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Abstract

To understand the pathogenesis of many diseases attributed to protein toxicity
such as polyglutamine (polyQ) diseases, it is very crucial to determine how these
toxic disease proteins interact and trap their numerous targets. However, in polyQ
diseases, details of required features for their interaction with targets remain
largely unknown. Here, we identified what features are necessity for interaction
between polyQ and targets, and how target proteins have an effect on polyQ
aggregate formation. We visualized the interaction between pathogenic polyQ
proteins and Q-rich possible target proteins in neurons, which is predicted on the
Q-Q based protein interaction occurring in pathogenic polyQ-containing proteins
for their self-oligomerization/aggregation. Furthermore, we checked whether the
interaction of pathogenic polyQ proteins with targets can be modulated through
designed strategies such as using a structural inhibitor molecule. Through this
study, we established the model system to study the modes of interaction between
pathogenic polyQ and Q-rich target proteins and aim to prove the possibility of

target proteins accelerating aggregate formation by acting as glue.

Keywords: Polyglutamine disease, Q-rich proteins, target proteins, interaction, glue
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neuron (Upper panel). Normal form of polyQ proteins (NLS-Htt18Q and MJD78Q) co-localize
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Htt152Q+nej/CBP+HSP40). Bars indicate mean * SD; n= 20; **P < 0.001 (Student's
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unpaired t test) relative to control.

viii



List of tables

Table 1. List of possible Q-rich target proteins in Drosophila melanogaster.

Table 2. List of possible Q-rich target proteins in Human.



l. Introduction

The polyglutamine (polyQ) diseases are representative neurodegenerative diseases that
are caused by intracellular accumulation of toxic proteins containing expanded glutamine
(CAG) repeats (Zoghbi, H. Y. & Orr, H. T., 2000, Orr, H. T. & Zoghbi, H. Y., 2007).
Although polyQ diseases are classified into at least nine subtypes including Huntington’s
disease (HD) and several types of ataxias depending on the mutated genes responsible for
the diseases, they share several common features. Commonly shared prominent feature is
self-oligomerization of toxic proteins in either nucleus or cytoplasm of neurons, possibly
resulting in neuronal dysfunction. To explain the pathogenesis of polyQ diseases involving
toxic protein accumulation inside the cell (Ross, C. A. & Poirier, M. A., 2004, Arrasate, M.,
2004), toxicity arisen from sequestration of their numerous target proteins, resulting in their
loss of function, can be considered. Seemingly, the formed disease protein complexes
trapping targets are the key contributor of disease pathogenesis. Although many studies
have been actively done to uncover possible targets of pathogenic polyQ proteins, still

detailed mechanisms behind their interaction modes are largely elusive.

To date, many targets of polyQ proteins such as CREB-binding protein (CBP)
(McCampbell, A. et al. 2000), TATA-binding protein (TBP) and Capicua have been
identified. Interestingly, many of these polyQ targets have long patch of Q and high Q

content in common. Based on these commonalities, it has been reported that pathogenic
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polyQ proteins are expressed by self-oligomerization of expanded polyQ proteins, and
interact with various Q-rich proteins. Thus, we assumed Q-Q interaction as the main
contributor for polyQ pathogenesis. While many studies have focused on elucidating the
mode of pathogenic polyQ self-oligomerization, their interaction mode with other target
molecules is still vague. Releasing interaction between Q-rich target proteins and polyQ
proteins can provide effective strategy to alleviate toxicity of polyQ proteins. Taken togather,
understanding a way of interaction between poly Q proteins and other Q-rich-targeted

proteins, and releasing these interactions are indispensable.

Here, we established a good model system for studying the target interaction of
pathogenic polyQ proteins. Using this model system, we found that pathogenic polyQ
proteins were able to trap/sequester Q-rich proteins, and target proteins are able to
accelerate aggregate formation with working as glue. For the future study, we identify what
makes them different from other Q-rich proteins able to interact with polyQ proteins will

provide deeper insight on the pathogenic mechanism of polyQ proteins.



Il. Methods

2.1. Fly stocks

The UAS -Htt-18Q-eGFP, UAS-Htt-152Q-eGFP, UAS-NLS-Htt-18Q, UAS-NLS-Htt-
152Q fly lines were obtained from A. W. Moore (RIKEN Brain Science Institute,
Japan). The ppk-gal4, 109(2)80-gal4, 2-21-gal4, and UAS-mCD8GFP were used as
we have previously described (Ye et al., 2004, Lee et al., 2011). The UAS-MJD-27Q,
UAS-MJD-78Q, UAS-nej-V5, MED25 RNAI-42501, Dspl Ri 31960, MED11 Ri 57815,
UAS- velo 44374 and elav-gal4 fly lines were obtained from the Bloomington Stock
Center. UAS-MED25 F000991, UAS-MED11 F001167, UAS-Dspl1 FO00072 gal4 fly

lines were obtained from the FlyORF Stock Center. Flies were raised at 25°C.

2.2. ldentification of Q-rich proteins

Canonical amino acid sequences of 13,738 proteins deposited in UniProt reference
proteome? for Drosophila melanogaster were collected. Using these sequences, we

identified Q-rich proteins based on the two features of Q-richness. For each protein,
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1

2.3.

we first calculated the density of glutamine (Q) residues defined as the number of Q
residues divided by sequence length. We then calculated the number of patches
composed of seven or more continuous Q residues. We identified Q-rich Proteins as
the ones that have the density of Q residues > 9.0x102 (95" percentile of the
distribution of the density of Q residues for whole proteins) and contain at least one

continuous Q patch

UniProt, C. UniProt: a hub for protein information. Nucleic acids research 43, D204-

212, doi:10.1093/nar/gku989 (2015).

Immunostaining

Third instar larvae fillet was fixed with 4% formaldehyde (Junsei, Japan) without or
with 4% sucrose, respectively, for 20 minutes at room temperature. After rinsed with
washing buffer (0.3% Triton X-100 in Phosphate Buffered Saline), samples were
treated with blocking buffer (Normal Donkey Serum at a concentration of 1:20 in
washing buffer) for an hour at room temperature. Samples were then incubated
overnight at 4°C with primary antibodies of rat anti-HA (3F10, Roche Applied
Sciences; 1:100 dilution), mouse anti-V5 (R960-25, 1:5,000 dilution), with or without
rabbit anti-GFP (1:1,000 dilution) in blocking buffer. After several rinsing with
washing buffer for 30 minutes, samples were incubated further with fluorescent dye-
conjugated secondary antibodies (Jackson Immunoresearch Laboratories; 1:200

dilution) for 2~4 hours at room temperature. Cy3-conjugated anti-HRP (Jackson



Immunoresearch Laboratories; 1:200 dilution) staining was used together with the
secondary antibodies to label membrane of dendrites of whole da neurons in larvae
fillet. After washing, samples were mounted with 70% glycerol in phosphate

buffered saline (PBG) for imaging.

2.4.  Statistical analysis for significant test

Student’s unpaired t-test (Microsoft Office Excel's T-TEST) was used for statistical

comparison.

2.5. Microscope Imaging

Imaging was carried out by using a ZeissLSM700 and ZeissLSM780 confocal
system.

Images were taken with 40x oil lens at the temperature of 21°C. PBG was used as a
mounting solution. Images were acquired through a Zen (Zeiss LSM700 and 780)

program and processed by Adobe Photoshop program.



1. Result

3.1. Pathogenic polyQ proteins interact with Q-rich polyQ proteins.

Previous study with polyQ disease, ataxin-3 [SCA3 (Spinocerebellar ataxia type 3) / MJD
(Machado—Joseph disease)], rescue eye phenotype and generally suppresses degeneration
induced by pathogenic polyQ proteins in Drosophila (Warrick et al., 2005). Although such
ataxin-3 normal polyQ proteins may contribute to rescue from pathogenesis, we tested
mutation forms of ataxin-3 (MJD27Q-FL C14A). It did not rescue and modulate degeneration,

but rather accelerate toxicity phenotypically in Drosophila neurons (Figure 1.1 and 1.2).

To investigate what happen to these proteins and how normal polyQ proteins change its
subcellular location, we co-expressed of normal ataxin-3 (MJD27Q) and pathogenic form of
ataxin-3 (MJD78Q). As a result, we observed that MJD27Q is trapped in MJD78Q (Figure
1.3). We assumed polyQ proteins trap target proteins depending on its contents of

glutamines (Q).



To determine whether target proteins can be trapped in pathogenic polyQ proteins, we
compared subcellular locations using both normal and expanded Q repeat lengths. MJD and
Htt are utilized to modulate Q-contents genetically. Generally, previous studies also showed
normal MJD proteins located in cytoplasm, but pathogenic forms located in nucleus. In
contrast, huntingtin (Htt) located in cytoplasm both normal and pathogenic conditions
(Supplementary Figures 1.1 and 1.2). We observed co-expressed each two types of
pathogenic polyQ proteins, Htt152Q and MJD78Q, and normal polyQ proteins, Htt18Q and
MJID27Q. As a result, Htt152Q trapped MJD78Q in cytoplasm, but normal polyQ proteins did
not interact with each other proteins (Figure 1.4). Next, we examined expression of different
subcellular proteins location, using nuclear-localization-signal (NLS) -Htt1520Q and Htt-152Q
with MJID27Q flies. We observed Q-rich proteins were trapped in pathogenic Q-expansion
proteins in cytoplasm as well as nucleus (Figure 1.5). It suggested that pathogenic polyQ
proteins trapped Q-rich target proteins, regardless of subcellular location and indicated that
Q-contents/lengths are important factor between pathogenic polyQ proteins and target

proteins interaction.



3.2. Possible target proteins in the cell and Co-localization between possible Q-

rich target proteins and pathogenic polyQ protein

According to the results above findings, we assumed that there are numerous Q-rich target
proteins, including polyQ proteins and high continuous Q or high Q contents proteins, and
those are able to be targets of pathogenic polyQ proteins. Several previous studies (Tait et
al., 1998; Orr and Zoghbi, 2007) showed that the pathogenic MJD polyQ protein interacts
with the nuclear proteins including the polyQ patch, and/or sequesters transcription factors

into their aggregates.

However, there is a limit to figure out the modes of interaction, because they are all polyQ
proteins. To generalize our hypothesis, we should have analyzed other cellular proteins. For
this, we found canonical amino acid sequences of 13,738 proteins deposited in UniProt
reference proteome for Drosophila melanogaster were collected (Figure 2.1). Using these
sequences, we identified Q-rich proteins based on the two features of Q-richness. For each
protein, we first calculated the density of glutamine (Q) residues defined as the number of Q
residues divided by sequence length (Figure 2.2). We then calculated the number of patches
composed of seven or mare continuous Q residues (Figure 2.3). We identified numerous Q-
rich proteins existed in the cellular level systematically and it supports that pathogenic polyQ

proteins can sequester/trap their potential target proteins.

We next explored whether possible Q-rich target proteins could be trapped in pathogenic

polyQ proteins. We used several available fly lines, Mediator Complex Subunit 25 (MED25),
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Mediator Complex Subunit 11 (MED11), Dorsal switch protein 1 (Dspl), Veloren (velo) in the
Tablel, and CREB (cCAMP response element binding) Binding Protein (CBP). CBP is already
largely recognized as target proteins trapped in polyQ proteins, the Htt and the MJD
(SCA3/Atx-3) in vitro (McCambell et al. 2000; Steffan et al.2001; Nucifora et al. 2001). In

addition, we also screened the list of Q-rich proteins in Human by Table. 2.

At first, we showed where the possible target proteins localization in normal condition of
neurons (Figure 3.1), then co-expressed with Htt152Q (Figure 3.2). MED11, MED25, DSP1
and CBP are co-localization with Htt152Q, even they have different tendency. However, velo
is not co-localized with Htt152Q (data not shown). We assumed that possible target of Q-rich
proteins have different own characterization, then those all targets are not able to trap with
pathogenic polyQ proteins. Taken together, these results suggest that possible targets of Q-
rich proteins exist in the general cellular condition and several possible Q-rich target proteins

co-localized with pathogenic polyQ proteins.



3.3.  Overexpressed target proteins with polyQ proteins increased aggregation

form

To corroborate the above observation, we investigated the sequestration effect of
expanded polyQ proteins with interacting partners. For the purpose of confirming the
possible involvement of Q-rich target proteins in aggregate formation of polyQ proteins, we
tested whether target proteins increase the aggregate formation or not when the target
proteins were increased. The result showed that overexpressed target proteins such as
MJID-27Q, MED11 and MED25, are able to increase aggregate formation numbers (Figures
4A and 4C). There seemed to be significant in the number of aggregate formations between
Htt152Q and MJD-27Q, MED11, and MED25 (Figures 4B and 4C). Particularly, MED25
formed the number of aggregate formations (Figure 4C). These results suggest that Q-rich
target proteins in pathogenic polyQ proteins might play an important role in accelerating the

interaction between polyQ proteins and targets and their toxicities.
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3.4. QBP1 prevent interaction between polyQ proteins and target proteins

We know from previous experiment that overexpressed target proteins are able to increase
aggregate forms in pathogenic polyQ proteins by acting as glue. To define the Q-rich target
proteins really work as glue for accelerating polyQ aggregate formation, we used the peptide
inhibitor for preventing interaction between pathogenic polyQ proteins and Q-rich target
proteins. Thus, we used Q-Binding Protein 1 (QBP1) which is designed to obstruct
specifically binding to the expanded polyQ stretch and inhibits neurodegeneration in
Drosophila models of the polyQ diseases. It can also prevent the misfolding/aggregation of

proteins (Popiel HA et al. 2007, Popiel HA et al. 2011, Popiel HA et al. 2013).

Therefore, we designed the model strategies on the supposition that the possibility of Q-Q
based interaction. First one is interaction between polyQ disease and target protein, and
second one is about in case of increased Q-rich target proteins pool, resulting in accelerating
aggregate formation (Figures 5.1-1, -2). The last one showed feasibility of preventing their
interaction using QBP1 (Figure 5.1-3). Based on hypothesis, we tested whether QBP1
prevent interaction between pathogenic polyQ (Htt152Q) and its target protein. Interestingly,
CBP seemed likely that it could be released from Htt152Q through function of QBP1 (Figure
5.2). CBP signal intensity in nucleus significantly increased (Figure 5.3) and aggregate
formations also alleviated (Figure 5.4). It suggested that QBP1 plays a role in inhibiting
interaction between pathogenic polyQ protein and Q-rich target protein as a shield, and it is

also able to decrease aggregate formations, resulting from their interactions.
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In addition, we used Heat Shock Proteins (HSPs) the other strategy for alleviating
interaction between pathogenic polyQ proteins and target proteins. In the previous studies,
they show that several chaperons, including Hsp40, Hsp70, and N-ethylmaleimide-sensitive
factor (NSF), can inhibit cellular toxicity caused by N-terminal mutant huntingtin fragments
(Zhou, H. et al. 2001, Muchowski, P. J. et al, 2000, Wyttenbach, A. et al. 2000, Chali, Y. et al.
1999). Also, we assumed that there are transition modes of Q-Q based interaction between
polyQ proteins and target proteins, reversible stage and irreversible stage (Supplementary
figure 3.1). We suggested that QBP1 works in reversible stage, because it was not enough
to alleviate aggregation numbers (Supplementary figure 3.1). We expected better result to
decrease aggregate formation using HSPs at the irreversible stage based on the main
function of chaperones. At first, we tested HSPs to pathogenic polyQ protein (Htt152Q) only
(Supplementary figure 4.1) and the average number of aggregation significantly decrease
between Htt152Q and nej/CBP (Supplementary figure 4.2). Then, we showed effect of
Hsp40 and Hsp70 in the interaction between pathogenic polyQ protein (Htt152Q) and target
protein (nej/CBP) (Supplementary figure 3.2), nej/CBP signal intensity increase in nucleus by
Hsp40 (Supplementary figure 3.3). These data supported that molecular chaperones may
act essentially by channeling toxic protein into nontoxic aggregates, thus preventing or

delaying disease initiation and perhaps slowing disease progression.
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3.5.  RNA interference of target proteins decreased polyQ protein (Htt)

aggregate numbers

To confirm our hypothesis, we experimented whether Htt aggregate numbers decrease
using gene silencing approaches specifically RNA interference (RNAi). RNAi downregulate
gene expression by including enzyme-dependent degradation of targeted mRNA (Kole R et
al. 2012). We expected that target proteins RNAI approaches would be predicted to reduce
opportunities of interaction between pathogenic polyQ and target proteins and decrease

aggregate formation numbers including toxicity by regulating transcription levels of genes.

For the purpose of confirming the possible involvement of target proteins in aggregates
formation of proteins, we tested co-expressed target proteins RNAi, MED25 RNAIi, MED11
RNAI and Dspl RNAI with Htt152Q (Figure. 6). As a result, surprisingly, aggregate formation
numbers are significantly reduced in neurons, depending upon different kind of target
proteins. It supports that the pathogenic polyQ protein traps/sequesters Q-rich target
proteins, and target proteins expression level also plays an important role in accelerating
aggregate formations. To sum up, it is very likely that the pathogenic polyQ protein directly or
indirectly interact with Q-rich target proteins, and Q-rich target proteins are working as a glue

in Q-Q based interaction.
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DISCUSSION

Despite of many previous studies on the polyQ diseases, still our understanding on the
molecular details of the targets such as required features to be a polyQ protein target
remains elusive. Here, in this study, we have identified Q-rich proteins as a potential target of
polyQ proteins by using whole protein sequence analysis. Furthermore, our genetic study in
a fruit fly model verified that these Q-rich target proteins act as glue for facilitating polyQ
protein aggregation. As far as we know, this is the first research suggesting the “glue theory”
in explaining polyQ protein toxicity involving protein aggregation inside the afflicted neurons.
We hope that this glue theory can be applied to other types of neurodegenerative diseases

involving protein toxicity associated with protein aggregation.

Moreover, our findings provide crucial clues for developing new therapeutic strategies:
either by reducing certain Q-rich target proteins or by reducing the interaction property of the
interaction between polyQ and Q-rich target proteins, we may alleviate the disease
symptoms or slow the progress of the disease. Notably, some of Q-rich proteins didn’'t show
strong interaction with polyQ proteins. So, future studies on what makes them different from
other Q-rich proteins able to interact with polyQ proteins will provide deeper insight on the

pathogenic mechanism of polyQ proteins.
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Figures and tables

MJDtr42Q
- +MJD27Q-FL C14A

Figure 1.1 MJD27Q-FL C14A induced more dendrite defects than MJDtr42Q in class IV da
neurons. ppk-gal4—driven expression of mCD8-GFP enabled imaging of dendrites of class IV
da neurons. Each attached bottom panel is an enlarged portion of the upper panel, marked

with a frame.
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Figure 1.2 MJD27QFL C14A expression reduced the number of total dendritic branch points.
The reduction of branch points of MJD27QFL C14A-expressing neurons relative to

MJDtr42Q-expressing control neurons.
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MJD27Q-FL

- Merged +MJD78Q

MJD27Q-FL MJD27Q-FL

Figure 1.3 Images of polyQ proteins (MJD 27Q-FL and MJD27Q-FL + MJD78Q) in da
neurons. Expanded polyQ protein (MJD78Q) trapped normal polyQ proteins

(MJD27Q-FL) in aggregate forms.
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Htt152Q + MJD78Q

& . g .
/ . J ¥ _/ i %
/ : - L3
Ht152Q - i L ; _MJD7aQ ¢
Htt18Q + MJD27Q
- '

N

NLS-H{t18Q

MJD27Q

Figure 1.4 Pathogenic polyQ proteins (Htt152Q and MJD78Q) co-localize in cytoplasm in da
neuron (Upper panel). Normal form of polyQ proteins (NLS-Htt18Q and MJD78Q) co-localize
in nucleus in da neuron (Lower panel). Arrowheads indicate co-localizations. NLS: Nuclear

Localization signal.
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Htt152Q + MJD27Q
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Figure 1.5 NLS-Htt152Q and MJD27Q co-localization in nucleus in da neuron (Upper panel).
Htt152Q and MJD27Q co-localize in cytoplasm in da neuron (Lower panel). Target protein
(MJD27Q) is trapped in pathogenic polyQ protein (NLS-Htt152Q and Htt152Q) both
cytoplasm and nuclear. Arrowheads indicate co-localizations. NLS: Nuclear Localization

signal.
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Figure 2. Canonical amino acid sequences of 13,738 proteins deposited in UniProt
reference proteome for Drosophila melanogaster were collected (Left panel).
Calculated the density of glutamine (Q) residues defined as the number of Q
residues divided by sequence length (Upper Right). Calculated the number of
patches composed of seven or more continuous Q residues (Lower Right). The
density of Q residues > 9.0x10? (95™ percentile of the distribution of the density of Q

residues for whole proteins)
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Table 1. List of possible Q-rich target proteins in Drosophila melanogaster.
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Htt152Q + MED11

Htt152Q + Dsp1

Htt152Q + Nej/CBP

Figure 3. Images of co-localization between possible Q-rich target proteins (MED25, MED11,

Dspl, nej/CBP) and pathogenic polyQ protein (Htt152Q). (Left) Localization of Q-rich target
proteins. (Right) Co-express between pathogenic polyQ protein (Htt152Q) and target

proteins (MED11, MED25, Dspl and CBP). Arrowheads indicate co-localization.
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Htt152Q

- +MJDtr27Q

Figure 4.1 Overexpression of target protein (MJDtr27Q) with pathogenic polyQ protein

(Htt152Q) increase aggregate numbers. Arrowhead indicated aggregates.
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Figure 4.2 Quantification of aggregate numbers in class IV da neurons expressing
denoted transgenes (control (Htt152Q), Htt152Q+MJD27Q). Bars indicate mean = SD; n =

6; **P < 0.01 (Student's unpaired t test) relative to control.
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Htt152Q

- +MED11

Figure 4.3 Overexpression of target protein (MED11 and MED25) with pathogenic polyQ

protein (Htt152Q) increase aggregate numbers. Arrowhead indicated aggregates.
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Figure 4.4 Quantification of aggregate numbers in class IV da neurons expressing
denoted transgenes (control (Htt152Q), Htt152Q+MED11 and Htt152Q+MEDZ25). Bars

indicate mean £ SD; n = 6; ***P < 0.001 (Student's unpaired t test) relative to control.
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1. Interactien between polyQ protein and Q-rich target protein

PolyQ protein

N =

Q-rich protein

2. In case of increasad (-rich target protein pool

PolyQ protein
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Q-rich protein

3. In case of inhibited interaction by competitor peptides
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& O {Glutaming)
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Figure 5.1 The proposed schematic diagram for the key implication of our study; (1) Q-rich

target proteins interact with pathogenic polyQ proteins (2) by working as glue (increasing

interaction property), (3) and possible strategy of preventing interaction opportunity using

structural inhibitor, QBP1.
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Nej/CBP

+QBP1

Nej/CBP

Figure 5.2 Localization of CBP in Drosophlia da neurons. Pathogenic polyQ (Htt152Q)
interacts with CBP in cytoplasm (Upper panel). QBP1 inhibit aggregate formation in da
neurons of Htt152Q+CBP (Lower panel). CBP seems to be released from pathogenic polyQ

protein (Htt152Q).
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Nej/CBP signal intensity in nucleus

Figure 5.3 Quantification of CBP signal intensity in nucleus expressing denoted
transgenes (control (Htt152Q+CBP), Hit152Q+CBP+QBP1). Bars indicate mean + SD; n =

20; ***P < 0.001 (Student's unpaired t test) relative to control.
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Figure 5.4 Quantification of aggregate numbers in da neurons expressing denoted
transgenes (control (Htt152Q+CBP), Htt152Q+CBP+QBP1). Bars indicate mean =
SD; n=20;*P <0.01 (Student's unpaired t test) relative to control.
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Htt152Q Merged

Control

+ MED25
RNAI

Hit152Q
+ MED11 RNAi + Dsp1 RNAI

Figure 6.1 RNA interference of target protein (MED25 RNAi, MED11 RNAi and Dspl RNAI)

with pathogenic polyQ protein (Htt152Q) decrease aggregate numbers.
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Figure 6.2 Quantification of aggregate numbers in da neurons expressing denoted

transgenes (Htt152Q, Htt152Q+MED11 RNAI, Htt152Q+MED25 RNAI, Htt152Q+Dspl

RNAI). Bars indicate mean £ SD; n = 12; **P < 0.001 (Student's unpaired t test) relative to

control.
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Table 2. List of possible Q-rich target proteins in Human.
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MJD 27Q Merged

MJD 78Q

Supplementary figure 1.1 Localization of Ataxin-3 (MJD/SCA3) expressions in da neurons.
MJD27 localizes to the cytoplasm (Upper panel) MID78Q localizes to the nucleus (Lower

panel). Dotted lines appear nucleus.
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Htt18Q Merged

Hit152Q

Supplementary figure 1.2 Localization of Huntingtin (Htt) expressions in da neurons.
Htt18Q (Upper panel) and Htt152Q (Lower panel) localize to the cytoplasm. Dotted lines

appear nucleus.
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Nej(CBP)

Supplementary figure 2. Confocal images of nej/CBP expressions with MJD78Q in da

neurons. Dotted lines appear nucleus.
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Modes of Q-Q based interaction between polyQ proteins and targets

Q-rich pmtein-r\r?
PolyQ protein -|-

Reversible Irreversible
F AR
—
, ﬁ

Supplementary figure 3.1 The schematic diagram for sequestering or trapping the plausible
targets of the polyQ aggregates, and their transition modes from reversible mode to

irreversible mode.
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Htt152Q + Nej/CBP

Nej/CBP

Supplementary figure 3.2 Heat shock proteins prevent aggregate formation between
pathogenic polyQ and target protein. Co-localiztion of pathogenic polyQ protein (Htt152Q)
and Q-rich target protein (nej/CBP) (Upper panel). Co-expressed Hsp70 with Htt152Q +

nej/CBP (Middle panel), and Hsp40 with Htt152Q+nej/CBP (Lower panel) in neurons.
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Supplementary figure 3.3 Quantification of nej/CBP signal intensity in nucleus expressing
denoted transgenes (control (Htt152Q+nej/CBP), Htt152Q+nej/CBP+HSP70,
Htt152Q+nej/CBP+HSP40). Bars indicate mean + SD; n= 20; **P < 0.001 (Student's

unpaired t test) relative to control.
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Htt152QEGFP Merged
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Supplementary figure 4.1 Effects of chaperones on pathogenic polyQ protein (Htt152Q).
Confocal images of aggregate formation in neurons. Htt152Q (Upper panel), Htt152Q with
Hsp70 (Middle panel), and Htt152Q with Hsp40 (Lower panel). Co-expression of Hsp40

significantly reduced huntingtin aggregation
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Supplementary figure 4.2 Quantification of the aggregate formation numbers in neurons
expressing denoted transgenes (control (Htt152Q+nej/CBP), Htt152Q+nej/CBP+HSP70,
Htt152Q+nej/CBP+HSP40). Bars indicate mean + SD; n= 11; **P < 0.001 (Student's

unpaired t test) relative to control.
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