1038/s41467-022-30322-7

Buckman JF, Herandez H, Kress GJ, Votyakova TV, Pal S, Reynolds IJ
(2001). MitoTracker labeling in primary neuronal and astrocytic cultures:
influence of mitochondrial membrane potential and oxidants. J Neurosci
Methods 104 (2): 165-176. doi:10.1016/s0165-0270(00)00340-x

Klionsky DJ, et al. (2021). Guidelines for the use and interpretation of as-
says for monitoring autophagy (4th edition) 1. Autophagy 17 (1): 1-382.
doi:10.1080/16548627.2020.1797280

Shindiapina P, Barlowe C (2010). Requirements for transitional endoplas-
mic reticulum site structure and function in Saccharomyces cerevisiae.
Mol Biol Cell 21 (9): 1530-1545. doi:10.1091/mbc.e09-07-0605

Gilles J-F, Dos Santos M, Boudier T, Bolte S, Heck N (2017). DiAna, an
Imaged tool for object-based 3D co-localization and distance analysis.
Methods 115: 55-64. doi:10.1016/j.ymeth.2016.11.016

OPEN ACCESS | www.microbialcell.com

377

65.

66.

67.

68.

69.

70.

7.

72.

Scp160 controls TDP-43 aggregation in yeast

Yorimitsu T, Sato K (2020). Sec16 function in ER export and autophagy
is independent of its phosphorylation in Saccharomyces cerevisiae. Mol
Biol Cell 31 (3): 149-156. doi:10.1091/mbc.E19-08-0477

Yorimitsu T, Sato K (2023). Sec16 and Sed4 interdependently function
as interaction and localization partners at ER exit sites. J Cell Sci 136 (9):
j€$261094. doi:10.1242/jcs.261094

Thompson MK, Rojas-Duran MF, Gangaramani P, Gilbert WV (2016). The
ribosomal protein Asc1/RACK1 is required for efficient translation of short
MRNAs. eLife 5:€11154. doi:10.7554/eLife. 11154

Meriin AB, Zhang X, Alexandrov IM, Salnikova AB, Ter-Avanesian MD,
Chernoff YO, Sherman MY (2007). Endocytosis machinery is involved in
aggregation of proteins with expanded polyglutamine domains. FASEB
J 21 (8): 1915-1925. doi: 10.1096/f;.06-6878com

Umekawa M, Klionsky DJ (2012). Ksp1 kinase regulates autophagy via
the target of rapamycin complex 1 (TORC1) pathway. J Biol Chem 287
(20): 16300-16310. doi:10.1074/jbc.M112.344952

Jin C, Kim SK, Willis SD, Cooper KF (2015). The MAPKKKs Ste11 and
Bck1 jointly transduce the high oxidative stress signal through the cell
wall integrity MAP kinase pathway. Microbial Cell 2 (9): 329-342.
doi:10.156698/mic2015.09.226

Shcherbik N, Kee Y, Lyon N, Huibregtse JM, Haines DS (2004). A
single PXY motif located within the carboxyl terminus of Spt23p
and Mga2p mediates a physical and functional interaction with
ubiquitin ligase Rsp5p. J Biol Chem 279 (51): 53892-53898.
doi:10.1074/jbc.M410325200

Van Der Walt S, Schonberger JL, Nunez-Iglesias J, Boulogne F, Warner

JD, Yager N, Gouillart E, Yu T (2014). scikit-image: image processing in
Python. Peerd 2: €453. doi:10.7717/peer|.453

Microbial Cell | Vol. 13


http://dx.doi.org/10.1080/15476286.2024.2313881
http://dx.doi.org/10.1158/1541-7786.MCR-20-1046
http://dx.doi.org/10.1038/s41467-022-30322-7
http://dx.doi.org/10.1016/s0165-0270(00)00340-x
http://dx.doi.org/10.1080/15548627.2020.1797280
http://dx.doi.org/10.1091/mbc.e09-07-0605
http://dx.doi.org/10.1016/j.ymeth.2016.11.016
http://dx.doi.org/10.1091/mbc.E19-08-0477
http://dx.doi.org/10.1242/jcs.261094
http://dx.doi.org/10.7554/eLife.11154
http://dx.doi.org/10.1096/fj.06-6878com
http://dx.doi.org/10.1074/jbc.M112.344952
http://dx.doi.org/10.15698/mic2015.09.226
http://dx.doi.org/10.1074/jbc.M410325200
http://dx.doi.org/10.7717/peerj.453
https://www.microbialcell.com

	 Scp160 deletion suppresses TDP-43 aggregation and toxicity in Saccharomyces cerevisiae 
	INTRODUCTION
	RESULTS
	Deletion of SCP160 or BFR1 suppresses TDP43-GFP toxicity without reducing protein abundance
	Deletion of SCP160, BFR1, or ASC1 reduces TDP43-GFP aggregation, with the strongest suppression of severe aggregates in scp160 and asc1 cells
	Formation of severe Htt103Q-GFP aggregates is suppressed in scp160, bfr1, and asc1 cells
	Deletion of SCP160, BFR1, or ASC1 suppresses VHL-GFP foci formation, with a distinct effect of Asc1 on reporter abundance
	TDP43-GFP foci lack detectable ThT-specific reactivity
	Deletion of SCP160 alters the spatial relationship of TDP43-GFP foci with Sec63-positive ER structures

	DISCUSSION
	Scp160, Bfr1, and Asc1 influence the partitioning of misfolded proteins into visible assemblies
	Deletion of SCP160 alters the spatial organization of TDP43 at the ER
	A possible link between ribosome-associated mRNPs and protein assembly
	Limitations and future directions.

	MATERIALS AND METHODS
	Yeast strains and culture
	Chemicals and antibodies
	Plasmids
	Cell viability and growth assays
	Live-cell Thioflavin T staining
	FM4-64 staining of vacuoles
	Cell lysis and Western blotting
	Fluorescence microscopy and image analysis
	Fluorescence microscopy
	Classification of fluorescent reporter localization
	Quantification of TDP43-GFP, Htt103Q-GFP, and VHL-GFP localization
	Quantification of ThT-channel signal at TDP43-YFP foci
	Quantification of TDP43-GFP association with subcellular markers
	For Sec63-RFP analysis
	For Nup49-mCherry analysis
	For Atg8-mCherry analysis
	For mitochondrial analysis

	Statistical analyses

	ACKNWOLDEGMENTS
	SUPPLEMENTAL MATERIAL
	CONFLICT OF INTEREST
	COPYRIGHT


