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Huntington’s disease is a polyglutamine expansion disorder, characterized by mutant HTT-mediated
aggregate formation and cytotoxicity. Many reports suggests roles of N-terminal 17 amino acid domain
of HTT (HTT-N17) towards subcellular localization, aggregate formation and subsequent pathogenicity
induced by N-terminal HTT harboring polyQ stretch in pathogenic range. HYPK is a HTT-interacting chap-
erone which can reduce N-terminal mutant HTT-mediated aggregate formation and cytotoxicity in neu-
ronal cell lines. However, how HYPK interacts with N-terminal fragment of HTT remained unknown. Here
we report that specific interaction of HYPK with HTT-N17 is crucial for the chaperone activity of HYPK.
Deletion of HTT-N17 leads to formation of tinier, SDS-soluble nuclear aggregates formed by N-terminal
mutant HTT. The increased cytotoxicity imparted by these tiny aggregates might be contributed due to
loss of interaction with HYPK.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Huntington’s disease (HD) is a neurodegenerative disorder
caused by CAG repeat expansion in the Huntingtin (HTT) gene that
encodes a polymorphic polyglutamine tract at the amino terminus
of the Huntingtin protein. It was reported earlier that N-terminal
HTT coded by exon1 of the HTT gene harboring more than 36 poly-
glutamine (polyQ) repeats are sufficient to form aggregates [1]. N-
terminal HTT can be sub-divided into three regions: N-terminal 17
amino acid encoding domain (HTT-N17), polyQ domain and pro-
line rich domain (PRD) at the end of the polyQ stretch. Several
reports revealed that these polyQ flanking regions at N-terminal
HTT coded by exon1 might influence aggregate formation and tox-
icity induced by the mutant protein (mHTT) [2-5]. Hundreds of
proteins are identified to interact with HTT, especially with its N-
terminal region; but only few have been shown to interact specif-
ically with polyQ domain and PRD. Four proteins namely TPR [6],
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CRM1/Exportin1 [7], TRiC/CCT [8] and PACSIN1 [9] have specifi-
cally been reported to interact with HTT-N17.

The molecular chaperone TCP1 is a member of the chaperonin-
containing TCP1 complex (CCT, also known as the TCP1 ring com-
plex (TRiC)). TCP1 binds to the hydrophobic patches on HTT-N17
and inhibits formation of mHTT aggregates, possibly interfering
with the folding back and interaction with itself and polyQ
stretches. HTT-N17 is post-translationally modified (e.g. phosphor-
ylated, sumoylated, etc.), but it is not clear whether these modifiers
directly bind to this region [10-12]. The chaperone protein HYPK
was reported earlier to reduce the aggregates of mHTT. Here we
intend to check whether the mechanism of action of HYPK could
be similar to TRiC and report for the first time that HYPK interacts
with HTT-N17 and modulate the cytotoxicity induced by mutant
HTT in neuronal cell lines.

2. Materials and methods
2.1. Mammalian cell culture and transfection
Immortalized striatal HD control cell line (STHdh%'/Hdh%) were

gifted by Dr. Marcy E. MacDonald, Massachusetts General Hospital,
USA. Mouse neuroblastoma cell lines, Neuro2A, were procured
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from NCCS, Pune, India. All cells were cultured and transfected as
mentioned earlier [13].

2.2. Cloning of HTT exon1 deletion constructs

16Q-DsRed and 83Q-DsRed (HTT exonl harboring 16 and 83
CAG repeats, respectively, cloned in DsRed) were overexpressed
in STHdh?’|Hdh? and Neuro2A cells to mimic HD phenotypes like
aggregate formation and apoptosis.

Following primers were designed for cloning various deletion
constructs of N-terminal mutant HTT (83Q-DsRed used as template
for PCR)

83QAN17-DsRed_F:
CAGC-3’
83QAN17-DsRed_R: 5'-TGGGATCCGGTCGGTGCAGCGGCTCCT-
CAGC-3
83QAPRD-DsRed_F:
GAAAGCT GAT-3
83QAPRD-DsRed_R:
TG-3'
HTT-N17-DsRed_F:
AAA-3
HTT-N17-DsRed_R: 5'-CGGGATCCGAAGGACTTGAGGGACTCG-
AA-3'.

5'-ACGCGTCGACGTATGCAGCAGCAGCAG-

5-ACGCGTCGACGTCATGGCGACCCTG-
5'-CGGGATCCCCGGGCGGTGGCGGCTGT-

5-ACGCGTCGACGTATGGCGACCCTGGA-

2.3. Confocal imaging and FRAP experiments

Co-localization of proteins was determined using confocal
microscopy following methods described earlier [14]. Extent of
co-localization between the pixels of the two channels was deter-
mined by average of square of the Pearson correlation coefficient
values (R?) of 10 random cells in the field. Nucleus staining was
performed using DAPI solution at a final concentration of 0.1 ng/
ml. Neuro2A cells were transfected with 500 ng of 83Q-DsRed,
83QAN17-DsRed, 83QAPRD-DsRed or HTT-N17-DsRed and per-
centage of cells containing aggregates was determined using con-
focal microscope and plotted. Fluorescence recovery after
photobleaching (FRAP) experiments were performed and relative
fluorescence intensities (RFI) at each time point were calculated
following standard methods [14].

2.4. Co-immunoprecipitation (co-IP) and western blot analysis

Cells in culture were washed and scraped with 1 ml of ice-cold
PBS and collected by centrifugation at 4500 rpm for 3 min at 4 °C.
We prepared cell lysates and performed co-immunoprecipitation
(co-IP) following methods published earlier [13]. Anti-DsRed anti-
body was used to immunoprecipitate the N-terminal mHTT com-
plex. Following antibodies were used to analyze immune
complexes after co-IP or to detect presence of polyQ and HYPK fol-
lowing filter retardation:

Rabbit anti-HYPK: Sigma polyclonal, Cat No. SAB1101780
Rabbit anti-DsRedC1: Clontech polyclonal, Cat No. 632496
Mouse anti-polyQ: Chemicon, CA, USA, Cat No. MAB1574.

2.5. Filter retardation assay

For filter retardation, Neuro2A cells were transfected with 83Q-
DsRed or 83QAN17-DsRed constructs. After 48 h of transfection,
cells were harvested and protein was prepared by centrifugation
at 13,000 rpm for 15 min at 4 °C. The resulting pellet was treated
and subjected to filter retardation experiment following methods
described earlier [15]. Presence of 83Q and HYPK on the membrane
was probed in a dose-responsive manner (10 pg and 40 pg) using

anti-polyQ and anti-HYPK antibodies. To probe more than one pro-
tein on the same blot, we stripped and reprobed PVDF membrane
[13].

2.6. Cell survival (MTT assay) in presence and absence of HYPK

MTT assay was performed to measure cell survival in particular
conditions following methods described earlier [13].

2.7. Statistical analysis and artwork preparation

All experiments were repeated at least thrice unless otherwise
mentioned and mean values, standard deviations and p values for
Student’s unpaired two-tailed t tests were calculated. Microsoft
Excel and GraphPadQuickCalcs softwares were used for data anal-
yses. All artworks were prepared using Adobe Photoshop CS3.

3. Results

3.1. Deletion constructs of mutant HTT exon1 and their sub-cellular
localizations

We prepared N-terminal mHTT constructs by deleting
sequences coding for the first 17 amino acid and PRD (designated
as 83QAN17-DsRed and 83QAPRD-DsRed respectively). Sequence
that codes only the first 17 amino acids was also cloned in DsRed
vector (designated as HTT-N17-DsRed). All constructs are pictori-
ally represented in Fig. 1, panel A. We overexpressed 83Q-DsRed,
83QAN17-DsRed or 83QAPRD-DsRed in Neuro2A cells for 48 h
and detected their expressions using confocal microscopy. In Neu-
ro2A cells, overexpression of 83Q-DsRed and 83QAPRD-DsRed
resulted in formation of aggregates mostly in perinuclear region,
whereas aggregates formed by 83QAN17-DsRed were identified
exclusively in cell nucleus (Fig. 1, panel B).

3.2. Aggregates formed by N-terminal mutant HTT with 83Q-DsRed
and its deletion mutants

We counted the visible aggregates formed by all N-terminal
mHTT constructs 48 h post-transfection. Although 83QAN17-
DsRed aggregates were solely nuclear and apparently smaller in
size (Fig. 1, panel B), there was no statistically significant difference
in percentage of cells bearing aggregates formed by 83Q-DsRed
and 83QAN17-DsRed (61.3+9.7% and 58.3 +9.5% respectively,
p=0.7214, n = 3) (Fig. 2, panel A). Percentage of 83QAPRD-DsRed
expressing cells containing aggregates was 41.7 + 3.1; significantly
less as compared to aggregates formed by 83Q-DsRed overexpres-
sion (p=0.03, n=3). We further observed that cells expressing
HTT-N17-DsRed formed visible aggregates in only 1.7 £ 1.2% cells,
significantly less as compared to 83Q-DsRed (p=0.0005, n=3)
(Fig. 2, panel A).

3.3. Size and nature of aggregates formed by 83Q-DsRed and its
deletion constructs in Neuro2A

Using confocal microscope, we observed that out of 100 cells in
field, 17 cells expressing 83Q-DsRed and 22 cells expressing
83QAPRD-DsRed contained aggregates in the range of >10 to
16 um. However, only 3 cells expressing 83QAN17-DsRed formed
aggregates in this size range. There were 3 83Q-DsRed expressing
cells with aggregate size >20 um. However, no cell overexpressing
83QAPRD-DsRed or 83QAN17-DsRed was found having aggregates
in these high size range. Aggregates formed by 83QAN17-DsRed
were significantly smaller than those induced by 83Q-DsRed. Nine



68 K.R. Choudhury, N.P. Bhattacharyya/Biochemical and Biophysical Research Communications 456 (2015) 66-73

A PPPPPPPPPPPQLPQPPQAQPLLPQPPPPPPPPPP

IMATLEKLMKAFESLKSF'’

GPAVAEEPLHR

83Q-DsRed

PRD
83QAN17-DsRed

DT

ORE, N

HTT-N17-DsRed

83Q-DsRed

83QAN17-DsRed

83QAPRD-DsRed

!

-

Spm
83QAPRD-DsRed

Fig. 1. 83Q-DsRed and its deletion mutants. Panel A represents 83Q and its different deletion mutants cloned in DsRed vector. Constructions of full length exon1 with 83
glutamine stretch (83Q), 83QAN17 (deletion of N17 region), HTT exon1 harboring N17 and 83Q, but no PRD (83QAPRD-DsRed) and HTT-N17-DsRed (devoid of polyQ region
and PRD) are shown. Localization of aggregates induced by 83Q-DsRed, 83QAN17-DsRed and 83QAPRD-DsRed are shown in panel B. Cell nuclei are stained with DAPL 5 pum

scale bars are included in the confocal images.

83QAN17-DsRed expressing cells were even observed to form
aggregates in the size range of 1-4 um (Fig. 2, panel B).

From FRAP experiments of 83Q-DsRed, 83QAN17-DsRed and
83QAPRD-DsRed aggregates in Neuro2A cells, it was observed that
fluorescence intensity of the aggregates formed by 83Q-DsRed did
not recover within 1 min after photobleaching, indicating that
these aggregates were quite tight and insoluble. The mobile frac-
tion of 83Q-DsRed aggregates was calculated to be only 0.35. Sim-
ilar nature of the aggregates formed by 83QAPRD-DsRed was
observed and the soluble fraction was calculated to be 0.41. On
the contrary, fluorescence intensity of the small nuclear aggregates
formed by 83QAN17-DsRed constructs recovered within 1 min of
photobleaching, with a soluble fraction of 0.61 (Fig. 2, panel C).
This result revealed that 83QAN17-DsRed aggregates were more
soluble or diffused than aggregates formed by 83Q-DsRed or
83QAPRD-DsRed.

3.4. Cytotoxicity induced by different deletion mutants of N-terminal
mHTT

To determine ability of these mHTT deletion constructs in
inducing cytotoxicity, we performed MTT cell survival assay upon
transfection of Neuro2A cells with 16Q-DsRed, 83Q-DsRed, HTT-
N17-DsRed, 83QAPRD-DsRed or 83QAN17-DsRed. Fraction sur-
vival of Neuro2A cells overexpressing 16Q-DsRed was found to
be 0.89+0.08, which dropped significantly to 0.60+0.02

(p=0.03, n=3) upon 83Q-DsRed overexpression. HTT-N17-DsRed
did not show toxicity (percent cell survival was 0.90 +0.1). Cells
expressing either 83QAN17-DsRed or 83QAPRD-DsRed exhibited
decreased survival, 0.51£0.03% and 0.68 +0.04%, respectively.
Results are graphically represented in Fig. 2, panel D and summary
of the results and level of significances between two conditions are
shown in Table 1.

3.5. Interaction of HYPK with 83Q-DsRed and different deletion
mutants

Coexpression of HYPK-GFP (cloned earlier [14]) and 83Q-DsRed
in STHAhY|Hdh? cells and visualization under confocal micro-
scope 48 h post-transfection revealed that both were co-localized
throughout the cells, mainly in cell cytoplasm. No visible aggregate
was found in this condition. Coexpression of HYPK-GFP with other
deletion constructs revealed that HYPK co-localized with HTT-
N17-DsRed and 83QAPRD-DsRed mainly in cytoplasm and not
with 83QAN17-DsRed (Fig. 3, panel A). R? values for interaction
of HYPK-GFP with 83Q-DsRed, 83QAPRD-DsRed, 83QAN17-DsRed
and HTT-N17-DsRed were 0.87, 0.76, 0.31 and 0.65, respectively.
Interestingly, 83QAN17-DsRed formed mostly nuclear aggregates
whereas the 83QAPRD-DsRed aggregates were mostly cytoplas-
mic. We further confirmed such interactions by co-IP. STHdh¥’|
Hdh? cells were transfected with 83Q-DsRed or the deletion con-
structs. After 48 h of transfection, cell lysates was extracted and
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Fig. 2. Nature and size of aggregates formed by deletion constructs of N-terminal mHTT. Percentage of Neuro2A cells harbouring aggregates counted upon overexpression
of 83Q-DsRed, 83QAN17-DsRed, 83QAPRD-DsRed and HTT-N17-DsRed (panel A). Size distribution of 83Q-DsRed aggregates in presence and absence of N17 and PRD
domains (panel B). 83Q-DsRed and 83QAPRD-DsRed aggregates mostly fall in the range of >10-16 um, whereas 83QAN17-DsRed formed maximum No. of aggregates in >4-
10 um range (panel B). FRAP experiments comparing recovery in fluorescence intensities of 83QAN17-DsRed and 83QAPRD-DsRed with 83Q-DsRed aggregates after
photobleaching (panel C). Results obtained with 83Q-DsRed, 83QAN17-DsRed and 83QAPRD-DsRed are represented by blue, red and green curves respectively in panels B
and C. Effects of overexpression of 16Q, 83Q and various deletion mutants on Neuro2A cell survival (panel D). Results are mean + standard deviation of three or more

independent experiments with p values for Student’s unpaired two-tailed ¢ test.

Table 1

Survival of Neuro2A cells expressing various constructs of N-terminal HTT.

Serial No. Constructs Cell survival Compared between Comments and level of significance

1 16Q-DsRed 0.89 £ 0.08 1 and 2 Decrease, p = 0.003
1and3 Decrease, p = 0.001
1and 4 Decrease, p=0.01
1and5 Unchanged, p = 0.93

2 83Q-DsRed 0.60 + 0.02 2 and 3 Decreased, p = 0.009
2 and 4 Increased, p = 0.03
2 and 5 Increased, p = 0.01

3 83QAN17-DsRed 0.51+0.03 3and 4 Increased, p = 0.004
3and 5 Increased, p = 0.005

4 83QAPRD-DsRed 0.68 + 0.04 4 and 5 Increased, p = 0.004

5 HTT-N17-DsRed 0.90£0.1 - -

mHTT protein complex were pulled using anti-DsRed antibody and
presence of endogenous HYPK in this complex was detected using
anti-HYPK antibody. The blots were stripped and reprobed with
anti-DsRed antibody to show the presence of N-terminal mHTT
variants in these complexes (Fig. 3, panel B). The results confirmed
that endogenous HYPK interacted with 83Q-DsRed, 83QAPRD-
DsRed and HTT-N17-DsRed but could not interact with N-terminal
mHTT upon deletion of HTT-N17.

3.6. Effects of HYPK on cytotoxicity induced by different deletion
mutants of 83Q-DsRed

As observed from Fig. 2, panel D the order of survival of Neu-
ro2A cells overexpressing 83Q or its deletion mutants was
83QAPRD-DsRed > 83Q-DsRed > 83QAN17-DsRed.  We have
shown that HYPK interacts with 83Q and 83QAPRD constructs,
but failed to interact with the N-terminal mHTT when HTT-N17
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Fig. 3. Interaction of HYPK-GFP with 83Q-DsRed and its deletion mutants. Panel A shows co-localizations of 83Q-DsRed, HTT-N17-DsRed, 83QAN17-DsRed and
83QAPRD-DsRed with HYPK-GFP. In panel B, co-IP of 83Q and these deletion constructs with HYPK is shown. Anti-DsRed primary antibody was used to immunoprecipitate
and anti-HYPK antibody was used to detect presence of HYPK in the N-terminal mHTT immune complex. Blots reprobed with anti-DsRed to confirm presence of mHTT in the

immune complex. Scale bar of 5 pm for confocal images are included.

Table 2

Effects of HYPK-DsRed on survival of Neuro2A cells expressing 16Q-DsRed, 83Q-DsRed, 83QAN17-DsRed, 83QAPRD-DsRed or HTT-N17-DsRed.

Serial No. Constructs Cell survival Compared between Level of significance
1 16Q-DsRed 0.89 £ 0.08 1and6 Unchanged, p = 0.81
2 83Q-DsRed 0.60 + 0.02 2 and 7 Increased, p = 0.0001
3 83QAN17-DsRed 0.51+0.03 3 and 8 Increased, p = 0.08
4 83QAPRD-DsRed 0.68 +0.04 4 and 9 Increased, p = 0.007
5 HTT-N17-DsRed 0.90+0.1 5and 10 Unchanged, (p = 0.94)
6 16Q-DsRed & HYPK-DsRed 0.91 +0.06 - -

7 83Q-DsRed & HYPK-DsRed 0.94 +0.04 - -
8 83QAN17-DsRed & HYPK-DsRed 0.55 + 0.006 - -
9 83QAPRD-DsRed & HYPK-DsRed 0.88 +0.05 - -
10 HTT-N17-DsRed & HYPK-DsRed 0.91 £ 0.07 - -

was deleted (83QAN17) (Fig. 3). To check whether interaction of
N-terminal mHTT with HYPK has any biological relevance, we
overexpressed 16Q-DsRed, 83Q-DsRed, 83QAN17-DsRed,
83QAPRD-DsRed or HTT-N17-DsRed in presence of HYPK-DsRed
in Neuro2A cells. Result of this experiment is summarized in
Table 2 and graphically represented in Fig. 4, panel A. Exogenous
expression of HYPK was able to significantly recover the survival
of cells expressing 83Q-DsRed (p = 0.0001, n=3) from 0.60 + 0.02
to 0.94 + 0.04. Similarly, significant increase in survival by exoge-
nous HYPK was also observed in cells expressing 83QAPRD-DsRed
(0.68 £0.04 to 0.88 + 0.05, p = 0.007, n = 3). Interestingly, the effect
of exogenous HYPK on survival of Neuro2A overexpressing

83QAN17-DsRed was statistically insignificant (0.51£0.03 to
0.55 £ 0.006, p=0.08, n=3).

3.7. Effects of HYPK on SDS-solubility of N-terminal mHTT aggregates

We performed filter retardation experiments with 10 pg and
40 ng Neuro2A cell lysates overexpressing 83Q-DsRed or
83QAN17-DsRed. After trapping the SDS-insoluble aggregates,
we probed the membrane with anti-polyQ or anti-HYPK antibod-
ies. SDS-insoluble polyQ aggregates were visible in Neuro2A
lysates overexpressing 83Q-DsRed (Fig. 4, panel B). On the con-
trary, we failed to find insoluble polyglutamine aggregates in
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lysates extracted from Neuro2A cells overexpressing 83QAN17-
DsRed. It is interesting to recapitulate here that tiny visible nuclear
aggregates induced by 83QAN17-DsRed was observed under con-
focal microscope (Fig. 1, panel B). These small 83QAN17-DsRed
aggregates, therefore, were found to be more soluble; concomitant
to our observation from the FRAP assay (Fig. 2, panel C). These
results indicated that the visible nuclear aggregates formed in cells
expressing 83QAN17-DsRed were not amyloid-like fibrils of mHTT
as observed in cells expressing 83Q-DsRed, rather were more solu-
ble structures (Fig. 4, panel B). To check whether HYPK associates
with the soluble mHTT or with the SDS-insoluble aggregates, we
reprobed the blot with anti-HYPK antibody and observed associa-

tion of HYPK only with the SDS-insoluble 83Q-DsRed aggregates
(in 40 pg load, Fig. 4, panel B).

3.8. Localizations of other HTT-interacting chaperones with 83Q-
DsRed and its deletion mutants

We further tested whether some HTT-interacting proteins
(mostly chaperones) localize with mHTT similar to HYPK. To this
end, we cotransfected 83QAN17-DsRed, 83QAPRD-DsRed or
HTT-N17-DsRed with the GFP tagged HTT-interacting proteins
viz., HSPA1A, HSPB1, HCG3, MLF1 and MLF2 (all constructs previ-
ously cloned in our lab). The confocal microscope images for co-
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localization between 83QAN17-DsRed and these HTT-interacting
partners are provided in Supplementary Fig. S1, panel A. As
observed from the co-localization data, except for MLF2-GFP (R?
value 0.76 with 83QAN17 aggregates), none of these HTT-interact-
ing chaperones co-localized with 83QAN17-DsRed (Supplemen-
tary Fig. S1, panel A). Association between MLF2-GFP and
83QAN17-DsRed was also confirmed by co-IP. We further tested
co-localization of these HTT-interacting chaperones with HTT-
N17-DsRed (Supplementary Fig. S1, panel B) and 83QAPRD-DsRed
(Supplementary Fig. S1, panel C). As observed from panel B, all
HTT-chaperones (except for MLF2-GFP) co-localized significantly
with HTT-N17-DsRed. All of these proteins also co-localized with
83QAPRD-DsRed (Supplementary Fig. S1, panel C). R? values are
provided in Supplementary Table 1.

4. Discussions

PolyQ flanking sequences on N-terminal mutant HTT were
widely reported as modulators of HTT sub-cellular localization
and mutant HTT-mediated aggregation and cytotoxicity [7,16]. It
was reported earlier that point mutation M8P at HTT-N17 disrupts
the structure of this peptide and lead to nuclear localization,
resulting in no visible aggregate formation but significantly
increasing cytotoxicity [17]. Whether deletion of the entire length
of HTT-N17 or mutation at a single amino acid (M8P) alter the abil-
ity to form aggregates remains unclear, however, in both cases N-
terminal mHTT localizes in cell nuclei, possibly due to change in
the nuclear export ability; which might be contributed by interac-
tion with proteins involved in nuclear export [6,17]. Deletion of
PRD was also reported to reduce aggregate formation by mHTT
in cell culture [18] and in vitro with synthetic peptide [4].

Our confocal and FRAP experiments confirmed that even though
the number of cells containing aggregates induced by 83Q-DsRed
and 83QAN17-DsRed were similar, the sub-cellular localizations,
sizes and the nature of the aggregates formed in these two cases
varied completely. Aggregates formed by 83QAN17-DsRed were
significantly smaller in size, nuclear and loose. Upon expression
of 83QAN17-DsRed cell survival reduced significantly; even more
than reduced by 83Q-DsRed. This result indicated that HTT-N17
protects cells from toxic consequences of N-terminal mHTT to
some extent, possibly by exporting them from nucleus to cyto-
plasm. It also supports the hypothesis that nuclear aggregates are
much more toxic [17], even though they are smaller in sizes and
more mobile. On the contrary, deletion of PRD at least partially
provides protection as the survival fraction was marginally but sig-
nificantly higher in cells expressing 83QAPRD-DsRed compared to
that in cells expressing 83Q-DsRed. Although we observed a mar-
ginal increase in survival of Neuro2A cells expressing 83QAN17
by HYPK that could be due to effects of HYPK on other biological
processes which in turn influence cell survival.

The molecular chaperone TRiC was observed earlier to interact
with HTT-N17, suppressing aggregate formation and cytotoxicity
induced by the N-terminal mHTT [19]. Therefore, we asked
whether the chaperone protein HYPK that suppress mutant HTT-
mediated aggregate formation in cell line similarly interacts with
HTT-N17. Our co-IP experiment confirmed that HYPK specifically
interact with HTT-N17. In presence of exogenous HYPK and N-ter-
minal mHTT, no visible aggregates were observed, while cells coex-
pressing 83QAPRD-DsRed and HYPK-GFP formed visible
aggregates; indicating that HTT-PRD might influence such interac-
tion with HYPK and subsequent reduction in aggregate formation.
In this study, we also observed that besides HYPK, other HTT-inter-
acting proteins like HSPA1A, HSPB1, HCG3 and MLF1 but not MLF2
co-localized with HTT-N17. Whether these HTT-chaperones share
similar interaction patterns demand further study.

It has been observed earlier that the amyloid-like fibrils of
mutant HTT are SDS-insoluble and heat stable. These mHTT fibrils
were considered as pathogenic causes behind HD [20]. On the con-
trary, recent findings suggest that soluble oligomers are also com-
mon to most amyloid formation and might represent the primary
toxic species of amyloid [21]. Some consider SDS-soluble oligo-
meric intermediate structure to be the main factor behind HD
pathology [22,23]. We performed filter retardation experiment
and observed that aggregates induced by 83Q-DsRed was SDS-
insoluble, whereas those formed by 83QAN17-DsRed were SDS-
soluble. HYPK only associated with these 83Q-DsRed aggregates,
and not with 83QAN17-DsRed aggregates. Together, the results
observed from MTT and filter retardation assay suggested that
the SDS-soluble aggregates formed by the 83QAN17-DsRed con-
structs were more cytotoxic than the full length N-terminal mHTT
construct, 83Q-DsRed. Whether these tinier aggregates are oligo-
mers remain an open question.

To conclude, here for the first time we report that HTT-N17
domain is indispensible for interaction with HYPK, an HTT-interact-
ing intrinsically disordered chaperone. However, interaction of HTT
N-terminal fragment with HYPK might take place in absence of HTT-
PRD also. Our results corroborate the findings of other groups
regarding effect of HTT-N17 on nuclear export, cytotoxicity and
aggregate formation [7,16]. Additionally we here report that
83QAN17 aggregates are SDS-soluble and possibly due to lack of
interaction between HYPK and 83QAN17, overexpression of HYPK
in neuronal cells could neither significantly recover aggregate for-
mation nor reduce cytotoxicity induced by 83QAN17 construct.
Similar to the proposed model by Liebman et al. [24] and Tam
et al. [19], we propose here that interaction of HYPK (and possibly
other HTT-interacting chaperones) with HTT-N17 might inhibit
HTT-N17 homotypic interactions and interaction of pathogenic pol-
yQ tract on HTT with this amphipathic, alpha-helical region. This, in
turn, might reduce aggregate formation and cytotoxicity, two major
hallmarks of HD pathology (represented in Fig. 4, panel C).
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